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Section 12 
Analog-to-Digital Converters 

12-3 Introduction 

12-3 Definitions 

12-7 ADC-910 
High-Speed "Microprocessor 
Compatible" A/D Converter 

12-19 ADC-8208 
Microprocessor-Compatible 8-Bit 
CMOS A/D Converter 

Section 13 
Analog Switches/Multiplexers 

13-3 Introduction 

13-3 Definitions 

13-7 SW-Ol/SW-02 
Quad SPST JFET Analog Switches 

13-14 SW-05 
Dual SPST JFET Analog Switch 

13-22 SW-06 
Quad SPST JFET Analog Switch 

13-33 SW -201/SW -202 
Quad SPST JFET Analog Switches 

13-40 SW-7510/SW-7511 
Quad SPST JFET Analog Switches 

13-48 n!1J)[-08/n!1J)[-24 
8-Channel/Dual 4-Channel JFET 
Analog Multiplexers 

13-59 n!1J)[-16/ n!1J)[-28 
16-Channel/Dual 8-Channel JFET 
Analog Multiplexers 
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13-69 n!1J)[-88 

TABLE OF 
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8-Channel Analog Multiplexer For 
PCMCODECs 

13-74 Dn!)[-88 
8-Channel Analog De-Multiplexer 

Section 14 
Sample-and-Hold Amplifiers 

14-3 Introduction 

14-3 Definitions 

14-6 Sn!P-IO/Sn!P-ll 
Low-Droop-Rate/ Accurate Sample
and-Hold Amplifiers 

14-15 Sn!P-81 
Telecommunications Sample-and
Hold Amplifier 

Section 15 
Special Functions 

15-3 Introduction 

15-3 Definitions 

15-4 GAP-Ol 
General-Purpose Analog Signal 
Processing Subsystem 

15-19 PKD-Ol 
Monolithic Peak Detector 
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Section 16 
Communications Products 

16-3 Introduction 

16-4 RPT-82/RPT-83 
PCM Repeaters 

Section 17 
Package Information 

Metal Cans 
17-3 6-Lead TO-7S Metal Can 
17-3 S-Lead TO-99 Metal Can 
17-3 10-Lead TO-I00 Metal Can 

Ceramic DIPs 
17-4 S-Lead Ceramic DIP 
17-4 14-Lead Ceramic DIP 
17-5 16-Lead Ceramic DIP 
17-5 IS-Lead Ceramic DIP 
17-6 20-Lead Ceramic DIP 
17-7 24-Lead Ceramic DIP 
17-S 2S-Lead Ceramic DIP 

Side-Brazed DIPs 
17-9 14-Lead Side-Brazed DIP 
17-9 16-Lead Side-Brazed DIP 
17-10 IS-Lead Side-Brazed DIP 
17-10 20-Lead Side-Brazed DIP 
17-11 24-Lead Side-Brazed DIP 
17-12 2S-Lead Side-Brazed DIP 

Epoxy DIPs 

17-13 S-Lead Epoxy DIP 
17-13 14-Lead Epoxy DIP 
17-14 16-Lead Epoxy DIP 
17-14 IS-Lead Epoxy DIP 
17-15 20-Lead Epoxy DIP 
17-16 24-Lead Epoxy DIP 
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Cerpacks 

TABLE OF 
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17-17 lO-Lead Cerpack 
17-17 14-Lead Cerpack 
17-lS 16-Lead Cerpack 
17-lS 24-Lead Cerpack 

Flatpacks 
17-19 IO-Lead Flatpack 
17-19 IO-Lead Flatpack, Bottom-Brazed 
17-19 14-Lead Flatpack 
17-19 14-Lead Flatpack, Bottom-Brazed 
17-20 16-Lead Flatpack 
17-20 16-Lead Flatpack, Bottom-Brazed 
17-20 24-Lead Flatpack 
17-20 24-Lead Flatpack, Bottom-Brazed 

Leadless Chip Carriers 
17-21 20-Position Chip Carrier 
17-22 2S-Position Chip Carrier 

Section 18 
Sales Offices, Representatives, 
and Distributors 

IS -2 Sales Offices, Representatives 
North America 

IS-4 Authorized Distributors 
North America 

IS-6 Sales Offices, Representatives 
International 

IS-7 Authorized Distributors 
International 
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PreCiSl(Ul Monolithics Inc. 

PACKAGED PRODUCTS PART NUMBERING SYSTEM 

..--------- Device Type & Model Number 

....------- Burn-In Option 

,..------- Electrical Grade 

DAC-08 BI 

Ii Package Suffix 

I MIL-STD-883, Class B, Revision C Option 
PMI-55°C to +125°C devices are available with MIL-STD-883, 
Class B, Revision C screening as standard products. To order an 883 

_ _ __ part, simply add the designation 1883 to the part number. For example, 
! Q 1883 the DAC-08AQ, screened to the 883 requirements would be ordered as I a DAC-08AQ/883. Contact factory for 883 device specifications. 

L... ____ Package Type 

H = 6 lead TO-78 Can 
J = 8 lead TO-99 Can 
K = 10 lead TO-100 Can 
o = Not used 
P = Epoxy DIP 
Q = 16 lead Ceramic DIP 
R = 20 lead Ceramic DIP 
RC = 20 position LCC' 

S = Not used 
T = 28 lead Ceramic DIP 
TC = 28 position LCC' 
U = Not used 
V = 24 lead Ceramic DIP 
X = 18 lead Ceramic DIP 
Y = 14 lead Ceramic DIP 
Z = 8 lead Ceramic DIP 

"Available on certain 883 products 
Note: See more complete listing on page 17-2. 

'------- Select electrical grade from data sheet. 

'-------- PMI offers all 00/70°C and -25°1+85°C devices with burn-in per method 
1015.5 of fv1IL-STD-BB3, 160 hours at +125°C or BO hours at +150°C at 
PMI's option. Parts with this option are specified with the letters BI add
ed between the model number and the electrical grade. For example, to 
order DAC-OBEQ with burn-in, the part number is DAC-OBBIEQ. 

'----------- Device types are listed on next page. Select model number from 
product listings. 

MIL-M-38S10 
PMI's factory is certified to produce JAN parts per MIL-M-38510. Con
sult factory for availability of specific slash sheet part numbers. At this 
writing, devices with Part 1 or Part 2 approval include PM-155A, 
PM-156A, PM-157A, PM-108A, PM-2108A, PM-4136, DAC-08, OP-07, 
and OP-27. Other types are being qualified. 

See Table of Contents for JAN data sheet listings. 
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ORDERING 
INFORMATION 

DICE PART NUMBERING SYSTEM 

.----------- Device Type & Model Number 

...-------- Electrical Grade 
N = Top, G = Middle, GR = Lowest 

...------- Temperature-Tested Die Option (125°C) 

...------ Visual Criteria 
A = MIL-STD-883, Method 2010, Test Condition A. 
B = MIL-STD-883, Method 2010, Test Condition B. 

r--- Backing Suffix 
1 C = Plain, CG = Gold Backed 

DAC-08 N T B C -I I All PMI dice a,e available with elthe' plain backing 0,.10, a 50% adde' 
plus a $250 lot charge, a 1-micron-thick eutectic-bonded gold backing. 

Several PMI devices are available with min/max wafer probe limits for dice 
tested at + 1250 C. See specific data sheet. 

1.-______ Data sheets give specific available grades for each PMI device. 

1---------- Device Type 
ADC - Analog-to-Digital Converter 
AMP - Instrumentation Amplifier 
BUF - Buffer (Voltage Follower) 
CMP - Comparator 
DAC - Digital-to-Analog Converter 
DMX - De-Multiplexer 
GAP - General-Purpose Analog Processor 
JAN - MIL-M-38510 Slash Sheet 
MAT - Matched Transistor 
MUX - Multiplexer 
OP - Proprietary Operational Amplifier 
PKD - Peak Detector 
PM - Second-Source, Industry Specifications 
REF - Voltage Reference 
RPT - PCM Line Repeater 
SMP - Sample-and-Hold Amplifier 
SW - Analog Switch 

1.-_________ Select model number from product listings. 
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DICE INFORMATION 
Triple Passivation 
Triple Passivation is a three-step process which 
provides superior reliability and protection for 
all PMI integrated circuits. First, a specially 
treated thermal silicon dioxide layer is grown. 
This protects the junctions and also attracts any 
residual ionic impurities to the top surface of the 
oxide, where they are held fixed. Next, a layer of 
silicon nitride is applied to prevent the entry of 
any potential contamination or impurities. The 
third step is the thick glass overcoat layer which 
leaves only the bonding pads exposed. This 
"glassivation" protects the die from damage dur
ing assembly and is especially important in min
imizing yield loss during shipment and assembly 
of dice for hybrid circuits. 

Quality Assurance 
PMI believes that quality and reliability must be 
built into the product; no amount of testing can 
replace these inherent properties. For this rea
son, devices are fabricated and processed with 
many exclusive processes and controls added to 
improve quality and reliability. The integrity of 
aluminum metallization is confirmed by 
sampling wafer lots using Scanning Electron 
Microscope (SEM) examinations per Method 
2018 specifications. 

Mechanical Information 
Aluminum metallization with a nominal thick
ness of 10,000 angstroms is standard for all 
devices. Die thickness is 19 mils minimum to 21 
mils maximum. Minimum bonding pad size is 4.0 
mils X 4.0 mils for all devices. 

Visual Inspection 
All dice are 100% visually inspected to the appli
cable visual criteria per MIL-STD-883 Method 
2010, Condition 8. 

Electrical Testing 
All dice are 100% tested to the 25° C DC wafer 
test limits shown in this catalog before the wafer 

,/' 
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is separated into individual dice. Due to varia
tions in assembly methods and normal yield loss, 
PMI does not guarantee specifications after 
packaging for standard dice. Sample assembly 
and testing in standard PMI packages to speci
fied LTPD's and min/max specifications are 
available at extra cost. Consult factory for dice 
lot qualification negotiation. 

Shipping 
Protection during shipment is provided by a waf
fie pack carrier with anti-static shield and 
cushioning strip. In addition, the wafflepack is 
vacuum sealed in a polyethylene bag. 

Military/Aerospace Applications 
PMI devices are widely used in military and 
aerospace programs. A partial listing includes: 

Military Aircraft 
F-4 
8-18 
Sikorsky UH-60A 
A-1O 
Sikorsky SH-3 
YC-15 
P-3 
S-3A 
KC-10 

Missile/Spacecraft 
Viking 

(Mars Orbitor) 
Aerosat 
Harm Missile 
DSCS-3 
Sparrow Missile 
Trident 
TDRSS 
TV SAT 
Intelsat 5 
Minuteman 

F-111 
F-15 
8-52 
F-18 
Alpha Jet 
E-3A 
F-16 
F-5 
Tornado 

Milstar 
Voyager 

(Jupiter/Saturn) 
Stinger Missile 
Standard Missile II 
Tiros-N 
Cruise Missile 
Ariane 
Roland 
Eurosat 
Space Shuttle 
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Electronic Systems 
Omega 
Tram 
Aims (MK86) 
F-16 

(Ground Support) 
Pave Spike 
AWACS 

Miscellaneous 
RFP Model 35 #13 
Project 4620 
Heads-Up Display 
DST 1860 
Walleye 
PMS 
Aerial Surveillance 

Camera 

A4KU 
MK-48 
8-52 Radar Mod 
Pathfinder Radar 
MK-46 
Seaguard 
Gepard 

Cutty Sark 
Compass Tie 
System 27 
ACM 
VCS 
Naval Submarine 

Periscope 

RELIABILITY INFORMATION 
M I L-STD-883C 
PMI standard "883" parts are manufactured to 
be in full compliance with all MIL-STD-883 
requirements. See Section 3 for more details. 

Specials 
At PMI, we have a proven track record for han
dling "customer specials". Many IC manufactur
ers shy away from processing precision linear 
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ICs to the unique in-house specifications of 
their customers. PMI recognizes your special 
needs and welcomes the opportunities provided 
by the military/aerospace industry. Hi-rei is a 
cornerstone of PMI's business and we will con
tinue to offer the extra processing that your 
applications require. 

Radiation Resistance 
As a leading supplier of preCision linear ICs to 
the military/aerospace industry, PMI is suppor
tive of the system designer's needs for readily 
available, standard components that are radia
tion resistant. A number of standard PMI linear 
integrated circuits have characteristically dem
onstrated good resistance to radiation. These 
devices have been subjected to radiation levels 
necessary to perform effectively in military/aer
ospace radiation environments, and they are 
now being used in a number of demanding mil
itary and space programs. 

Experiments to isolate the processing mecha
nisms that led to PMI's increased radiation 
hardness characteristics have pointed heavily 
toward the use of a silicon nitride passivation 
layer. While we do not believe that this process 
is the only radiation hardening advantage of PMI 
devices, it does add a great deal to survivability. 

For more information request PMI's "Radiation 
Resistance" brochure. 

z 
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DISCONTINUED DEVICE 
TYPES ORDERING GUIDE 
Between 1978 and 1985 some device types, 
individual grades, and package options were 
discontinued. This guide is provided to help the 
designer to select an appropriate alternative 
device. 

'l\'pe Alternative Device 'l\'pe Note(s) 
BUF-01 OP-07 connected as a 

voltage follower. 
BUF-02 OP-16 connected as a 

voltage follower. 
DAC-04 DAC-06 nearest grade. 
DAC-76 DAC-86 nearest grade. 
DAC-78 DAC-88EX. 
DAC-87 DAC-89EX. 
DAC-101 DAC-100 "03" nearest 

grade. 
DAC-206 DAC-01 nearest grade. 
DAC-808 DAC-888 is the most 

similar device. 
OP-03 OP-04 with externally-

connected V+ pins. 
OP-18 LM101 is the most 

similar device. 
OP-19 MC1741S is the most 

similar device. 
OP-24 OP-27GP, improved 

replacement. 
OP-34 OP-37GP, improved 

replacement. 
PM-1458 OP-14 nearest grade. 
PM-1558 OP-14 nearest grade. 
PM-4136 OP-09 nearest grade. 
SSS-725 OP-06 or PM-725 

nearest grade. 
SSS-741 OP-02 nearest grade. 
SSS-747 OP-04 or PM-747 

nearest grade. 
SSS-1458 OP-14 nearest grade. 
SSS-1558 OP-14 nearest grade. 
SW-03 SW-06 is a functional 

replacement. 
SW-04 SW-06 is a functional 

replacement. 

Note 1. Direct, pin-for-pin replacement. No design 
changes required. 

1,2 
1 
3 
1 
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Note 2. DAC-76 -550 C/+ 1250 C types may be ordered as 
DAC-86 specials. 

Note 3. DAC-89EX has idling currents on the outputs 
requiring matched load resistors. DAC-89EX has 
higher speed and accuracy and is an improved, 
direct, pin-for-pin replacement for DAC-87 in most 
designs. 

Package Type 

"K" (TO-100) 

"N" (Flatpack) 

Affected 
Device'l\'pe 

PM-747. 

DAC-100N9. 

"Y" (14-pin DIP) See list below. 

Remarks 

Available 
on Specials. 
Available 
on SpeCials. 
Available 
on Specials. 

"V" Package Option: Affected Device 'l\'pes 

CMP-01 OP-02 PM-725 
CMP-02 OP-06 PM-741 
OP-01 OP-220 

The "V" package option was discontinued for 
some products. They are all available in other 
package types including "J" (TO-99), "P" (Epoxy 
DIP), or "Z" (Ceramic 8-pin Mini-DIP). See 
individual data sheets for available package 
options for each device. 

Discontinued-Electrical-Grade Ordering Guide 
The following electrical grades were discon
tinued but are available with different 
specifications in the same packages. See 
individual data sheets. 

CMP-01B MAT-01F 
CMP-02B OP-01 E 
DAC-05B OP-01 F 
DAC-05F OP-04GR 
DAC-20E OP-08B 
DAC-88C OP-08F 
DAC-89C OP-09C 
DAC-10001 OP-09G 
DAC-10002 PM-239 
DAC-100DD05 PM-239A 
DAC-100DD06 

PM-255 
PM-256 
PM-257 
PM-339 
PM-355 
PM-356 
PM-357 
PM-2208 
PM-2308 
REF-01D 

Five volt output versions of DAC-02 and DAC-05, 
"X2" suffix, were discontinued. They may be 
ordered as DAC-03X2 specials. 

Sixty volt breakdown versions of MAT -01 were 
discontinued (MAT-01 Hand MAT-01 FH). 
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INTRODUCTION 
PMI has long been recognized as a High Quali
ty/Reliability supplier of Commercial, Industrial 
and Military/Aerospace Products. The PMI Pro
duct Assurance Department plays a vital role in 
controlling processes to ensure the manufacture 
of highly reliable, cost-effective product, and 
to make certain that all pertinent customer 
specifications and requirements are met. 

ORGANIZATION 
Product Assurance Department of PMI is com
posed of four functional departments: Process 
Quality Control, Quality Assurance, Reliability, 
and Program Management. 

RESPONSIBILITIES 
Process Control- The primary responsibility of 
the Process Control Department is to establish 
and maintain effective controls over process 
integrity by monitoring manufacturing processes 
and equipment operation; to provide real-time feed
back of information concerning the status of 
these controls; and to initiate statistically 
valid techniques to further improve quality and 
reliability levels. These concepts are used 
extensively throughout all manufacturing 
processes. 

Quality Assurance (Standard and Hi-Rei) - The 
primary responsibility of the Quality Assurance 
Department is to assure that the delivered pro
duct meets PMI or Customer Product Standards 
of reliability and quality. Process monitors and 
gate inspections are designed so that all devices 
are properly tested and required sample tests are 
performed prior to shipment. Inspection records 
and reports concerning monitor and inspection 
data keep all cognizant personnel fully informed 
about the status of the quality level of products 
going through final test operations. 

Reliability - The Reliability Department assures 
a high and consistent reliability of PMI products. 
The Reliability Department establishes, defines, 
and maintains evaluation programs to deter
mine process/product reliability. The Reliability 
Department will issue periodic reports on the 
results of all evaluation testing. Contact the 
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nearest PMI Sales Office or the Literature 
Department for the latest issue of the PM I Relia
bility Bulletin. 

The Reliability Department also performs failure 
analyses as required. ::; 

Program Management - The primary responsi- ~ 
bility of the Program Management Department (j 
is to ensure that the MIL-M-38510 JAN Program ~ 
and other special customer program requirements p... 
are met. This is accomplished by monitoring the loLl 
in-house procedures used to define each pro- u~ 
cess step of a particular program. If necessary, 
baselining documentation is written detailing <"" 
specific procedures and processing flows. A __ 
Configuration Control System consisting of 
maintenance of PMI standard baselining for 
each device type, as well as notification to cus- ~ 
tomers of major process and product changes, o-J 

are also responsibilities of this group. 0 
Contact the nearest PMI Sales Office or the Liter- ~ 
ature Department for a copy of the comprehen- p... 
sive PMI Product Assurance Manual. 

QUALITY LEVELS 
PMI processes to stringent quality standards. 
Quality guarantees range from parts-per-mil
lion on Standard Product to imposed Quality 
Levels dictated by customer specification on 
custom orders. 

Current information on Quality Levels is 
available upon request; contact the nearest PMI 
Sales Office or the Literature Department. 

PROCESSING 
The cornerstone of the manufacturing of PMI 
hermetic products is the strict adherence to all 
requirements of MIL-STD-883, Level B, for our 
"883" product line. All PMI hermetic products, 
be they "full 883" or not, receive the benefit of 
MIL-STD-883 processing through assembly. 

The manufacture of plastic devices is inherently 
different from hermetic in the area of assembly. 
Automation of the assembly line has produced a 
tightly process-controlled product that requires 
few interim inspections from wafer fabrication to 
pre-mold visual. Plastic product may also be 
obtained with a burn-in (BI) option (see Section 
2, Ordering Information for further details). 
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DATA SHEET SPECIFICATIONS 
PMI standard product is guaranteed to meet the 
published limits under the test conditions shown 
in the data sheet. Where practical, PMI performs 
100% testing of the indicated parameters; 
however, following accepted industry practice, 
certain parameters may be guaranteed by 
sample testing or by using design and/or 
characterization data. 

PMI provides separate data sheets for all "883" 
products in strict conformance with MIL-STD-
883, Method 5005.8 and MIL-M-38510F, 
Appendix B. Interim Electrical Test Parameters 
(pre-burn-in), Final Electrical Test Parameters, 
Group A Test Parameters, and guidelines used 
for PDA calculations, are all detailed in tabular 
form on the "883" data sheets. 
It is highly recommended that the "883" data sheet 
be used as a baseline for new military or 
aerospace Source Control Drawings. Consult 
your sales representative to obtain these "883" 
data sheets. 

TESTING 
Testing of electrical parameters is generally 
performed using pulse testing techniques on 
automated test equipment. Unless otherwise 
specified, chip temperature remains close to the 
ambient temperature. 

PROCESS CHANGE NOTIFICATION 
PMI reviews all process, product, and package 
changes for possible impact on form, fit, or 
function. All major changes are submitted for a 
re-qualification, which may include electrical, 
mechanical, andlor thermal characterization. 
Where applicable, reliability re-qualification is 
performed. 
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Upon completion of this internal re-qualifi
cation, PMI informs all customers who have 
requested process change notification with a 
complete description of the change, along with 
applicable reliability or characterization data. 
Upon request, PMI will assist customers in their 
internal ra-qualification effort. 

STANDARD PROCESS FLOWS 
(JAN 38510. CI ... B. 883 CI ... B: PMllndu.trlaIiCommerclal) 

DI, Fabrication 

Incoming inspection of all critical raw materials used In fabrication, (I,s. wafers, 
masks. dopant, chemicals). 

Scanning electron mlcro8cope/x~ray disbursrve system controls oxide profiles, 
diffusion profiles and metallization Integrity. 

Ole sort - automated electrical test at room or elevated temperature as required. 

Ole preparation - wafer saw 

Harm.Ue 

Semiautomatic die attaoh 
(eutectic) 

Semiautomatic bonding 
(aluminum wire) 

Flows 1, 2. 3 

Continued on facing page, 

Ole sort visual 

To AalOmbly: 
PI.ltlc 

Automatic die attach (epoxy) 

Automatic bonding (gold wire) 

Pre-mold visual 

Plastic molding 

Post-mold cure 

Temperature cycle 

Electrical test (Flow 4) 

Continued on facing page. 



Precision Monolithics Inc. 

Flow 1 
MIL·STD·BB3 

METHOD S004 CLASS Bf 
JAN 38S10 

Flow 2 
MIL-STD·8B3 

METHOD SOO4 CLASS B 
(See Note 1) 

Row 3 

PMI STANDARD 
HERMETIC DEVICES 

NOTES: 

PRODUCT 
ASSURANCE 

Flow 4 
PMI STANDARD 

PlASTIC DEVICES 

Electrical Test 
+2S'C (Optional) 

(see Note 2) 

Burn-In Test 
Multl·Optlon 

Final Electrical Test 
at+2S'C 

(see 0183) 

I 
1. MIL-S83 prOduct Is assembled/tested perthe require

ment. of Mll-M-38510 and MIL-STD-883. Rev. C, Class 
at as well as tested per PMI electrical test programs. 
PDA = S'I\@2S'C(Subgroup1). 
Note: In·house test specifications are available upon 
request. 

2. Standard product Is available with burn-In options. 
Multiple burn-In conditions are available. 

3. Standard product Is tested at 25°C with programs 
guard banded for all temperatures. 

4. As required by detailed specification. 

QAPlonl 
Clearance 

QAPlant 
Clearance 

Country of Origin AssemblyCodes: United States = 5, Korea = K, Philippines = D, Puerto Rlco = P 
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Device PMI Replacement 

AD10BAH PM10BAJ 
AD10BH PM10BJ 
AD1408-70 DAC140BA7Q 

~ 
AD1408-BD DAC140BABQ 
AD1508-BD DAC150BABQ 

AD20BAH PM208AJ 

[ 
AD20BH PM20BJ 
AD30BAH PM30BAJ 
AD30BAN PM30BAP 
AD30BH PM30BJ 

AD562AD PM562FV 
AD562KD PM562HV 
AD562SD PM562AV 
AD7226KN PM 7226GP 
AD7226TD PM7226AR 

AD7506JD MUX16ET 
AD7506JN MUX16ET 
AD7506KD MUX16ET 
AD7506KN MUX16ET 
AD7506SD MUX16BT 

AD7506TD MUX16BT 
AD7507JD MUX28ET 
AD7507JN MUX28ET 
AD7507KD MUX28ET 
AD7507KN MUX28ET 

AD7507SD MUX28BT 
AD7507TD MUX28BT 
AD7510DIJD SW7510FQ 
AD7510DIKD SW7510FQ 
AD7510DISD SW7510BQ 

AD7511DIJD SW7511FQ 
AD7511DIKD SW7511FQ 
AD7511DISD SW7511BQ 
AD7511DITD SW7511BQ 
AD7520JD PM7533FQ 

AD7520JN PM7533HP 
AD7520KD PM7533FQ 
AD7520KN PM7533HP 
AD7520LD PM7533EQ 
AD7520LN PM7533GP 

AD7520SD PM7533BQ 
AD7520TD PM7533BQ 
AD7520UD PM7533AQ 
AD7521JD PM7541FX 
AD7521JN PM7541HP 

AD7521KD PM7541FX 
AD7521LD PM7541FX 
AD7521LN PM7541HP 
AD7521SD PM7541BX 
AD7521TD PM7541BX 

AD7521UD PM7541BX 
AD7524AD PM7524FQ 
AD7524BD PM7524FQ 
AD7524CD PM7524EQ 
AD7524JN PM7524HP 

ALPHANUMERIC DIRECT 
REPLACEMENT GUIDE 

Device PMI Replacement Device PMI Replacement 

AD7524KN PM7524HP ADDACOBCD DACOBCQ 
AD7524LN PM7524GP ADDACOBD DACOBQ 
AD7524SD PM7524BQ ADDACOBED DACOBEQ 
AD7524TD PM7524BQ ADDACOBHD DACOBHQ 
AD7524UD PM7524AQ ADDAC100JD DAC100BCQ7 

AD752BAQ PM752BFR ADDAC100KD DAC100ABQ7 
AD752BBQ PM752BFR ADDAC100LD DAC100AAQ7 
AD752BCQ PM752BER ADDAC100SD DAC100BCQ5 
AD752BJN PM752BHP ADG200AA SW05BK 
AD752BKN PM752BHP ADG200AP SW05BY 

AD7528LN PM7528GP ADG200BA SW05FK 
AD7528SD PM7528BR ADG200BP SW05FY 
AD7528TD PM752BBR ADG200CJ SW05GP 
AD7528UD PM7528AR ADG201AP SW201BQ 
AD7533AD PM7533FQ ADG201BP SW201FQ 

AD7533BD PM7533FQ ADG201CJ SW201GP 
AD7533CD PM7533EQ ADOP07AH OP07AJ 
AD7533JN PM7533HP ADOP07CH OP07CJ 
AD7533KN PM7533HP ADOP07CN OP07CP 
AD7533LN PM7533GP ADOP07DH OP07DJ 

AD7533SD PM7533BQ ADOP07DN OP07DP 
AD7533TD PM7533BQ ADOP07EH OP07EJ 
AD7533UD PM7533AQ ADOP07EN OP07EP 
AD7541AD PM7541FX ADOP07H OP07J 
AD7541BD PM7541EX Am1408L6 DAC1408A6Q 

AD7541JN PM7541HP Am1408L7 DAC1408A7Q 
AD7541KN PM7541GP Am1408L8 DAC1408A8Q 
AD7541SD PM7541BX Am1408N6 DAC1408A6P 
AD7541TD PM7541AX Am1408N7 DAC1408A7P 
AD7542BD PM7542FR Am1408N8 DAC1408A8P 

AD7542GBD PM7542ER Am1508L8 DAC1508A8Q 
AD7542GKN PM7542GP Am6012DC DAC312FR 
AD7542GTD PM7542AR Am6012DM DAC312BR 
AD7542KN PM7542HP Am6012PC DAC312FR 
AD7542TD PM7542BR Am6070ADC DAC86CX 

AD7543BD PM7543FR Am6070DC DAC86EX 
AD7543GBD PM7543ER Am6072DM DAC88EX 
AD7543GKN PM7543GP Am685DL CMP07FQ 
AD7543GTD PM7543AR Am685DM CMP07BQ 
AD7543KN PM7543HP Am685HL CMP07FK 

AD7543TD PM7543BR Am685HM CMP07BK 
AD7545CQ PM7545FR CA108AT PM108AJ 
AD7545GCQ PM7545ER CA108T PM108J 
AD7545GLN PM7545GP CA1458E OP14CP 
AD7545GUD PM7545AR CA1458G OP14EP 

AD7545LN PM7545HP CA1458S OP14EP 
AD7545TD PM7545CR CA1458T OP14C 
AD7545UD PM7545BR CA1558S OP14J 
AD7548AQ PM7548FR CA1558T OP14J 
AD7548BQ PM7548ER CA208AT PM208AJ 

AD7548JN PM7548HP CA208T PM208J 
AD7548KN PM7548GP CA308AT PM308AJ 
AD7548SD PM7548BR CA308E PM308P 
AD7548TD PM7548AR CA308T PM308J 
ADDAC08AD DAC08AQ CA339AD PM339AY 
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Device PM' Replacement 

CA339AG CMP04FP 
CA747CE OP04CY 
CA747CG OP04CY 
CA747CT OP04CK 
CA747T OP04K 

DAC0800LCJ DAC08EQ 
DACOSOOLCN DAC08EP 
DAC0801LCJ DAC08CQ 
DACOS01LCN DAC08CP 
DAC0802LCJ DACOSHQ 

DACOS02LCN DACOSHP 
DAC0806LCJ DAC140SA6Q 
DAC0806LCN DAC1408A6P 
DAC0807LCJ DAC1408A7Q 
DAC0807LCN DAC1408A7P 

DAC0808LCJ DAC1408ASQ 
DAC0808LCN DAC1408ASP 
DAC0808LD DAC1508A8Q 
DACOSADM DAC08AQ 
DACOSCDC DAC08CQ 

DACOSCN DACOSCQ 
DAC08DM DAC08Q 
DAC08EDC DAC08EQ 
DAC08EF DAC08EQ 
DAC08EN DACOSEP 

DACOSF DAC08Q 
DAC08HC DAC08HP 
DACOSHD DAC08HQ 
DAC08HF DACOSHQ 
DAC08HN DAC08HP 

DAC10BDM DAC10BX 
DAC10CDM DAC10CX 
DAC10FCC DAC10FX 
DAC10GDC DAC10GX 
DAC6012ADC DAC312FR 

DAC6012ADM DAC312BR 
DAC6012DC DAC312FR 
DAC6012DM DAC312BR 
DG200AA SW05BK 
DG200AAA SW05BK 

DG200AAK SW05BY 
DG200ABA SW05FK 
DG200ABK SW05FY 
DG200ACJ SW05GP 
DG200AP SW05BY 

DG200BA SW05FK 
DG200BP SW05BY 
DG200CJ SW05GP 
DG201AAK SW201BQ 
DG201ABK SW201FQ 

DG201AP SW201BQ 
DG201BP SW201FQ 
DG201CJ SW201GP 
DG202AK SW202BQ 
DG202BK SW202FQ 

ALPHANUMERIC DIRECT 
REPLACEMENT GUIDE 

Device PM' Replacement Device PM' Replacement 

DG202CJ SW202GP LF13201N SW201GP 
DG202CK SW202FQ LF13202D SW202FQ 
DG506AR MUX16AT LF13202N SW202GP 
DG506BR MUX16ET LF13333D SW06FQ 
DG506CJ MUX16FT LF13333N SW06GP 

DG507AR MUX28AT LF13508D MUXOSEQ 
DG507BR MUX28ET LF1350SN MUXOSEP 
DG507CJ MUX28FT LF13509D MUX24EQ 
DG50SAP MUX08AQ LF13509N MUX24EQ 
DG508BP MUX08EQ LF155AH PM155AJ 

DG508CJ MUX08FP LF155AJ-8 PM155AZ 
DG509AP MUX24AQ LF155H PM155J 
DG509BP MUX24EQ LF156AH PM156AJ 
DG509CJ MUX24FP LF156AJ-S PM156AZ 
HI-200-2 SW05BY LF156H PM156J 

HI-200-4 SW05FY LF156J-S PM156Z 
HI-200-5 SW05GP LF157AH PM157AJ 
HI-201-2 SW201BQ LF157AJ-8 PM157AZ 
HI-201-4 SW201FQ LF157H PM157J 
HI-201-5 SW201GP LF351H OP15FJ 

HI1-506-2 MUX16BT LF353H OP215FJ 
HI1-506-5 MUX16FT LF355AH PM355AJ 
HI1-506A-2 MUX16BT LF355AJ-8 PM355AZ 
HI1-506A-5 MUX16ET LF355BJ PM355Z 
HI1-507-2 MUX28BT LF356AH PM356AJ 

HI1-507-5 MUX2SET LF356AJ-8 PM356AZ 
HI1-507A-2 MUX2SAT LF357AH PM357AJ 
HI1-507A-5 MUX2SET LF357AJ-8 PM357AZ 
HI1-562A-2 PM562AV LF411ACH OP15EJ 
HI1-562A-5 PM562AV LF411ACN OP15EZ 

HI1-562A-S PM562HVl883 LF411AMH OP15AJ 
HI1-7541AD-4 PM7541FX LM108AD PM10SAZ 
HI1-7541BD-4 PM7541 EX LM10SAH PM10SAJ 
HI1-7541JD-5 PM7541HP LM10SAJ-8 PM108AZ 
HI1-7541KD-5 PM7541GP LM108D PM10SZ 

HI1-7541SD-2 PM7541BX LM108H PM108J 
HI1-7541TD-2 PM7541AX LM10SJ-8 PM10SZ 
HI2-200-2 SW05BK LM139AD PM139AY 
HI2-200-4 SW05FK LM139AF PM139AY 
HI3-506-5 MUX16FT LM139AJ PM139AY 

HI3-506A-5 MUX16ET LM139D PM139Y 
HI3-507-5 MUX2SFT LM139F PM139Y 
HI3-507A-5 MUX28ET LM139J PM139Y 
HI3-508A-5 MUXOSEP LM1458AH OP14EJ 
HI3-509A-5 MUX24EP LM1458AJ-8 OP14EZ 

HI4-508A-2 MUX08BQ LM1458AN OP14EP 
HI4-508A-5 MUXOSEQ LM145SH OP14CJ 
HI4-509A-2 MUX24BQ LM1458J OP14CZ 
HI4-509A-5 MUX24FQ LM1458N OP14DP 
LF11201D SW201BQ LM1558AH OP14AJ 

LF11202D SW202BQ LM1558AJ OP14AZ 
LF11333D SW06BQ LM194H MAT02AH 
LF1150SD MUX08AQ LM208AD PM20SAZ 
LF11509D MUX24AQ LM20SAH PM208AJ 
LF13201 D SW201FQ LM208AN PM208AZ 
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Device PMI Replacement 

LM208D PM208Z 
LM208H PM208J 
LM208N PM208Z 
LM239AD CMP04FY 
LM239D CMP04FY 

LM239F CMP04FY 
LM239N CMP04FP 
LM258P OP221GZ 
LM2901F CMP04FY 
LM2901J CMP04BY 

LM2901N CMP04FP 
LM308AD PM308AZ 
LM308AH PM308AJ 
LM308AJ-8 PM308AZ 
LM308AN PM308AP 

LM308D PM308Z 
LM308H PM308J 
LM308J-8 PM308Z 
LM3302N CMP04FP 
LM339AD PM339AY 

LM339AF PM339AY 
LM339AJ PM339AY 
LM339AN CMP04FP 
LM339D PM339AY 
LM339N CMP04FP 

LM358JG OP221HZ 
LM394H MAT02EH 
LM725AH OP06AJ 
LM725CH OP06EJ 
LM725CN OP06GZ 

LM725H OP06BJ 
LM747AH OP04K 
LM747AJ OP04AY 
LM747CH OP04CK 
LM747CJ OP04CY 

LM747CN OP04DY 
LM747EJ OP04EY 
LM747EN OP04CY 
LM747H OP04BK 
LM747J OP04Y 

MC14087F DAC14087Q 
MC14088F DAC14088Q 
MC1408F DAC1408A7Q 
MC1408L6 DAC1408A6Q 
MC1408L7 DAC1408A7Q 

MC1408L8 DAC1408A8Q 
MC1458CG OP14CJ 
MC1458CP1 OP14CP 
MC1458CU OP14CZ 
MC1458G OP14CJ 

MC1458N OP14CP 
MC1458NP1 OP14EP 
MC1458NU OP14EZ 
MC1458P OP14CP 
MC1458P1 OP14DP 

ALPHANUMERIC DIRECT 
REPLACEMENT GUIDE 

Device PMI Replacement Device PMI Replacement 

MC1504U10 REF01AZ MP7506KD MUX16ET 
MC1504U5 REF02AZ MP7506TD MUX16BT 
MC15088F DAC15088Q MP7507JD MUX28ET 
MC1508L8 DAC1508A8Q MP7507JN MUX28FT 
MC1558G OP14J MP7507KD MUX28ET 

MC1558NG OP14AJ MP7507KN MUX28FT 
MC1558NU OP14AZ MP7507SD MUX28BT 
MC1558U OP14Z MP7507TD MUX28BT 
MC1741CG OP02CJ MP7508DIJD MUX08EQ 
MC1741CP1 OP02CP MP7508DIJN MUX08EP 

MC1741CU OP02HJ MP7508DIKD MUX08EQ 
MC1741G OP02J MP7508DISD MUX08AQ 
MC1741NCG OP02Z MP7524AD PM7524FQ 
MC1741NCP1 OP02HZ MP7524BD PM7524FQ 
MC1741NG OP02J MP7524CD PM7524EQ 

MC1741NU OP02Z MP7524JN PM7524HP 
MC1741SCG OP01HJ MP7524KN PM7524HP 
MC1741SCP1 OP01CP MP7524LN PM7524GP 
MC1741SG OP01J MP7524SD PM7524BQ 
MC1741U OP02Z MP7524TD PM7524BQ 

MC1747CL OP04EY MP7524UD PM7524AQ 
MC1747CP2 OP04EY MP7528BD PM7528FR 
MC1747G OP04BK MP7528CD PM7528ER 
MC1747L OP04BY MP7528KN PM7528HP 
MC3302N CMP04FP MP7528LN PM7528GP 

MC35001AG OP16AJ MP7528TD PM7528BR 
MC35001AU OP16AZ MP7528UD PM7528AR 
MC35001BG OP16GJ MP7533BD PM7533FQ 
MC35001BU OP16BZ MP7533CD PM7533EQ 
MC4741CL OP11GY MP7533KN PM7533HP 

MC4741CP OP11GP MP7533LN PM7533GP 
MC4741L OP11CY MP7533TD PM7533BQ 
MC7506KN MUX16FT MP7533UD PM 7533AQ 
MC7506SD MUX16BT MP7541TD PM7541AX 
MP200DIAA SW05BK MP7621AD PM7541FX 

MP200DIAP SW05BY MP7621BD PM7541EX 
MP200DIBA SW05FK MP7621JN PM7541HP 
MP200DIBP SW05BY MP7621KN PM7541GP 
MP201DIAP SW201BQ MP7621SD PM7541BX 
MP201DIBP SW201FQ MP7621TD PM7541AX 

MP201DICJ SW201GP MP7623AD PM7541FX 
MP4136CY OP09FY MP7623BD PM7541EX 
MP4136Y OP09BY MP7623JN PM7541HP 
MP5520AD DAC01Y MP7623KN PM7541GP 
MP5520AZ DAC01AY MP7623SD PM7541BX 

MP5520BD DAC01BY MP7623TD PM7541 AX 
MP5520CD DAC01CY MP7645CD PM 7645 ER 
MP5520DD DAC01DY MP7645LN PM7645GP 
MP5520FD DAC01FY MP7645UD PM 7645AR 
MP5520HD DAC01HY MPC4D MUX24FQ 

MP562AD/BIN PM562FV MPC8S MUX08FQ 
MP562KD/BIN PM562HV MPOP01AJ OP01AJ 
MP562SD/BIN PM562AV MPOP01AZ OP01AZ 
MP7506JD MUX16ET MPOP01CJ OP01CJ 
MP7506JN MUX16FT MPOP01CP OP01CP 
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Device PMI Replacement 

MPOP01CZ OP01CZ 
MPOP01GJ OP01GJ 
MPOP01GZ OP01GZ 
MPOP01HJ OP01HJ 
MPOP01HP OP01HP 

MPOP01HZ OP01HZ 
MPOP02AJ OP02AJ 
MPOP02AZ OP02AZ 
MPOP02BJ OP02BJ 
MPOP02BZ OP02BZ 

MPOP02CJ OP02CJ 
MPOP02CP OP02CP 
MPOP02CZ OP02CZ 
MPOP02DJ OP02DJ 
MPOP02DP OP02DP 

MPOP02DZ OP02DZ 
MPOP02EJ OP02EJ 
MPOP02EP OP02EP 
MPOP02EZ OP02EZ 
MPOP02J OP02J 

MPOP05AJ OP05AJ 
MPOP05AZ OP05AZ 
MPOP05BJ OP05BJ 
MPOP05CJ OP05CJ 
MPOP05CZ OP05CZ 

MPOP05DJ OP05DJ 
MPOP05EJ OP05EJ 
MPOP05EZ OP05EZ 
MPOP05J OP05J 
MPOP05Z OP05Z 

MPOP07AJ OP07AJ 
MPOP07AZ OP07AZ 
MPOP07CJ OP07CJ 
MPOP07CP OP07CP 
MPOP07CZ OP07CZ 

MPOP07DJ OP07DJ 
MPOP07DP OP07DP 
MPOP07DZ OP07DZ 
MPOP07EJ OP07EJ 
MPOP07EP OP07EP 

MPOP07EZ OP07EZ 
MPOP07J OP07J 
MPOP10CY OP10CY 
MPOP10EY OP10EY 
MPOP11AY OP11AY 

MPOP11BY OP11BY 
MPOP11EY OP11EY 
MPOP12AJ OP12AJ 
MPOP12AZ OP12AZ 
MPOP12BJ OP12BJ 

MPOP12BZ OP12BZ 
MPOP12CJ OP12CJ 
MPOP12CZ OP12CZ 
MPOP12EJ OP12EJ 
MPOP12EZ OP12EZ 

ALPHANUMERIC DIRECT 
REPLACEMENT GUIDE 

Device PMI Replacement Device PMI Replacement 

MPOP12FJ OP12FJ MPREF02HP REF02HP 
MPOP12FZ OP12FZ MPREF02HZ REF02HZ 
MPOP12GJ OP12GJ MPREF02J REF02J 
MPOP12GZ OP12GZ MPREF02Z REF02Z 
MPOP27AJ OP27AJ NE5007E DAC08CO 

MPOP27AZ OP27AZ NE5008F DAC08EO 
MPOP27BJ OP27BJ NE5009F DAC08HO 
MPOP27BZ OP27BZ NE532H OP221CJ 
MPOP27CJ OP27CJ NE532N OP221GZ 
MPOP27CZ OP27CZ OP07AH OP07AJ 

MPOP27EJ OP27EJ OP07AH/883 OP07AJ/883 
MPOP27EP OP27EP OP07AJ8 OP07AZ 
MPOP27EZ OP27EZ OP07 AJ8/883 OP07AZ/883 
MPOP27FP OP27FP OP07AT OP07AJ 
MPOP27FZ OP27FZ OP07CH OP07CJ 

MPOP27GJ OP27GJ OP07CJ8 OP07CZ 
MPOP27GP OP27GP OP07CJG OP07CZ 
MPOP27GZ OP27GZ OP07CN8 OP07CP 
MPOP37AJ OP37AJ OP07CNB OP07CP 
MPOP37AZ OP37AZ OP07CT OP07CJ 

MPOP37BJ OP37BJ OP07DE OP07Z 
MPOP37BZ OP37BZ OP07DH OP07DJ 
MPOP37CJ OP37CJ OP07DN8 OP07DP 
MPOP37CZ OP37CZ OP07DNB OP07DP 
MPOP37EJ OP37EJ OP07DT OP07DJ 

MPOP37EP OP37EP OP07EDE OP07EZ 
MPOP37EZ OP37EZ OP07EH OP07EJ 
MPOP37FJ OP37FJ OP07EJ8 OP07EZ 
MPOP37FP OP37FP OP07EJG OP07EZ 
MPOP37GJ OP37GJ OP07EN8 OP07EP 

MPOP37GP OP37GP OP07ET OP07EJ 
MPOP37GZ OP37GZ OP07H OP07J 
MPREF01AJ REF01AJ OP07H/883 OP07J/883 
MPREF01AZ REF01AZ OP07J8 OP07Z 
MPREF01CJ REF01CJ OP07J8/883 OP07Z/883 

MPREF01CP REF01CP OP07T OP07J 
MPREF01CZ REF01CZ OP12AJG OP12AZ 
MPREF01EJ REF01EJ OP12BJG OP12BZ 
MPREF01EZ REF01EZ OP12CJG OP12CZ 
MPREF01HJ REF01HJ OP12EJG OP12EZ 

MPREF01HP REF01HP OP12FJG OP12FZ 
MPREF01HZ REF01HZ OP12GJG OP12GZ 
MPREF01J REF01J OP15AH OP15AJ 
MPREF01Z REF01Z OP15BH OP15BJ 
MPREF02AJ REF02AJ OP15CH OP15CJ 

MPREF02AZ REF02AZ OP15EH OP15EJ 
MPREF02CJ REF02CJ OP15FH OP15FJ 
MPREF02CP REF02CP OP15GH OP15GJ 
MPREF02CZ REF02CZ OP16AH OP16AJ 
MPREF02DJ REF02DJ OP16BH OP16BJ 

MPREF02DP REF02DP OP16CH OP16CJ 
MPREF02DZ REF02DZ OP16EH OP16EJ 
MPREF02EJ REF02EJ OP16FH OP16FJ 
MPREF02EZ REF02EZ OP16GH OP16GJ 
MPREF02HJ REF02HJ OP227AJ OP227AY 
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Device PMI Replacement 

OP227CJ OP227CY 
OP227EJ OP227EY 
OP227FJ OP227FY 
OP227GJ OP227GY 
OP27AT OP27AJ 

OP27BDE OP27BZ 
OP27BT OP27BJ 
OP27BT/883 OP27BJ/883 
OP27CDE OP27CZ 
OP27CH OP27CJ 

OP27CH/883 OP27CJ/883 
OP27CJ8 OP27CZ 
OP27CJ8/883 OP27CZ/883 
OP27CT OP27CJ 
OP27EDE OP27EZ 

OP27EH OP27EJ 
OP27EJ8 OP27EZ 
OP27EN8 OP27EP 
OP27ET OP27EJ 
OP27FT OP27FJ 

OP27GDE OP27GZ 
OP27GH OP27GJ 
OP27GJ8 OP27GZ 
OP27GN8 OP27GP 
OP27GT OP27GJ 

OP37ADE OP37AZ 
OP37AH OP37AJ 
OP37AH/883 OP37AJ/883 
OP37AJ8 OP37AZ 
OP37AJ8/883 OP37AZ/883 

OP37AT OP37AJ 
OP37BDE OP37BZ 
OP37BT OP37BJ 
OP37BT/883 OP37BJ/883 
OP37CDE OP37CZ 

OP37CH OP37CJ 
OP37CH/883 OP37CJ/883 
OP37CJ8 OP37CZ 
OP37CJ8/883 OP37CZ/883 
OP37CT OP37CJ 

OP37EDE OP37EZ 
OP37EH OP37EJ 
OP37EJ8 OP37EZ 
OP37EN8 OP37EJ 
OP37ET OP37EJ 

OP37GDE OP37GZ 
OP37GH OP37GJ 
OP37GJ8 OP37GZ 
OP37GN8 OP37GP 
OP37GT OP37GJ 

RC1458NB OP14CP 
RC3302DB CMP04FP 
RC725T PM725CJ 
REF-01ADE REF01AZ 
REF-01AT REF01AJ 

ALPHANUMERIC DIRECT 
REPLACEMENT GUIDE 

Device PMI Replacement Device PMI Replacement 

REF-01CDE REF01CZ TSC949SCJ REF01HP 
REF-01CT REF01CJ TSC949SEE REF01EJ 
REF-01DDE REF01HZ XRC277 RPT82FQ 
REF-01DE REF01Z J.lA0801CDC DAC08EQ 
REF-01EDE REF01EZ J.lA0801CPC DAC08CP 

REF-01ET REF01EJ J.lA0801DM DAC08Q 
REF-01HT REF01HJ J.lA0801EDC DAC08EQ 
REF-On REF01J J.lA0802ADC DAC1408A8Q 
REF-02ADE REF02AZ J.lA0802APC DAC1408A8P 
REF-02AT REF02AJ J.lA0802BDC DAC1408A7Q 

REF-02CDE REF02CZ J.lA0802BPC DAC1408A7P 
REF-02CT REF02CJ J.lA0802CDC DAC1408ASQ 
REF-02DDE REF02HZ J.lA0802CPC DAC1408ASP 
REF-02DE REF02Z J.lA0802DM DAC1508A8Q 
REF-02EDE REF02EZ J.lA0802DMQB DAC1508A8Q/883 

REF-02ET REF02EJ J.lA0802EPC DAC08EP 
REF-02HT REF02HJ J.lA108AH PM 1 08AJ 
REF-02T REF02J J.lA108H PM108J 
REF01AH REF01AJ J.lA139ADM PM139AY 
REF01CH REF01CJ J.lA139DM PM139Y 

REF01CN8 REF01CP J.lA208AH PM208AJ 
REF01EH REF01EJ J.lA208H PM208J 
REF01H REF01J J.lA308AH PM308AJ 
REF01HH REF01HJ J.lA308H PM308J 
REF01HN8 REF01HP J.lA3303PC OP11FP 

REF02AH REF02AJ J.lA339ADC PM339AY 
REF02CH REF02CJ J.lA714EHC OP07EJ 
REF02CN8 REF02CP J.lA714HC OP07CJ 
REF02DH REF02DJ J.lA714HM OP07AJ 
REF02DN8 REF02DP J.lA714LHC OP07DJ 

REF02EH REF02EJ J.lA725HC PM725CJ 
REF02H REF02J J.lA725HM PM725J 
REF02HH REF02HJ J.lA725TC PM725CP 
REF02HN8 REF02HP J.lA741CJG PM741CZ 
RM725T PM725J J.lPC1251C OP220GZ 

RM741T PM741J J.lPC1251D OP220FZ 
RM747DC OP04Y J.lPC151C OP02BZ 
SA1458N OP14BZ J.lPC151D OP02CZ 
SA741 OP02BZ J.lPC154D OP05CZ 
SE532H OP221BJ J.lPC15SD PM208Z 

SE5534AFE OP27BZ J.lPC251C OP14EP 
SE5534FE OP27CZ J.lPC251D OP14EZ 
SSS1408A-SQ DAC1408ASQ J.lPC339C CMP04FP 
SSS1408A-7Q DAC1408A7Q J.lPC358C OP221HZ 
SSS1408A-8Q DAC1408A7Q J.lPC4581C OP15GZ 

SSS1508A-8Q DAC1508A8Q J.lPCS03D DAC01CY 
TSC7541BD PM7541EX J.lPCS10D DAC02CCX1 
TSC7541JN PM7541HP J.lPCS24C DAC08EP 
TSC7541KN PM7541GP J.lPCS24D DAC08EQ 
TSC7541SD PM7541BX J.lPCS48D DAC312FR 

TSC7541TD PM7541AX J.lPC801C OP15FZ 
TSC9495CE REF02HJ 
TSC9495CJ REF02HP 
TSC9495EE REF02EJ 
TSC949SCE REF01HJ 
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5-12 OP·Ol 
Inverting High-Speed 
Operational Amplifier 
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General-Purpose 
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Dual Matched High-Performance 
Operational Amplifiers 
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Operational Amplifier 
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Operational Amplifier 
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Ultra-Low Offset Voltage 
Operational Amplifier 

5-61 OP·08 
Precision Low-Input-Current 
Operational Amplifier 

5-68 OP.09/0P.ll 
Quad Matched 741-Type 
Operational Amplifiers 

5-75 OP·I0 
Dual Matched Instrumentation 
Operational Amplifier 

5-87 OP·12 
Precision Low-Input-Current 
Operational Amplifier 

5-91 

5-105 

5-111 

5-117 

5-128 

5-140 

5-152 

5-164 

5-175 

5-180 

5-191 

5-197 

5-2 

OPERATIONAL 
AMPLIFIERS 

OP.15/0P.16/0P.17 
Precision JFET-Input 
Operational Amplifiers 

OP.20 
Micropower Operational Amplifier 

OP·21 
Low-Power Operational Amplifier 

OP.22 
Programmable Micropower 
Operational Amplifier 

OP·27 
Low-Noise Precision 
Operational Amplifier 

OP·32 
High-Speed Programmable Micropower 
Operational Amplifier 

OP.37 
Low-Noise Precision High-Speed 
Operational Amplifier 

OP·41 
Low-Bias-Current JFET 
Operational Amplifier 

OP·43 
Low-Bias-Current, Fast JFET 
Operational Amplifier 

OP·50 
High-Output-Current 
Operational Amplifier 

OP·77 
Next Generation OP-07 (Ultra-Low 
Offset Voltage Operational Amplifierl 

OP·90 
Low-Voltage Micropower 
Operational Amplifier 
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5-199 OP-207 
Dual Ultra-Low Vas Matched 
Operational Amplifier 

5-205 OP-215 
Dual Precision JFET-Input 
Operational Amplifier 

5-212 OP-220 
Dual Micropower Operational Amplifier 

5-220 OP-221 
Dual Low-Power Operational Amplifier 

5-228 OP-227 
Dual Low-Noise Low-Offset 
Instrumentation Operational Amplifier 

5-239 OP-400 
Quad Low-Offset Low-Power 
Operational Amplifier 

5-241 OP-420 
Quad Micropower Operational Amplifier 

5-246 OP-421 
Quad Low-Power Operational Amplifier 

PM-I08A/PM-208A/PM-308A/ 
PM-I08/PM-208/PM-308/ 

5-252 PM-2108A/PM-2108 
Low-Input-Current 
Operational Amplifiers 

5-256 PM-1461PM-246 
Programmable Quad 
Operational Amplifiers 

PM-155A/PM-355A/PM-155/ 
PM-156A/PM-356A/PM-1561 

5-259 PM-157A/PM-357A/PM-157 
Monolithic JFET-Input 
Operational Amplifiers 

5-265 

5-268 

5-270 

5-273 

5-276 

5-279 

5-282 

5-292 

5-295 
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PM-725 
Instrumentation Operational Amplifier 

PM-741 
Compensated Operational Amplifier 

PM-747 
Dual Compensated 
Operational Amplifier 

JM38510/10104 
JAN Single Low-Input-Current 
Operational Amplifier 

JM38510/10106 
JAN Dual Low-Input-Current 
Operational Amplifier 

JM38510/11004 
JAN Quad 741-Type 
Operational Amplifier 

JM38510/11401/11402/11403/11404/ 
11405/11406 
JAN JFET-Input Operational Amplifiers 

JM38510/13501/13502 
Ultra-Low Offset Voltage 
Operational Amplifiers 

JM3851O/13503 
Low-Noise Precision 
Operational Amplifier 

ffi ...... 
~ 

~ r:... 

~ 
~ 
0 ...... 

~ 
~ 
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INTRODUCTION 
Precision Monolithics pioneered in the devel
opment of low-offset, high-gain operational 
amplifiers for use in precision applications. A 
proprietary linear bipolar process with nitride 
passivation was developed to achieve low noise, 
enhanced long-term reliability, and improved res
istance to radiation effects. PMI operational 
amplifier processing capability includes JFET 
and super-beta devices as well as standard NPN 
and PNP devices. A zener-zap trimming tech
nique was designed to reduce input offset vol
tage at the wafer testing stage. Offset trimming 
is performed in discrete steps by applying high
current pulses through automatically-selected 
zener diodes. High-current pulsing shorts the 
zener which is parallel-connected to a trim resis
tor. Zener-zap trimming provides a very reliable 
and stable reduction of input offset voltage. PMI 
has developed many innovative operational
amplifier circuit designs based on their low
noise, low-drift processing in combination with 
zener-zap offset trimming. 

The table below summarizes the PMI families 
of operational amplifiers. All feature low input 
offset voltage, low drift, and high open-loop 
gain. 

Operational Amplifiers 

General Purpose, Bipolar Input 
OP-02 Single 
OP-04, OP-14 Dual 
OP-09, OP-11 Quad 
OP-01 High Speed, Inverting 

General Purpose, JFET Input 
PM-155, PM-156, 

PM-157 Standard JFET Input 
3S510 Versions MIL-Grade, 38510 

Precision, High-Speed Improved JFET Input 
OP-15, OP-16, OP-17, 
OP-43, OP-215 (Dual) 
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High Accuracy 
OP-05, OP-06, 

OP-07, OP-77 
OP-27, OP-37, OP-50 
OP-227, OP-207, OP-10 
OP-OS, OP-12 
OP-50 

Low Vos, High Gain 
Low Vos, Low Noise 
Dual 
Low I B, Low Power 
High Output Current 

Low Power, Low Input-Bias-Current 
OP-21 Single 
OP-221 Dual 
OP-41 JFET Input 
PM-10S/20S/30S, 

PM-210S (Dual) Low IB, LM-10S Type 

Micropower 
OP-20 
OP-22/32 
OP-220 
OP-420, OP-421 

DEFINITIONS 

Singles, Low ISY 
Programmable 
Dual 
Quad 

Average Bias Current Drift (TCla) - The ratio 
of change in Input bias current to a change in 
temperature. 

Average Offset Current Drift (TClos) - The ratio 
of change in input offset current to a change in 
temperature. 

Average Offset Voltage Drift (TCVos) - The 
ratio of change in input offset voltage to a 
change in temperature. 

Average Offset Voltage Drift With External 
Trimming (TCVOSN) - The ratio of the change 
in input offset voltage to a change in temper
ature with the input offset voltage trimmed 
to zero at room temperature. 

Common-Mode Input Resistance (RlnCM) 
- The ratio of input voltage range to the change 
in input bias current over this range. 

Common-Mode Rejection Ratio (CMRR) 
- The ratio of the common-mode voltage range 
(CMVR) to the peak-to-peak change in equi
valent input offset voltage (CME) over this 
range. CMRR is specified for a specific CMVR. 
CMRR = 20 log10 (CMVR/CME) 
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Gain-Bandwidth Product (GBW) - The 
frequency at which the open-loop gain equals 
unity. 
Input Bias Current (Ia) - The average of the 
currents into the two input terminals when the 
output is at zero volts with no load. IB is 
measured at VCM = O. 

Input Noise Current (Inp_p) - The peak-to-peak 
noise current within a specified frequency band. 

Input Noise Current Density (In) - The rms 
noise current in a 1 Hz band centered on a 
specified frequency. 

Input Noise Voltage (enp-p) - The peak-to-peak 
noise voltage within a specified frequency band. 

Input Noise Voltage Density (en) - The rms 
noise voltage in a 1 Hz band centered on a 
specified frequency. 

Input Offset Current (los) - The difference 
between the currents into the two input 
terminals when the output is at zero volts with 
no load. 

Input Offset Voltage (Vos) - The voltage which 
must be applied between the input terminals to 
obtain zero output voltage with no load. 

Input Resistance-Differential Mode (RIN) - The 
ratio of small-signal change in input voltage to a 
change in input current at either input terminal 
with the other grounded. 

Input Voltage Range (IVR) - The range of input 
voltage for which the device will operate as a 
linear amplifier. 

Large-Signal Voltage Gain (Avo) - The ratio 
of change in output voltage (over a specified 
range) to a change in input voltage. 

Open-Loop Output Resistance (Ro) - The 
small-signal driving-point resistance of the 
output terminal with respect to ground at a 
specified quiescent DC output voltage and 
current. 

Output Voltage Swing (Vo) - The peak output 
voltage that can be obtained without clipping 
into a specified load resistance. 
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Power Dissipation (Pd) - The total power 
dissipated in the amplifier with the output at 
zero volts with no load. 

Power Supply Rejection Ratio (PSRR) - The 
inverse ratio of change in input offset voltage to 
a change in power supply voltage. PSRR can be 
specified in dB or p.VIV. 

Slew Rate (SR) - The ratio of a change in 
output voltage to the minimum time required to 
effect this change under large-signal drive con-
ditions. Slew rate may be specified separately ffi 
for positive and negative-going changes. ti::: 
Supply Current (lsV> - The current required ::l 
from the power supply to operate the amplifier ~ 
with no load and the output at zero volts. < 
Unity-Gain Closed-Loop Bandwidth (BW) :< 
-The frequency at which the magnitude of the Z 
small-signal voltage gain of the amplifier, oper- 9 
ated closed-loop as a unity-gain follower, is !< 
3dB below unity. ~ 

MATCHING PARAMETER DEFINITIONS 
Input Offset Voltage Match (.iVos) - The diff
erence between the offset voltages of side A and 
side B (VOSA - VOSB). If VOSA = VOSB, the net 
differential offset voltage at the output of the 
amplifier pair equals zero. 

Input Offset Voltage Tracking (TC.iVos) 
- The ratio of change in .iVOS to a change in 
temperature. 

Average Nonlnvertlng Bias Current (Ia+) - The 
average of the side A and side B noninverting 
input bias currents: 

IBA+ + IBB+ 
2 

Nonlnvertlng Input Offset Current (los +) - The 
difference between the noninverting input bias 
currents of side A and side B; (IBA+ -IBB+). 

Inverting Input Offset Current (los -) - The 
difference between the inverting input bias 
currents of side A and side B; (IBA- -IBEr). 

Average Drift Of Noninverting Bias Current 
(TCla+) - The ratio of change in noninverting 
bias current to a change in temperature. 

~ 
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Average Drift of Nonlnvertlng Offset Current 
(TC1os+) - The ratio of change in noninverting 
offset current to a change in temperature. 

Common-Mode Rejection-Ratio Match (.:1CMRR) 
- The difference between the common-mode 
rejection ratios (expressed in volt/volt of side A 
and side B . .:1CMRR in dB = 20 10glO (.:1CMRR in 
volt/volt). 

Power Supply Rejection-Ratio Match (.:1PSRR) 
- The difference between the power supply 
rejection ratios (expressed in volt/volt) of side A 
and side B . .:1PSRR in dB = 20 10glO (.:1PSRR in 
volt/volt). 

Channel Separation - The ratio of change in 
offset voltage of one channel to a ch~nge in 
output voltage in the second channel. 

SELECTION PRINCIPLES 
Selecting an operational amplifier can be a 
frustrating experience. The choice of circuit 
configuration, and of associated component 
values, interrelates to the choice of op amp for 
a given application. Op amps are specified as 
open-loop devices, but in a circuit application 
they generally have feedback applied. The 
designer must predict the closed-loop circuit 
performance as determined by his choice of op 
amp and choice of circuit configuration (and 
component tolerances). Detailed literature is 
available on circuit configurations to accomplish 
particular analog circuit functions using op 
amps. This Selectiqn Guide gives recommended 
guidelines and a design strategy for selecting op 
amps to best me~! your needs. 

The first design steps are to: 
1. Completely define the design objectives. 

Input Signal- Determine the signal level, 
frequency content, and impedance of the input. 

Accuracy Required - For linear amplification, 
this consists of limits for offset, gain error, and 
nonlinearity. Establish your bandwidth and slew 
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rate needs. Distortion is often critical for audio 
use and fast settling may be essential in a data
conversion application. 

Output Load - Op amps are sometimes called 
upon to drive long cables, storage capacitors, 
transformers, or other semiconductors. High
speed circuits generally require low-impedance 
feedback elements and the load is usually low 
impedance; therefore, relatively high output 
current drive is needed for high-speed circuits. 

Environmental Conditions - Temperature 
range and power supply characteristics are very 
important factors. Power supply drain is often 
critical in battery-powered equipment, process 
control systems, and satellites. In addition, 
op-amp package type is generally dictated by 
environmental and cost factors. Another factor 
to consider is the electrical environment. Mini
mize accuracy degradation from unavoidable 
ground noise and power supply fluctuations by 
choosing an op amp with high CMRR and 
PSRR. 

2. Use the published op-amp speCifications 
and characterization graphs. 

PMI provides comprehensive specification 
tables with well-defined test conditions for 
operation at 25° C and over specific tempera
ture ranges. The "Typical Performance Curves" 
show the characteristic response of an op amp to 
variations in frequency, temperature, supply 
voltage, or load impedance. Since op amps often 
perform much better than indicated by their minI 
max specification limits, the designer may be 
tempted to ask for special selection to tighter 
limits. Although sometimes necessary, special 
selection tends to be costly. A better strategy is 
to select a standard op amp that meets the 
application need on a worst-case basis. Careful 
initial selection of a high-performance standard 
op amp will provide predictable circuit perfor
mance on a continuing basis. 
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Selection Process 
Operational amplifiers can be divided into four 
basic functional categories: 

Category Primary Characteristics 

General Purpose "741" types. 

High Accuracy 

High Speed 

Low Power, 
Wide Supply Range 

Low input offsets 
(Vos < 1 mV), high DC 
gain, high CMRR, and 
low noise. Leading part 
types are OP-OS, OP-07, 
OP-27, OP-SO, and 
OP-77. 

Optimized for high slew 
rate, high gain-band
width, and fast settling 
time. 

Low supply drain 
(Isy < 1 mA), wide input 
and output voltage range. 
Includes micropower 
(Isy < 100~A) units for 
battery operation. 

There can be overlap between some cate
gories, while others are mutually exclusive. 
For example, the PMI OP-22 covers both "High 
Accuracy" and "Low Power". However, "High 
Speed" and "Low Power" tend to be mutually 
exclusive; it is difficult to simultaneously 
optimize both speed and power. 

Economics is another important dimension of 
the selection process. The "General Purpose" 
category is generally lowest in cost, but a "High 
Accuracy" op amp with low input-offset-voltage 
may be more cost effective if it eliminates the 
need for external trimming components. The 
PMI high-accuracy OP-07 is often used in place 
of general-purpose 741-types because of its 
low input-offset-voltage and high gain. 

AC Considerations 
Consideration of AC requirements for an 
application is a good starting point in the op 
amp selection process. If high frequency 
(GBW> 10M Hz, SR > 10v/~s) isthe primary 
concern, then the choice quickly narrows down 
to the "High Speed" category. 
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Two factors will generally dictate the op amp 
choice: 
1. The loop gain (excess of open-lOOp gain 
over closed-loop gain) must be sufficient at 
the highest frequency of interest. For example, 
if 1.0% accuracy at 10kHz is required when 
operating at closed-loop gain of 10, then the op 
amp must have an open-loop gain of at least 
1000 at 10kHz (10/1000 = 1%). When operating 
at high closed-loop gains, decompensated op 
amps generally offer the advantage of better 
gain bandwidth product without a pricel 
performance penalty. 

2. Slew rate must be high enough to follow the 
fastest signal input without causing distortion or 
other anomalies. Slew-rate symmetry, linearity, 
and overload recovery should be considered. 
The detrimental effects of slew-rate limiting can 
be subtle; it is best to avoid trouble by choOSing 
an op amp with at least a 20% safety margin in 
minimum slew-rate. 

High speed implies a need for high output 
current. Applications such as audio amplifiers, 
active filters, DAC-output amplifiers, and fast 
integrators often require high output currents for 
driving feedback capacitors or low-impedance net
works. Driving such capacitive loads as long 
cables or storage capacitors at high frequency 
requires high output currents. 

DC Considerations 
If the frequency requirements are relatively 
modest (SR < 10v/~s) and the circuit requires 
closed-loop gain above unity, choose a "High 
Accuracy" op amp. These op amps feature: 

Low Input Offsets 
Low Input Offset 
Voltage 

Low Input Bias 
Current 
- Bipolar Input 

Stage 
- JFET Input 

Stage 

Vos:51mV, 
TCVos:5 2~v/° C 

Is :5100nA (Is :510nA 
is desirable) 
Is:5 200pA 
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High Open-Loop AVOL;::: 1,000,000 
DC Gain 

High Common-Mode CMR;::: 100dB 
Rejection 

Low Input Noise en::S; 15nVlv'"'R'Z 
at 100Hz 

A leading op amp in the High-Accuracy 
category is the PMI OP-77 with these key 
specifications: 

Vos::S; 25p,V 
le::S; ±2nA, 10s::S; 2nA 
AVOL;::: 5,000,000 
CMRR;::: 114dB 
en::S; 11 nVlv'"'R'Z at 1000Hz 

The OP-77 performs very well even at high 
closed-loop gains. For example, consider a 
noninverting configuration with a closed-loop 
gain of 100. Assume a signal source with a range 
of ±0.1V and source impedance of 10k!}. If the 
feedback resistances are chosen to be relatively 
low, then the maximum offset caused by input 
bias current will be 4.4nA (Ie + 10512 = 4.4nA) 
multiplied by the 10k!} source resistance, or 
44p,V. Total input offset, even without external 
offset nulling, will be less than 119p,V (approxi
mately 0.12% of full-scale). The effect of CMRR 
is negligible in this example; the ±0.1V input 
divided by 110dB of common-mode rejection is 
only 0.3p,V referred-to-input. Gain error factor is 
1/(1 + AVCL/AVOL), which Is a gain error of 
approximately AVCL/AvOL. The DC gain error at 
AVCL of 100 will be less than 10015,000,000, a 
0.002%-of-full-scale gain error. The worst-case 
sum of offset and gain errors for this example Is 
only 0.12% of full-scale, and is achieved without 
any external trimming of offset or gain. 

',\' 

Selection of a specific op-amp type within the 
High-Accuracy category is generally determined 
by Impedance levels of the Input signal and 
feedback elements. High Impedances 
(Rs> 10k!}) imply a need for an op amp with low 
input bias currents. This need for low bias cur
rent can be met through use of FET-input op 
amps, or by using bipolar-input op amps specif
Ically deSigned for low input-bias-current. 
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The OP-41/43 JFET-input op amps have less 
than ±5pA of input bias current, and the OP-
15/16/17 JFET-input op amps have bias currents 
specified to within ±50pA. At high temperature, 
however, the input bias current for JFET-input 
op amps rises to a level which is typically 3 
orders of magnitude higher than the room
temperature value. 

The OP-05, OP-07, OP-77, and OP-50 are bipo
lar op amps which have input bias cancellation 
circuitry that significantly reduces input-bias
current, and maintain low input-bias-current 
levels over temperature. For example, the OP-
05/07177 op amps have bias-current limits set at 
±4nA over the full Military temperature range. 
The OP-08, which is an improved LM108, has a 
superbeta input stage which also provides very 
good high-temperature high-impedance opera
tion (le::S; 3nA at 125°C). 

The OP-22/32 programmable micropower op 
amps have PNP input stages which also have 
very low input bias current over temperature. 
Their input-bias-current remains below 5nA over 
the full Military temperature range. 

Low noise, always desirable, is sometimes the 
primary consideration. In many high-gain 
active-filter or audio-amplifier applications, low 
noise can be more Important than DC offset. 
These are the three basic rules for obtaining low 
noise: 

1. Design with low Impedances - Using low 
Impedances minimizes the effect of current 
noise flowing through the source Impedance, 
reduces resistor thermal noise, and reduces stray 
pick-up of RF noise. 

2. Restrict the system bandwidth - Noise 
outside the frequency range of Interest can usually 
be attentuated by filtering. Block high-fre
quency power-supply noise from the signal path 
by use of decoupling capacitors at the op-amp 
supply inputs. 

3. Select a low-noise op amp - Some op amps, 
such as the bipolar-input OP-27, are designed 
for minimum noise. The input stage current is 
set to a relatl,IY high value which reduces input 
noise (S.SnVl Hz max at 10Hz). Output swing 
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is increased to ± 10V into soon to allow the use 
of low-impedance, low-noise feedback 
elements. 

Power Supply Considerations 
The op-amp power-supply requirements are the 
next factors to consider. If the circuit is to be 
operated from a battery, such as in portable 
instruments, missiles, or spacecraft, then narrow 
the selection to the "Low-Power, Wide Supply 
Range" category. Low-power op amps are 
designed for minimum quiescent supply current. 
Speed is traded off for lower power consump
tion and output drive is generally reduced. The 
input and output stages are designed for linear 
operation over a wide voltage range which is 
very helpful for single-power-supply operation. 

OPERATIONAL 
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The PMliine of low-power, wide-supply-range 
op amps all feature high open-loop gain, low 
input offsets, and high CMRR. They can provide 
high accuracy even at high closed-loop gain. 

The low-power family includes programmable 
micropower op amps that offer the designer 
another dimension in circuit design. The quies
cent supply current is set by an external resistor 
which allows the circuit designer to trade off 
quiescent supply current against speed. Since 
the quiescent current directly controls slew rate 
and gain-bandwidth product, these pro
grammable op amps are easily frequency
compensated in such circuits as active filters, 
oscillators, or multi-stage instrumentation 
amplifiers. 

DC ERROR CALCULATIONS FOR STANDARD CONFIGURATIONS 

NONINVERTING CONFIGURATION 

,..---, 
I INPUT I 
I I 
I Rs I 
I I 
IV1,,-, I 
I I 
L._ _...I 

Output Offset = (1 + ~~) [vos + (R~~ R~2 - RS) Ie + (R~~ R~2 + RS) I~S ] 

Special Cases: 

Max Output Offset = (1 + ~~) (vos + Rs los) If Rs = R~~ ~22 

- (1+ ~~) [VOS+IR~\R~2-Rslle] Iflos<le 

( R2) [ (lOS)] R1R'2 - 1+"R1' Vos+Rs le+"2 IfRs> R1+R2 

Note: Ie is the average of the Input bias currents 'and los is the difference. 

Gain Error - (1 + ~~) A:o + C~RR ,where Avo = Open-Loop Gain and Avo> (1 + ~~) 
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INVERTING CONFIGURATION 

INPUT r----., 
1 
I 
I 
1 
I VI 'V 

I 1 L ____ J 

OutputOffset= (1+ ~~) [vos+ (R~~R~2 -RC) le+(R~~R~2+Rc) I~S) ifRs-O 

Special Cases: 

Max Output Offset = (1 + :~) (vas + Rc los) if Rc = :~ :2R2 

( R2) [ I R, R2 I] . - 1+"R1 Vos+ R,+R2-Rc Ie Iflos<le 

( R2) [ R, R2 ( lOS)] - 1 +Fi1 Vos+ R, + R2 le+'"2 ifRc=O 

Note: Ie is the average of the input bias currents and los is the difference. 

Gain Error - (1 + RR2) -A1 + RRs ~ • where Ava = Open-Loop Gain and Rs < R, 
, va , R, 
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OPERATIONAL AMPLIFIER 
SELECTION GUIDE 
The Operational Amplifier Selection Guide 
chart highlights PMI's line of operational ampli
fiers. The matrix indicates the most essential 
parametric differences for each product group. 

"General Purpose" op amps are usually the least 
expensive and are recommended for appli
cations where impedance levels are relatively 
low, closed-loop gain is low, and speed 
requirements are moderate. JFET inputs provide 
lower input-bias-currents and better bandwidth 
than standard bipolar inputs, but input voltage 
offsets and noise are generally better for the 
bipolar input amplifiers. 

The "High Accuracy" category presents the best 
amplifiers for high-gain applications. A combi
nation of low input-offset-voltage, high open
loop gain, and high CMRR provide excellent DC 
accuracy even at high closed-loop gain. The 
OP-27, OP-37 and OP-50 are best for minimum 

Monolithic Technology 

Bipolar Input 

JFET 

Packages 

General Purpose 

Bipolar JFET 

99 
D.. D.. 
00 

• • • • 

Precision 
High
Speed 
JFET 
Input 

• • • • • • 
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input voltage noise. The OP-08 and OP-12 pro
vide an excellent combination of low input-bias
current, low offset voltage, and moderate power 
drain. The OP-07 and its improved version, the 
OP-77 offer a selection of the lowest offset 
voltages (60p.V max to 250p.V max) combined 
with low input-bias-current (±2nA max to 
±12nA max) and have become an industry 
standard for high-precision applications. 

PMI is a leader in op amps featuring low power 
consumption. The OP-20/21/22/32 are 
micropower op amps that operate with only a 
few microamps of supply drain. PSRR and 
CMRR are high, and the input-voltage-range is 
wide. Such features work together to make 
these amplifiers ideal for battery-powered 
applications or for operation from a single 
supply voltage. The OP-22/32 can be 
programmed to operate over any supply current 
from 1 p.A to 400p.A and is excellent for battery
powered designs. 

High 
Accuracy 

Low Power, 
Low Input

Blas
Current 

Micropower 

• • • • •• ••••••••••• 
• 

Single • • • • • •• •••• • • • • • • 
Dual • • • • • • 
Quad • • • • • 

Ultra Low Offset. Vos < 200"V • • • • • • • • 
Low Offset. Vos 51mV • • • • • • • • • • • • • • 
Low Bias Current 

• • • • • • • 
Ie ';;SnA •• ••• •• • • 

High Gain, AYOL 2: 1 Million VlV • ••• • • • • • • • 
High Slew Rate. SR > 10V/"s • • • • 
Low Power 

ISY 5 1 rnA/Amplifier • • • • • •• • • • 
ISY 5 100"A/Amplifier • •• • • 

Low Noise (101kHz) 

en .. SnV/y'HZ • • • 
in .. O,2SpA/y'HZ • • • • • • • • • 
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FEATURES 
• Fast SeHllng Time ................... 1j.1s to 0.1% Max 
• High Slew Rate .......................... 12V1 j.lS Min 
• Power Bandwidth ........................ 150kHz Min 
• Low Power Consumption •••....•.......... 90mW Max 
• Excellent DC Specifications 
• Internally Compensated 
• Ideal DAC Output Amplifier 
• MIL·STD·883 Processing Available 
• Fits Standard 741 Sockets 
• LowCost 

ORDERING INFORMATIONt 

PACKAGE 

TA=25'C HERMETIC HERMETIC PLASTIC OPERATING 
Vo.MAX TO-" DIP DIP TEMPERATURE 

(mV) a·PIN a·PIN a·PIN RANGE 

0;7 OP01J' OP01Z' MIL 
0.7 OP01HJ OP01HZ OP01HP COM 
5.0 OP01GJ' OP01GZ' MIL 
5.0 OP01CJ OP01CZ OP01CP COM 

'For devices processed in total compliance to MIL-STO-883. add /883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and Industrial temperature range parts are aval/abie with 
burn-In. For ordering Information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The OP·01 series of monolithic inverting high-speed opera
tional amplifiers combines high slew rate, fast settling time 

SIMPLIFIED SCHEMATIC 

·Q1. 02, Q3 AND 04 FORM A 
THERMALLY CRoss.COUPLED 
QUAD. Q&, as', QB AND 081 

~~~:~~L~SJ:~~OUPLED os"':l---+---r 
QUAD. 

RI R3 RS 

BALANCE BALANCE 

5·12 

OP-Ol 
INVERTING HIGH-SPEED 

OPERATIONAL AMPLIFIER 

and excellent DC Input characteristics. An internal feed
forward frequency compensation network provides simpli
city of application - no external capacitors are required for 
stable, high-speed performance. The fast output response Is 
achieved without sacrifice of input bias current or power 
consumption. A 250kHz typical power bandwidth is attained 
with a small-signal bandwidth of only 2.5MHz, thus board 
layout is non·critical. The OP·01 is completely protectEld at 
both input and output, fits standard 741 sockets, and is offset 
nulled with a 10kO potentiometer. 

The fast output response combined with excellent settling 
time makes the OP·01 ideal for use as a Of A converter output 
amplifier. 

PIN CONNECTIONS 

EPOXY MINI·DIP 
(P·SuHlx) 

" 8-PIN HERMETIC DIP 
(Z-SuHlx) 

V+ 

R8 

R9 

BAL98 N.C. 7 V+ 

-IN 2 BOUT 

+IN 3 5 BAL 

• V-ICASEI 

TO·SS 
(J-SuHlx) 

RIO 

...----+--oOUTPUT 

RII 

1/86, Rev. A 



---------t[fMD OP-01INVERTING HIGH-SPEED OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Total Supply Voltage, OP-01, OP-01 H, OP-01 N, OP-01 NT, 
OP-01G, OP-01GT .............................. ±22V 

OP-01G, OP-01C, OP-01GR ..................... ±20V 

Power Dissipation (Note 1) ...................... SOOmW 

Differential Input Voltage ••••••••••••••••••••••.•.. ±30V 

Input Voltage (Note 3) ............................ ±1SV 

Short-Circuit Duration •••••••••••••••••••••••• Indefinite 

Operating Temperature Range 

OP-01,OP-01G ..................... -SS·C to +12S·C 
OP-01H,OP-01C ....................... 0·Cto+70·C 

DICE Junction Temperature (Tj) ••••••• -6S· C to + 1S0· C 

Storage Temperature Range 
J and Z Packages. .. .. .. • . .. • .. .. ... -6S· C to + 1S0· C 

P Package ......................... -6S·C to +12S·C 

Lead Temperature (Soldering, 60 sec) ••••••••••••• 300·C 

NOTES: 
1. See table lor maximum ambient temperature rating and derating lactor. 

PACKAGE TYPE 

TO-99 (J) 

8-Pin Hermetic DIP (Z) 

8-Pln Plastic DIP (P) 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

80°C 

75°C 

35°C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

7.1mW'oC 

6.7mW'oC 

5.6mW'oC 

2. Absolute maximum ratings apply to both packaged parts and DICE, unless 
otherwise noted. 

3. For supply voltages less than ± 15V, the maximum input voltage is the 
supply voltage. 

ELECTRICAL CHARACTERISTICS at Vs = ± 1SV, TA = 2S· C, unless otherwise noted. 

OP-01 OP-01G 
OP-01H OP-01C 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos RsS 2OkO 0.3 0.7 2.0 5.0 mV 

Input Ollset Current los 0.5 2.0 2.0 20 nA 

Input Bias Current Is 18 30 25 100 nA 

Input Voltage Range IVR ±12 ±13 ±12 ±13 V 

Common-Mode VcM =±10V 
CMRR 85 110 80 100 dB 

Rejection Ratio RsS20kO 

Power Supply 
PSRR 

Vs = ±5V to ±20V 
10 60 100 150 I'VN Rejection Ratio Rs S20kO 

RL~5kO ±12.5 ±13.5 ±12.5 ±13.5 
V Output Voltage Swing Vo 

RL~2kO ±12.0 ±13.0 ±12.0 ±13.0 

Large-Signal 
Ava 

RL~2kO 
50 100 25 75 VlmV 

Voltage Gain Vo =±10V 

Power Consumption Pd VOUT= 0 50 90 50 90 mW 

Settling Time Av=-1 
to 0.1% (Summing ts (Notes 1. 2) 0.7 1.0 0.7 1.0 I'S 
Node Error) V,N = 5V 

Slew Rate 
SR 

Av =-I, 
(Notes 2, 3) Rs= 3kto 5kO 

12 18 12 18 VII'S 

Large-Signal 
Bandwidth 150 250 150 250 kHz 
(Notes 3, 4) 

Small-Signal 
Bandwidth 1.5 2.5 1.5 2.5 MHz 
(Notes 3, 4) 

Risetime tr 
Av =-1 

150 150 ns 
V,N =50mV 

Overshoot OS 2 % 

NOTES: 
1. RL = 25kO; CL = 50pF. See Settling Time Test Circuil. 
2. Sample tested. 
3. See applications Information. 
4. Guaranteed by design. 

5-13 1/86, Rev. A 
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----------I~ OP-01INVERTING HIGH-SPEED OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, -55·C:5 TA:5 +125·e for OP-01, OP-01G and o·e:5 TA:5 +7o·e for 
OP-01H, OP-01e, unless otherwise noted. 

OP-01 OP-01G 
OP-01H OP-01C 

PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vos RsS 20kO 0.4 1.0 3.0 6.0 mV 

Input Offset Current los 4 4 40 nA 

Input Bias Current 18 30 50 50 200 nA 

Input Voltage Range IVR ±10 ±13 ±10 ±13 V 

Common-Mode 
CMRR 

VcM =±10V 
85 110 80 100 dB 

Rejection Ratio Rs S20kO 

Power Supply 
PSRR 

Vs = ±5V to ±20V 
10 60 100 150 "VN Rejection Ratio RsS 20kO 

Large-Signal 
Avo 

RL ,,2kO 
30 60 15 50 V/mV 

Voltage Gain Vo =±10V 

Output Voltage Swing 
RL ,,5kO ±12.5 ±13.5 ±12.5 ±13.5 

Vo RL ,,2kO ±12.0 ±13.0 ±12.0 ±13.0 
V 

Ollset Voltage 
TCVos RsS 5kO 2 8 5 20 "VlDC 

Drift (Note 1) 

NOTE: 
1. Sample tested. 
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----------l!mD OP·01INVERTING HIGH·SPEED OPERATIONAL AMPLIFIER 

DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE) 

DIE SIZE 0.048 X 0.042 Inch, 1932 Iq. mill 
(1.17 X 1.07 mm,1.25 8q. mm) 

1. NULL 
2. INVERTING INPUT 
3. NON INVERTING INPUT 
4. V-
5. NULL 
8. OUTPUT 
7. V+ 

For addilional DICE Inlormallon reler to 
1988 Data Book, Section 2. 

WAFER TEST LIMITS at Vs= ±15V, TA=25°C for OP·01N, OP·01G and OP·01GR devices; TA=125°C for OP·01NTand 

OP·01GT devices, unless otherwise noted. 

OP·01NT OP·01N OP·01GT OP·01G OP·01GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos Rs S20kO 1.0 0.7 3.0 2.0 5.0 mVMAX 

Input Offset Current los 4 2 10 5 20 nAMAX 

Input Bias Current Ie 50 30 100 50 100 nAMAX 

Input Voltage Range IVR ±10 ±12 ±10 ±12 ±12 VMIN 

Common-Mode 
CMRR 

VcM =±10V 
85 85 80 80 80 dBMIN 

Rejection Ratio Rs S20kO 

Power Supply 
PSRR 

Vs = ±5V to ±20V 
80 60 100 100 150 "VNMAX Rejection Ratio RsS20kO 

Output Voltage 
YOM 

RL", 5kO ±12.5 ±12.5 ±12.5 ±12.5 ±12.5 
VMIN 

Swing RL",2kO ±12.0 ±12.0 ±12.0 ±12.0 ±12.0 

Large-Signal 
Avo 

RL", 2kO 
30 50 25 50 25 'VlmVMIN 

Voltage Gain Vo =±10V 

Power Consumption Pd VOUT= 0 90 90 90 mWMAX 

NOTES: 
For 25°C characteristics of NT & GT devices, see N & G characteristics respectively. 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and tasting. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = 25° C, unless otherwise noted. 

ALL GRADES 
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS 

Slew Rate SR AVCL =-1, Rs =3kOt05kO 18 VII's 

V1N =5V 
Settling Time to 

ts 
Av =-1 

1.0 ,.. 
0.1% RL = 2kO (See Settling Time Test Circuit) 
(Summing Node Error) CL =50pF 

Large-Signal 
250 kHz 

Bandwidth 

Smail-Signal 
2.5 MHz 

Bandwidth 

Rlsetlme tr 
V1N =50mV 

150 ns 
Av =-1 
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---------I1fMD OP·01INVERTING HIGH·SPEED OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

-B 

LAROE·SIONAL 
PULSE RESPONSE 

TIME (SOOmI/DIVI 

Vs :o±16V, AV" -t, RL .. 2kO, CL .. SOpF 

UNITY·GAIN BANDWIDTH v. SOURCE RESISTANCE 

I. I ~SI=IJ.~~~ 
2. RS = 6,OkO 
3. RS" 10kn 
4- RS" 33kO 
6. RS" 10(McO 

...... 
- 5 ~ 3 ~ t 

\ 

0.01 0.10 1.00 10.0 

FREQUENCV (MHz) 

OPEN·LOOP GAIN 
VI FREQUENCY 

120 

I 

~ 
100 

2 

3 

• 
I. RS" 100n 
2. RS" 1kO 
3. Rs·3.3kn 

0 
~'"".RS" ~~~n , 

o I I I 111m 111111111 1111 
o 11111111 111111111 1111 -1 

i 

0.001 0,01 0.10 1.00 10.0 100 1000 10,000 

FREQUENCY (kHz) 

SMALL·SIONAL 
PULSE RESPONSE 

TIME (tOOms/DIV) 

Vs =±15V, AV" -t, RL .. 2kO, CL • 50pF 

LARGE·SIGNAL OUTPUT 
SWING v. FREQUENCY 

12 t, INVERTING 

W AV'-1 
2. NON· 

INVERTING 
AV~50 

• 3 
3. NON· 

INVERTING 
AV·'0 

4. NON· 
INVERTING 

1\ 1\ AV·' 
IVOLTAGE 

\ FOLLOWER) 

2fu-
~ 

'lJrl'\ 
I r 'III 

0.001 0.Q1 0.10 1,00 10.0 

FREQUENCY (MHz) 

APPLICATIONS INFORMATION FAST INVERTING AMPLIFIER 

The OP-01 incorporates an internal feed-forward compensa
tion network to provide fast slewing and settling times in all 
inverting and moderate-to-high-gain nonlnverting applica
tions. Unity-gain bandwidth is a function of the total equiva
lent source resistance seen by the Inverting terminal. Proper 
choice of this resistance will allow the user to maxmize 
bandwidth while assuring proper stability. The equivalent
invertlng-termlnal~tesistance is defined as RINII RF, and it 
must be greater than 3.3kO to assure stability in all closed
loop gain configurations including unity gain. Should 
RIN II RF S 3.3kO,a resistor (Rs) may be placed between the 
inverting Input and the sum node to provide the required 
resistance. (See Fast Inverting Amplifier Diagram.) Lower 
values of total equivalent resistance may be used to Improve 
bandwidth in higher closed-loop gain configurations, as 
indicated by the Open-Loop Gain vs. Frequency plot. 

5-16 

Rp 
REa" RS + RIN II RF 
FOR AV = -1, Rea> 3.3kO 
Rp'" Reo 
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-----------1~ OP·01 INVERTING HIGH·SPEED OPERATIONAL AMPLIFIER 

SETTLING-TIME TEST CIRCUIT 
Settling time may be measured using the circuit shown 
below. This circuit Incorporates the "false sum node" tech
nique to produce accurate, repeatable results. For a 5V Input 
step, 0.1% settling will be achieved when the false sum node 
settles to within ±2.5mV of Its final value. The oscilloscope 
used for observation of the false sum node should have wide 
bandwidth, fast overload recovery time, and be used with a 
low capacity probe (S 10pF, Including strays). A Tektronix 
7504 scope with a 7 A 11 probe orequivalent issuggested. The 
pulse generator should have a 50n output impedance and be 
capable of a 5V rise time In S 20ns with ringing less than 
2.5mV after 0.5I's. Measurements to 0.1% require RINto equal 
RFwithin 0.01%; R5 and Rsare used as trimming resistors to 
achieve this matching. 

VA TO SCOPE CIN· 10pF 00---------, 

~ 

INPUT 

,-- R'N-, r-- RF---' 

R6 R7 R8 R6 

150n:l:1% 10kn A 10kO 1600±1% 

R1 

Okll 
±0.6% 

RS 
50'1:1:1% 
2W 

:1:0.6% :1:0.5% 

R2 

5k" 
to.5% 

R3 
680n±6% 

OUTPUT 

+HiV 1¥ 0.1.F±10% RL> CL" 
~ 2kn 50pF 

7 '::' 
OP-01 8 

4 01/JF±10% 

~ '::' 

-lBV 

OFFSET NULLING CIRCUIT 

v+ 

v-

5·17 

TYPICAL APPLICATIONS 

FAST VOLTAGE-OUTPUT D/A CONVERTER 

Msa LSB 

TVPICAL SETTLING 
TIMEO.B,u1 

".1kn 

PRECISION POWER-BOOSTER CIRCUIT 

10kn 

15kO 

20kn 

TYPICAL PERFORMANCE: 
SLEW AATE--------------"" 18V//Js 
0.1% SETTLING-------4j.1s (R L = soom 
aUIESCENT SUPPLY CURRENT---1.5mA 

+15V 

240U 

10kn 

2400 

Your 

"L 

'::' 
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Precision MOllolithics Inc. 

FEATURES 
• Excellent DC Specifications 
• Low Noise ..•...•....•................. O.S5"Vp.p Typ 
• Low Drift (TCVos) ........................ S"Vlo C Max 
• Silicon-Nitride Passivation 
• 1250 C Tested Dice Available 
• "Premium" 741 Replacement 

ORDERING INFORMATIONt 

PACKAGE 

TA=25°C HERMETIC PLASTIC OPERATING 
Vo.MAX TO"" DIP DIP TEMPERATURE 

(mV) a·PIN a·PIN B-PIN RANGE 

0.5 OP02AJ' OP02AZ' MIL 
0.5 OP02EJ OP02EZ OP02EP COM 
2.0 OP02J' OP02Z' MIL 
2.0 OP02CJ OP02CZ OP02CP COM 
5.0 OP02BJ' OP02BZ' MIL 
5.0 OP02DJ OP02DZ OP02DP COM 

'For devices processed in total compliance to MIL-STD-883, add /883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering Information see 1986 Data Book. Section 2. 

GENERAL DESCRIPTION 
This high-performance general-purpose operational ampli
fier provides significant improvements over industry-standard 
and "premium" 741 types while maintaining pin-for-pin 
compatibility, ease of application, and low cost. Key specifi
cations, such as Vos, los, IB' CMRR, PSRR, and Avo are 

SIMPLIFIED SCHEMATIC 

·01, 02, 03 AND Q4 FORM A 
THERMALLV CROSS·COUPLED 
QUAD, as, Cl6'. 06 AND 06' 
COMPRISE A SIMILAR THER· 
MALL V CROSS·COUPLED QUAD. 

-IN 0---------+--------, 

+IN 

R3 

5·1S 

OP-02 
GENERAL-PURPOSE 

OPERATIONAL AMPLIFIER 

guaranteed over the full operating temperature range. 
Precision Monolithics' exclusive Silicon-Nitride "Triple 
Passivation" process reduces "popcorn noise." A thermally' 
symmetrical input·stage design provides low input offset 
voltage drift and insensitivity to output load conditions. 

The OP-02 Is a direct replacement for the 741. It is ideal for 
upgrading existing designs where accuracy Improvements 
are required and for eliminating special low-drift or low-noise 
selected types. 

PIN CONNECTIONS 

OAtal8 N.C. 7 V+ 
-IN2 sour 

+IN 3 S SAL 

4 V-ICASE} 

TO-99 
(J-Sufflx) 

8-PIN HERMETIC DIP 
(Z-Suffix) 

EPOXY MINI-DIP 
(P-Sufflx) 

Rl. 

R11 

1/86, Rev, A 



~ OP-02 GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Supply Voltage •••.••.••••••••••••••••••••••••.••• ±22V NOTES: 

Power Dissipation (Note 1) ••••••••••••.••••••••• SOOmW 1. See table for maximum ambient temperature rating and derating factor. 

Differential Input Voltage •••••••••••••••••.•••••••• ±30V MAXIMUM AMBIENT DERATE ABOVE 
Input Voltage ••••••••••••.••••.•.•.....•. Supply Voltage TEMPERATURE MAXIMUM AMBIENT 
Output Short-Circuit Duration •••••••••••••••.• Indefinite PACKAGE TYPE FOR RATING TEMPERATURE 

Operating Temperature Range TO-99 (J) 80"C 7.1mW/"C 
OP-02A, OP-02, OP-02B ............. -SS·C to +12S·C 

8-Pin Plastic DIP (P) 36"C 5.6mW/"C 
OP-02E, OP-02C, OP-02D ••••••.•.•.••.•. O·C to +70·C 

Storage Temperature Range ••••••••••. -6S·C to +1S0·C 8-Pin Hermetic DIP (Z) 7S"C 6.7mW/"C 

Lead Temperature (Soldering, 60 sec) ••..••.•••••• 300·C 2. Absolute maximum ratings apply to both packaged parts and DICE. unless 
DICE Junction Temperature (Tj) ....... -6S·C to +150·C otherwise noted . 

ELECTRICAL CHARACTERISTICS at Vs= ±1SV, TA = 25·C, unless otherwise noted. 

OP-02A OP-02 OP-02B 
OP-02E OP-02C OP-02D ~ 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MtN TYP MAX MIN TYP MAX UNITS ~ -Input Offset Voltage Vos Rs S20kO 0.3 0.5 2 3 5 mV ~ 

Input Offset Current los 0.5 2 5 5 25 nA ::s 
~ 

Input Bias Current Ie 18 30 20 50 30 100 nA ~ Input Resistance-
Differential·Mode R'N (Note 2) 3.4 5.7 2.0 5.2 3.5 MO 

~ Input Voltage Range IVR ±10 ±13 ±10 ±13 ±10 ±13 V 

Common-Mode 
CMRR 

VcM =±10V 
85 100 80 95 70 85 dB 

0 -Rejection Ratio Rs S20kO 

~ Power Supply 
PSRR 

Vs = ±5 to ±20V 
10 60 30 100 100 150 "VIV Rejection Ratio RsS 20kO 

~ 
Output Voltage Swing Vo RL",2kO ±12 ±13 ±12 ±13 ±12 ±13 V C5 
Large-Signal 

Avo 
RL", 2kO 

100 250 50 200 25 150 VImV 
Voltage Gain Vo =±10V 

Power Consumption Pd Vo=OV 40 70 50 90 50 90 mW 

Input Noise Voltage enEtP 0.1 Hz to 10Hz 0.65 0.65 0.85 "Vp-~ 

Input Noise 
fo= 10Hz 25 25 25 

en fo= 100Hz 22 22 22 nVl$z 
Voltage Density 

fo= 1000Hz 21 21 21 

Input Noise Current inp_p O.IHz to 10Hz 12.8 12.8 12.8 pAp"p 

Input Noise 
fo= 10Hz 1.4 1.4 1.4 

in fO= 100Hz 0.7 0.7 0.7 pA/$z 
Current Density 

fo= 1000Hz 0.4 0.4 0.4 

Slew Rate SR (Note 1) 0.25 0.5 0.25 0.5 0.25 0.5 VI"s 

Large-Signal Vo =20Vp•p 4 8 4 8 4 8 kHz 
Bandwidth (Note 1) 

Closed-Loop 
BW 

AVCL =+1 
1.3 1.3 1.3 MHz 

Bandwidth (Note 3) 

Rlsetime t, 
AVCL =+1 

200 350 200 350 200 350 ns 
Y,N = 50mV (Note 1) 

Overshoot OS (Note 1) 10 5 10 5 10 % 

NOTES: 
1. Sample tested. 
2. Guaranteed by input bias current. 
3. Guaranteed by risetime. 
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m OP-02 GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs = ±1SV, -SS·C S; TA S; +12S·C, unless otherwise noted. 

OP-02A OP-02 OP-02B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Ollset Voltage Vos RsS 20kO 0.5 1.4 3 3 6 mV 

Average Input Olfset 
TCVos Rs=500 2 8 4 10 8 20 I'NI'C 

Voltage Drift (Note I) 

Input OIIset Current los 5 2 10 5 50 nA 

Average Input Ollset 
TClos 7.5 75 15 150 30 300 pAl'C 

Current Drllt (Note I) 

Input Bias Current IB 30 80 40 100 50 200 nA 

Input Voltsge Range IVR ±IO ±13 ±IO ±13 ±IO ±13 V 

Common-Mode 
CMRR 

VCM=±IOV 
80 95 80 95 70 85 dB 

Rejection Ratio Rs S20kO 

Power Supply 
PSRR 

Vs = ±5 to ±20V 
10 80 30 100 100 150 "VlV Rejection Ratio Rs S20kO 

Large-Signal 
Avo 

Rl ",2kO 
50 100 25 60 25 60 VlmV 

Voltage Gain Vo=±IOV 

Output Voltage Swing Vo Rl ",2kO ±12 ±13 ±12 ±13 ±IO ±13 V 

ELECTRICAL CHARACTERISTICS at Vs = ± 1SV, O· C S; TA S; + 70· C, unless otherwise noted. 

OP-02E OP-02C OP-02D 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input OIIset Voltage Vos Rs S20kO 0.4 1.2 3 3 6 mV 

Average Input Ollset 
TCVos Rs=500 8 4 10 8 20 "VI'C Voltage Drllt (Note I) 

Input Ollset Current los 0.7 4 1.4 10 5 50 nA 

Average Input Ollset 
TClos 7.5 120 15 250 70 500 pAl'C 

Current Drift (Note I) 

Input Bias Current IB 22 50 25 100 50 200 nA 

Input Voltage Range IVR ±IO ±13 ±IO ±13 ±IO ±13 V 

Common-Mode 
CMRR 

VCM=±IOV 
80 100 80 90 70 85 dB 

Rejection Ratio Rs ,,20kO 

Power Supply 
PSRR 

Vs = ±5 to ±20V 
10 60 30 100 100 150 "VIV Rejection Ratio Rs ,,20kO 

Large-Signal 
Avo 

RL ",2kO 
50 100 25 60 15 25 VlmV 

Voltage Gain Vo=±IOV 

Output Voltage Swing Vo RL ",2kO ±12 ±13 ±12 ±13 ±IO ±13 V 

NOTE: 
I. Sample tested. 
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-----------IlfMD OP-02 GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

DICE CHARACTERISTICS (12S0 C TESTED DICE AVAILABLE) 

DIE SIZE 0.048 X 0.042 Inch, 1932 sq. mils 
(1.17 X 1.07 mm, 1.25 sq. mm) 

1. NULL 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
5. NULL 
8. OUTPUT 
7. V+ 
For additional DICE inlormation refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs = ± 15V, TA = 250 C for OP-02N, OP-02G and OP-02GR devjces; TA = 1250 C for OP-02NT and 

OP-02GT devices, unless otherwise noted. 

OP-02NT OP-02N OP-02GT OP-02G OP-02GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos Rs S20kO 0.5 3 2 5 mVMAX 

Input Offset Current los 5 3 6 25 nAMAX 

Input Bias Current Ie 50 30 60 50 200 nAMAX 

Input Voltage Range IVR ±13 ±13 ±13 ±13 ±13 VMIN 

Common-Mode VcM=±IOV 
CMRR 80 85 80 80 70 dBMIN 

Rejection Ratio Rs S20kO 

Power Supply Vs = ±5V to ±20V 
Rejection Ratio 

PSRR 
Rs S20kO 

60 60 100 100 150 "VIVMAX 

Output Voltage Swing Vo Rl 2:2kO ±12 ±12 ±12 ±12 ±12 VMIN 

Large-Signal 
Avo 

Rl 2:2kO 
50 100 25 50 25 VlmVMIN 

Voltage Gai n Vo=±IOV 

Power Consumption Pd Vo=OV 90 90 90 mWMAX 

NOTE: 
For 25°C characteristics of NT and GT devices, see Nand G characteristics, respectively. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = 250 C, unless otherwise noted. 

OP-02NT OP-02GT 
OP-02N OP-02G OP-02GR 

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL UNITS 

Input Resistance 
RIN 5.7 5.2 3.5 MO 

Differential-Mode 

Input Noise Voltage en~~r:! O.IHz to 10Hz 0.65 0.65 0.65 "Vp_p 

Input Noise 
fo= 10Hz 25 25 25 

Voltage Density en 10= 100Hz 22 22 22 nVl$z 
fo= 1000Hz 21 21 21 

Input Noise Current Inp_p 0.1 Hz to 10Hz 12.8 12.8 12.8 pAp_~ 

Input Noise 
fo= 10Hz 1.4 1.4 1.4 

Current Density in fo= 100Hz 0.7 0.7 0.7 pN$z 
fO= 1000Hz 0.4 0.4 0.4 

Slew Rate SR 0.5 0.5 0.5 VI"s 
Large-Signal 

Vo= 20Vp_p 8 8 8 kHz 
Bandwidth 

Closed-Loop 
BW AVCl =+1 1.3 1.3 1.3 MHz 

Bandwidth 

Risetlme t, 
Av=+1 
V1N =50mV 

200 200 200 ns 

Overshoot OS 15 15 ·15 % 

Average Input Offset 
TCVos 

Rs=5000 
2 4 8 "VloC 

Voltage Drift (Note I) 

Average Input Offset 
TClos 7.5 15 30 pA/oC 

Current Drift 
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-----------IlfM1) OP-G2 GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

BURN-IN CIRCUIT OFFSET NULLING CIRCUIT 

+2OV 

,------.! ~7 
OP"~ • 

3~" 

-2OV 

TYPICAL PERFORMANCE CHARACTERISTICS 

'000 

~ 

INPUT SPOT NOISE 
VOLTAGE V8 FREQUENCY 

VS=t15V 
TA=2Ei"C 
AS· 60fl 

~ 
~,oo._. 
I 
I 
~ .. '0 .... 

i 
0.01 0.'0 1.0 10 '00 '000 

,e 

~ '2 
o 
~ 10 

~ 
Ii • 
I-

g 8 

5 

o 
0.' 

FREQUENCY (Hz) 

OUTPUT VOLTAGE VB 
LOAD RESISTANCE 

1 _I 
TA"25"C ~ITlVESV:'NG 
VS-:15V 

...... NEGATIVESW ING 

/; 
/ 
'l 

'.0 '0 
LOAD RESISTANCE TO GROUND (kG) 

,00 

c 
§ 10 

i 
II: 

~ '.0 
!! 

0., 
-80 

INPUT SPOT NOISE 
CURRENTv8FREQUENCY 

0.'0 1.0 10 '00 
FREQUENCV (Hz) 

DIFFERENTIAL 
INPUT RESISTANCE 

V8 TEMPER~TURE 

----

+20 -teO +100 
TEMPERATURE rC) 

5-22 

'000 

1-

+, .. 

'0 

0. , 

INPUT WIDEBAND NOISE VB 
BANDWIDTH (0.1 Hz TO 

FREQUENCY INDICATED) 

~ Vs"'t16V 
I-- TA-+2!t'C 

,7 

J 

0., 1.0 10 
BANDWIDTH (kHz) 

'00 

'000 

i 
z1CKJ 
'0 

i 
8 
II: '0 
~ 

'.0 
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V8 POWER SUPPLY 
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------------l~ OP-02 GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

50 

I 
z 
246 

I 
~40 
!2 

35 
-60 

POWER CONSUMPTION 
VI TEMPERATURE 

VSt5~ 

\ OP·02A 

\ 
~P.02E,C 

t"'-r-r-r-

-20 +20 +60 +100 
TEMPERATURE re) 

+140 

UNTRIMMED OFFSET VOLTAGE 
VI TEMPERATURE 

$" ~ VS=:t15V 
; 1.50 r-- AS = 50H 

~ 1.25 

~ ... 
~ 1.00 

0-

~ 0.75 
w 

" ;t 0,50 
> 
~ 
:3 0.26 

~ 
"""0 -20 
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OP·02E -1::::-,.1-

+20 +60 +100 +140 

TEMPE RATUR E (ClC) 
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----------;[fMD OP·02 GENERAL·PURPOSE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

o 
1 

MAXIMUM UNDISTORTED 
OUTPUTnFREQUENCY 

~llIIJ~!c 
Vs·t1aV 

1\ 
\ 

1\ 

10 100 
FREQUENCY (kHz.) 

il 
1000 

TYPICAL APPLICATIONS 

HIGH-STABILITY VOLTAGE REFERENCE 

R3 

B.4kO 

120 

-40 

1mA 

OPEN-LOOP 
FREQUENCY RESPONSE 

~ r---
'\ TA.I 2s"d 

"-
VS·'1SV -

I~ 
'\ 

"-
'\ 

0.1 1,0 10 laO 1k 10k lOOk 1M 10M 
FREQUENCY (Hz) 

R2 

3.BkO 

+16V 

2mA >';""--h-l--O VOUT' +10V 

R1 

1.B.0 

CLOSED-LOOP RESPONSE 
FOR VARIOUS GAIN 
CONFIGURATIONS 

100 

TA.JC 
'\ 

VS·,1SV -so 

" '\ 
'\ 

"' 
-20 

10 100 1. 10k 100k 1M 10M 

FOR R2· 3.Skn AND 

R3 -B.4kH, 

Vour· ,.662&VZ 

IFVz"'6.4V, THEN 

VOUT-+l0V 

FREQUENCY (Hz) 

L---------------.VZ 

ABSOLUTE VALUE CIRCUIT 

EIN R' 
10kO 

R3 
10kn 

R2 
10kn 

R4 
'OkO 

01 
F03333 

02 
F03333 

RS 
10kn 

B.4V 

DESIGN EQUATIONS 

POSITIVE INPUT NEGATIVE INPUT 

1. VA" O. D2 OFF, 01 ON 1. 01 OFF, 02 ON 

2. ~.~+R3~t.4 
3. EO"VA ('+R3~6R4) 
4. With R300 R4" R6: EO" 1.6VA 

2. Eo' (-E~R3). ('iIlF). EINH 
3. Whtl R1" R3 II R4- R6: EO· EIN 

4. Vos error included: EO· EIN + 2VOS 

S. EO. _(R2~\R(~; ~~3(~.5~4~IN 
6. With R1 .. R2" R3 .. R4: EO· -EIN 

7. Vas error Included: 
EO" -EIN + 1,&VoS2 - O.5VOSl 

8. For both Inputs: EO" + IEINI 
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----------Im OP-02 GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

TYPICAL APPLICATIONS 

DAc·oa OUTPUT AMPLIFIER 

INPUT/OUTPUT TAILE 

11 12 13 14 15 II 17 II 10mA 10 

FULL-SCALE 
1.992 -9.960 -1 LSB 

&.OOOkn 
FULL-SCALE 

10 -2 LSB 0 1.984 -9.920 

DAC·08 
6.Okn HALF-SCALE 

0 0 0 0 0 0 1.008 -5.040 iO +LSB 

HALF-SCALE 0 0 0 0 0 0 0 1.000 -5.000 
":' '::' '::' 

FOR COMPLEMENTARY OUTPUT (OPERATION AS A NEGATIVE HALF-SCALE 
0 0.992 -4.960 LOGIC DAC) CONNECT NON·INVERTING INPUT OF Op·AMP TO -LSB 10 (PIN 21. CONNECT 10 (PIN 41 TO GROUND. ffi ZERO-SCALE 
0 0 0 0 0 0 0.0008 -0.040 

+LSB -~ ZERO-SCALE 0 0 0 0 0 0 0 0 0.000 0.000 

~ 
~ 
~ 
9 

~ 
C5 
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Precision MOflO)ithics Inc. 

FEATURES 

• Excellent DC Input Specification I 
• Matched Vos and CMRR 
• OP-14 Flta Standard 1458/1558 Socketa 
• Internally Compensated 
• LowNolae 
• Low Drift 
• Low Coat 
• O·CI +70·C and -55·CI +125·C Modell 
• SIlicon-Nitride Paulvatlon 
• Modela with MIL-STD-883 Cia .. B Processing 

Available From Stock 

ORDERING INFORMATIONt 

PACKAGE 

TA = 25'C -==-==-=H~E~R:;.:M::E:;T~IC:...,= __ ..:P:..:LA:;;ST;.;I=,C OPERATING 
vos TO-99 TO-100 DIP DIP TEMPERATURE 

(mV) I-PIN 10-PIN I-PIN 14-PIN S-PIN RANGE 

0.75 OP14AJ' OP04AK' OP14AZ' OP04AY' MIL 
0.75 OP14EJ OP14EZ OP04EY OP14EP COM 
2.0 OP14J' OP04K' OP14Z' OP04Y' MIL 
2.0 OP14CJ OP04CK OP14CZ OP04CY OP14CP COM 
5.0 OP14BJ'OP04BK' OP14BZ' OP04BY' MIL 
5.0 OP14DJ OP14DZ OP04DY OP14DP COM 

'For devices processed In total compliance to MIL-STD-883, add 1883 after 
part number. Consu't factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-In. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The OP-04/0P-14 series of dual general-purpose operational 
amplifiers provides significant improvements over industry
standard 747 and 1458/1558 (OP-14) types while maintaining 

SIMPLIFIED SCHEMATIC (Each Amplifier) 

+01, Q2, Q3 AND Q4 FORM A 
THERMALL V CROSS-COUPLED 
QUAD. 0&, as', Q6 AND 06' 
COMPRISE A SIMILAR 
THERMALLY CROSS-COUPLED 
QUAD. 

-INo--------f------, 

+1N 

., '3 

OP-04/0P-14 
DUAL MATCHED HIGH -PERFORMANCE 

OPERATIONAL AMPLIFIERS 

pln-for-pin compatibility. ease of application. and low cost. 
Key specifications. such as Vas. los. lB. CMRR. PSRR and 
Ava. are guaranteed over the full operating temperature 
range, Precision Monollthics' exclusive Silicon-Nitride "Triple 
Passivation" process reduces "popcorn noise", A thermally
symmetrical Input stage design provides low TCVos. TClos. 
and Insensitivity to output load conditions, This series Is ideal 
for upgrading existing designs where accuracy improve
ments are desired, For more stringent requirements. refer to 
the OP-207. OP-220. or OP-221 dual-matched operational 
amplifier data sheets, 

PIN CONNECTIONS 

-IN IAI 

+IN (A) 2 

BAl (AI 3 

BAL (B) 5 

-IN (81 _', 

14-PIN HERMETIC DIP 
(Y-Sufflx) 

OP-Cl4 
10 N.C. 

OUT I~Al • OUTIB) 

v+- (AI 2 8 V+ IB) 
A B 
- + -

-IN IA) 3 7 -IN IB) 

+IN IAI 4 6 +IN (8) 
• v-

TO-1oo (K-Sufflx) 
OP-04 

.8 

8-PIN HERMETIC DIP 
(Z-Sufflx) OP-14 

& 
EPOXY MINI-DIP 
(P-Sufflx) OP-14 

8 v+ 

OUT IA)~7 OUT IBI 

-IN IA) 2 8 -IN IB) 

+IN (AI 3 5 +IN IB) 

4 v-

To-ee (J-Sufflx) 
OP-14 

BALANCE v
BALANCE ACCESSIBLE WITH OP-Q4 IN 14-PIN HERMETIC DIP ONLY, 
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-------I~ OP-0410P.14 DUAL MATCHED HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Supply Voltage •••••••••••••••••••.••••••••••••••• ±22V 
Internal Power Dissipation (Note 1) •••••••••••••• 500mW 
Differential Input Voltage ••••••••••••••••••••••.••• ±30V 
Input Voltage •••••••••••••••••••••••••••• Supply Voltage 
Output Short·Circuit Duration ••••••••..•••.••• Indefinite 
Storage Temperature Range 

J, K, Y, and Z Packages ••••••••••••• -65'C to +150'C 
P Package ......................... -65'C to +125'C 

Lead Temperature Range (Soldering, 60 sec) •••••• 300'C 
Operating Temperature Range 

A, Plain, B·Suffix ••••••••••••••••••• -55'C to +125'C 
E, C, D·Suffix .......................... O'C to +70'C 

DICE Junction Temperature (Ti) •••••.• -65'C to +150'C 

NOTES: 
1. See table for maximum ambient temperature rating and derating factor. 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

FOR RATING TEMPERATURE 

14-Pln Hermetic DIP (VI 
l00"C 10.0mW/"C OP-04 

TO-l00(KI 
SO"C 7.1mWI"C OP-04 

TO-99 (JI OP-14 SO"C 7.1mW/"C 

8-Pin Hermetic DIP (ZI 
7S"C 6.7mW/"C OP-14 

8-Pin Plastic DIP (PI 
36"C S.6mW/"C 

OP·14 

2. Absolute maximum ratings apply to both packaged parts and DICE, unless 
otherwise noted. 

MATCHING CHARACTERISTICS at Vs = ± 15V, TA = 25' C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage 
tJ.Vos RsS 20kn Match 

Common-Mode Rejection 
tJ.CMRR VcM =±10V, RsS lOOn 

Rallo Match 

OP·04A OP·04E 
OP·14A OP·14E 
MIN TVP MAX 

0.3 

94 106 

OP·04 OP·04C 
OP·14 OP-14C 

MIN TYP MAX 

2 

94 106 

MATCHING CHARACTERISTICS at Vs = ±15V, -55'C::; TA ::; +125'C for OP-04A, OP-14A, OP·04 and OP-14, 
O'C::; TA ::; 70'C for OP-04E. OP·14E, OP-04C and OP·14C, unless otherwise noted. 

OP·04A OP·04E OP·04 OP-04C 
OP·14A OP-14E OP·14 OP·14C 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX 

Input Offset Voltage 
tJ.Vos RsS20kn O.S I.S I.S 3 

Match 

Common-Mode Rejection 
tJ.CMRR VCM = ± 10V, Rs S lOon 90 100 90 100 

Ratio Match 

ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vs= ±15V, TA= 25'C, unless otherwise noted. 

OP·04A10p·14A OP-0410P-14 Op·04B/OP·14B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Input Offset Voltage Vos RsS20kn 0.3 0.7S 3 S 

Input Offset Current los 0.5 5 25 

Input Bias Current Ie 18 50 20 75 30 100 

Input Resistance-
R'N (Note 3) 2.0 7.5 1.35 

Differential-Mode 

Input Voltage Range IVR ±10 ±13 ±10 ±13 ±10 ±13 

Common-Mode 
CMRR 

VcM =±10V 
85 100 80 9S 70 85 

Rejection Ratio RsS 20kn 

Power Supply 
PSRR 

Vs = ±5V to ±20V 
10 80 30 100 100 150 

Rejection Ratio RsS20kn 

Output Voltage Swing Vo RL ", 2kn ±12 ±13 ±12 ±13 ±12 ±13 

UNITS 

mV 

dB 

UNITS 

mV 

dB 

UNITS 

mV 

nA 

nA 

Mn 

V 

dB 

IlVN 

V 
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~ OP-G4/0P·14 DUAL MATCHED HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vs = ± 15V, TA = 250 C, unless otherwise noted. (Continued) 

OP-G4A10p·14A OP-04/0P-14 OP-04B/OP-14B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Large-Signal 
Avo 

RL2: 2kn 
100 250 50 200 25 200 V/mV 

Voltage Gain Vo =±10V 

Power Consumption 
Pd Vo=OV 50 90 50 90 50 90 mW 

I Note 2) 

Input Noise Voltage enp_1:!: 0.1 Hz to 10Hz 0.65 0.65 0.65 "VI!:~ 

Input Noise Voltage 
10= 10Hz 25 25 25 

en 10= 100Hz 22 22 22 nVl.jHZ 
Density 

10= 1000Hz 21 21 21 

Input Noise Current Inl!:P 0.1 Hz to 10Hz 12.8 12.8 12.8 pAl!:e 

Input Noise Current 
10= 10Hz 1.4 1.4 1.4 

Density in 10= 100Hz 0.7 0.7 0.7 pAl.jHZ 
10= 1000Hz 0.4 0.4 0.4 

Channel Separation CS 100 100 80 dB 

Slew Rate I Note 1 ) SR 
RL =2kn. 

0.25 0.5 0.25 0.5 0.25 0.5 V/"s CL = 100pF 

Large-Signal 
Vo=20Vp-p 4 8 4 8 4 8 kHz 

Bandwidth I Note 1) 

Closed-Loop 
BW AVCL = +1.0 1.0 1.3 1.0 1.3 1.0 1.3 MHz 

Bandwidth INote 4) 

Risellme INote 1) t, 
Av = +1. Y,N = 50mV Pop 

260 350 260 350 260 350 ns 
RL = 2kn. CL = 50pF 

Overshoot (Note 1) OS 
Av=+I. V,N =50mVp_p 

10 10 10 % 
RL = 2kn. CL = 50pF 

ELECTRICAL CHARACTERISTICS"(Each Amplifier) at Vs = ± 15V, -550 C:5 TA:5 + 1250 C, unless otherwise noted. 

OP-04A10P-14A OP-G4/0P-14 OP-04B/OP-14B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Rs ,,20kn 0.4 1.5 1.2 3 3 6 mV 

Average Input Offset 
TCVos Rs =50n 2 

Voltage Drift (Note 1) 
4 10 8 20 "V/oC 

Input Offset Current los 10 2 10 10 50 nA 

Average Input Offset 
TClos 7.5 120 

Current Drift (Note 1) 
15 250 70 500 pArC 

Input Bias Current Ie 30 80 40 100 50 200 nA 

I nput Voltage Range IVR ±10 ±13 ±10 ±13 ±10 ±13 V 

Common-Mode 
CMRR 

VcM =±10V 
60 

Rejection Ratio Rs ,,20kn 
100 80 95 70 85 dB 

Power Supply 
PSRR 

Vs = ±5V to ±20V 
10 

Rejection Ratio Rs" 20kn 
80 30 100 100 150 "VN 

Large-Signal 
Avo 

RL2:2kn 
50 

Voltage Gain Vo =±10V 
100 25 60 25 60 V/mV 

Output Voltage Swing Vo RL2: 2kn ±12 ±13 ±12 ±13 ±10 ±13 V 

NOTES: 
1. Sample tested. 
2. Power dissipation per amplifier. 
3. Guaranteed by Input bias current. 
4. Guaranteed by maximum risetime. 
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~ OP·04/0P·14 DUAL MATCHED HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vs = ±15V, TA = 25° C, unless otherwise noted. 

OP·04E/OP·14E OP·04C/OP·14C OP·04D/OP·14D 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vos Rs S20kO 0.3 0.75 3 5 mV 

Input Offset Current los 0.5 5 5 25 nA 

Input Bias Current Ie 18 50 20 75 30 100 nA 

Input Resistance-
R'N (Nole31 2.0 7.5 1.35 5 MO 

Differential-Mode 

Input Voltage Range IVR ±10 ±13 ±10 ±13 ±10 ±13 V 

Common-Mode 
CMRR 

VCM =±10V 
85 100 80 95 70 85 dB 

Rejection Ratio Rs S20kO 

Power Supply 
PSRR 

Vs = ±5V to ±20V 
10 60 30 100 100 150 "VIV Rejection Ratio RsS 20kO 

Output Voltage Swing Vo RL2: 2kO ±12 ±13 ±12 ±13 ±12 ±13 V 

Large-Signal 
Avo 

RL2: 2kO 
100 250 50 200 25 150 VlmV ~ Voltage Gain Vo =±10V -Power Consumption 

Pd 50 90 50 90 
~ 

(Note 21 
Vo=OV 50 90 mW ::::s 

~ 
Input Noise Voltage 8 ne-e 0.1Hz to 10Hz 0.65 0.65 0.65 "VI!:~ ~ Input Noise Voltage 

10= 10Hz 25 25 25 

Density en 10= 100Hz 22 22 22 nVlVHz 

~ 10= 1000Hz 21 21 21 

Input Noise Current Inl!:e 0.1 Hz to 10Hz 12.8 12.8 12.8 pA~_~ 0 
10= 10Hz 1.4 1.4 1.4 -Input Noise Current 

In 10= 100Hz 0.7 0.7 0.7 pA/VHz ~ Density 
10= 1000Hz 0.4 0.4 0.4 

Channel Separation CS 100 100 80 dB ~ 

Slew Rate (Note 1 I SR RL = 2kO, CL = 100pF 0.25 0.5 0.25 0.5 0.25 0.5 VI"s () 
Large·Slgnal 

Vo=20Vp-p 4 8 4 8 8 kHz 
Bandwidth (Note 1 I 

Closed-Loop 
BW AVCL = +1 0.8 1.3 0.8 1.3 0.8 1.3 MHz 

Bandwidth (Note 41 

Risetime (Note 1 I t, 
Av=+1, V'N= 50mV 

260 350 260 350 260 350 ns 
RL = 2kO, CL = 50pF 

Overshoot (Note 1) OS 
Av=+1, V'N=50mV 

5 10 5 10 10 % 
RL = 2kO, CL = 50pF 

NOTES: 
1. Sample tested. 
2. Power dissipation per amplifier. 
3. Guaranteed by Input bias current. 
4. Guaranteed by maximum rlsetlme. 
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--------I1fMD OP..(J4/0P·14 DUAL MATCHED HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vs = ±15V, O· C :5 TA:5 + 70· C, unless otherwise noted. 

PARAMETER 

Input Offsel Voltsge 

Average Input Offset 
Voltage Drift (Note 1) 

Input Offset Current 

Average Input Offset 
Current Drift (Note 1) 

Input Bias Current 

Input Voltage Range 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Large-Signal 
Voltage Gain 

Output Voltage Swing 

NOTES: 
1. sample tested. 

SYMBOL CONDITIONS 

Vos RsS20kO 

TCVOS Rs=500 

loS 

TCIOS 

IVR 

VcM =±10V 
Rs S20kO 

CMRR 

Vs = ±5V to ±20V 
Rs S20kO 

PSRR 

RL " 2kO 
Vo =±10V Avo 

RL " 2kO 

2. Power dissipation per amplifier. 
3. Guaranteed by design. 

BURN·IN CIRCUIT (1/2 of OP·04, OP·14) 

+20V 

~ 

I;!;-"'/ 

-20V 

OP·04E/Op·14E 
MIN TVP MAX 

0.4 1.5 

2 8 

10 

7.5 120 

30 80 

±10 ±13 

80 100 

10 80 

50 100 

±12 ±13 

Op·04C/OP·14C 
MIN TYP MAX 

1.2 3 

4 10 

10 

15 250 

40 100 

±10 ±13 

80 95 

30 100 

25 60 

±12 ±13 

OFFSET ADJUST CIRCUIT 

V+ 

v-

OP·04D/Op·14D 
MIN TYP MAX 

3 6 

8 20 

10 50 

70 500 

50 200 

±10 ±13 

70 85 

100 150 

15 25 

±10 ±13 

v+ 

v-
PIN NUMBERS ARE FOR "Y" PACKAGE ONLY. 

UNITS 

mV 

"VlOC 

nA 

pArC 

nA 

V 

dB 

VlmV 

V 
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-------I!EMD OP-04/0P-14 DUAL MATCHED HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

DICE CHARACTERISTICS 

OP-14 OP-04 

1. INVERTING INPUT CAl 
2. NONINVERTING INPUT CAl 
3. BALANCE CAl 
4. V-
5. BALANCE CII 
8. NONINVERTING INPUT CII 
7. INVERTING INPUT CBI 

s. BALANCE CII 
e. V+ 

10. OUTPUT CBI 
11. Y+ 
12. OUTPUT IAI 
13. Y+ 
14. BALANCE CAl 

NOTE: 9. 11 and 13 are internally connected. 

DIE SIZE 0.080 X 0.050 Inch, 4000 sq. mils 
(2.03 X 1.27 mm, 2.58 sq. mm) 

For additional DICE Information refer to • 
1986 Data Book, Section 2. 

1. INVERTING INPUT CAl 
2. NONINYERTING INPUT CAl 
3. BALANCE CAl 
4. V-
5. IALANCE CII 
8. NONINVERTING INPUT CBI 
7. INVERTING INPUT CBI 

WAFER TEST LIMITS at Vs = ± 15V, T A = 25°C, unless otherwise noted. 

OP·04N OP-04G 

8. IALANCE CII 
8. V+CII 

10. OUTPUT CBI 
11. NO CONNECTIONS 
12. OUTPUT CAl 
13. V+CAI 
14. BALANCE CAl 

OP-14N OP-14G OP-14GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos Rs ,,20kO 0.75 6 mVMAX 

Input Offset Voltage 
Match <l.Vos Rs" 20kO mVMAX 

Input Offset Current los 5 200 nAMAX 

Input Bias Current Ie SO 75 500 nAMAX 

Input Voltage Range IVR ±10 ±10 ±10 VMIN 

Common-Mode 
CMRR 

VCM =±10V 
85 80 70 dBMIN 

Rejection Ratio Rs" 20kO 

Common-Mode Rejection 
<l.CMRR 

VcM =±10V 
94 94 dBMIN 

Ratio Match Rs" 1000 

Power Supply 
PSRR 

Vs = ±5V to ±20V 
60 100 150 p.VIVMAX 

Rejection Ratio Rs" 20kO 

Output Voltage Swing Vo 
RL210kO ±12 ±12 ±12 
RL22kO ±12 ±12 ±10 

VMIN 

Large-Signal 
Avo 

RL22kO 
100 50 25 VlmV MIN 

Voltage Gain Vo =±10V 

Power Consumption 
Pd VOUT=O 170 170 180 mWMAX 

(Both Amplifiers) 

Channel Separation CS 100 100 dBMIN 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = 25° C, unless otherwise noted. 

OP-04N OP-04G 
OP-14N OP-14G OP-14GR 

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL UNITS 

Av=+1 

Risetime tr 
V'N=SOmV 200 200 200 ns 
RL = 2kO 
CL = 50pF 

Av=+1 

Overshoot OS V'N= SOmV 5 5 % 
RL =2kO 
CL = 50pF 

Slew Rate SR 
RL = 2kO 

0.25 0.25 Vlp.s MIN 
CL = 100pF 
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-------t/fMD OP-0410P~14 DUAL MATCHED HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

TYPICAL PERFORMANCE CHARACTERISTICS (Eech Amplifier) 

UNTRIMMED OFFSET VOLTAGE 
VI TEMPERATURE 

1.7& 

~ 
~ 1,21 

~ 
~ 1.00 

~ 
~ 0.75 

3 
~ 0.10 

~ 0.25 

~ 

="s·-

OP.Q4C 
OP·I4C 

OP·04 
OP·14 

OP.Q4A 

g:::'l:~ = OP·I4A 

-eo -20 +20 +80 +100 +140 

300 

o 

1000 

TEMPERATURE tOCI 

OPEN·LOOP GAIN VB 

POWER SUPPLY VOLTAGE 

I-- TA .12&,C 
RL -10k f----

i"'" r---... 
i"'" 

1/ 

o :1:1 :1:10 :1:1& 
POWI" SUPPLY (VOLTS) 

INPUT SPOT NOISE 
VOLTAGE VI FREQUENCY 

.\;:~1!~ 
R ,., 

I: 
.. ~PICAL. 

0.01 10 1.0 10 100 
PREQUENCY IHI) 

dO 

1 000 

2.& 

o 

INPUT OFFSET CURRENT 
VI TEMPERATURE 

"'\ 
1'\ 

1"'\ 

" OP·04C - OP.Q4 

" " 
r--.~ OP·14 

........ OP.Q4E f.c:.. 
~E I--I--

OP.Q4A ~ 
OP·I4A 

-80 -20 +20 +to +100 +140 

120 

110 

100 

70 

80 

80 

100 

0. 1 

1 

TEMPERATURE rCI 

PSRR VB FREQUENCY 

OP·04A .. OP-04E III J1J OP·14A III Op·14E 

111111111"00 
' ~~':2 &'c 

J~I~t~ ~ 
OP·14 .. OP·14O 

1\ 

1\ 

\ 
10 100 lk 10k 

FREQUENCY (HI) 

INPUT SPOT NOISE 
CURRENT va FREQUENCY 

:~S:~~ 
, 

".1 111111I 

T~~.IC:; 

1001< 

0.01 0.10 1.0 10 100 1000 
FREQUENCY IHII 

5·32 

70 

80 

"' 
I ... 

10 

o 

INPUT BIAS CURRENT 
VI TEMPERATURE 

I'. 
I'. OP..Q4C 

....... ......... 
Op·l4C i- OP.Q4 

OP·14 
........ - " OP.;;-

OP.O~:T.A OP·14E 

-80 -20 +20 +60 +100 +140 

120 

110 

100 

70 

80 

&0 
1 

10 

O. 1 

TEMPERATURE ("el 

CMRR VI FREQUENCY 

OP.Q4A 8& OP-04E 

W1l11U OP·14A &. Op·14E 

11111111 
TA·2&'C 

OP.Q4 & 
OP.Q4C 
OP·14& 
OP-14C 

10 100 lk 10k lOOk 
FREQUENCY IHII 

INPUT WIDEBAND NOISE va 
BANDWIDTH (O.1Hz TO 

FREQUENCY INDICATED) 

~ VS-t.1ISV 

I-- TA·2&'C 

/ 

-' 

0.1 1.0 10 
BANDWIDTH IkHI) 

100 
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------i1:fM.D OP-G4/0P·14 DUAL MATCHED HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

TYPICAL PERFORMANCE CHARACTERISTICS (Each Amplifier) 

300 

... 
;; 
~200 
z 
~ 150 

~ 
iii 100 
i!l 

&0 

1000 

'.0 

,/ 

OPEN·LOOP GAIN 
va TEMPERATURE 

V~ •• :5V 

....... ~ 
/ " 

"-
1\ 

-20 +20 +80 +100 +140 
TEMPERATURE reI 

MAXIMUM UN DISTORTED 
OUTPUT va FREQUENCY 

- 11111111 
VS--t1SV 
TA·'''C 

1\ 
\ 

...... 
10 100 ,000 
FREQUENCY IkHzl 

POWER CONSUMPTION 
va POWER SUPPLY 

TA· .IrC 

o ao .a 10 
TOTAL IUPPLY VOLTAGE, V+TOV-IVOLTII 

,.0 

OPEN·LOOP 
FREQUENCY RESPONSE 

I--- "\ Vs .I,'5V I 

"\ 
TA-2S·C -

"\ 
"-

"\ 
'\ 

-40 
0.1 1.0 10 100 1k 10k ,ook 

FREQUENCV (Hz) 

1M 10M 

18 

I. 
~ ,. 
~ '0 
Ii! 
i 8 

I 
o 0., 

80 

31 

OUTPUT VOLTAGE va 
LOAD RESISTANCE 

I ~I 
TA' ... C ~OS'~'V'E !,.;,~~ 
VS-t1&V 

I"'"" NEGATIVE SWING 

~ 
Ii 
'/ 

'l 

'.0 '0 
LOAD REIIITANCE TO GROUND IkO) 

POWER CONSUMPTION 
va TEMPERATURE 

Va i :t.1SV 

\ OP·04A 
OP·14A 

\ 
OP.(f4E 

Np·'4E 

~ r---r--
-10 -20 +20 +10 +'00 +140 

TEMPERATURE I'CI 

5·33 

100 

80 

CLOSED·LOOP RESPONSE 
FOR VARIOUS 

GAIN CONFIGURATIONS 

"-
vs=,j.~ _ 
TA" 2SOc 

" " " " -20 
10 100 1k 10k 100k 1M 

FREOUENCY (Hz) 

'00 

INPUT RESISTANCE 
va TEMPERATURE 

, i--"" 

0.1 
-eo -20 +20 +10 +'00 +,.u 

31 

1 
530 
5 
t: 
~2I 

j. 
,1 

TEMPERATURE I'C) 

OUTPUT SHORT·CIRCUIT 
CURRENT va TIME 

TA' •• !c 
Va. :1&V 

- r--~ VINiPIN 311. -,Lv, vL .,t -
Q) VINIPIN 31' .,OmV, Vo' -,BV 

,\ 
\ ~ 
I" ........ 100. 

........ 
o , 2 

TIME FROM OUTPUT BEING SHORTID IMINUTESI 
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Precision MOJlolithics Inc. 

FEATURES 

• Low Nol ................... 0.6I'Vp-p Max, 0.1 to 10Hz 
• Low Drift va. Temperatura •.•.••••••.••• 0.51'VI"C Max 
• Low Drift va. Time ••.••••.••••..•••. 0.2l'VlMonth Typ 
• Low Bin Current ....................... 2.OnA Max 
• High CMRR ............................ 114dB Min 
• High PSRR ............................ 100dB Min 
• High Gain ............................ 300,000 Min 
• High RIN Dlfferantlal ..•••.••••...•...•••.• 3OMO Min 
• High RIN CM ........................... 2OOGO Typ 
• Intemally Compensated .•..•••••• Stable to 500pF Load 
• Fits 725, 108A and 741 Sockets 
• 125° C Temperatura Tnted Dice 

ORDERING INFORMATIONt 

PACKAGE 

HERMETIC 
TA"25'C 

DIP 
PLASTIC OPERATING 

VosMAX TO-89 DIP TEMPERATURE 
(my) a·PlN a·PIN 14-PIN 8-PIN RANGE 

0.15 OP05AJ' OP05AZ" OP05AY" MIL 
0.5 OP05J" OP05Z' OP05Y' MIL 
0.5 OP05EJ OP05EZ OP05EY OP.()5EP COM 
1.3 OP05CJ OP05CZ OP05CY OP05CP COM 

'For devices processed in total compliance to MIL-STD-883. add 1883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and Industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book. Section 2. 

GENERAL DESCRIPTION 

The OP-05 series of monolithic instrumentation operational 
amplifiers combine excellent performance in low-slgnal-Ievel 
applications with the simplicity of use of a fully-protected, 
internally-compensated op amp. The OP-05 has low input offset 

SIMPLIFIED SCHEMATIC 

op-os 
INSTRUMENTATION 

OPERATIONAL AMPLIFIER 

voltage and bias current combined with very high levels of gain, 
input impedance, CMRR, and PSRR. 

The OP-05 is a direct replacement in 725. 108A, and un nulled 741 
sockets allowing instant system performance improvement 
without redesign. The OP-05 is an excellent choice for a wide 
variety of applications including strain gauge and thermocouple 
bridges. high-gain active filters. buffers, integrators, and sample
and-hold amplifiers. For dual-matched versions. refer to the 
OP-207 and OP-10 data sheets. 

PIN CONNECTIONS 

VOSTS?'1 7V+ 

-IN 2 + 60Ul 

+IN 3 5 N.C. 

• V-(eASE) 

TO-99 
(J-Sufflx) 

EPOXY MINI-DIP 
(P-Sufflx) 

& 
8-PIN HERMETIC DIP 

(Z-Sufflx) 

14-PIN HERMETIC DIP 
(Y -Sulllx)· 

'This package not 
recommended for 
new designs. 

W~--~--------~------~----~--------~--~------~--~--J:------~J:---r---, 

NON 
INVERTING 
INPUT 

INVERTINGO-""",.,.... ...... --..... ----!---..... ------i::! 
INPUT 

R2B 

RIB 

Q27 

OZ8 

025 

R9 
OUTPUT 

RIO 

!--+---;::OZO 

RB 
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-----------t1fMD OP-GS INSTRUMENTATION OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS (Note 3) 

Supply Voltage ••••••••••..••.•.•.•••••••••••••••• ±22V 

Internal Power Dissipation (Note 1) •••••••••••.•• 500mW 

Differential Input Voltage .•••••••.••••••••••••••••• ±30V 

Input Voltage (Note 2) ••.•••••••.••••••••••••••••• ±22V 
Output Short-Circuit Duration ••••••••••••••••. Indefinite 

Storage Temperature Range 

J, Y, and Z Packages ••••••.••••••••• -65°C to +150°C 

P Package •.•.•••••••••.••••••••••• -65°C to +125°C 

Operating Temperature Range 

OP-OSA,OP-05 •••.•••••.••••••..••• -55°C to +125·C 
OP-05E,OP-05C ••••••••••••••••••••••• O·C to +70·C 

Lead Temperature Range (Soldering, 60 sec) •••.•• 300·C 

DICE Junction Temperature ••••••••••• -65·C to +150·C 

NOTES: 
1, See table for maximum ambient temperature rating and derating factor, 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

PACKAGE TVPE FOR RATING TEMPERATURE 

TO-99 (J) 80'C 7.1mWI·C 

14-Pin Hermetic DIP (V) 100°C 10,OmW/oC 

8-Pin Hermetic DIP (Z) 75°C 6.7mWI"C 

8-Pin Plastic DIP (P) 36°C 5,6mW/oC 

2, For supply voltages less than ±22V, the absolute maximum input voltage is 
equal to the supply voltage, 

3, Absolute maximum ratings apply to both packaged parts and DICE, unless 
otherwise noted, 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25· C, unless otherwise noted. 

OP-05A OP-05 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vas 0,07 0.15 0,2 0,5 mV 

Long-Term Input Offset 
~Vos/Time (Note 1) 0,2 1.0 0,2 1,0 I'VlMo Voltage Stability 

Input Offset Current los 0,7 2.0 1,0 2,8 nA 

Input Bias Current Ie ±0.7 ±2,0 ±1,0 ±3,0 nA 

Input Noise Vollage (Note 2) e np_p 0, 1Hz to 10Hz 0,35 0.6 0,35 0,6 I'Vp.p 

fo= 10Hz 10,3 18.0 10,3 18,0 
Input Noise Voltage Density 

en fo= 100Hz 10,0 13.0 10.0 13,0 nVl,jHZ 
(Note 2) 

fo= 1000Hz 9,8 11.0 9,6 11,0 

Input Noise Current inp_p 0,1 Hz to 10Hz 14 
(Note 2) 

30 14 30 PAp-p 

fo= 10Hz 0,32 0,80 0.32 0,80 
Input Noise Current Density 

in fO= 100Hz 0.14 0.23 0,14 0.23 pAl,jHZ 
(Note 2) 

fo= 1000Hz 0,12 0,17 0,12 0,17 

Input Resistance -
R'N (Nole3) 30 80 20 80 MO Differential-Mode 

Input ReslstaMe-
R'NCM 200 200 GO 

Common-Mode 

Input Voltage Range IVR ±13,5 ±14.0 ±13,5 ±14,0 V 

Common-Mode Rejection Ratio CMRR VCM = ±13,5V 114 126 114 126 dB 

Power Supply Rejection Ratio PSRR Vs = ±3V to ±18V 4 10 4 10 I'VIV 

RL2: 2kO, Vo= ±10V 300 500 200 500 
Large-Signal Voltage Gain Avo RL 2: 5000, Vo = ±0,5V 

150 500 150 500 
VlmV 

Vs = ±3V (Note 3) 

RL2:10kO ±12,5 ±13,0 ±12,5 ±13,0 
Output Voltage Swing Vo RL2: 2kO ±12,0 ±12,8 ±12,0 ±12,8 V 

RL2:1kO ±10,5 ±12,0 ±10,5 ±12,0 

Slewing Rate (Note 2) SR RL2: 2kO 0,1 0.3 0,1 0.3 VII'S 

Closed-Loop Bandwidth 
BW AVCL =+1,0 0.4 0.6 0.4 0,6 MHz 

(Note 2) 

Open-Loop Output Resistance Ro Vo= 0,1 0 = 0 60 80 0 

Power Consumption Pd 
No load 90 120 90 120 

mW 
Vs = ±3V, No load 6 4 6 

Offset Adiustment Range Rp= 20kO 4 mV 

NOTES: 
1, Long-term input offset voltage stability refers to the averaged trend line operating days are typically 2.5I'V, Refer to typical performance curve. 

of Vos vs, Time over extended periods after the first 30 days of operation, 2, Sample tested, 
Excluding the initial hour of operation, changes In Vas during the first 30 3, Guaranteed by design. 
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-----------Im OPOOS INSTRUMENTATION OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, -550 C:5 TA:5 + 1250 C, unless otherwise noted. 

PARAMETER 

Input Offset Voltage 

Average Input Offset Voltage 
Drift Without External Trim 

With Extemal Trim 

Input Oflset Current 

Average Input Offset Current 
Drilt 

Input Bias Current 

Average Input Bias Current 
Drift 

Input Voltage Range 

Common-Mode Rejection Ratio 

Power Supply Rejection Ratio 

large-Signal Voltage Gain 

Output Voltage Swing 

SYMBOL 

Vos 

TCVos 
TCVosn 

lOS 

TCIOS 

Is 

TCI S 

IVR 

CMRR 

PSRR 

Avo 

CONDITIONS 

(Note 2) 
Rp=20kO (Note 3) 

(Note 2) 

(Note 2) 

Vs= ±3V to ±18V 

RL~2kO, Vo =±10V 

OP-OSA 
MIN TYP MAX 

0.10 0.24 

0.3 0.9 
0.2 0.5 

1.0 4.0 

5 25 

±1 ±4 

8 25 

±13.0 ±13.5 

110 123 

5 20 

200 400 

±12.0 ±12.6 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25° C, unless otherwise noted. 

PARAMETER 

I nput Offset Voltage 

Long-Term Input Offset 
Voltage Stability 

Input Offset Current 

Input Bias Current 

Input Noise Voltage (Note 2) 

Input Noise Voltage Density 
(Note 2) 

Input Nolae Current (Note 2) 

Input Noise Current Density 
(Note 2) 

Input Resistance -
Differential-Mode 

Input Resistance -
Common-Mode 

Input Voltage Range 

Common-Mode Rejection Ratio 

Power Supply Relectlon Ratio 

Large-Signal Voltage Gal n 

Output Voltage Swing 

Slewing Rate (Note 2) 

Closed-Loop Bandwidth 
(Note 2) 

Open-Loop Output Resistance 

Power Consumption 

Offset Adjustment Range 

NOTE: See notes on previous page. 

SYMBOL CONDITIONS 

Vos 

.1Vos/Tlme (Notasl,2) 

lOS 

Is 

8ne-p 

Inp_p 

IVR 

CMRR 

PSRR 

AVO 

SR 

BW 

Ro 

0.1 Hz to 10Hz 

10= 10Hz 
10= 100Hz 
10= 1000Hz 

O.lHz to 10Hz 

10= 10Hz 
10= 100Hz 
10= 1000Hz 

(Note 3) 

VS=±3Vto±18V 

RL~2kO, Vo=±10V 
RL~5OO0, Vo=±0.5V 
Vs = ±3V (Note 3) 

RL~ 10kO 
RL~2kO 

RL~lkO 

VO=O,IO=O 

No load 
Vs =±3V, No load 

Rp= 20kO 

S-36 

OP-OSE 
MIN TYP MAX 

15 

0.2 0.5 

0.3 1.5 

1.2 3.8 

±1.2 ±4.0 

0.35 0.6 

10.3 18.0 
10.0 13.0 
9.6 11.0 

14 30 

0.32 0.80 
0.14 0.23 
0.12 0.17 

50 

180 

±13.5 ±14.0 

110 123 

5 

200 500 

lSO SOO 

±12.5 ±13.0 
±12.0 ±12.8 
±10.5 ±12.0 

0.1 0.3 

0.4 0.6 

60 

20 

90 120 
4 6 

4 

OP-OS 
MIN TYP MAX 

0.3 0.7 

0.7 2.0 
0.3 1.0 

1.8 5.6 

8 so 

±2 ±6 

13 50 

±13.0 ±13.5 

110 123 

5 20 

150 400 

±12.0 ±12.6 

OP-DSC 
MIN TYP MAX 

8 

0.3 1.3 

0.4 2.0 

1.8 6.0 

±1.8 ±7.0 

0.36 0.65 

10.5 20.0 
10.2 13.5 
9.8 11.5 

15 35 

0.35 0.90 
0.15 0.27 
0.13 0.18 

33 

120 

±13.0 ±14.0 

100 120 

7 

120 400 

100 400 

±12.0 ±13.0 
±11.5 ±12.8 

±12.0 

0.1 0.3 

0.4 0.6 

60 

32 

95 150 
4 8 

4 

UNITS 

mV 

I'VI'C 

nA 

pAJ'C 

nA 

pAJ'C 

V 

dB 

VlmV 

V 

UNITS 

mV 

nA 

nA 

nVl"fHZ 

pAp_p 

pAJ"fHZ 

MO 

GO 

V 

dB 

VlmV 

V 

MHz 

o 

mW 

mV 
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-----------t~ OP'()5 INSTRUMENTATION OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, O· C :::; TA:::; + 70· C, unless otherwise noted. 

OP-OSE OP-OSC 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX 

Input Ollset Voltage Vos 0.25 0.6 0.35 1.6 

Average Input Ollset Voltage 
Drift Without External Trim TCVos (Note 2) 0.7 2.0 1.3 4.5 

With External Trim TCVOSn Rp=20kO(Note3) 0.2 0.6 0.4 1.5 

Input Ollset Current los 1.4 5.3 2.0 8.0 

Average Input Ollset Current 
TClos (Note 2) 8 35 12 50 

Drift 

Input Bias Current Ie ±1.5 ±5.5 ±2.2 ±9.0 

Average Input Bias Current 
TCl e (Note 2) 13 35 18 50 

Drift 

Input Voltage Range IVR ±13.0 ±13.5 7~±13.0 ±13.5 

Common-Mode Rejection Ratio CMRR VCM =±13.0V 107 123 97 120 

Power Supply Rejection Ratio PSRR Vs = ±3V to ±18V 7 32 10 51 

Large-Signal Voltage Gain Ava RL,,2kO, Vo =±10V 180 450 100 400 

Output Voltage Swing Va RL,,2kO ±12.0 ±12.8 ±11.0 ±12.6 

NOTES: 
1. Long-Term Input Ollset Voltage Stability relers to the averaged trend line 

of VAS VB. Time over extended periods after the lIrat30 days 01 operation. 
Excluding the Initial hour 01 operation, changes In Vas during the lIrat30 
operating days are typically 2.5,..V. ReIer to typical performance curve. 

2. Sample tested. 
3. Guaranteed by design. 
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----------IM OP-G5 INSTRUMENTATION OPERATIONAL AMPLIFIER 

DICE CHARACTERISTICS (12S0C TESTED DICE AVAILABLE) 

DIE SIZE 0.100 x 0.051 Inch, 5100 Iq. mill 
(2.54 x 1.30 mm, 3.29 Iq. mm) 

1. BALANCE 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
5. NO CONNECTION 
8. OUTPUT 
7. V+ 
8. BALANCE 

For additional DICE Information refer to 
1988 Data Book, Section 2. 

WAFER TEST LIMITS at Vs = ± 15V, TA = 25·C for OP·05N, OP·05G and OP·05GR devices; TA = 125·C for OP·05NT and 

OP·05GT devices, unless otherwise noted. 

OP-OSNT OP-OSN OP-OSGT OP-05G OP-05GR 
PARAMETER 8YMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos 0.25 0.15 0.7 0.5 1.3 mVMAX 

Input Offset Current los 4.0 2.0 5.7 3.8 6.0 nAMAX 

Input BI .. Current Ie ±4 ±2 ±6 ±4 ±7 nAMAX 

I nput Resistance 
RIN (Note 2) 20 15 8 MnMIN 

Differential Mode 

Input Voltage Range IVR ±13.0 ±13.5 ±13.0 ±13.5 ±13.0 VMIN 

Common-Mode 
CMRR 

VOM = ± 13.5V at +25· C 
110 114 110 110 100 dBMIN 

Rejection Rallo VOM = ±13.0 at +125'C 

Power Supply 
PSRR Vs= ±3V to ±18V 20 10 20 20 30 "VNMAX Rejection Ratio 

RL = 10kn ±12.5 ±12.5 ±12.0 
Output Voltage Swing Vo RL = 2kn ±12.0 ±12.0 ±12.0 ±12.0 ±11.5 VMIN 

RL=lkn ±10.5 ±10.5 

Large-Signal 
Avo 

RL =2kn 
200 200 150 200 120 VlmVMIN 

Voltage Gal n Vo =±10V 

Differential Input 
±30 ±30 ±30 ±30 ±30 V MAX 

Voltage 

Power Consumption Pd VOUT=OV 120 120 150 mWMAX 

NOTES: 
1. For 25· C characteristics of NT & GT devices see N & G characteristics 2. Guaranteed by design. 

respectively. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging Is not 
guarantaed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +25·C. unless otherwise noted. 

OP-05NT OP-OSN OP-05GT OP-05G OP-05GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Average Input 
TCVos Rs S50n 0.3 0.3 0.7 0.7 1.2 "VI'C Offset Voltage Drift 

Nulled Input 
TCVOsn Rs S 50n, Rp = 20kn 0.2 0.2 0.3 0.3 0.4 "VfOC Offset Voltage Drift 

Average Input 
TClos 5 8 8 12 pAl'C Offset Current Drift 

Slew Rate SR RL~2kn 0.3 0.3 0.3 0.3 0.3 VI"s 

Closed-Loop 
BW AVOL = +1 0.6 0.6 0.6 0.6 0.6 MHz 

Bandwidth 
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TYPICAL PERFORMANCE CHARACTERISTICS 

! 
~ 

3D 

TRIMMED OFFSET 
VOLTAGE VB TEMPERATURE 

r- Ves TRIMMED TO <6~V AT 25DC f--NULLING POT '" 2OkO 

" OP-OBA I 
2. OP-05E I 3, OP-06 
4, OP-06C I / 

til I I)!J 

ItQ.. \ I~ r! I JJf 
\ \ I /;!5/ 

" ~\ ,~ 1'\ 'I' 
D &0 '00 

TEMPERATURE ('CI 

OFFSET 
VOLTAGE DRIFT WITH TIME 

18EC 1MIN 10MIN 1DAV1WK 1MO SMO 

-8L.J.IJWlllL.lJ.WIIIU.IJIIIIIL..uJJJWILJ. 
0.001 0.01 0.' 1.0 10 100 1k 10k 

TIME IHOUAS! 

MAXIMUM ERROR 
VB SOURCE RESISTANCE 

,D 
OP-05A 
-SSOc TO 12lre 
Vs· t1SV 

E 1,0 

~ 
II I IIII 

'" ~ UNTRIMMED ..fiSOC TO 12&OC 

'" UNTRIMMED 26°C 

i 0.1 
ffi 

II II! 

; 
i 

TRIMMED ..s&°C TO 125°e 

0.01 
'DD 

IIII 

11111111 I III 

'k 

RS· R, .. R2 

'Ok ,00k 

MATCHED OR UNMATCHED SOURCE RESISTANCE (n! 

',D 

0.01 

] '0 

~ 
12 
fa 1.0 

'" '" ~ 
'" :s 
ffi 0, 

i 
, 

UNTRIMMED OFFSET 
VOLTAGE VB TEMPERATURE 

-
OP-OSC 
--r-
OP-06 --r 

:.--~r-O&~--j 

QP..f)6A 

RS"son 
Vs "±16V 

60 
TEMPERATURE (OC) 

e-

'00 

OFFSET VOLTAGE CHANGE 
DUE TO THERMAL SHOCK 

I I I I V~"~'&)-1 1 1 1 

J 
TA-26°C TA "70'C 

I I L I 
1""+-r- II r---I--- 'i~'J. -r-

1 1 L -I-
'A I I I I 

-I- Si DEVICE IMMERSED 
IN 7ffC OIL BATH 

20 40 60 aD 100 

TIME ISEC! 

MAXIMUM ERROR 
VI SOURCE RESISTANCE 
~ OP-05E 
E: Cl'C TO 70'C ---
C VS'±'5V 

ttttttt~ . 
UNTAIMMED O'c TO 7~1c 

UNTRIMMED 25°C 

_. 

TRIMMED O"c TO 70'C .- -

0.01 
'00 

1111111 I I~r A,' ~A"I 
1k 10k '00k 

SOURCE RESISTANCE 1m 

5-39 

TYPICAL OFFSET 
VOLTAGE STABILITY VB TIME 

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

11 
~ ,,0 

1 2 3 4 5 8 7 8 9 10 11 12 
TIME (MONTHS) 

TRIMMED 
OFFSET VOLTAGE DRIFT 

i 
.. 0,& 1-+-+-+-+::-I--+~,."f~---1--:6o-I 

~ 
~ 

i 
fil 
~ -0,& 

;j 

~ 
~ -',0 '-"-...... ...J..-...L-...I....J. ...... --'--'_'-'--! 
,.--- 0.2 OA 0.6 O.B 1.0 1.2 

! 
0-

~ 
:!! 
12 
iil 
'" $ 
'" '" 0 

'" ffi ,. 
:> 

" X 

" " 

,D 

". 

." 

UNTRIMMED OFFSET VOLTAGE MATCH AVOS (mV) 

(CURVES ARE SYMMETRICAL 
ABOUT ZERO FOR .6VOS < 0) 

MAXIMUM ERROR 
VB SOURCE RESISTANCE 

OP-05 
-5&'"C TO 125°C 
Vs =±15V 

UNTAIMMED -&S'C ITJ ,I.WI 

UNTRIMMED 25DC 

IIII 

II IIII 
.,..., 

TRIMMED _65°C TO 126"C 

III AS - A, • A. 

II I III I J 1m 
0,0"00 1k 10k lOOk 

MATCHED SOURCE RESISTANCE (n) 
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------------I~ OP.CJ5 INSTRUMENTATION OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

i 
~ 

10 

12 1.0 

~ 
m .. I 0.1 

I 

MAXIMUM ERROR 
VI SOURCE RESISTANCE 

OP-DI5C 
I1'C TO 711'C 
Vs =±15V 

UNTRIMMEOJf}oC u: 700C 
UNTRIMMED 2B'C 

TRIMMED I1'c TO 7O'C 
~ 

~ 0.01 
100 

RS· R1!~ R2 

II11111 
1. 10. 

MATCHED SOURCE RESISTANCE (0) 

lOOk 

OP-05 LOW FREQUENCY NOISE 

ISEE NOISE TEST CIRCUITI 

PSRR VI FREQUENCY 
120 1 ~~~~~ 

J IUIIIII 
110 

100 r-OP_06C 

Iso .. 
~so 

70 

so 

150 
0.1 1.0 

.I ~ ~ ~1~6'~ 1.111)1 
Vs .. :t3v TO ±1BV 

~ 

~ 

~ 
10 100 lk 10k 

FREQUENCY (Hzl 

10 

INPUT BIAS CURRENT 
V8 TEMPERATURE 

II 
Vs '" ±15V 

" ~I -
r--

......... ::::-. _ OP-~6IE 

i'-..... OP-O& 

rp-06f 
150 

TEMPERATURE ('CI 

./ 
./ 

100 126 

INPUT WIDEBAND NOISE 
VI BANDWIDTH (O.1Hz 

TO FREQUENCY INDICATED) 

= VS··,5V 
- TA"+26'C 

V-

i--"" 
0.1 

100 lk 10k lOOk 

130 

120 

110 

100 

90 

so 

70 

so 
1.0 

BANDWIDTH (Hz) 

CMRR VI FREQUENCY 

IJlUIL Jll'11111 ~~'~~\6V 
111111111 T TA "'+2s"c 

OP-OSC 
~ 

VCM -±13.6V 

~ 

~ 

10 100 1k 10k lOOk 
FREQUENCY (Hz) 

5-40 

1000 

~,oo 
..; 

I 
~ 10 

1.0 

INPUT OFFSET CURRENT 
VI TEMPERATURE 

Vs~±1&J 

OP.Q6C 
OP", 

..... 
-t:!: .......... ~ V t--r-- -OP.oSA 

-60 

......... -
150 

TEMPERATURE lOCI 

........ i-""" 

100 

VOLTAGE NOISE DENSITY 
VB FREQUENCY 

t::: AS1 .. RS2 '" 200kn 

Sii~ 
THERMAL NOISE OF SOU ACE 

RESISTORS ~~~t~g~g \ 
~ 

r- Rs' 0 

Vs·±16V 

Tilll 
1.0 10 100 1. 

1000 

BOO 

200 

o 

FREQUENCY 1Hz) 

OPEN-LOOP GAIN VI 

POWER SUPPLY VOLTAGE 

_I _~ 
_ TA-+26'C 

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

o ±s t10 t15 ±20 
POWER SUPPLY VOLTAGE (VOLTSI 
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-------------im OP..(I5INSTRUMENTATION OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

'20 

-40 

1000 

,,0 

t--

OPEN-LOOP GAIN 
VI FREQUENCY 

r-.... VSI=±15t -
l"- TA = +2SOC 

f"-
l'\ 

1'\ 
1\ 

t--

\ 

0.1 10 100 1k 10k tOOk 1M 10M 
FREQUENCY (Hz) 

POWER CONSUMPTION 
VI POWER SUPPLY 

== TA=+25"C 

~ 

'/ 

I 
o 20 40 

TOTAL SUPPLY VOLTAGE, V+ TO V- (VOLTS) 

80 

'00 

80 

§ 80 
z 
~ 
!s 40 

~ 
~ 20 

-20 

CLOSED-LOOP GAIN 
VI FREQUENCY 

I I 
VS=±15V_ 

AV.'0~ 
TA = 2SoC 

AV .. JO ~ 
AV' ,J "-
AV·' "'-1\ 

10 100 1k 10k tOOk 1M 10M 
FREQUENCV (Hz) 

INPUT BIAS CURRENT VI 

DIFFERENTIAL INPUT VOLTAGE 
30 

1 
ffi 20 

a: 
a: 
G 10 

~ ., 
~ 0 

" z -10 

~ 
> 
! -20 

~ 
-30 

-30 
AT lVOIFFI S; tOV, IIBI ~~~ ig;::~' _ 
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VS-±'5V - 20 
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1
-
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30 
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DIFFERENTIAL INPUT VOLTAGE (VOL TSJ 

28 

MAXIMUM OUTPUT SWING 
VI FREQUENCY 

t- TTTfT 

o 
1k 

VS==±1SV 
TA = +25°C 

~ 

'Ok tOOk 
FREQUENCY (Hz) 

'M 

MAXIMUM OUTPUT VOLTAGE 
VI LOAD RESISTANCE 

20 I III III f- TA = +2E1'c 
VS"±16V 
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VIN =±10mV l.,LlsUJJ 
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:> 

~ '0 
0 

'" :> 

'" x 
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5 

o 
100 

NEGATIVE SWING 

II 
[I 

'k 'Ok 
LOAD RESISTANCE TO GROUND (01 

TYPICAL OFFSET VOLTAGE TEST CIRCUIT TYPICAL LOW-FREQUENCY NOISE TEST CIRCUIT· 

+16V 

200kn 

lOon 
5011 

~------+------oVo 10011 

INPUT REFERRED NOISE" ~.. ::.~~m .. 200nVlcm 
~'OHz FILTER 

* OBSERVATION TIME LIMITED TO 10 SECONDS MAXIMUM. 
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----------I~ OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER 

FSET NULLING CIRCUIT 

v+ 

OUTPUT 
INPUT 

NOTE: PIN OUTS SHOWN FOR J, P, AND Z PACKAGES. 

BURN·IN CIRCUIT 

OUTPUT 

NOTE: PIN OUTS SHOWN FOR J, P, AND Z PACKAGES. 

APPLICATIONS INFORMATION 
OP-05 series devices may be fitted directly to 725 and 
108/108A Series sockets with or without removal of external 
compensation components. Additionally, the OP-D5 may be 
fitted to unnulled 741 series sockets. However, if conventional 
741 nulling circuitry is in use, it should be modified or 
removed to enable proper OP-05 operation. The OP-D5 
provides stabie operation with load capacitance of up to 
500pF and ± 10V swings; larger capacitances should be 
decoupled with a 50n resistor. 

5-42 

Offset stability can be degraded by stray thermoelectric 
voltages arising from dissimilar metals at the contacts to the 
input terminals. Best operation will be obtained when both 
Input contacts are maintained at the same temperature, 
preferably close to the temperature of the device's package. 

TYPICAL APPLICATIONS 

STABLE, HIGH·IMPEDANCE BUFFER 

ZIN :~gg~~o'n 
IN· :l:1.0nA 

SR = O.25V/J,tMC 

ouTPUT NOISE" O.3&jJ.V p..p TVP 
OUTPUT OFFSET· O.2mV TVP 
BANDWIDTH" 800kHz 

HIGH IMPEDANCE, HIGH COMMON·MODE REJECTION 
INSTRUMENTATION AMPLIFIER 

ZIN" 100Gn 
liN" :l:1.OnA 

ADJUST R7 FOR MAXIMUM CMRR 

R4 
2k1l 

RS 
20kll 

SR .. 2.5V/lJ.tec 

Rt=~ 

R6 (2 Rl \ 
AV"''R4 fi3 +1, 
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Precision Monolithics Inc. 

FEATURES 
• Very High Voltage Gain .•.............. 1,OOOVlmV Min 
• Low Offset Voltage and Oflset Current 
• Low Drift vs. Temperature 

(TCVos) ............................ O.8I'VloC Max 
• Low Input Voltage and Current Noise 
• Low Offset Voltage Drift with Time 
• High Common-Mode Rejection ............ 120dB Typ 
• High Power Supply ReJection •..•.......... 21'V/V Max 
• Wide Supply Range ................... ±3.0V to ±22V 
• MIL-STD-883 Proc .. slng Available 
• Slew Rate to ..•......••.•...•.•.............. 100V/I's 

ORDERING INFORMATIONt 

TA =2S0 C 
VosMAX 

(mV) 

0.2 
0.2 
0.5 
0.5 
1.3 
1.3 

PACKAGE 

TO-99 
I-PIN 

OP06EJ 
OP06AJ' 
OP06FJ 
OP06BJ' 
OP06GJ 
OP06CJ' 

HERMETIC 
DIP 

I-PIN 

OP06EZ 
OP06AZ' 
OP06FZ 
OP06'BZ' 
OP06GZ 
OP06CZ' 

OPERATING 
TEMPERATURE 

RANGE 

COM 
MIL 

COM 
MIL 

COM 
MIL 

• For devices processed in total compliance to MIL-STD-883, add 1883 after 
part number, Consult factory for 883 data sheet. 

tAli commercial and Industrial temperature range parts are available with 
burn-In, For ordering information see 1986 Data Book, Section 2, 

GENERAL DESCRIPTION 
The OP-06 monolithic instrumentation operational amplifier 
is deSigned for accurate high-gain amplification of low level 
signals. High common-mode rejection reduces signal 
degradation when large common-mode voltages are present. 

SIMPLIFIED SCHEMATIC 

A3 

A5 A6 A'O 

V-

OP-06 
HIGH -GAIN INSTRUMENTATION 

OPERATIONAL AMPLIFIER 

Superior DC input characteristics include very low offset 
voltage and current, extremely high open-loop gain, low llf 
and wideband noise, and low "popcorn" noise. Low offset 
voltage drift is improved by a nulling technique that optimizes 
TCVos performance when Vas is nulled to zero. Very high 
common-mode and power supply rejection enable accurate 
performance in noisy environments. 

Flexible external compensation provides wide-bandwidth 
and high slew rate operation In high closed-loop gain 
applications. Excellent long-term stability, and compati
bility with MIL-STD-883 processing, make the OP-06 an 
excellent choice for high-reliability applications. For example, 
process control and aerospace applications; including strain 
gauge and thermocouple amplifiers, low-noise audio ampli
fiers, and instrumentation amplifiers. The OP-06 is a direct 
replacement for all 725 types providing superior DC and 
noise performance plus the unique feature of complete Input 
differential voltage and output short-circuit protection. 

PIN CONNECTIONS 

Vose~ 7V+ 
-IN 2 + 6 OUT 

+IN 3 5 COMP 

4 
V-ICASE) 

TO-99 (J-Sufflx) 
a-PIN HERMETIC DIP 

(Z-Sufflx) 

rl-+-----lt:'" -Q21 

'---4-<> OUTPUT 

YH--.-t"026 

*Q27. 028, R21, R22, COM· 
PRISE THE INPUT PROTEC· 
TION CIRCUIT, 

'"*a23, 029, R19, R20 COM-
All R1S A18 A17 PRISE THE OUTPUT PRO· 

TECTION CIRCUIT. 
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----------I(fMj) oP-Ge HIGH-GAIN INSTRUMENTATION OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS (Note 3) 

Supply Voltage ••••••••••••••••••••••••••••••••••• ±22V 

Internal Power Dissipation (Note 1) •••••••••••••• 500mW 

Differential Input Voltage •••••••••••••••••••••••••• ±30V 

Input Voltage (Note 2) •••••••••••••••••••••••••••• ±22V 

Output Short-Circuit Duration ••••••••••••••••• Indefinite 

Storage Temperature Range. • • • • • • • • •• -S5· C to + 150· C 

Operating Temperature Range 

OP-OSA. OP-OSB. OP-OSC ••••••••• •• -55· C to + 125· C 

OP-OSE. OP-06F. OP-OSG ••••••••••••••• O·C to +70·C 

Lead Temperature Range (Soldering. SO sec) •••••• 300·C 

DICE Junction Temperature ••••••••••• -S5·C to +150·C 

NOTES: 
1. See table for maximum ambient temperature rating and derating factor. 

PACKAGE TYPE 

To-se (J) 

8-Pln Hermetic DIP (Z) 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

80°C 

75°C 

DERATE ABOYE 
MAXIMUM AMBIENT 

TEMPERATURE 

7.1mW/oC 

6.7mV/oC 

2. For supply voltages less than ±22V, the abeclute maximum input voltage is 
equallo the supply voltage. 

3. Absolute ratings apply to both OICE and packaged parts, unles. otherwise 
noted. . 

ELECTRICAL CHARACTERISTICS at Vs = ±15V. TA = 25·C. unless otherwise noted. 

OP-08A1E OP-088/F OP-08C/O 
PARAM!!TER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Inpul Off.el Voltage Vos Rs S 20kO (Nole 2) 0.08 0.2 0.2 0.5 0.4 1.3 mV 

Inpul Olfool Currenl loS 0.3 2.0 0.75 5.0 13 nA 

Inpul Bias Currenl Is 30 70 30 80 40 110 nA 

Inpul Noise Voltage 
fo~ 10Hz (Nole I) 9.0 15.0 9.0 15.0 9.0 15.0 

Oenslty an fo= 100Hz (Nolo 1) 8.0 9.0 8.0 9.0 8.0 9.0 nVl,fHZ 
fo= 1000Hz (NOlO 1) 7.0 7.5 7.0 7.5 7.0 7.5 

Inpul Nol.e Currenl 
fo= 10Hz (Nolel) 0.5 1.2 0.5 1.2 0.8 1.4 

In fo= 100Hz (Nolel) 0.25 0.6 0.25 0.8 0.3 0.7 pAl,fHZ 
Donslty 

fo=: 1000Hz (Nole I) 0.15 0.25 0.15 0.25 0.2 0.3 

Inpul ROllalance RIN (Nole3) 0.8 1.8 0.7 1.8 0.5 1.5 MO 

largo-Signal 
Avo 

Rl ;"2kO, 
1,000 3,000 1,000 3,000 500 3,000 VlmV 

Voltage Gain VO=±10V 

Rl ;" 10kO ±12.5 ±13.0 ±12.5 ±13.0 ±12.0 ±13.0 
Oulpul Voltage 

Vo Rl ;" 2kO ±12.0 ±12.8 ±12.0 ±12.8 ±11.5 ±12.8 V 
Swing 

Rl ;"lkO ±".0 ±12.5 ±".0 ±12.5 ±12.0 

Inpul Vollage Range IVR ±13.5 ±14.0 ±13.5 ±14.0 ±13.5 ±14.0 V 

Common-Mode 
CMRR 

VCM=±13.5V 
114 

Rejeclion Ralio RsS2OkO 
120 114 120 110 115 dB 

Power Supply 
PSRR 

Vs = ±3V 10 ±18V 
0.5 2.0 1.0 5.0 2.0 10 p.VIV 

Rejection Ratio RsS2OkO 

Power Consumption Pd 90 120 90 120 110 150 mW 

large-Signal 
Rl ;" 5000, (Nole 3) 

Avo VO=±0.5V 100 600 100 600 60 600 VlmV 
Voltage Gain 

Vs=±3V 

Power Consumption Pd Vs=±3V 6 mW 

NOTES: 
1. Sample tested. 
2. Thermoelectric voltages generated by dissimilar metals at the conlaclslo 

the input terminals can degrade drift performance. Both sides of the 
contacts should be kept at approximately Ihe same lemperature. All 
temperature gradients should be minimized. 

3. Guaranteed by design. 
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---------I~ oP-Ge HIGH-GAIN INSTRUMENTATION OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at VS= ±15V, -55°C S TAS +125°C, unless otherwise noted. 

PARAMETER 

Input Oll •• t Voltege 

(Without external 

trim) 

Average Input Offset 

Voltage Drift (With

out external trim) 

Average Input Offset 

Voltage Drift (With 

external trim) 

Input Offset Current 

Average Input Offset 

CUrrent Drift 

Input Bla. Current 

Common-Mode 

Rejection Ratio 

Power Supply 

Rejection Ratio 

Large-Signal 

Voltage Gain 

Output Voltage 

Swing 

SYMBOL CONDITIONS 

Vos 

TCVOS 

TCVosn 

lOS 

TClos 

CMRR 

PSRR 

AVO 

Rs S 20kO (Note 2) 

Rs = 500 (Notes 1, 2) 

RS = 500 (Notes 2, 3) 

Rp= 2OkO 

(Note 1) 

VCM =±13.5V 

Rs S20kO 

Vs= ±3V to ±18V 

Rs S20kO 

Vo = ±10V; RL " 2kO 

TAMAX 

TAMIN 

OP-06A 
MIN TVP MAX 

0.08 0.28 

109 

0.3 

0.2 

0.25 

0.8 

3 

22 

40 

112 

1,000 3,500 

700 2,000 

±12.0 ±12.& 

0.8 

0.& 

1.0 

4.0 

20 

80 

120 

OP-068 
MIN TYP MAX 

109 

0.3 

0.7 

0.28 

0.& 

2.0 

25 

45 

112 

1,000 3,500 

700 1,800 

±12.0 ±12.& 

0.7 

2.0 

1.0 

4.0 

18.0 

go 

70 

180 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, O°C S TAS 70'C, unless otherwise noted. 

PARAMETER 

Input Offset Voltage 

(Without external 

trim) 

Average Input Offset 

Voltage Drift (With

out external trim) 

Average Input Off.et 

Voltage Drift (With 

external trim) 

Input Offset Current 

Average Input Offset 

Current Drift 

Input Bias Current 

Common-Mode 

Rejection Ratio 

Power Supply 

Rejection RatiO 

Large-Signal 

Voltage Gain 

Output Voltage 

Swing 

NOTES: 

SYMBOL CONDITIONS 

Vos 

TCVos 

TCVosn 

lOS 

TCIOS 

CMRR 

PSRR 

AVO 

RS S 20kO (Note 2) 

RS = 500 (Notes 1,2) 

RS = 500 (Notes 2, 3) 

Rp= 2Ok0 

(Note 1) 

VCM=±13.5V 
Rs S2OkO 

Vs = ±3V to ±18V 

RSS2OkO 

VO=±10V; RL "2kO 

TAMAX 

TAMIN 

OP-06E 
MIN TYP MAX 

0.08 0.28 

109 

0.3 

0.2 

0.25 

0.& 

22 

40 

112 

1.0 

1,000 3,500 

SOO 2,000 

±12.0 ±12.6 

0.& 

0.6 

1.0 

4.0 

20 

&0 

120 

5.0 

OP-06F 
MIN TYP MAX 

109 

0.25 

0.7 

0.2& 

0.65 
2.0 

8 

30 

45 

112 

1.5 

1,000 3,500 

800 1,800 

±12.0 ±12.6 

0.6 

2.0 

1.0 

5.0 

18.0 

go 

so 
ISO 

7.0 

OP-06C 
MIN TYP MAX 

0.5 

1.4 

0.5 

2.0 

3.0 

14 

1.& 

4.5 

1.5 

15 

25 

150 

35 110 

45 180 

95 110 

15 

400 3,200 

300 1,700 

±11.0 ±12.& 

OP-06G 
MIN TYP MAX 

95 

0.5 

1.4 

0.5 

2.0 

3.0 

14 

35 

45 

110 

3.0 

400 3,200 

300 1,700 

±11.0 ±12.6 

1.& 

4.5 

1.5 

15 

25 

150 

110 

180 

15 

UNITS 

mV 

pV/'C 

pV/'C 

nA 

pAl'C 

nA 

dB 

V/mV 

v 

UNITS 

mV 

pV/'C 

pV/'C 

nA 

pAl'C 

nA 

dB 

pVN 

V/mV 

V 

1. Sample tested. 
2. Thermoelectric voltages generated by dissimilar metals at the contacts to 

the input terminals can degrade drift performance. Both sides of the 

contacts should be kept at approximately the same temperature. All 
temperature gradients should be minimized. 

3. Guaranteed by input bias current. 
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----------1~ OP-DS HIGH-GAIN INSTRUMENTATION OPERATIONAL AMPLIFIER 

DICE CHARACTERISTICS 

DIE SIZE 0.094 X 0.050 Inch, 4700eq. mils 
(2.38 X 1.27 mm, 3.03 8Q. mm) 

1. NULL 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
5. COMPENSATION 
S. OUTPUT 
7. V+ 
8. NULL 

For addlllonal DICE Information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs = ±15V, TA = 250 C for OP-06N, OP-06G and OP-06GR devices; TA = 1250 C for OP-06NT and 

OP-06GT devices, unless otherwise noted. (Note 2) 

OP-06NT OP-06N OP-06GT OP-06G OP-06GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos RsS 20kO 0.3 0.2 0.7 O.S 1.3 mVMAX 

Input Offset Current los 4 S 13 nAMAX 

Input Bias Current Ie 60 70 70 80 110 nAMAX 

Input Resistance 
RON (Note 1l 0.8 0.7 O.S MOMIN 

Differential Mode 

Input Voltage Range IVR ±13.0 ±13.S ±13.0 ±13.S ±13.S VMIN 

Common-Mode 
CMRR 

VCM =±·13.S 
108 

Rejection Ratio Rs S20kO 
114 108 114 110 dBMIN 

Power Supply 
PSRR 

Vs= ±3V to ±18V 
6 2 S 10 "VIV MAX 

Rejection Ratio Rs S20kO 

RL2: 10kO ±12.5 ±12.5 ±12.0 
Output Voltage Swing Vo RL2:2kO ±12.0 ±12.0 ±12.0 ±12.0 ±11.S VMIN 

RL2:1kO ±11.0 ±11.0 

Large-Signal 
Avo 

RL2: 2kO 
1000 1000 800 1000 500 V/mVMIN 

Voltage Gain Vo =±lOV 

Differential Input 
±30 ±30 ±30 ±30 ±30 V MAX 

Voltage 

Power Consumption 
Pd 120 120 1S0 mWMAX 

(VouT=OVl 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss. yield after packaging Is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and \8sting. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = +250 C, unless otherwise noted. 

OP-06NT 
PARAMETER SYMBOL CONDITIONS TYPICAL 

Average Input Offset 
TCVos RsSSOO 0.3 

Voltage Drift 

Nulled Input Offset 
TCVoSn 

RsSSOkO 
0.2 

Voltage Drift Rp=20kO 

Average Input Offset 
TClos 3 

Current Drift 

NOTES: 
1. Guaranteed by Input bias current. 
2. For +2SoC specifications of OP-06NT and OP-06GT, see OP-Q6N and 

OP-06G respectively. 

OP-06N OP-06GT OP-06G OP-06GR 
TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

0.3 0.7 0.7 1.4 "vrc 

0.2 0.28 0.28 0.5 "VloC 

3 8 8 14 pAf'C 
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---------I1fMD OP-C16 HIGH-GAIN INSTRUMENTATION OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

OPEN-LOOP RESPONSE FOR 
VALUES OF COMPENSATION 

'50 ""'--0-'-. -50-pF-. ~R'-'-'-Ok"n--'--'--' 

-~~~~-~~~----~~~ 10 100 lk 10k lOOk 1M 10M 
FREaUENCY (Hz) 

FREQUENCY COMPENSATION 

COMPENSATION VALUES 

Avel 

10000 

1000 

100 

10 

'00 

'0 

I 
~ '.0 
w 
~ 
0: 
;t 
~ 0.1 

0.01 

0.001 

COMPENSATION CIRCUIT (J or Z PACKAGE) 

SLEW RATE 
USING RECOMMENDED 

COMPENSATION NETWORKS 

VS-:t16V 
TA-"O 

'7 
I jO 10i'l~NSt'~,NI ~E\~~ 

III 

'.0 10 100 lk 10k 'OOk 

R, 
(0) 

10k 

470 

47 

27 

10 

CLOSED·LOOP GAIN (VIV) 

C, 
(I'F) 

50pF 

0.001 

0.01 

0.05 

0.05 

R2 
(0) 

270 

39 

OFFSET VOLTAGE 
TRIM 

Cz 
(I'F) 

0.0015 

0.02 

CLOSED-LOOP FREQUENCY 
RESPONSE FOR VALUES OF 

COMPENSATION 
aor----o;;;:=r-r--r-,----, 

-20 I---i---t-+---+---+---""od 

-40~ __ ....1. __ ...L.._~.i-'--_-' 

,OOk 200k 400k 800k 800k 1M 
FREQUENCY (Hz) 

USE R3 ('" 51n) WITH 
CAPACITIVE LOAD 

"THE COMPENSATION NETWORK {R,. c,1 SHOULD BE RE· 
TURNED TO THE V-TERMINAl. IF THE NETWORK IS RE· 
TURNED TO GROUND, SERIOUS DEGRADATION Of POWER 
SUPPL V REJECTION PERFORMANCE WITH FREQUENCV 
WILL OCCUR. SEe TYPICAL CURves (PSRR VI FREQUENCY). 

"THE TRIMMING POTENTIOMETER SHOULD BE 20kSl FOR 
OPTIMUM NULLED OFFSET VOLTAGE DRIFT. seE TYPI· 
CAL CURVES (TRIMMED OFFSET VOLTAGE DRIFT AS A 
FUNCTION OF TRIMMING POTENTIOMETER). 

5-47 

Ra 

0, I FREQUENCY 
R, COMPENSATION 

V- OR GND-
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---------Im OP-GS HIGH-GAIN INSTRUMENTATION OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

~ 

30 

~ 
III 
;! 

g20 

i 
l!; 
l!; 
w 
3,0 
~ 

i o 

TRIMMED OFFSET VOLTAGE 
v. TEMPERATURE 

Vos TRIMMED TO ~6.V AT 26"~_CC 
NULLING POT. 20kn 

.'.1. vs-mvj 

~: g~:,= I V 
~ :: g~:~g , / 
\. , / 1/ 

I\, 3) ':J/ 
u.. ~ N L I)..!J 

'\.\ \ I m 
~\ , r 
1"-\ :" 

-76 -60 -26 0 25 60 7& 100 126 

1.0 

TEMPERATURE (OCI 

TRIMMED OFFSET VOLTAGE 
DRIFT AS A FUNCTION OF 

TRIMMING POTENTIOMETER 
(Rp) SIZE AND Vos 

Rp· &kG V 
....rf 

~ ~ 
t: 0.6 

~ 
~ 
i .". .". 

o::::::~ 

.... 
~ .... 

,... 

I--" 
~ 

fo"" R. - IOkIl 
R.o2OkIl· " 1 

r-I-~ ...... t'--~ 
OP·DBA - OP..()68 .... ~Il -il 1"'"1 

i 
IiI-O's 

I 
-1.0 

T6j- OP(6FI 
IOP-06G -

o 0.2 0.4 0.8 0.8 1.0 1.2 
UNTRIMMED OFFSET VOLTAGE Vos (mV) (CURVES 
ARE SYMMETRICAL ABOUT ZERO POR Vas < 0) 

CMRR v. FREQUENCY 
130 

OP-06A. OP-O&B. OP-Q6E, OP-06F 

120 II 
OP·Q6G 

110 

90 

80 
, 

TA = 25°e 

70 Vs ~l~~~V 
10 100 lk 10k lOOk 1M 

FREQUENCY (Hz) 

1.0 

I--

OFFSET VOLTAGE 
v. TEMPERATURE 

-OP-08O 

-. -I--
rop 

f-r-I"-06F;-I 

rOP-OBA 

i+-OP-06E--t 
, 

RS- 5O!l 

0,01 
~s. 'i6V 

-76 -60 -26 26 60 76 100 126 

10 

TEMPERATURE (OCI 

OFFSET CURRENT 
v. TEMPERATURE 

Vs -.,sv= 

OP~06B ...... OP-08O 

"- I.-06I= 

oP-o~ 

--- .. _-- 1-i"-06E
1 

I 
0.1 

-16 -50 -2& 26 60 75 100 125 

120 

110 

~ 

100 

90 

TEMPERATURE ('Ie) 

PSRR v. FREQUENCY 
(OP-06B, OP-06E) 

IIII NO ~~~ERN~~"I 
~ COMPENSATION 

~( -"" 
2 , TA o 25"c 

3 

r-.. 4 

60 ~ 
5 

70 

60 
10 100 1k 10k 100k 1M 

FREQUENCY (Hz) 

1. C1 O.OO1,uF, R1 = 47M FROM PIN 5 TO V-
2. C1 Q.1pF, R1 = 50 TO V-
3. C1 O.001J.1F; Rt ·4700 FROM PIN 5 TO GND 
4. C1 O.05,uF, R1 '" 1on, C2 '" O.02,uF, 

R2 390 TO V-
5. C1 O.05pF, R1 '" ton. C2 = O.02#,tF. 

R2 390 TO GND 

5-48 

60 

OFFSET VOLTAGE DRIFT 
WITH TIME 

~~~R !J~~\'~s ~Iu ~~~ID ~~ ~~~ .101 
Vos S 20.V ATT j,O .1 HOURS 

I I I ~ II I 
VS-±15V 

( ... 
r-. i--' 

i-' r.. 
r.. 

I> 
WARM-UP DRIFT - LONG TERM DRIFT 

ERROR BAND 
E~,~,~,R BAN~IIII (NONoCUMMULATIVEJ 

0.01 0.1 10 
TIME (HOURS) 

100 

INPUT BIAS CURRENT 
v. TEMPERATURE 

I , 
vs.1 :t1SV 

"-
*' 

1000 

, ......... 
VS;:3V 

~ 
VS-.,6V 

........ 
I ........ -1 

1 I -1. OP-06G 
2. OP-06A, OP~06B, OP-06E 

OP-06F (O'C TO 70'C) 
3. ALL GRADES 

-76 -60 -26 26 60 16 100 126 

20 

TEMPERATURE tOe) 

MAXIMUM OUTPUT VOLTAGE 
va LOAD RESISTANCE 

II !I 

~HU 
NEGATIVE 

1/11 
V 

TA = 26"c 
Vs -:t:16V 

Vlr,'~,,;,,~, 
100 lk 10k 

LOAD RESISTANCE TO GROUND (n) 
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---------I[fMD OP·08 HIGH·GAIN INSTRUMENTATION OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

~ 
z 
~ 
§ 
~ 
!; 

1000 

VOLTAGE NOISE DENSITY 
VI FREQUENCY 

.. 

.. " 

~ " RS-60JcSl 

Rs· lOk,o 

~ I-
RS- 0 

TA·26'C 
Vs· :t16V 
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1.0 
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10 100 
FREQUENCV (Hz) 
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-2 0 
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i!! 
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L 

SOURCE RESISTANCE ill) 

MAXIMUM OUTPUT SWING 
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10 

Ll 

Ll 

II 
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100 GAIN· 

~ ~ ~ 1,000 

10 100 1k 10k lOOk 1M 

.. 

16 

FREQUENCY (Hz) 

OUTPUT SHORT·CIRCUIT 
CURRENT 

~: ::~:e-
.1 J 
.1 J 

"- .1 J 
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-=-- .1 

~ J J 1 
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1 1 1 1-
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-------~I£MD OP-CIS HIGH-GAIN INSTRUMENTATION OPERATIONAL AMPLIFIER 

GUARANTEED PERFORMANCE CHARACTERISTICS 
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Precision Monolithics Inc. 

FEATURES 
• Low Vos ................................... 25!'V Max 
• Low Vos Drift .......................... O.6!,Y/oC Max 
• Ultra-Stable vs Time ............... 1.0!,V/Month Max 
• Low Noise .............................. O.6!'Vp_p Max 
• Wide Input Voltage Range ...................... ±14V 
• Wide Supply Voltage Range ............. ±3V to ±16V 
• Fits 725, 10BA/30BA, 741, AD510 Sockets 
• 125° C Temperature-Tested Dice 

ORDERING INFORMATIONt 

PACKAGE 

TA -25'C HERMETIC PLASTIC OPERATING 
<loVas MAX TO-SS DIP DIP TEMPERATURE 

(~V) a-PIN 8-PIN a-PIN LCC RANGE 

25 OP07AJ' OP07AZ' MIL 
75 OP07EJ OP07EZ OP07EP COM 
75 OP07J' OP07Z' OP07RC/883 MIL 

150 OP07CJ OP07CZ OP07CP COM 
150 OP07DJ OP07DP COM 

• For devices processed in total compliance to MIL-STD-BB3. add /883 after 
part number. Consult factory for B83 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The OP-07 has very low input offset voltage (25!,V max for 
OP-07A) which is obtained by trimming at the wafer stage. 
These low offset voltages generally eliminate any need for 
external nulling. The OP-07 also features low input bias cur
rent (±2nA for OP-07 A) and high open-loop gain (300V/mVfor 
OP-07 A). The low offsets and high open-loop gain make the 
OP-07 particularly useful for high-gain instrumentation 
applications. 

The wide input voltage range of ±13V minimum combined 
with high CMRR of 110dB (OP-07A) and high input impedace 
provides high accuracy in the non inverting circuit configura
tion. Excellent linearity and gain accuracy can be maintained 
even at high closed-loop gains. 

SIMPLIFIED SCHEMATIC 

OP-07 
ULTRA-LOW OFFSET VOLTAGE 

OPERATIONAL AMPLIFIER 

Stability of offsets and gain with time or variations in temper
ture is excellent. The accuracy and stability of the OP-07, 
even at high gain, combined with the freedom from external 
nulling have made the OP-07 a new industry standard for 
instrumentation and military applications. 

The OP-07 is available in five standard performance grades. 
The OP-07A and the OP-07 are specified for operation over 
the full military range of -55° C to + 125· C; the OP-07 E, C, 
and D are specified for operation over the O· C to + 70° C 
range. 

The OP-07 is available in hermetically-sealed TO-99 metal 
can orceramic 8-pin Mini-DIP, and in epoxy 8-pin Mini-DIP. It 
is a direct replacement for 725, 108A, and OP-05 amplifiers; 
741-types may be directly replaced by removing the 741'5 
nulling potentiometer. The OP-207, a dual OP-07, is available 
for applications requiring close matching of two OP-07 
amplifiers. For improved specifications, see the OP-77. 

PIN CONNECTIONS 

Vas TRI~M. vas :R~: 
-IN 2 6 OUT 

+IN 3 5 N.C. 

4 V- (CASE) 

TO-99 (J-Suffix) 

EPOXY MINI-DIP (P-Sufflx) 
B-PIN HERMETIC DIP 

(Z-Sufflx) 

OP-07RC/883 
LCC 

(RC-Sufflx) 

V+07----~------~~--------~----~--~----~----~----~--~~--, 

-NOTE: 
R2A AND R2B ARE 
EL.ECTRONICALL.Y 
ADJUSTED ON CHIP 
AT FACTORY FOR 
MINIMUM INPUT 
OFFSET VOLTAGE. 

NON
INVERTING 
INPUT 

~~4 __ ~ __________________ ~~-+ ____ ~ __ ~ ______ ~ __ ~~ 
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---------I[fMD OP-G7 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Supply Voltage ••••••••••••••••••••••••••••••••••• ±22V 

Internal Power Dissipation (Note 1) •••••••••••••• 500mW 

Differential Input Voltage •••••••••••••••••••••••••• ±30V 

Input Voltage (Note 3) •••••••••••••••••••••••••••• ±22V 

Output Short-Circuit Duration ••••••••••••••••• Indefinite 

Storage Temperature Range 

J, RC and Z Packages •••••••••••••• -65°C to +150°C 

P Package •••••••••••••••••••••••.• -65°C to +125°C 

Operating Temperature Range 

OP-07A, OP-07, OP-07RC ••••••••••• -55°C to +125°C 

OP-07E, OP-07C, OP-07D ••••••••••••••• O°C to +70°C 

Lead Temperature Range (Soldering, 60 sec) •••••• 300°C 

DICE Junction Temperature (Tj) ••••••• -65°C to +150°C 

NOTES: 
1. See table for maximum ambient temperature rating and derating factor. 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

PACKAGE TYPE FOR RATING TEMPERATURE 

TO-ge (J) SO'O 7.1mWI·0 

S-Pin Hermetic DIP (Z) 75'0 6.7mWI'C 

8-Pln Plastic DIP (P) 38'C S.8mWI'C 

LCC (RC) 72'C 7.8mWI'C 

2. Absolute maximum ratings apply to both packaged parts and DICE, unless 
otherwise noted. 

3. For supply voltages less than ±22V, the absolute maximum input voltage Is 
equal to the supply voltage. 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = 25° C, unless otherwise noted. 

OP-07A OP-07 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos (Note 1) to 25 30 75 p.V 

Long-Term Input Offset 
~VoslTlme (Note 2) 0.2 1.0 0.2 1.0 p.VlMo 

Voltage Stabi IIty 

Input Offset Current los 0.3 2.0 0.4 2.8 nA 

Input Bias Current Ie ±0.7 ±2.0 ±1.0 ±3.0 nA 

Input Noise Voltage 8 ne-e 0.11-1z to 10Hz (Note 3) 0.35 0.6 0.35 0.6 p.Ve-e 
fo= 10Hz (Note3) 10.3 IS.0 10.3 18.0 

Input Noise Voltage Density en fo =100Hz(Note3) 10.0 13.0 10.0 13.0 nVl.,fHZ 
fo = 1000Hz (Note 3) 9.6 11.0 9.6 11.0 

Input Noise Current Ine-e O.IHz to 10Hz (Note 3) 14 30 14 30 pAe-e 
fo= 10Hz (Note3) 0.32 0.80 0.32 0.80 

Input Noise Current Density In fo = 100Hz (Note 3) 0.14 0.23 0.14 0.23 pN.,fHZ 
fo= 1000Hz (Note 3) 0.12 0.17 0.12 0.17 

Input Resistance -
R'N (Note 4) 30 80 20 60 MO 

Differential-Mode 

Input Resistance -
R'NCM 200 200 GO 

Common-Mode 

Input Voltage Range IVR ±13 ±14 ±13 ±14 V 

Common-Mode Rejection Ratio CMRR VcM =±13V 110 126 110 126 dB 

Power Supply Rejection Ratio PSRR Vs =±3Vto±18V 4 10 4 10 "VN 

RL",2kO, Vo =±10V 300 500 200 500 
large-Signal Voltage Gain Avo RL '" 5000, Vo = ±0.5V, 

150 400 150 400 
VlmV 

Vs =±3V (Note 4) 

RL", 10kO ±12.S 13.0 ±12.S ±13.0 
Output Voltage Swing Vo RL", 2kO ±12.0 12.8 ±12.0 ±12.8 V 

RL", 1kO ±10.S 12.0 ±10.S ±12.0 

Slew Rate SR RL", 2kO (Note 3) 0.1 0.3 0.1 0.3 VII'S 

Closed-Loop Bandwidth BW AVCL = +1 (Note 3) 0.4 0.6 0.4 0.6 MHz 

Open-Loop Output Resistance Ro Vo=O,lo=O 60 60 0 

Power Consumption 
Vs = ± 1SV, No Load 75 120 75 120 

mW Pd Vs = ±3V, No Load 4 6 4 6 

Offset Adlustment Range Rp= 20kO ±4 ±4 mV 

NOTES: 
1. OP-07A grade Vos is measured approximately one minute after applica- Excluding the initial hour of operation, changes in Vos during the first 30 

tion of power. For all other grades Vos is measured approximately 0.5 operating days are typically 2.S"V - refer to typical performance curves. 
seconds atter application of power. Parameter is sample tested. 

2. Long-Term Input Offset Voltage Stability refers to the averaged trend line of 3. Sample tested. 
Vos vs. Time over extended periods after the first 30 days of operation. 4. Guaranteed by design. 
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-----------IIW OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, -55°C s TAS+125°C, unless otherwise noted. 

PARAMETER 

Input Offset Voltage 

Average Input Offset 
Voltage Drift With
out External Trim 
With External Trim 

Input Offset Current 

Average Input Off.et Current 
Drift 

Input Bias Currant 

Average Input Bias Current 
Drift 

Input Voltage Range 

Common-Mode Rejection Ratio 

Power Supply Relectlon Ratio 

Large-Signal Voltage Gain 

Output Voltage Swing 

NOTES: 

SYMBOL CONDITIONS 

Vos (Note t) 

TCVos (Note 2) 

TCVosn Rp = 20kO (Note 3) 

los 

TClos (Note 2) 

IB 

TCIB (Note 2) 

IVR 

CMRR VCM =±t3V 

PSRR Va = ±3V to ±t8V 

Avo Rl~2kO, Vo=±10V 

Vo Rl~2kO 

1. OP-07A grade Vos Is meesured approximately one minute after applica
tion of power. For all other grades Vos is measured approximately 0.5 
seconds after application of power. 

2. Sample tested. 
3. Guaranteed by design. 

TYPICAL OFFSET VOLTAGE TEST CIRCUIT 

"""''' 
50" 1 
~ Vo 

Vo 
Vas '" 4000 

::' 

OPTIONAL OFFSET NULLING CIRCUIT 

>-..------<>v+ 

INPUT 
7 6 

>---'--------0 OUTPUT 

OP-07A OP-07 
MIN TYP MAX MIN TYP MAX UNITS 

25 60 60 200 IlV 

0.2 0.6 0.3 1.3 IlV/O C 
0.2 0.6 0.3 1.3 IlV/OC 

0.8 4 1.2 5.6 nA 

25 8 50 pAl"C 

±1 ±4 ±2 ±6 nA 

8 25 13 50 pAlOC 

±13 ±13.5 ±13 ±13.5 V 

106 123 106 123 dB 

20 6 20 IlVN 

200 400 150 400 VlmV 

±12 ±12.6 ±12 ±12.6 V 

TYPICAL LOW-FREQUENCY NOISE TEST CIRCUIT 

V+ 

loon 

3.3kn 

loon >=-"'~Wlr--"'--o OUTPUT 

4.7J,1F 

I 1"0H, Fil TERI 
2.5M!! 

INPUT REFERRED NOISE '" 2~~OO= 5~~b: '= 200nV/cm 

(SEE SCOPE PHOTO IN TYPICAL PERFORMANCE CURVES) 

PINOUTS SHOWN FOR J, P, AND Z PACKAGES 

BURN-IN CIRCUIT 

PINOUTS SHOWN FOR J, P, AND Z PACKAGES PINOUTS SHOWN FOR J, P, AND Z PACKAGES 
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~ OP-G7 ULTRA·LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = 25° C, unless otherwise noted. 

OP-07E OP-07C OP-07D 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Off.et Voltage Vos (Note 11 30 75 60 150 60 150 ,.V 

Long-Term VOS 
Vos/Time (Note 21 0.3 1.5 0.4 2.0 0.5 3.0 ,.VIMo 

Stability 

Input Offset Current los 0.5 3.8 0.8 6.0 0.8 6.0 nA 

Input Bias Current Ie ±1.2 ±4.0 ±1.8 ±7.0 t2.0 ±12 nA 

Input Nol •• Voltege 
0.1 Hz to 10Hz 

0.35 0.6 enp~p 
(Note 31 

0.38 0.65 0.38 0.65 ,.Vp-p 

'0= 10Hz 10.3 18.0 10.5 20.0 10.5 20.0 
Input Nol.e 

'0 = 100Hz (Note 31 10.0 13.0 10.2 13.5 10.3 13.5 nVl,[HZ 
Voltage Density 

en 

'0= 1000Hz 9.6 11.0 9.8 11.5 9.8 11.5 

Input Noise Current Inp_p 
0.1Hz to 10Hz 

(Nota 31 
14 30 15 35 15 35 pAp-p 

fo= 10Hz 0.32 0.80 0.35 0.90 0.35 0.90 
Input Noise 

in '0 = 100Hz (Note 31 0.14 0.23 0.15 0.27 0.15 0.27 pAl,[HZ 
Current Density 

'0= 1000Hz 0.12 0.17 0.13 0.18 0.13 0.18 

Input ReSistance -
RIN (Note 41 15 

Differential·Mode 
50 8 33 31 MO 

Input Resistance -
R1NCM 180 120 120 GO 

Common-Mode 

Input Voltage Range IVR ±13 ±14 ±13 ±14 ±13 ±14 V 

Common-Mode 
CMRR 

Rejection Ratio 
VCM=±13V 106 123 100 120 94 110 dB 

Power Supply 
PSRR 

Vs=±3V 
Rejection Ratio to±18V 

20 32 32 ,.V/v 

RL 2:2kO. 
200 500 120 400 120 400 

Large-Signal 
VO=±10V 

Voltage Gain Avo RL 2:5000 VlmV 

Vo =±0.5V 150 400 100 400 400 
VS=±3V (Note 41 

RL2: 10kO ±12.5 ±13.0 ±12.0 ±13.0 ±12.0 ±13.0 
Output Voltage 

Vo RL 2:2kO ±12.0 ±12.8 ±11.5 ±12.8 ±11.5 ±12.8 V 
Swing 

RL 2:1kO ±10.5 ±12.0 ±12.0 ±12.0 

Slew Rate SR RL 2: 2kO (Note 31 0.1 0.3 0.1 0.3 0.1 0.3 VI,.. 
Closed-Loop 

Bandwidth 
BW 

AVCL = +1 
(Note 51 

0.4 0.6 0.4 0.6 0.4 0.6 MHz 

Open-Loop Output 
RO Va=O,la=O 

Resistance 
60 60 60 0 

Vs = ±15V, No Load 75 120 80 150 80 150 
Power Consumption Pd mW 

Vs = ±3V, No Load 4 6 8 

Offset Adjustment 

Range 
Rp= 2OkO ±4 ±4 ±4 mV 

NOTES: 
1. Input Offset Voltage measurements are performed by automated test 

equipment approximately 0.5 seconds after application of power. 
2. Long-Term Input Offset Voltage Stability refers to the averaged trend line 

of Vas vs. Time over extended periods after the first 30 days of operation. 

Excluding the initial hour of operation, changes in Vas during the first 30 
operating days are typically 2.5,.V - refer to typical performance curves. 
Parameter is sample tested. 

3. Sample tested. 
4. Guaranteed by design. 
5. Guaranteed but not tested. 
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~ OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, O· C $ TA $ + 70· C, unless otherwise noted. 

OP-07E OP-G7C OP-07D 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Off.et Voltago Vas (Notol) 45 130 85 250 85 250 p.V 

Average Input Offset 

Voltage Drift With-

out External Trim TCVos (Not03) 0.3 1.3 0.5 1.8 0.7 2.5 p.VI·C 

With External Trl m TCVoSn Rp = 20kn (Note 3) 0.3 1.3 0.4 1.6 0.7 2.5 p.VI·C I 
Input Offset CUrrent los 0.9 5.3 1.6 8.0 1.6 8.0 nA I 
Avorago Input Off.ot 

TClos (Note 2) 35 12 50 12 50 pAJ'C 

~ 
Current Drift 

Input Bias Current Ie ±1.5 ±5.5 ±2.2 ±9.0 ±3.0 ±14 nA 

Average Input Bias 
TCl e (Noto 2) 13 35 18 50 18 50 pAJ'C 

Current Drift 

Input Voltage Range IVR ±13.0 ±13.5 ±13.0 ±13.5 ±13.0 ±13.5 V 

Common·Mode 
CMRR VCM=±13V 123 97 120 94 108 

Rejection Ratio 
103 dB ~ -Power Supply 

r;., 
PSRR Vs = ±3V to ±18V 32 10 51 10 51 p.VIV ::l Rejection Rallo 

~ 
urge-Signal 

Ava 
RL" 2kn 

180 450 
Vollage Gain Vo =±10V 

100 400 100 400 VlmV ~ 
Output Voltage 

Va RL" 2kn ±12 ±12.6 ±11 ±12.6 ±11 ±12.6 v ~ Swing 

NOTES: 0 1. Inpul offsel voltage measurements are performed by automated test ...... 
equipment approximately 0.5 seconds after application of power. 

~ 2. Sample tested. 
3. Guaranteed by design. 

~ 

C5 
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--------I~ OP-cJ7ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER 

DICE CHARACTERISTICS (1250 C TESTED DICE AVAILABLE) 

DIE SIZE 0.100 x O.OS3lnch, 5300 Iq. mill 
(2.54 X 1.35 mm, 3.42 Iq. mm) 

1. BALANCE 
2. INVERTING INPUT 
3. NON INVERTING INPUT 
4. V-
8. OUTPUT 
7. V+ 
8. BALANCE 

For additional DICE Inlormatlon reler to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs = :!: 15V, TA = 25'C for OP-07N, OP-07G and OP-07GR devices; TA = 125'C for OP-07NT and 
OP-07GT devices, unless otherwise noted. 

OP-07NT OP-07N OP-D70T OP-070 OP-070R 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos 140 40 210 80 150 ~VMAX 

Input Offset Current los 4,0 2,0 5,8 2,8 8,0 nAMAX 

Input Bias Current Ie ±4 ±2 ±8 ±3 ±7 nAMAX 

Input Resistance 
RIN (Note 21 20 20 8 MOMIN 

Differential-Mode 

Input Voltage Range IVR ±13 ±13 ±13 ±13 ±13 VMIN 

Common-Mode 
CMRR VCM= ±13V 100 110 100 110 100 dBMIN 

Relectlon Ratio 

Power Supply 
PSRR Vs= ±3V to ±18V 20 10 20 10 30 ~VIV MAX 

Relectlon Ratio 

RL = 10kO ±12,5 ±12.0 ±12.0 
Output Voltage Swing Vo RL = 2kO ±12,0 ±12,0 ±12.0 ±11.5 ±11.5 VMIN 

RL = lkO ±10,5 ±10.5 

Large-Signal 
Avo 

RL = 2kO 
200 200 150 120 120 VlmV MIN 

Voltage Gain Vo=±10V 

Differential Input 
±30 ±30 ±30 ±30 ±30 V MAX 

Voltage 

Power Consumption Pd Vour=OV 120 120 150 mWMAX 

NOTES: 
1. For 25'C characteristics of OP-07NT and OP-07GT. see OP-07N and 2. Guaranteed by design, 

OP-07G characteristics. respectively, 

Electrical tests are performed at wafer probe to the limits shown, Due to variations In assembly methods and normal yield loss, yield after packaging Is not 
guaranteed for standard product dice, Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = +250 C, unless otherwise noted. 

OP-07NT OP-07N OP-070T OP-070 OP-070R 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Average Input 
Tevos Rs= 500 0,2 0,2 0.3 0,3 0,7 ~VI'C Offset Voltage Drill 

Nulled Input 
TeVosn Rs = 500, Rp = 20kO 0,2 0,2 0,3 0,3 0,7 ~VI'C Ollset Voltage Drift 

Average Input 
TClos 5 5 8 8 12 pAJ'C Offset Current Drill 

Slew Rate SR RLl!:2kO 0,3 0,3 0.3 0.3 0.3 V/~s 

Closed-Loop 
BW AVCL = +1 0,6 0,6 0.6 0,6 0.6 MHz Bandwidth 
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---------I~ OP·07 ULTRA·LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

'000 

200 

OPEN·LOOP GAIN VI 
TEMPERATURE 

I L 
- VS·,'6V 

.- .. _-

-~ 
-10 o BO 

TEMPERATURE lOCI 

MAXIMUM ERROR VI 
SOURCE RESISTANCE 

r--

'00 

,.Or----,----;---...., 1 TA·26'C 
Vs· :t1av i 0.8 1----+---+----11 

fi! 
iilo.e 1----t-----+---+-1 ; 
a: 0.41----t-----+---I>-.dj 

i 
! 0.2 ~==+:;::;:;;::;;;;o"'f~Y:;ll 

i 
100 1k 10k 'OOk 
MATCHED OR UNMATCHED SOURCE RESISTANCE illl 

INPUT BIAS CURRENT VI 
DIFFERENTIAL INPUT VOLTAGE 

30 

! i 20 

1l '0 

~ 
5 0 

~ 
~-'O 
'" i-20 

-30 

AT IVOIFF I'; ,.OV,llal .; 2nA /OP·07A) 

~ 
or;; 3nA (OP·07) -
" 7nA (Op·07e) ~ 

V 
V 

./ 

./ 
V 

VS·,'5V -

TnS'CI-

-30 -20 -10 '0 20 30 

DIFFERENTIAL INPUT VALUE (VOL TSI 

-30 

-20 

-'0 

10 

20 

30 

OFFSET VOLTAGE CHANGE DUE 

~30 
~ 
!:i 21 
~ 

i20 
~ 

i'l 

1'.0 
i 0.. 

fi! i ~e 
~ ... 
iii 

!u 
o 

TO THERMAL SHOCK 

I I I I v~.,1'6vl-
I I I I 

lA-aoc TA -7OOC 

I I I 
1---~ 1---
1-- BA 

I I 1--- ./ 
'A I I 

1--- ~ DEVICE IMMERSED 
IN 70'C OIL BATH 

20 40 10 BO 100 
TIMEISECI 

MAXIMUM ERROR VI 
SOURCE RESISTANCE 

-H'C < T) 12E'C 
VS-:t1SV 

/ 
/ 

OP·07 -VJ 
OP·07A -V 

100 1k 10k ,OOk 
MATCHED OR UNMATCHED SOURCE RESISTANCE (n) 

1 3 

8 
a: a: a 2 

~ 
i, 

INPUT BIAS CURRENT VI 
TEMPERATURE 

Vs = t1aV 
-f---

··r-(---

........ OP·07C 
, OP·07 H-

OP·07A 

-60 

i'--~ OP-01E 
1:--

r---. ~ 
60 

TEMPERATURE (OCI 

5-57 

,.,. ,/ 
v ..... 

100 

WARM·UP DRIFT 
~ 26 

TA - ~6.C ~ 
i 20 

~ 

_ VS· ,,6V 

tt 1& o 

~ ! 10 

M 

OP-07C OP·07E 

~ ~ I 6 

i 0 0 
~ OPTA r07 

TIME AFTER POWER SUPPLY TURN-ON (MINUTES) 

i fO 
~ d •• 

~ i ~8 
a: 
Ii! 0.' 
iii 
! 0.2 

i 0 

MAXIMUM ERROR VI 
SOURCE RESISTANCE 

O"C<1<70"C 
VS· :l:1aV 

/ 
/ 

// 
OP·07 c .-" / -OP·07E 

100 1k 10k 100k 
MATCHED OR UNMATCHED SOURCE RESISTANCE (0) 

2.1 

INPUT OFFSET CURRENT VB 

TEMPERATURE 

Vs· t16V 

0P·07C 

OP-07 1\ 

~ ~ ........ f- /.. OP·07E 

OP.07;;:---' 
..... ~ ", 

1- T 
-10 o 60 '00 

TEMPERATURE rCI 
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________ --\~ OP·07 ULTRA·LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

OP·07 LOW FREQUENCY NOISE 

CMRR VI FREQUENCY 
130 

120 
IlJlI IIIO~.JJ 

110 

OP·07C 

~ 

ii 
3100 
a: 
a: 
i!i 90 

90 

70 

.. 
1.0 

~ 

10 100 1k 10k 
FREQUENCY (Hz) 

OPEN·LOOP 
FREQUENCY RESPONSE 

120 I"-

'" I I 
['\,. 

VS= 115V - t--
TA"+25Q C 

~ 
90 

~ 

'" 
40 

:"\.. 
[\ 

lOOk 

0.1 1 10 100 lk 10k 100k 1M 10M 
FREQUENCY (Hz) 

TOTAL INPUT NOISE VOLTAGE 
vs FREQUENCY 

1000 

F RSl • RS2 '" 2DOkil 

~~ 
~ THERMAL NOISE OF SOURCE 

RESISTORS ~~gt~g~g \ 
,-
I ~ LI ~ ..s,oo 

~ g 

.. Z~ 

i 

-. 

-~ ....... RS=O 

ft· 
10 

VS"'±15V r--' 
TA·25"C 

1.0 
1.0 

I 1111 
10 100 
fREQUENCY 1Hz) 

U 

PSRR VI FREQUENCY 
130 

1 ~~!~~I ~~I~lk.JCI 

1illI 
110 

rOO·07C 
~ 

100 .. 
80 

70 
1\ 

~ 
.. 
50 

0.1 1.0 10 100 lk 

FREQUENCV (Hz) 

CLOSED·LOOP RESPONSE 
FOR VARIOUS 

GAIN CONFIGURATIONS 

lk 

10k 

100 

L".)-80 

l"\ 
TA=25°C 

~ 
f'--

'\. 
1\ 

-20 
10 100 lk 10k 100k 1M 10M 

FREQUENCY 1Hz) 

5·58 

10 

INPUT WIDE BAND NOISE vs 
BANDWIDTH (O.1Hz TO 

FREQUENCY INDICATED) 

~. 

~ VS·,,5V 
t- TA· +2S·C 

V 

.... 
0.1 

100 lk 10k 
BANDWIDTH (Hz) 

lOOk 

1000 

8 .. 

200 

28 

24 

20 

18 

12 

OPEN·LOOP GAIN VI 

POWER SUPPLY VOLTAGE 

t-T~.+JOC 

/' 
--. 

t'"-... ..... r-.... 

:1:5 .t10 :1:16 dO 

POWER SUPPLY VOLTAGE (VOLTS) 

MAXIMUM OUTPUT SWING 
VI FREQUENCY 

l- v. ~ ,lol" 
TA '" +2S"C 

1\ 
lk 10k tOOk 1M 

FREQUENCY (Hz) 
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________ ---/~ OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

20 

MAXIMUM OUTPUT VOLTAGE 
VI LOAD RESISTANCE 

I- TAI_+2~J I III 
VS=.t1SV ,is,LjsUJJ VIN = ±10mV 

NEGATIVE SWING 

!/ 1/ 

II 

o 
100 1k 10k 

LOAD RESISTANCE TO GROUND tn) 

UNTRIMMED OFFSET VOLTAGE 
vs TEMPERATURE 

/ 
r- VS"':t16V 
I--RS"'DOfl 

OP-07C t---

~ 

i'-. 

-60 

/ 
/ 

--
OP·01E Z 

V 
....... -' 

--- ..... 

60 
TEMPERATURE reI 

./ 

V'OP.07 

.,.,-
--;;;r07A 

I 

100 

TYPICAL APPLICATIONS 

1000 

I 
2 100 
o 

I 
ffi 10 

~ 

1.0 

30 

POWER CONSUMPTION 
vs POWER SUPPLY 

_TA""+25°C 

V 

1/ 

V 

20 40 
TOTAL SUPPLY VOLTAGE, V+ TO V- (VOLTS) 

TRIMMED OFFSET VOLTAGE 
vs TEMPERATURE 

r- Vas TRIMMED TO <5~V AT 25°C 
NULLING POT =- 20kn 

1. OP-07A ~ 2. OP-07E - 17+'-
3. OP·07 
4. OP-07C J ! I 

(j) II .I!l 
j, 

]tQ. 1\ I~ ~LUft 

-60 

\ \ , Vfo/j 

" ~\ ,!-V· 
~, IIF I 

J 
60 

TEMPERATURE (~C) 

r---

100 

80 

36 

1 
I
ffi30 .. .. a 
t:: o 25 .. 
U 
Ii: 
o 
ili 20 

! 
15 

16 

12 

> 
3 • 

ill 
;: 

i 
Ii: 
i 
Q-4 ... 
~ I! -6 

-12 

-16 

OUTPUT SHORT-CIRCUIT 
CURRENT vs TIME 

l\ 1. L IPll3) _1_10ml. vol, +1J-
2. VIN (PIN 3) = +10mV, Vo = -15V 

I~~ 
..... i"""=~ 

r-- 2 

~ 
VS=:t15V 

I-- TA-t5' C 

o 
TIME FROM OUTPUT BEING SHORTED (MINUTES) 

OFFSET VOLTAGE STABILITY 
vs TIME 

~·~qtINE~f:±.-.u-'~·':.:::1 
~: ~_I O.2p.V/mo,TREND LINE 

I TA NO l.INE 
~D,3Io1V/mo.TREND LlNErO.~V/mo. 

. T iii, 

r... a.allV/mo. TREND LINE 
~'~~~~'INE 

1 2 3 4 5 6 1 8 9 10 11 12 

TIME (MONTHS) 

HIGH SPEED, LOW Vos, COMPOSITE AMPLIFIER ADJUSTMENT-FREE PRECISION SUMMING AMPLIFIER 

SUM 
EIN R1 NODE 

BIAS 

v+ R3 
3kn 

R1 
10kS1 

EO'" -EIN ~ + ISlAS RF 

v-

PINOUTS SHOWN FOR J, P, AND Z PACKAGES 

RF 

R2 
lOon 

v+ 

v-

EO 

5-59 

R4 
10kn 

A1 
10kn 

+15V E1 
R2 

10kn 2 
E2 - 7 

R3 • 10kn OP.o7A EO E3 3 

-V4 
A5 
2.5kn 

':" -15V 

PINOUTS SHOWN FOR J, P, AND Z PACKAGES 
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---------l!W OP-07 ULTFIA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIEFI 

TYPICAL APPLICATIONS 

,HIGH-STABILITY THERMOCOUPLE AMPLIFIER 

SENSING 
JUNCTION 

REFERENCE 
JUNCTION 

R' 

R2 

R3 

R4 

V-

PINOUTS SHOWN FOR J, P, AND Z PACKAGES 

APPLICATIONS INFORMATION 

at_.!!! 
R3 R4 

EO 

OP-07 series units may be substituted directly into 725, 
108A/308A* and OP-05 sockets with or without removal of 
external compensation or nulling components. Additionally, 
the OP-07 may be used in unnulled 741-type sockets. How
ever, If conventional 741 nulling circuitry Is in use, it should 
,be modified or removed to enable proper OP-07 operation. 
OP-07 offset voltage may be nulled to zero through 
use of a potentiometer (see offset nulling circuit diagram). 

'TO-99 Package only 

5-60 

PRECISION ABSOLUTE-VALUE CIRCUIT 

R3 R4 R6 
'Okll 'Okll 'Okll 

V+ 
FD333 

V+ 0' 
R' 

EIN 10kO 

±10V 

v- FD333 V-
02 

R2 
10kO VA 

PINOUTS SHOWN FOR J, P, AND Z PACKAGES 

The OP-07 provides stable operation with load capacitance 
of up to 500pF and ± 10V swings; larger capacitances should 
be decoupled with a 50n decoupling resistor. 

Stray thermoelectric voltages generated by dissimilar metals 
at the contacts to the input terminals can degrade drift per
formance. Therefore, best operation will be obtained when 
both input contacts are maintained at the same temperature, 
preferably close to the package temperature. 
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Precision MOllolithics Inc. 

FEATURES 
• Low Offset Voltage .•...................... 150"V Max 
• Low Offset Voltage Drift ................ 2.5"VI"C Max 
• Five Times PM108A Output Current .......... SmA Min 
• Low Offset Current .....................• 200pA Max 
• Low Bias Current ........................... 2nA Max 
• Low Power Consumption .......... 18mW Max @ ± 15V 
• High Common-Mode Input Range ........ ±13.5V Min 
• MIL-STD-883 Class B Processing Available 
• Silicon-Nitride Passivation 
• 1250 C Temperature-Tested Dice 

ORDERING INFORMATIONt 

PACKAGE 

TA=2SoC HERMETIC PLASTIC OPERATING 
VosMAX TO-II DIP DIP TEMPERATURE 

(mV) a-PIN 8-PIN 8-PIN RANGE 

0.15 OP08AJ" OP08AZ" MIL 
0.15 OP08EJ OP08EZ OP08EP COM 
1.0 OP08CJ" OP08CZ" MIL 
1.0 OP08GJ OP08GZ OPOlGP COM 

"For devices processed in total compliance to MIL-STD-BB3, add IBB3 efter 
part number. Consult factory for BB3 data sheet. 

t All commercial and Industrial temperature range parts are available with 
burn-in. For ordering Information see 19B6 Data Book, Section 2. 

SIMPLIFIED SCHEMATIC 

OP-08 
PRECISION IDW-INPUT- CURRENT 

OPERATIONAL AMPLIFIER 

GENERAL DESCRIPTION 
The PMI OP-08 is an improved version of the popular LM108A 
low-power op amp. Excellent performance is achieved by 
applying PMI's ion-implanted super-beta process and on
chip-zener-zap trimming. The OP-08 has a three-times lower 
offset voltage and a two-times lower offset voltage drift. 
Worst-case input offset voltage over -550 C to + 1250 C for the 
OP-08 is only 350"V.ln addition, the OP-08 has five times the 
output current capability of the 108A. For an op amp with' 
identical specifications plus internal frequency compensa
tion, see the OP-12 data sheet. 

PIN CONNECTIONS 

COMP 

COMe' s 7V+ 
-IN 2 8 OUT 

+IN 3 5 N.C. 

• v- leASE) 

TO-99 
(J-Sufflx) 

a-PIN HERMETIC DIP 
(Z-Suffix) 

EPOXY MINI-DIP 
(P-Sufflx) 

CMP CMP 8 

5-61 

R5 

OUTPUT '----+--____ -0. 

R6 
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--------I~ OP-08 PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS (Note 4) 
Supply Voltage 

OP-oBA, OP-OSE (All DICE except GR) ••••••••••• ±20V 
OP-OSC, OP-OSG (GR DICE Only) ••••••••••••••• ±1SV 

Internal Power Dissipation (Note 1) •••••••••••••• 500mW 
Differential Input Current (Note 2) ••••••••••••••• ±10mA 
Input Voltage (Note 3) ............................ ±15V 

Output Short-Circuit Duration ••••••••••••••••• Indefinite 
Operating Temperature Range 

OP-OSA,OP-OSC ................... -55·C to +125·C 

OP-OSE,OP-OSG ....................... O·C to +70·C 
Storage Temperature Range (J, Z) ••••• -S5·C to +150·C 
Storage Temperature Range (P) ••••••• -65·C to +125·C 

Lead Temperature Range (Soldering, 60 sec) ••••• ' 300·C 
DICE Junction Temperature (TJ) ••••••• -65·C to +150·C 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

PACKAGE TYPE FOR RATING TEMPERATURE 

TQ-99 (J) 80°C 7.1 mWI" C 

8-Pin Plastic DIP (P) 36°C 5.6mWI"C 

8-Pln Hermetic DIP (Z) 75°C 6.7mWtOC 

NOTES: 
1. See table for maximum ambient temperature rating and derating factor. 
2. The Inputs are shunted with back-to-back diodes for overvoltage protec

tion. Therefore, exceaalve current will flow If a differential Input voltage In 
exceaa 01 1 V Is applied between the Inpuls without some limiting realstanc8. 

3. For supply voltages leaa than ± 1SV, the absolute maximum Input voltage I. 
equal to the supply voltage. 

4. Absolute ratings apply to both DICE and packaged part., unl ... otherwise 
noted. 

ELECTRICAL CHARACTERISTICS at TA=+25·C, VS= ±20V for A and E Grades, Vs=±15Vfor C and G Grades, unless 
otherwise noted. Compensation capacitor = 30pF. 

OP-OBAIE OP-OBC/G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 0.07 0.15 0.25 1.0 mV 

Input Offaet Current los O.OS 0.20 0.08 0.50 nA 

Input Bias Current Ie 0.80 2.0 1.0 5.0 nA 

Input Noise Voltage 8 ne-e 0.1Hz to 10Hz 0.9 0.9 "Ve-e 
Input Noise 

10= 10Hz 22 22 

Voltage Density en 10= 100Hz 21 21 nVl.JHZ 
10= 1000Hz 20 20 

Input Noise Current In~E! 0.1 Hz to 10Hz 3 pAe-e 
Input Noise 

10= 10Hz 0.15 0.15 

Current Density In 10= 100Hz 0.14 0.14 pAl.JHZ 
10= 1000Hz 0.13 0.13 

Input Reslstance-
RIN (Note 1) 26 70 10 50 MO 

Differential Mode 

Input Voltage Range IVR Vs =±15V ±13.5 ±14.0 ±13.5 ±14.0 V 

Common-Mode 
CMRR VcM =±13.5V 104 120 84 116 dB 

Rejection Ratio 

Power Supply 
PSRR Vs = ±5V to ±15V 7 2 63 "VN Rejection Ratio 

RL~ 10kO, 
80 300 40 250 

Large-Signal 
Vo =±10V 

Voltage Gain Avo RL~2kO, VlmV 
Vo =±10V, 50 150 100 
Vs= ±1SV 

RL~ 10kO, 
±13 ±14 ±13 ±14 

Output Voltage Swing Vo 
Vs =±15V 

V 
RL~ 2kO, 

±10 ±12 ±10 ±12 
Vs =±15V 

Slew Rate SR RL~2kn 0.12 0.12 VI"s 

Closed-Loop 
BW AVCL =+1 0.8 0.8 MHz 

Bandwidth 

Open-Loop Output 
Ro Vo=O,lo=O 200 200 0 Resistance 

Power Consumption Pd 
Vs =±ISV 9 18 12 24 

mW 
Vs =±5V 3 6 4 8 

NOTE: 
1. Guaranteed by input bias current. 
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----------1~ OP-OS PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V for C Grade and Vs = ±20V for A Grade, -550 C ::; TA::; + 1250 C, unless 
otherwise noted. 

PARAMETER SYMBOL 

Input Offset Voltage Vos 

Average Input 
Offset Voltage TCVos 
Drift 

Input Offset Current los 

Average Input 
Offset Current TClos 
Drift 

Input Bias Current Ie 

Input Voltage Range IVR 

Common-Mode 
CMRR 

Rejection Ratio 

Power Supply 
PSRR 

Rejection Ratio 

Large-Signal 
Avo Voltage Gain 

Output Voltage Swing Vo 

Power Consumption Pd 

COMPENSATION CIRCUITS 

R1 

R3 

IMPROVES REJECTION OF POWER 
SUPPLY BY A FACTOR OF TEN 

At TERNATE 

R2 

OFFSET VOLTAGE TEST CIRCUIT 

lOOka 

CONDITIONS 

VS =±15V 

Vs = ±5V to ±15V 

RL ",5kO, 
Vo =±10V 
Vs =±15V 

RL ",10kO, 

Vs= ±15V 
RL",5kO, 
Vs =±15V 

Vs= ±15V 

>:......-~-'" OUTPUT 

Cs = 100pF 

>--"""--0 Va 

OP-GBA 
MIN TYP 

0.12 

0.50 

0.12 

0.50 

1.2 

±13.5 ±14.0 

100 110 

4 

40 120 

±13 ±14 

±10 ±12 

9 

R1 

R3 

BURN-IN CIRCUIT 

5-63 

OP-GBC 
MAX MIN TYP MAX UNITS 

0.35 0.40 2.0 mV 

2.5 1.5 10 /JV/oC 

0.40 0.18 1.0 nA 

2.5 1.0 5.0 pA/oC 

3.0 1.8 10 nA 

±13.5 ±14.0 V 

80 108 dB 

10 5 100 /JVIV 

15 80 VlmV 

±13 ±14 
V 

±10 ±12 

18 15 24 mW 

STANDARD 
R2 

OUTPUT 

Cf;> Rl ~lR2 Co 

Co'" 30pF 
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~ OP-08 PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs = ±15V for G Grade and Vs = ±20V for E Grade, OOC :S TA:S +700 C, unless 
otherwise noted. 

PAIIAMETlII SYMBOL CONDITIONS 

Input Offset Voltage Vas 

Average I "put 
Ollset Voltage TCVos (Note I) 
Drill 

Input Oll.et Current los 

Average I.nput 
Offset Current TClos (Note I) 
Drllt 

Input Bias Current Ie 

Input Voltage Range IVR Vs-±16V 

Common-Mode 
CMRR VCM =±13.5V 

Relectlon Ratio 

Power Supply 
PSRR Vs=±5Vto±15V 

ReJection Ratio 

RL0i:2kO, 

Large-Signal 
Vo=±IOV 

Voltage Gain AyO RLOi: 10kO. 
Vo=±IOV 
Vs =±15V 

RLOi: 10kO. 
Output Voltage 

Vo 
Vs =±15V 

Swing RL0i:2kO. 
Vs=±15V 

Power Consumption Pd Vs=±15V 

NOTE: 
I. Sample tested. 

LOW·FREQUENCY NOISE TEST CIRCUIT (0.1 to 10Hz) 

100n 

'01<11 

NOTES: 
1. 81 IA AND BI CLOSED MEASURES In (VO,)' 

2. ~~P~~~DB~~:NT~i~~~~SEAs~~~~~~Vfl.I. In IS 
3. COMPENSATION COMPONENTS NOT SHOWN BUT 

THEY ARE CONNECTED. 
4. SEE NOISE PHOTO QF In IN TYPICAL PERFORMANCE 

CURYES SECTION. 
6. AV· 10,000 WITH RESISTORS AS SHOWN. 

5-84 

OPoG8E OP·08G 
MIN TVP MAX MIN TVP MAX UNITS 

0.10 0.26 0.32 1.4 mV 

0.50 2.5 1.5 10 iJV/oC 

0.08 0.30 0.12 8.5 nA 

o.eo 2.5 2.0 50 pAloC 

1.0 2.8 1.4 8.6 nA 

±13.6 ±14.0 ±13.6 ±14.0 V 

100 118 80 112 dB 

2 10 3 100 iJV/V 

26 100 80 
V/mV 

80 200 26 150 

±13 ±14 ±13 ±14 
V 

±IO ±12 ±10 ±12 

9 18 IS 24 mW 

+16V 

'Mil 

'000 
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---------tm OP-08 PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER 

DICE CHARACTERISTICS (125° C TESTED DICE AVAILABLE) 

DIE SIZE 0.058 x 0.042 Inch, 2438 Iq. mill (1.47 X 1.D7mm, 1.57 Iq. mm) 

1. COMPENSATION 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
8. OUTPUT 
7. V+ 
8. COMPENSATION 

For additional DICE Information reler to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs = ± 20V, TA = 25°C for OP·08N and OP·08G devices; Vs = ± 20V, TA = 125°C for OP·08NT and 
OP·08GT devices; Vs= ± 15V, TA = 25°C for OP·08GR devices, unless otherwise noted. 

OP-OBNT OP-OBN OP-OBGT OP-OBG OP-OBGR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Ollset Voltage Vos 0.35 0.15 0.6 0.3 1.0 mVMAX 

Input Ollset Current los 0.2 0.2 0.4 0.2 0.5 nAMAX 

Input Bias Current Ie 4 5 nAMAX 

Input Voltage Range IVR Vs =±15V ±13.5 ±13.5 ±13.5 ±13.5 ±13.5 VMIN 

Common-Mode 
CMRR 

VCM=±13V 
100 104 100 104 84 dBMIN Rejection Ratio Vs =±15V 

Power Supply 
PSRR Vs = ±5V to ±15V 10 10 7 63 jAVIVMAX Rejection Ratio 

Vs =±15V 
Output Voltage 

Vo 
Rl~ 10kn ±13 ±13 ±13 ±13 ±13 

VMIN 
Swing Rl~ 2kn ±10 ±10 ±10 

Rl~5kn ±10 ±10 

Large-Signal Rl~ 10kn 80 80 40 
Voltage Gain Avo Rl~2kn. Vs=±15V 50 50 VlmVMIN 
(Vo=±10V) Rl ", 5kn. Vs=±15V 40 40 

Input Reslstance RIN (Note 2) 25 25 10 MnMIN 

Supply Current Isv 
IOUT=O. Vs=±15V 

0.6 0.6 0.6 0.6 0.8 mAMAX 
VOUT=O 

NOTES: 
1. For 25°C characteristics 01 NT & GT devices. see N & G characteristics. 2. Guaranteed by input bias current. 

respectively. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss. yield after packaging Is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs= ±15V, unless otherwise noted. 

OP-OBNT OP-OBN OP-OBGT OP-OBG OP-OBGR 
PARAMETER SYMSOL CONOITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Average Input Ollset 
TCVos 0.5 0.5 1.0 1.0 1.5 I'VloC 

Voltage Drift 

Average Input Offset 
TClos 0.5 0.5 0.5 0.5 1.0 pAloC 

Current Drift 
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_______ -.;1fMj) OP-08 PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

LOW FREQUENCY NOISE 

~ IT]-¥ I i 

1.11'1 [I 
i [ I: I I i 

r~[li.,yt' 
1 i I I i I .. ! 

, !! 1 : 
I [Jl i I I J 
RS· 0, BW "'O.1Hz TO 10Hz 
5mV/DIV AT READOUT 
O,5;.1V/DIV REFERRED TO INPUT 

TRANSIENT RESPONSE TEST CIRCUIT 

SMALL-SIGNAL 
TRANSIENT RESPONSE 

-- ··-r I 

WiWTI!:WTTTT i I t1n0 1 [' 

illlll'll 
, II I. I II' : ..... i 1 [ : 
I ,Ii I , : 

'OpF 

,0kSl 

LARGE-SIGNAL 
TRANSIENT RESPONSE 

~-+----_+-~OUT 

IN o--..... -.lI/'II'-'----V" 

OPEN-LOOP GAIN AND PHASE 
VI FREQUENCY 

120 

80 

I _"foE+-........!.. 
","',=,,- Cf = 3pF Cf ' 3pF/ 

Cf ' 31..}.' ."- '/ 
'_'\ '1 
'X- ."'CS ·,00pF ........ ' 

Cs = 100pF , /) 

'\.' I'\. ~F/ 
Cf " 30pF 

240 

220 

200 

'80 
'60 

'40 

'20 

'00 

100 

60 

40 

'\. 'l'\. 
,", 

" VS" ±15V _"\. TA =2S"C 
"\. 

80 

60 

40 

20 

20 

-20 
1 10 100 1k 10k lOOk 1M 10M 

FREQUENCY (Hz) 

120 

110 

100 

90 
'5 

'Ok" 

OPEN-LOOP GAIN 
VI SUPPLY VOLTAGE 

RL =2kn 

125"C 

-ISB"e 

-';;::-26'C 

±10 ±15 

SUPPLY VOLTAGE (VOLTS) 

5-66 

'OOpF 

'20 

INPUT BIAS CURRENT 
AND INPUT OFFSET CURRENT 

VB TEMPERATURE 
2.0 

,.5 

0.5 

r---r-
r-t---1.0 

0.15 

...... ....... 
0.10 

0.05 

o 
-55 -35 -15 5 25 45 65 86 106 125 

TEMPERATURE (OC) 
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---------I1fHD OP-08 PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

600 

500 

;; 
3400 

SUPPLY CURRENT 
VB SUPPLY VOLTAGE 

NO LOAD 

26°C 

i -- -5~ a 300 

~ 
II: 200 
iI 

'00 

o 
±5 

126·C 

110 ±15 "0 
SUPPLY VOLTAGE (VOLTS) 

SUPPLY CURRENT 
VB TEMPERATURE 

1 400 I-t;;;f--j::!==pEt;:j'--il 
~ I 
iii 
il 

i 200 1-+--+--+-+-+-+-+-+--1 

~5~5--~35~-~'5~5~2~5~45~B~5~B5~'0~5~'25 
TEMPERATURE (OC) 

POWER SUPPLY 
REJECTION RATIO (PSRR) 

VI FREQUENCY 

-20 L....._....I...._...J.._......I __ .l......_.J ~ 
100 1k 10k 100k 1M 10M ~ 

FREQUENCV (Hz) ~ 

APPLICATIONS INFORMATION TYPICAL APPLICATION 
~ 
~ The OP-OS series has very low input offset and bias currents; 

the user is cautioned that printed circuit board leakage 
currents can produce significant errors, especially at high 
board temperatures. Careful attention to board layout and 
cleaning procedure is needed to take full advantage of the 
OP-oS performance. Board leakage is minimized by encircling 
the input pins with a guard ring maintained at the same 
potential as the inputs. This guard ring should be driven by a 
low impedance source, such as an amplifier's output 
or ground. 

5-67 

BILATERAL CURRENT SOURCE 

R2 

2MIl 

R' 

4MIl 
R3 

.". 
4MIl R6 

RS«R3 RS 
lkll 

3DpF 

~'l R4 

2MIl 

Rl 

ER4 IF R1-R3 AND R2-R4+R6 THEN 
'LS!!- IL IS INDEPENDENT OF VARIATIONS 

R3R6 IN RL 
.". 
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Precision MOIlO]ithics Inc. 

FEATURES 
• Guaranteed Vos .......................... SOOpV Max 
• Guaranteed Matched CMRR ...........•.... 94dB Min 
• Guaranteed Matched Vos .................• 7S0pV Max 
• RC/RM4131$ Direct Replacement (OP-09) 
• LM148/LM348 Direct Replacement (OP-11) 
• Low Noise 
• Silicon-Nitride Passivation 
• Internal Frequency Compensation 
• Low Crollover Distortion 
• Continuoul Short-Circuit Protection 
• Low Input Blal Current 

ORDERING INFORMATIONt 

TA=25'C 
VosMAX 

(mV) 

0.5 

0.5 

2.5 

2.5 

5.0 

5.0 

HERMETIC 
DIP 

14-PIN 

OP,09AY' 
OP-llAY' 

OP-09EY 
OP-llEY 

OP-09BY' 
OP-llBY' 

OP-09FY 
OP-llFY 

OP-llCY' 

OP-llGY 

EPOXY 
DIP 

14-PIN 

OP-llEP 

OP-09FP 
OP-llFP 

OP-l1GP 

LCC 

OPllARC/883 

OPERATING 
TEMPERATURE 

RANGE 

MIL 

COM 

MIL 

COM 

MIL 

COM 

• For devices processed In total compliance to MIL-STD-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn-In. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The OP-09 and OP-11 provide four matched 741-type opera
tional amplifiers in a single 14-pin DIP package. The OP-11 is 
pin compatible with the LM148, LM348, RM4156, and HA4741 
amplifiers. The OP-09 is pin compatible with the RM4136 and 
RC4136. The amplifiers are matched for common-mode 
rejection ratio and offset voltage which is very important in 
designing instrumentation amplifiers. In addition, the ampli-

SIMPLIFIED SCHEMATIC (One of Four Amplifier. II Shown) 

!-lIN 

(+1 IN 0---/-------+--' 

5-68 

OP-09/0P-ll 
QUAD MATCHED 

741-TYPE OPERATIONAL AMPLIFIERS 

fier is designed to have equal positive-going and negative
going slew rates. This is an important consideration for good 
audio system performance. 

Each of the four amplifiers has the proven OP-02 advantages 
of low noise, low drift, and excellent long-term stability. Pre
cision Monolithics' exclusive Silicon-Nitride "Triple Passiva
tion" process reduces "popcorn noise", provides high relia
bility, and assures long-term stability of paral11eters. 

The OP-09 and OP-11 are ideal for use in designs requiring 
minimum space and cost while maintaining OP-02-type 
performance. 

OP-09's and OP-11 's with processing perthe requirements of 
MIL-STD-883 are available. For dual-741-type versions, see 
the OP-04/14 data sheet. 

PIN CONNECTIONS 

OP-09 
aUTIA) 1 

+IN{A) 3 

+IN (BI 5 

-IN (B) 6 

OUT (B) 7 

OP-11 

8 CUT (C) 

14-PIN HERMETIC DIP (V-Suffix) 
EPOXV DIP (P-Sufflx) 

OP-11ARC/883 

LCC 
(RC-Suffix) 

L---/---t---+-<> OUTPUT 
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---------I1fMD OP-09/0P-11 QUAD MATCHED 741-TYPE OPERATIONAL AMPLIFIERS 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Supply Voltage .......................•..•........ ±22V 
OP-09GR and OP-11GR (Only) .................. ±18V 

Internal Power Dissipation (Note 1) 
RC. V-Package ............................... 800mW 
P-Package ................................... 500mW 

Differential Input Voltage .......................... ±30V 
Input Voltage ............................ Supply Voltage 
Output Short-Circuit Duration ............... Continuous 

(One Amplifier Only) 
Storage Temperature Range 

RC. V-Package ..................... -65·C to +150·C 
P-Package ......................... -65·C to +125·C 

Lead Temperature Range (Soldering. 60 sec) ...... 300·C 
DICE Junction Temperature (Tj) ..... -65·C to +150·C 

Operating Temperature Range 
OP-09A.OP-09B ................... -55·C to +125·C 
OP-09E. OP-09F ........................ O·C to +70·C 

OP-11A.OP-11B. 
OP-11C.OP-11ARC ................. -55·C to +125·C 
OP-11E. OP-11F. OP-11G ................ O·C to +70·C 

NOTES: 

1. See table for maximum ambient temperature and derating factor. 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

PACKAGE TYPE FOR RATING TEMPERATURE 

14-Pin Hermetic DIP (Y) 70'C 10.0mW;oC 

14-Pin Plastic DIP (P) 42'C 6mW/'C 

LCC (RC) 70'C 7.8mW/'C 

2. Absolute maximum ratings apply to both DICE and packaged parts. unless 
otherwise noted. 

MATCHING CHARACTERISTICS at Vs = ± 15V. TA = +25· C. Rs::; 1000. unless otherwise noted. 

OP-09A, OP-09E OP-09B, OP-09F 
OP-11A,OP-11E OP-11B,OP-11F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX 

Input Ollset Voltage Match Il.vos 0.5 0.75 0.8 2.0 

Common-Mode Rejection 
aCMRR 

VoM =±12V 20 20 
Ratio Match VOM = ±12V 94 120 94 120 

MATCHING CHARACTERISTICS at Vs= ±15V. -55·C:5 TA:5 +125·C for OP-09A. OP-09B. OP-11A and OP-11B. 
O'C::; TA::; +70'C for OP-09E. OP-09F. OP-11 E and OP-11 F. Rs::; 1000. unless otherwise noted. 

OP-09A, OP-09E OP-09B, OP-09F 
OP-11A,OP-11E OP-11B,OP-11F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX 

Input Offset Voltage Match avos 0.6 1.0 1.0 2.5 

Common-Mode Rejection 
aCMRR 

VoM =±12V 3.2 20 3.2 20 
Ratio Match VoM =±12V 94 110 94 110 

UNITS 

mV 

p.V/v 

dB 

UNITS 

mV 

p.V/v 

dB 
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~ OP-G9/0P-11 QUAD MATCHED 741-TYPE OPERATIONAL AMPLIFIERS 

ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vs = ±15V TA = 25°C, unless otherwise noted. 

OP-09A1E OP-09B/F 
OP-11A1E OP-11B/F OP-11C/G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos RsS 10kll 0.3 0.5 0.6 2.5 1.2 5.0 mV 

Input Offset Current los 5.5 20 25 50 75 200 nA 

Input Bias Current 18 lao 300 300 500 300 500 nA 

Input Resistance 
R'N (Note 31 0.17 0.29 

Differential Mode 
0.1 0.17 0.1 0.17 Mil 

Input Voltage Range IVR ±12 ±13 ±12 ±13 ±12 ±13 V 

Common-Mode 
CMRR VCM = ± 12V, Rs S 10kil 100 120 100 120 70 100 dB 

Rejection Ratio 

Power Supply 
PSRR 

Vs = ±5 to ±15V, 
4 32 4 32 10 100 p.v/V 

Rejection Ratio RsS 10kll 

Output Voltage Swing Vo RL,,2kll ±11 ±13 ±11 ±13 ±11 ±13 V 

Large-Signal Voltage 
Avo RLS2kn, Vo =±10V lOa 650 lOa 650 50 500 VlmV 

Gain 

Power Consumption 
Pd Vo=OV 105 lao 123 lao 210 340 mW 

(Note II 

Input Noise Voltage 9 np-e O. I Hz to 10Hz 0.7 0.7 0.7 p.Ve:e 
Input Noise Voltage 

10= 10Hz 18 18 la 

Density en 10= 100Hz 14 14 14 nV/v"HZ 
10= 1000Hz 12 12 12 

Input Noise Current ine-e O. I Hz to 10Hz 17 17 17 pAe:e 
Input Noise Current 

10= 10Hz 1.8 1.8 l.a 

Density in 10= 100Hz 1.5 1.5 1.5 pNv"HZ 
10= 1000Hz 1.2 1.2 1.2 

Channel Separation CS 100 130 100 130 130 dB 

Slew Rate (Note 2) SR 0.7 1.0 0.7 1.0 0.7 1.0 Vlp.s 

Large-Signal 
Vo = 20Vp_p II 16 

Bandwidth (Note 2) 
II 16 II 16 kHz 

Closed-Loop 
BW AVCL = +1.0 2.4 3.0 2.4 3.0 2.4 3.0 MHz 

Bandwidth (Note 4) 

Rlsetime (Note 2) tr Av=+I, V ,N =50mV 110 145 110 145 110 145 ns 

Overshoot (Note 2) OS 15 25 15 25 15 25 % 

NOTES: 
1. Total dissipation lor all lour ampliliers in package. 
2. Sample tested. 
3. Guaranteed by input bias current. 
4. Guaranteed by risetime. 

5-70 1/86, Rev. A 



[fMD OP-09/0P-11 QUAD MATCHED 741-TYPE OPERATIONAL AMPLIFIERS 

ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vs = ± 15V, -55· C S; TA S; + 125· C, unless otherwjse noted. 

OP-09A OP-09B 

OP-11A OP-11B OP-11C 
PARAMETER SYMaOL CONDITIONS MIN TVP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Rs" 10kll 0.4 1.0 1.0 3.5 1.5 6.0 mV 

Average Input Offset 
TCVos Rs" 10kll 2.0 10 4.0 15 4.0 /JoV;oC 

Voltage Drift (Note 3) 

Input Offset Current los 20 40 40 80 250 300 nA 

Average Input Offset TCI 
Current Drift (Note 3) os 

0.1 0.3 0.3 0.6 0.3 0.6 nA/oC 

Input Bias Current I. 200 375 400 650 400 800 nA 

Input Voltage Aange IVA ±12 ±13 ±12 ±13 ±12 ±13 V 

Common-Mode 
CMAA VCM = ±12V, As" 10kll 100 120 

Aejection Aatio 
100 120 70 100 dB 

Power Supply 
PSAA 

Vs = ±5 to ±15V, 
4 32 

Rejection Aatio As" 10kll 
4 32 10 100 /JoVIV ffi 

Large-Signal 
50 250 25 100 V/mV 

...... 
Avo AL2:2kll. Vo=±IOV 50 250 J:.L. 

Voltage Gain 
::::s 

Output Voltage Swing Vo AL2:2kll ±11 ±13 ±11 ±13 ±11 ±13 V p., 

Power Consumption 
Pd Vo=OV 115 200 115 200 250 400 mW ~ (Note I) 

ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vs = ±15V, O·C :5 TA:5 +70' C, unless otherwjse noted. 
~ 
0 ...... 

OP-09E OP-09F ~ OP-11E OP-11F OP-11G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS ~ 
I nput Offset Voltage Vos As" 10kll 0.4 0.8 0.8 3.0 1.5 6.0 mV 

p., 
0 

Average Input Offset 
TCVos As" 10kll 2.0 10 4.0 15 4.0 /JoV/oC 

Voltage Drift 

Input Offset Current los 14 30 40 60 250 300 nA 

Average I nput Offset C 
Current Drift (Note 3) T los 

0.1 0.3 0.3 0.6 0.3 0.6 nA/oC 

Input Bias Current I. 200 350 400 550 400 800 nA 

Input Voltage Aange IVA ±12 ±13 ±12 ±13 ±12 ±13 V 

Common-Mode 
CMAA VCM = ± 12V. As" 10kll 100 120 

Aejection Aatio 
100 120 70 100 dB 

Power Supply 
PSAA 

Vs = ±5 to ±15V. 
4 32 4 32 10 100 /JoVIV 

Aejection Aatio As" 10kll 

Large-Signal 
Avo AL2:2kll, Vo=±IOV 50 250 50 250 25 100 V/mV 

Voltage Gain 

Output Voltage Swing Vo AL2:2kll ±11 ±13 ±11 ±13 ±11 ±13 V 

Power Consumption 
Pd Vo=OV 115 200 115 200 250 400 mW (Note I) 

NOTES: 
I. Total dissipation for all four amplifiers in package. 
2. Sample tested. 
3. Guaranteed but not tested. 
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--------tm OP·09/0P·11 QUAD MATCHED 741·TYPE OPERATIONAL AMPLIFIERS 

DICE CHARACTERISTICS (12S0C TESTED DICE AVAILABLE) 

OP·09 
1. INVERTING INPUT (A) 
2. NONINVERTING INPUT (A) 
3. OUTPUT (A) 
4. OUTPUT (B) 
5. NONINVERTING INPUT (B) 
6. INVERTING INPUT (B) 
7. V-
8. INVERTING INPUT (C) 
t. NONINVERTING INPUT (C) 

10. OUTPUT (C) 
11. V+ 
12. OUTPUT (D) 
13. NON INVERTING INPUT (D) 
14. INVERTING INPUT (D) 
15. V+ 

DIE SIZE 0.085 x 0.070 Inch, 5950 .q. mil, 
(2.18 x 1.78 mm, 3.84 .q. mm) 

NOTE: 
Either or both V+ pads may be used without any change In performance. 

OP·11 
1. OUTPUT (A) 
2. INVERTING INPUT (A) 
3. NONINVERTING INPUT (A) 
4. V+ 
5. NON INVERTING INPUT (I) 
8. INVERTING INPUT (B) 
7. OUTPUT (B) 
8. OUTPUT (C) 
t. INYIIITING INPUT (C) 

10. NONINYEIITING INPUT (C) 
11. Y-
12. NON INVERTING INPUT (D) 
13. INVERTING INPUT (D) 
14. OUTPUT (D) 
15. Y+ 

DIE SIZE 0.085 x 0.070 Inch, 5950 Iq. mil, 
(2.18 x 1.78 mm, 3.84aq. mm) 

For additional DICE Information rafer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs= :I: 15V, T A =25°C for OP·09/11N, OP·09/11G and OP·09/11GR devices; TA=125°C for 

OP·09/11 NT and OP·09/11 GT devices, unless otherwise noted. 

OP·09NT OP·09N OP·09GT OP·09GR 
OP·11NT OP·11N Op·11GT Op·11G OP·11GR 

PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Ollsit Voltage Vos RsS 10kO 1.0 0.5 3.5 2.5 5.0 mVMAX 

Input Olllet Current los 20 20 50 50 200 nAMAX 

Input Blal Current Ie 300 300 500 500 500 nAMAX 

Input Voltage Range IVR ±12 ±12 ±12 ±12 ±12 VMIN 

Common·Mode 
CMRR 

VCM=±12V 
100 100 100 100 70 dBMIN 

Rejection Ratio RsS 10kO 

Power Supply 
PSRR 

Va = ±5V to ±15V 
32 32 32 32 100 I'VIVMAX 

Rejection Ratio RsS 10kO 

Output Voltage Swing Vo 
RL", 10kO ±11 ±12 ±11 ±12 ±11 

VMIN 
RL = 2kO ±11 ±11 ±11 ±11 ±11 

Large-Signal 
Avo 

RL", 2kO 
50 100 50 100 50 VlmVMIN 

Voltage Gal n Vo =±10V 

Power Consumption 
Pd VOUT=O 

(Four Amplifiers) No Load 
200 180 200 180 340 mWMAX 

NOTES: 
For 25°C characteristics of NT & GT devlcea. see N & G characteristics. respectively. 

Electrical teats are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss. yield after packaging Is not 
guaranteed for Itandard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +25°C, unless otherwise noted. 

OP·09NT OP·09N OP·09GT OP·09GR 
OP·11NT OP·11N OP·11GT OP·11G OP·11GR 

PARAM.TER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Slew Rate SR 
Ay =1 

VII'I 
RL", 2kO 

Unity Gain Bandwidth GBW 2 2 MHz 

Ay = 100 
Channel Separation CS f = 10kHz 130 130 130 130 130 dB 

Rs= lkO 
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---------I~ OP·09/0P·11 QUAD MATCHED 741· TYPE OPERATIONAL AMPLIFIERS 

TYPICAL PERFORMANCE CHARACTERISTICS 
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----------l1EMD OP-09/0P-11 QUAD MATCHED 741-TYPE OPERATIONAL AMPLIFIERS 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Pn.'CISlon MonohthH':~ IJiC 

FEATURES 

• Extremely Tight Matching 
• Excellent Individual Amplifier Parameter. 
• Offset Voltage Match ..................... D.18mV Max 
• Offset Voltage Match vs Temp •.......... D.8",VloC Max 
• Common-Mode Relectlon Match ........... 114dB Min 
• Power Supply Relectlon Match ............ 100dB Min 
• Bias Current Match ....................... 3.DnA Max 
• Low Noise ....•••••..................... D.6",Vp_p Max 
• Low Bias Current ......................... 3.DnA Max 
• High Common-Mode Input Impedance .... 2DDGO Typ 
• Excellent Channel Separation ............. 126dB Min 

ORDERING INFORMATIONt 

TA=25°C HERMETIC OPERATING 
YosMAX DIP TEMPERATURE 

(mY) 14-PIN RANGE 

0.5 OP10AY' MIL 
0.5 OP10EY COM 
0.5 OP10Y' MIL 
0.5 OP10CY COM 

• For devices processed in total compliance to MIL-STO-883. add 1883 after 
part number. Consult factory for 883 data sheet. 

tAil commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 

The OP-10 series of dual-matched instrumentation opera
tional amplifiers consists of two independent monolithic 
high-performance operational amplifiers in a single 14-pin 
dual-in-line package. Tight matching of critical parameters 

SIMPLIFIED SCHEMATIC (1/2 OP-1D) 

OP-IO 
DUAL MATCHED INSTRUMENTATION 

OPERATIONAL AMPLIFIER 

is provided between channels of the dual operational 
amplifier. 

The excellent specifications of the individual amplifiers 
and tight matching over temperature enable construction of 
high-performance instrumentation amplifiers. The designer 
can achieve the guaranteed specifications because the 
common package eliminates temperature differentials which 
occur in designs using separately housed amplifiers. 

Matching between channels is provided on all critical param
eters including offset voltage, tracking of offset voltage vs. 
temperature, noninverting bias currents, and common-mode 
and power-supply rejection ratios. The individual amplifiers 
feature extremely low offset voltage, offset voltage drift, low 
noise voltage, low bias current, internal compensation and 
input/output protection. 

PIN CONNECTIONS 

NULL (A) 

NULL (A) 2 

-IN (A) 3 

+IN (A) 4 

OUT (B) 6 

v+ (B) 7 

NOTE: 

9 NULL (B) 

8 NULL (8) 

14-PIN CERAMIC DIP 
(V-Suffix) 

Device may be operated even if Insartion is reversed; this is due to 
inherent symmetry of pin locations of amplifiers A and B. 

v+o-----~--------~----~----_.------~--~----~~----~----~~~--~--, 

R9 

OUTPUT 

+IN 
R10 

-IN o-W ...... ~-------+--------r:.. 

v-o---------------~----------------------~--~----~--~------~~--~--~ 
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---------l~ OP-10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ................................... ±22V 

Internal Power Di$sipation (Note 1) ••••.••••••••• 500mW 

Differential Input Voltage .......................... ±30V 

Input Voltage (Note 2) ............................ ±22V 
Output Short-Circuit Duration ••••••••••••••••• Indefinite 

Storage Temperature Range ••••••••••• -65· C to + 150· C 

Operating Temperature Range 

OP-10A,OP-10 ..................... -55·C to +125·C 

OP-10E,OP-10C ........................ O·C to +70·C 

DICE Junction Temperature (Tj) ••••••• -65·C to +150·C 

Lead Temperature Range (Soldering, 60 sec) •••••• 300·C 

PACKAGE TVPE 

Dual-In-Llne (Y) 

NOTES: 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

106°C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

11.3mW/OC 

1. See table for maximum ambient temperature rating and derating factor. 
2. For supply voltages less than +22V, the absolute maximum input voltage Is 

equal to the supply voltage. 

INDIVIDUAL AMPLIFIER CHARACTERISTICS at VS= ±15V, TA= 25·C, unless otherwise noted. 

OP·10A OP·10 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas 0.2 0.5 0.2 0.5 mV 

Long-Term Input Offset 
.1VosfTlme (Notes I, 2) 0.25 1.0 0.25 1.0 ,.V/Mo 

Voltage Stability 

Input Offset Current los 1.0 2.8 1.0 2.8 nA 

Input Bias Current Ie ±1 ±3 ±1 ±3 nA 

Input Noise Voltage 8 nE!-E! (Note 2) 0.1 Hz to 10Hz 0.35 0.6 0.35 0.6 "V2:l! 
fo= 10Hz 10.3 18.0 10.3 18.0 

Input Noise Voltage 
en (Note 2) fa = 100Hz 10.0 13.0 10.0 13.0 nVl,jHZ 

Density 
fo= 1000Hz 9.6 11.0 9.6 11.0 

Input Noise Current inl!-E! (Note 2) O.IHz to 10Hz 14 30 14 30 pAl!:e 

fo= 10Hz 0.32 0.80 0.32 0.80 
Input Noise Current 

in (Note 2) fa = 100Hz 0.14 0.23 0.14 0.23 pAl,jHZ 
Density 

fo= 1000Hz 0.12 0.17 0.12 0.17 

Input Resistance -
RIN (Note 3) 20 80 20 80 MO 

Differential-Mode 

Input Resistance-
R1NCM 200 200 GO Common-Mode 

Input Voltage Range IVR ±13 ±14 ±13 ±14 V 

Common-Mode Rejection 
CMRR VcM =±13V 110 126 110 126 dB 

Ratio 

Power Supply Rejection 
PSRR Vs= ±3V to ±18V 4 10 4 10 ,.VN Ratio 

RL2 2kn. Va = ±10V 200 500 200 500 
Large-Signal Voltage 

Ava RL2 soon. Vo = ±0.5V, VlmV 
Gain 

Vs = ±3V (Note 3) 150 500 150 500 

RL210kO 12.5 ±13.0 12.5 13.0 
Output Voltage Swing Va RL22kO 12.0 ±12.8 12.0 12.8 V 

RL21kO 10.5 ±12.0 10.5 12.0 

Slew Rate SR RL2: 2kO 0.17 0.17 VI,.s 

Closed-Loop Bandwidth BW AVCL =+1.0 0.6 0.6 MHz 

Open-Loop Output 
Ro Vo=O,lo=O 60 80 0 

R~slstance 

Pd 
Each Amplifier 90 120 90 120 

mW Power Consumption 
Vs= ±3V 4 6 4 6 

Offset Adjustment Range Rp =2OkO ±4 ±4 mV 

Input Capacitance C1N 8 8 pF 

NOTES: 
1. Long-Term Input Offset Voltage Stability refers to the averaged trend line 2. Sample tested. 

of Vas vs. Time over extended periods after the first 30 days of operation. 3. Guarantsed by design. 
Excluding the initial hour of operation, changes in Vosduring the first 30 
operating days are typically 2.5,.V - refer to typical performance curves. 
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~ OP-10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER 
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il 
't 

INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vs = ± 1SV, -SS' C:5 TA :5 + 12S' C, unless otherwise noted. 

OP-10A OP-10 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vos 0.3 0.7 0.3 0.7 mV 

Average Input Offset 
Voltage Drift 
Without External Trim TCVos INote2) 0.7 2.0 0.7 2.0 ",VloC 

With External Trim TCVosn Rp = 20kn INote 3) 0.3 1.0 0.3 1.0 ",V/oC 

Input Offset Current los 1.8 5.6 1.8 5.6 nA 

Average Input Offset 
TClos INote 2) 8 50 8 50 pAl'C 

Current Drift 

Input Bias Current la ±2 ±6 ±2 ±6 nA 

Average Input Bias 
TCl a I Note 2) 13 50 13 50 pA/oC 

Current Drift 

Input Voltage Range IVR ±13.0 ±13.5 ±13.0 ±13.5 V 

ffi Common-Mode Rejection 
CMRR VcM =±13V 106 123 106 123 dB 

Ratio ...... 
~ 

Power Supply Rejection 
PSRR Vs= ±3V to ±16V 5 

Ratio 
20 20 ",VlV ::s 

~ 

large-Signal Voltage 
Avo RL~2kn. Vo=±10V 150 400 150 400 VlmV ~ Gain 

Output Voltage Swing Vo RL~2kn ±12.0 ±12.6 ±12.0 ±12.6 V ~ 
MATCHING CHARACTERISTICS at Vs = ± 1SV, TA = 2S'C, unless otherwise noted. 9 

~ OP-10A OP-10 
PARAMI!TeR SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

~ Input Offset Voltage AVos 0.07 0.16 0.12 0.5 mV 

Average Nonlnvertlng 
le+ ±1.0 ±3.0 ±1.3 ±4.5 nA 

Bias Current 

Noninverting Offset 
los+ 0.8 2.8 1.1 4.5 nA 

Current 

Inverting Offset Current los- 0.8 2.8 1.1 4.5 nA 

Common-Mode Rejection 
ACMRR VcM =±13V 114 123 106 120 dB 

Ratio Match 

Power Supply Rejection 
APSRR Vs= ±3V to ±18V 3 10 4 20 ",VlV 

Ratio Match 

Channel Separation CS I Note 2) 126 140 126 140 dB 

MATCHING CHARACTERISTICS at VS= ±1SV, -SS'C:5 TA:5 +12S'C, unless otherwise noted. 

OP-10A OP-10 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage 
AVos 0.1 0.3 0.2 0.9 mV 

Match 

Input Offset Voltage 
Tracking 
Without External Trim TCAVos INote2) 0.45 1.3 0.9 2.5 ",VloC 

With External Trim TCAVOSn 
Rp = 20kn (Note 3) 

0.3 0.8 0.4 1.2 ",V/oC 
Channel A only 

NOTES: 
1. Long-Term Input Offset Voltage Stability refers to the averaged trend line 2. Sample tested. 

of Vos vs. Time over extended periods after the first 30 days of operation. 3. Guaranteed by design. 
Excluding the Initial hour of operation. changes In Vosdurlng the first 30 
operating days are typically 2.5",V - refer to typical performance curves. 
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m OP·10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER 

MATCHING CHARACTERISTICS at Vs = ±15V, -550 C S; TA S; + 1250 C, unless otherwise noted. (Continued) 

OP·10A OP·10 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Average Nonlnvertlng 
19+ ±2.0 ±6.0 ±2.4 ±8.0 nA 

Bias Current 

Average Drift of 
Nonlnvertlng TCI9+ (Note 2) 10 40 15 pAloC 

Bias Current 

Nonlnvertlng Offset 
108+ 2.0 6.5 2.4 9.0 nA 

Current 

Average Drift of 
Noninverting TClos+ (Note 2) 12 50 18 pAloC 

Offset Current 

Inverting Offset Current los- 2.0 6.5 2.4 9.0 nA 

Common·Mode Rejection 
aCMRR VCM =±13V 108 120 103 t17 dB 

Ratio Match 

Power Supply Rejection 
apSRR Vs = ±3V to ±18V 6 20 7 32 ",VIV 

Ratio Match 

INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vs = ± 15V, TA = 250 C, unless otherwise noted. 

OP·10E OP·10C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vos 0.2 0.5 0.2 0.5 mV 

Long-Term Input Offset 
aVosfTime (Notes 1, 2) 0.3 1.5 0.5 ",VlMo 

Voltage Stability 

Input Offset Current los 1.2 3.8 1.8 6.0 nA 

Input Bias Current I. ±1.2 ±4.0 ±1.8 ±7.0 nA 

Input Noise Voltage e np_p (Note 2) O.IHz to 10Hz 0.35 0.6 0.38 0.65 pVe-e 
Input Noise Voltage 

fo= 10Hz 10.3 18.0 10.5 20.0 

en (Note 2) fo = 100Hz 10.0 13.0 10.2 13.5 nV/"fHZ 
Density 

'0= 1000Hz 9.6 11.0 9.8 11.5 

Input Noise Current in~E! (Note 2) O.IHz to 10Hz 14 30 15 35 pAe-e 

Input Noise Current 
'0= 10Hz 0.32 0.80 0.35 0.90 

in (Note 2) '0 = 100Hz 0.14 0.23 0.15 0.27 pA/"fHZ 
Density 

'0= 1000Hz 0.12 0.17 0.13 0.18 

Input Resistance -
RON (Note 3) 15 50 8 33 MO 

Differential-Mode 

Input Resistance -
R1NCM 160 120 GO 

Common-Mode 

Input Voltage Range IVR ±13 ±14 ±13 ±14 V 

Common-Mode Rejection 
CMRR VcM =±13V 106 123 100 120 dB 

Ratio 

Power Supply Rejection 
PSRR Vs= ±3V to ±18V 4 20 10 32 pVIV 

Ratio 

Large-Signal Voltage 
RL ", 2kn, Va = ±10V 200 500 120 400 

Ava RL ", soon, Va = ±O.5V, VlmV 
Gain 

Vs= ±3V I Note 31 
150 500 100 400 

RL ", 10kO ±12.5 ±13.0 ±12.0 ±13.0 
Output Voltage Swing Va RL ",2kO ±12.0 ±12.8 ±11.5 ±12.8 V 

RL ",lkO ±10.5 ±12.0 ±12.0 

NOTES: 
1. Long-Term Input Offset Voltage Stability refers to the averaged trend line 2. Sample tested. 

of Vos vs. Time over extended periods after the first 30 days of operation. 3. Guaranteed by design. 
Excluding the Initial hour of operation, changes in Vas during the first 30 
operating days are typically 2.5pV - refer to typical performance curves. 
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~ OP·10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER 

INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vs = ± 15V, O· C ~ TA ~ + 70· C, unless otherwise noted. (Continued) 

Op·10E OP·10C 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX UNITS 

Slewing Rate SR RL;;, 2kll 0.17 0.17 VI". 
Closed·Loop Bandwidth BW AVCL = +1.0 0.6 0.6 MHz 

Open·Loop Output 
Re Ve=O.lo=O 

Resistance 
60 60 II 

Each Amplifier 90 120 95 150 
mW Power Consumption Pd Vs=±3V 6 4 8 

Offset Adiustment Range Rp= 20kll ±4 ±4 mV 

Input Capacitance C,N 8 8 pF 

INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vs= ±15V, O·C ~ TA~ +70·C, unless otherwise noted. 

OP·10E OP·10C 
PARAMI!TER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Input Offset Voltage Ves 0.25 0.6 0.35 1.6 mV 

Average Input Offset 
Voltage Drift 
Without External Trim TCVes (Note 2) 0.7 2.0 1.2 4.5 "VloC 

With External Trim TCVOSn Rp= 20kll (Note 3) 0.3 1.0 0.4 1.5 "V;oC 

Input Offset Current les 1.4 5.3 2.0 8.0 nA 

Average Input Offset 
TCl es (Note 21 8 50 12 50 

Current Drift 
pA;oC 

Input Bias Current Ie ±1.S ±S.S ±2.2 ±9.0 nA 

Average Input Bias 
TCl e (Note 2) 13 50 18 50 pA/oC 

Current Drift 

Input Voltage Range IVR ±13.0 ±13.S ±13.0 ±13.S V 

Common~Mode Rejection 
CMRR VCM = ±13V 103 123 97 120 dB 

Ratio 

Power Supply Reiection 
PSRR Vs =±3Vto±18V 32 10 51 "VlV Ratio 

Large-Signal Voltage 
Ave RL;;'2kll, Vo =±10V 100 400 100 400 VlmV 

Gain 

Output Voltage Swing Ve RL;;'2kll ±12.0 ±12.6 ±11.0 ±12.6 V 

NOTES: 
1. Long-Term Input Offset Voltage Stability refers to the averaged trend line 

of Vesvs. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes in Vos during the first 30 
operating days are typically 2.S"V - refer to typical performance curves. 

2. Sample tested. 
3. Guaranteed by design. 
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m OP-10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER 

MATCHING CHARACTERISTICS at Vs = ± 15V, TA = 25· C, unless otherwise noted. 

OP-10E OP-10C 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Oll .. t Voltage 
"'Vos 0.12 0.6 0.3 mV 

Match 

Average Nonlnvertlng 
Ia+ ±1.3 ±4.6 ±2.0 nA 

BI.I Currant 

Nonlnvertlng Olla8t 
loa+ 1.1 4.5 1.8 nA 

Current 

Inverting OIl88t Current los- 1.1 4.6 1.8 nA 

Common-Mode Relectlon 
"'CMRR VOM=±13V 106 120 117 dB 

Ratio Match 

Power Supply Rejection 
"'PSRR Vs =±3Vto±18V 4 20 5 /AVIV 

Ratio Match 

Channel Separation CS (Note 1) 126 140 120 137 dB 

MATCHING CHARACTERISTICS at Vs= ±15V, O·CS TAS +70·C, unless otherwise noted. 

OP-10E OP-10C 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Olls.t Voltage 
"'Vos 0.18 0.7 0.4 mV 

Match 

Input Ollaet Voltage 
Tracking 
Without External Trim TC"'Vos (Note 1) 0.9 2.3 1.3 /AV/'C 

With External Trim TC"'VoSn 
RL =2OkO 

0.3 0.9 0.6 /AV/'C 
Channel A Only (Note 2) 

Average Nonlnvertlng 
la+ ±2.0 ±6.0 ±2.8 nA 

Bias Current 

Average Drift 01 
TCIa+ (Note 1) 12 40 18 pAl'C 

Nonlnvertlng Bias Current 

Nonlnvertlng Ollset 
la+ 2.0 6.0 2.8 nA 

Current 

Average Drift 01 
TC108+ (Note 1) 15 50 20 pAl'C 

Nonlnvertlng OIIset Current 

Input Ollset Current los- 2.0 6.0 2.8 nA 

Common-Mode Rejection 
"'CMRR VoM =±13V 103 117 114 dB 

Ratio Match 

Power Supply Rejection 
"'PSRR Vs=±3Vto±18V 6 32 8 /AVIV 

Ratio Match 

NOTES: 
1. Sample tested. 
2. Guarantesd by design. 
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--------I~ 0'·10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER 

BURN·IN CIRCUIT OFFSET NULLING CIRCUIT 

V+ 
NC .. 

'Okn 
141 2 

'4 

3 ~"""'" 13 

4 ~ 12 

N,C. INPUT >-_-+=13'--_-0 OUT A 

~ __ +'~2---oV_ 
+18V e>---< QP·10 -tBV Op·10 

5 

11 ~ • N.C. INPUT 

,---+'----0 V-

11 

>--r----oOUT 8 
10 

~" 
10 

':' 7 8 9 

N,C. 20kn 

V+ 

TYPICAL PERFORMANCE CHARACTERISTICS 

MATCHING CHARACTERISTICS 
TRIMMED OFFSET VOLTAGE 

MATCH VI TEMPERATURE 
40 

~ 
w 

\l i 30 

i 
~ 20 
o 
w 

" ~ 
w 10 

i 
o 

r= rVos TRIMMED TO <6/-lV AT 2SOC r- NULLING POT'" 20kn 
1. QP-10A 

1-
2. QP-10E 
3. OP-tO 
4. OP-1OC 

1 I • I I 

!TfI' ' , 

-76 -60 -25 25 50 75 100 125 

TEMPERATURE (OC) 

G 

MATCHING CHARACTERISTICS 
TRIMMED MATCHED OFFSET 

VOLTAGE DRIFT AS A 
FUNCTION OF TRIMMING POT 

(Rp) SIZE AND /lVo8 
~ 1.0 

t;: 
;: 
~ 0.5 1-l-l-+-+-::::I-+-:J..--F-+-+--J;,...4 

~ 
>-

~ 
o 
ii1 
~ -0.5 

" ii1 
" '" ~ 0.2 0.4 0.6 O.S 1.0 1.2 

UNTRIMMED OFFSET VOLTAGE MATCH .6.VOS (mV) 
(CURVES ARE SYMMETRICAL ABOUT ZERO FOR ~VOS < 0) 

5·81 

MATCHING CHARACTERISTICS 
CHANNEL SEPARATION 

'50 

140 

130 

120 

110 

'00 

90 

80 
'00 

VI FREQUENCY 

Vs· t16V 
TA. +25°C 

r---. 

..... 

lk 'Ok tOOk 

FREQUENCY (Hz) 
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---------I~ OP-10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

TYPICAL LOW-FREQUENCY 
NOISE TEST CIRCUIT 

+15V 

l00U 

lOCH 

2.5MB ("'10Hz FILTER) 

INPUT REFERENCE NOISE = 

26~~O .. ~.~~ = 2OOnV!em 

OP-10 LOW FREQUENCY NOISE 

-2 

-3 

-4 

-. 

TYPICAL OFFSET VOLTAGE 
STABILITY VI TIME 

2 

TIME (MONTHS) 

~ 
-< 
~ 
w 

'" is z 
w 

" ~ :; 
~ 

MATCHING CHARACTERISTIC 
MAXIMUM INPUT ERROR VI 

SOURCE RESISTANCE 

:: -5SQ C TO ""'2S"C OP-l0A 
VS"" +15V 

IlL 

1111 UIIL 

UNTRIMMED -SSOC TO +12s"C 

-UNTRIMMED 2SoC I I L V 
. TRIMMED slfc TO +125"C 

111111111 II 0.01 
100 lk 10k 100k 

1000 

100 

10 

SOURCE RESISTANCE (UI 

VOLTAGE NOISE DENSITY 
VI FREQUENCY 

ASI = RS2 - 200kS! 
THERMAL NOISE OF SOURCE 

RESISTORS INCLUDED 
EXCLUDED 

:::--

r- AS= 0 

f-VS = 15V 
rTA = 2SoC 

1.0 
1.0 10 100 

FREQUENCY (Hz) 

OFFSET VOLTAGE DRIFT 
WITH TIME 

lk 

-6~~~~~~~~~~~~ 

0.001 0.01 0.1 1.0 10 100 tk 10k 

TIME (HOURS) 

5-82 

MATCHING CHARACTERISTIC 
MAXIMUM INPUT ERROR VI 

SOURCE RESISTANCE 
10 

ODe TO 70°C OP-l0f 
Vs = ±15V 

1.0 UN~RiJJ;~1 O'c TO 70'C 

UNTRIMMED 2SOC 

0.1 

TRIMMED etc TO 700C 

0.01 
100 

II IIIII I 
lk 10k lOOk 

10 

~ 
'" 

SOURCE RESISTANCE (n) 

INPUT WIDEBAND NOISE 
VI BANDWIDTH 

(O.1Hz TO FREQUENCY 
INDICATED) 

Vs t15V 
TA '"' +2SOC 

V 
~ 1.0 

'" " " 

~ 
w 

" ~ 
~ 
.... 

~ 
0 
~ 

0 
w 

3 
;; 
w .... 
::> 

~ 
~ 

~ 
O. 1 

100 lk 10k lOOk 

30 

2. 

20 

I. 
10 

• 
o 

BANDWIDTH (Hz) 

TRIMMED OFFSET VOLTAGE 
VI TEMPERATURE 

- Vo~ TRIM~ED io <'~V AT ~6'C I--
NULLING POT = 20kH 

1. 1/20P-l0E 
/ 2. 1/20P-10A 

3. ~~~g;:~gc I 
/ / 

CD J 0 

\. !) (, / 
\. \ / ~ 
~\ /0 
~ IV 

-75 -50 -25 25 50 76 100 125 

TEMPERATURE (OCI 
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---------I~ OP-10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

~ 
i5 
~ 
w 

" " ... 

~ 
" :l 

~ 
" ~ 

130 

120 

110 

100 

90 

80 

70 

60 
1.0 

CMRR VI FREQUENCY 

UJWL JW!!I~ 111111111 r 
1/20P-l0C 

~ 

~ 

t\ 

10 100 lk 10k 

FREQUENCY (Hz) 

OPEN-LOOP GAIN 
VI FREQUENCY 

120 r--~ VS;' ±15V 

"'-. 
TA" +2SoC 

~ 

'" ~ 
1""-

100 

80 

60 

40 

20 

-20 
[\ 

lOOk 

-40 
0.1 10 100 lk 10k lOOk 1M 10M 

28 

24 

20 

16 

12 

8 

4 

o 

FREQUENCY (Hz) 

MAXIMUM OUTPUT SWING 
VI FREQUENCY 

..... JS ~ ±',J~ 
TA = +2SoC 

\ 
lk 10k lOOk 

FREQUENCY (Hz) 

1M 

~ 
e 
~ ... 
" j!: 

" e 

" " " X 
" " 

PSRR VI FREQUENCY 
120 

lWI~~-1~1 II~~ =2.!b'! 

llllllilll 
110 

100 1/20P-l0C 

~ 
90 

80 

f\ 
70 

~ 
60 

50 
0.1 1.0 10 100 1k 10k 

FREOUENCY (Hz) 

OPEN-LOOP GAIN VI POWER 
SUPPLY VOLTAGE 

tODD 

TA = +2SoC 

800 

600 

./ -....... 
.......... r--.. 

400 

200 

o 
o :1:5 .:1:10 ±15 i20 

POWER SUPPLY VOL TAGE (VOLTS) 

MAXIMUM OUTPUT VOLTAGE 
VI LOAD RESISTANCE 

20 

15 

10 

o 
100 

TA = +2SJC II II Vs = ±15V 

L..UU.ll V1N =±10mV 

NEGATIVE SWING 

II 
rl 

1k 10k 

LOAD RESISTANCE TO GROUND 1m 
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CLOSED-LOOP GAIN 
VB FREQUENCY 

VS'" ±15V 
TA '" 25°C 

AV=~ 
Av=l~ ~ 

I "-AV =10 

AV=l ~-
\ 

100 lk 10k lOOk 1M 

FREQUENCY (Hz) 

OPEN-LOOP GAIN VI 

TEMPERATURE 

Vs ~ ±15J 

10M 

-- -

-75 -50 -25 25 50 75 100 125 

1000 

100 

10 

1.0 
o 

TEMPERATURE (OC) 

POWER CONSUMPTION VI 

POWER SUPPLY 

TA -I-25°C 

V 

/ 

I 
20 40 

TOTAL SUPPLY VOLTAGE, V+ TO V-IVOL TS) 

60 
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----------l~ OP-10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

OFFSET VOLTAGE CHANGE 
DUE TO THERMAL SHOCK 

INPUT BIAS CURRENT V8 

DIFFERENTIAL INPUT 
VOLTAGE 

INPUT BIAS CURRENT VI 

TEMPERATURE 
30 

I I I I I I vs" ±15V 

30 -30 

AT IV01FFI ~ l.aV, - - - Vs" ±15V 

I I 1 1 1 1 Vas NULLED TO 
<5,uV AT 25°C 

~ 
w 2. ;; 

-20 S 1 
ffi 20 

IIBI" 3nA (1/2 OP-l0A, 1/2 OP-l0) L-
.1 

TA=2SOC TA=700C ~ 
g20 
i 
~ 15 

~ 
~ 10 
;!! 
w 

~ 

r-r--
1-1-
1-1-
'-I-

-I-

o 
-20 

1 1 1 1 

~II TH~RM~ SH CK 
RE PONSE 

"A-I I 
'If I I I 
~ ~EV'CE IMMERSED 

IN ,(fie OIL BATH 

20 40 60 "0 100 

a: 
a: a 10 

~ 
;; 
... 0 

ir 
!; 

~ -10 

~ 
~ -20 

~ 
-30 

-30 

IIBI';;; 7nA (1/2 OP-l0CI 

L 
,/ 

-20 -10 

-
7 

/ 

~!:~~~6 
I 

10 20 

-'0 

0 

10 

20 

30 
30 

... 
is 
a: 
a: 

" " ~ 
a; 
... 
ir 
! 

" z 
i= 
a: 
~ 
;!! 

1 3 

... 
ill 
a: 
a: 

" 2 

" ~ 
;; ... 
ir 
! 1 

'~'lc-'-"- "" ~ ~'fE ./ 
1/20P-l0A 

o 
-75 -50 -25 0 25 50 75 100 125 

TIME (SEC) DIFFERENTIAL INPUT VALUE (VOLTS) TEMPERATU.RE (OC) 

APPLICATIONS INFORMATION 

ADVANTAGES OF DUAL MATCHED OPERATIONAL 
AMPLIFIERS 

Dual matched operational amplifiers provide a powerful tool 
for the solution of some difficult circuit design problems. 
Circuits include true Instrumentation amplifiers, extremely 
low drift, high common-mode rejection DC amplifiers, low 
DC drift active filters, dual tracking voltage references and 
many other demanding applications. These designs ali 
require good matching between two operational amplifiers. 

The adjacent circuit, a differential-in, differential-out ampli
fier, shows how errors can be reduced. Assuming the 
resistors used are matched, the gain of each side will be 
identical; if the offset voltage of each amplifier is matched, 
then the net differential voltage at the amplifiers output will 
be zero. Note that the output offset error of this amplifier is 
not a function of the offset voltage ofthe individual amplifiers, 
but only a function of the difference between the amplifiers' 
offset voltages. This error-cancellation principle holds for a 
number of input-referred error parameters - offset voltage, 
offset voltage drift, inverting and noninverting bias currents, 
common-mode and power supply rejection ratios. Note also 
that the Impedances of each input, both common-mode and 
differential-mode, are extremely high, an important feature 
not possible with single operational amplifier circuits. 
Common-mode rejection can be made very high; this is 
especially important in instrumentation amplifiers where 
errors due to large common-mode voltages can be far greater 
than errors due to noise or drift with temperature. 

For example, consider the case of two op amps, each with 
BOdB (100!,VIV) CMRR. If the CMRR of one device is 
+ 100!'VIV while CMRR ofthe other is-100!,VIV, then the net 

5-84 

CMRR will be 200!'VIV, a 6dB degradation. The matching of 
CMRR increases the effective CMRR when used as an 
instrumentation input stage. 

R3 

- v+ 

~ 
2 1 ,. 

R' • s~ * ,. + 

+ • V 
INPUT OP-10 

0 UTPUT 

- " ~ 6 -
R2 

'0 V ~ 
R. 

POWER SUPPLIES 

The V+ supply terminals are completely independent and 
may be powered by separate supplies if desired (this 
approach, however, would sacrifice the advantages of the 
power supply rejection ratio matching). The V- supply 
terminals are both connected to the common substrate and 
must be tied to the same voltage. 
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---------I~ OP-10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER 

OFFSET TRIMMING 

Offset trimming terminals are provided for each amplifier of 
the OP-10. Guaranteed performance over temperature is 
obtained by trimming only one side (side A) to match the 
offset of the other; a net differential offset of zero results. This 
procedure is used during factory testing of the devices; 
however. essentially the same results may be obtained by 
trimming side B to match side A. or by nulling each side 
individually. 

The OP-10 provides lowest drift when trimmed with a 20kO 
potentiometer; this value provides about ±4mVof adjustment 
range which should be more than adequate for most applica
tions. Where finer trimming resolution is desired. or where 
unwanted changes in potentiometer position with time and 
temperature could create unacceptable offsets. the adjust
ment sensitivity may be reduced by using the circuit shown 
below. 

Model 

OP-10AY.OP-10Y. 
OP-10EY 

FIxed Re.llto.. Potentiometer 
Null Range RA• RI Re 

±1.2mV S.1kO 10.0kO 

INSTRUMENTATION AMPLIFIERS USING OP-10 

Instrumentation amplifiers with excellent performance can 
be easily built using the OP-10. Typical performance for a two 
and three-amplifier design are given in the table. The three
amplifier design. while more complex. has the advantages of 
simple gain adjustment by trimming a single resistor (R3) and 

TRIPLE OP-AMP INSTRUMENTATION AMPLIFIER 

Vas = a.08mV 
Tevos = O.3lJ.vrc 
NOISE = O.5pVp-p 
AIN = 10can 
'IN = 1.0nA 

lO----t--f+ 

wide common-mode voltage capability at any gain. plus 
improved gain linearity. Slew rate. small-signal bandwidth. 
and full power bandwidth are also superior. Speed will be 
improved by using an OP-01 for the output stage. 

R1 
9kU 

R3 
2kl1 

R2 
9kl1 

5-85 

TYPICAL PERFORMANCE OF 
INSTRUMENTATION AMPLIFIERS 
GAIN = 100 

20PAMP 
PARAMETER DESIGN 

Gain Nonlinearity 
0.004% 

Initial Input Offset Voltage 70~V 

vs. Temperature (amplifier 
A nulled with 20k pot) 0.3p.VI'C 

VS. Time 3.Sp.V/month 

Input Bias Current ±1nA 

VS. Temperature 10pA/'C 

Input Offset Current O.BnA 

VS. Temperature 12pA/'C 

Input Impedance 
Differential 80GO 

Common-Mode 100GO 

Input Noise Voltage (0.1 to 10Hz) O.S~Vp_p 

Input Noise Current (0.1 to 10Hz) 14pAp_p 

Common-Mode Rejection 120dB 

Power Supply Rejection 112dB 

Frequency Response 

Small-Signal 1-3dB) 6.0Hz 

Full Power 2.5Hz 

Slew Rate O.17V/"s 

R4 R6 

2kn ZOkn 

>----0 OUTPUT 

R5 

2kl1 

R7 
20kn 

( R1 +R2) R6 
VOUT=VIN ,+~ R4 
GAIN = 100 
GAIN LIN = 0,002% 
SLEW RATE = 2.5V/}J.s 
PSRR = 112dB 

IF~=Ws 
THEN CMRR = 120dB 
ADJUST A7 FOR MAXIMUM CMRR 

30PAMP 
DESIGN 

0.001% (OP-OS) 

0.002% IOP-01) 

7Sp.V 

0.3p.V/'C 

3.Sp.V/month 

±1nA 

10pA/'C 

O.BnA 

12pA/'C 

100GO 

100GO 

0.5"Vp_p 

14pAp_p 

120dB 

112dB 

26kHz (OP-OS) 
85kHz IOP-Ol) 

4.3kHz (OP-OS) 
43kHz IOP-ol) 

O.17VI!,s lOP-OS) 
4.0VI!,s IOP-Ol) 
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----------1~ OP-10 DUAL MATCHED INSTRUMENTATION OPERATIONAL AMPLIFIER 

CMRR VB FREQUENCY 
INSTRUMENTATION AMPLIFIER (3 OP-AMP DESIGN) 

0; 
OS 

"' "' " 0 

125 

120 

115 

110 

105 

100 

95 

90 
1.0 

1. 

2. 

.. 

,,~ 

~~ 3 

N 1\ 

RS'" 100kn, 
BALANCED 

RS'" 100n, 1k.Q, 
UNBALANCED 1\ 

RS '" 20ldl, 
,'tt,LUANCED 1\ 

10 100 1k 

FREQUENCY (Hz) 

PRECISION DUAL TRACKING VOLTAGE REFERENCES 
USING OP-10 

Precision dual tracking voltage references using a single 
reference source are easily constructed using OP-10. These 
references exhibit low noise. excellent stability vs. tempera
ture and time. and have excellent power supply rejection. 

In the circuit shown. R3 should be adjusted to set IREF to 
operate VREFat its minimum temperature coefficient current. 
Proper circuit start-up is assured by Rz. ZI. and 01. 

IREF = (V1 - VREF)/R3 

V1 = VREF (1 + R2) 
R1 

V2=V1 (-R5) 
R4 

Output Impedance (6IL:1.0mA-5.0mA) ...... 0.25 x 10-30 

5-86 

PRECISION DUAL TRACKING VOLTAGE REFERENCES 
USING OP-10 

v+ Rl R2 R4 R5 

R6 

R6==:;~; 
V2 

INSTRUMENTATION AMPLIFIER (2 OP-AMP DESIGN) 

V+ R4 

99kn 

Rl 

VOUT 

(1+~) 

Vl lk!l V2 ~=~ ±O.005% 
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OP-12 
PRECISION LOW-INPUT-CURRENT 

OPERATIONAL AMPLIFIER (INTERNALLY COMPENSATED) 
Precision Monolithics Inc. 

FEATURES 
• Low Offset Voltage •....................... 150l'V Max 
• Low Offset Voltage Drift ................ 2.51'VI"C Max 
• Load Current Capability ..................... 5mA Min 
• Internal Frequency Compensation 
• 125° C Temperature Tested Ole 
• Low Offset Current ...................... 200pA Max 
• Low Bias Cu"ent ......................... 2.0nA Max 
• Low Power Consumption .......... 18mW Max @ ± 15V 
• High Common·Mode Input Range .......... ± 13V Min 
• MIL·STD·883 Class B Processing Available 
• Silicon· Nitride Passivation 

ORDERING INFORMATIONt 

TA =25°C 
VosMAX 

(mV) 

0.15 
0.15 
0.30 
0.30 
1.0 
1.0 

PACKAGE 

HERMETIC 
TO·99 
8·PIN 

OP12AJ' 
OP12EJ 
OP12BJ' 
OP12FJ 
OP12CJ' 
OP12GJ 

HERMETIC 
DIP 

8·PIN 

OP12AZ' 
OP12EZ 
OP12BZ' 
OP12FZ 
OP12CZ' 
OP12GZ 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
COM 
MIL 

COM 
MIL 

COM 

• For devices processed in total compliance to MIL-STD-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn~in. For ordering information see 1986 Data Book, Section .2. 

SIMPLIFIED SCHEMATIC 

3 
+<>---+-1: 

5·87 

GENERAL DESCRIPTION 
The PM I OP-12 is an improved version of the popular LM 108A 
low-power op amp, The OP-12 is internally compensated and 
its chip dimensions are only 42 X 58 mils. Offset voltage is 
lower; the total worst-case input offset voltage over-55· C to 
+ 125·C forthe OP-12A is only 350I'V. In addition, the OP-t2 
drives a 2kfl load which is five times the output current 
capability of the t08A. This excellent performance is achieved 
by applying PMl's ion-implanted super-beta process and 
on-chip zener-zap trimming capabilities. The internal com
pensation makes this op amp ideal for hybrid assembly 
applications. 

PIN CONNECTIONS 

N.C. 

N,ce' · 7V+ 
-IN 2 + 6QUT 

+IN 3 5 N.C. 

• v- (CASE) 

10-99 (J-Sufflx) 
8·PIN HERMETIC MINI-DIP 

(Z·Sufflx) 

R' 
OUTPUT 

'---+---<>---0 6 

R6 

1/86, Rev. A 

I' 
:1 
II 
!1 



--------i1fMD OP·12 PRECISION LOW·INPUT·CURRENT OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS (Note 4) 
Supply Voltage 

OP·12A,OP·12B, 
OP·12E, OP·12F, All DICE except GR , ••••••••••• ±20V 

OP·12C, Op·12G, GR DICE Only •••••••••••••••• ±18V 

Operating Temperature Range 
OP·12A, OP·12B, Op·12C ........... -55·C to +125·C 

Op·12E, OP·12F, Op·12G •••••••••••••••• O·C to +70·C 

Storage Temperature Range ••••••••••• -65·C to +150·C 

Lead Temperature Range (Soldering, 80 sec) •••••• 300·C 

Internal Power Dlssiption (Note 1) ••••••••••••••• 500mW 
Differential Input Current (Note 2) ••••••••••••••• ±10mA 

Input Voltage (Note 3) ............................ ±15V 
Output Short·Clrcult Duration ••••••••••••••••• Indefinite 

DICE Junction Temperature (TI) ••••••• -65·C to +150·C 

NOTES: 
1. See table for maximum ambient temperature rating and derating factor. 

PACKAGE TVPE 

TO·99 (J) 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

SO'C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

7.1mW/'C 

8-Pln Hermetic DIP (Z) 75'C 6.7mWI'C 

2. The Inputs are shunted with back-to-back diodes for overvollage protec
tion. Therefore, exceaalve current will flow II a d,fferent'."nput voltage In 
excess of 1V I. applied between the Inputs unless some limiting resistance 
Is provided. 

3. For supply voltages less than ± 15V, the absolute maximum Input Yoltage Is 
equal to the supply Yoltage. 

4. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS atVs=±20VandTA=25·CforA, B, Eand Fgrades, Vs=±15V,andTA=25·CforCand 
G grades, unless otherwise noted. 

OP·12A/E OP·12B/F OP·12C/G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vos 0.07 0.15 0.18 0.30 0.25 1.0 mV 

Input Offset Current los 0.05 0.20 0.05 0.20 O.OS 0.50 nA 

Input Bias Current Ie 0.8 2.0 0.8 2.0 1.0 5.0 nA 

Input Reslstance-
RIN (Note 1) 26 70 26 70 10 50 MO Differential-Mode 

Input Voltage Range IVR Va= ±15V ±13 ±14 ±13 ±14 ±13 ±14 V 

Common-Mode 
CMRR VCM=±13V 104 120 104 120 84 116 dB 

Relectlon Ratio 

Power Supply 
PSRR Va= ±5V to ±15V 7 4 63 INN Rejection Ratio 

Output Voltage 
Vo 

RL", 10kO, Vs= ±15V ±13 ±14 ±13 ±14 ±13 ±14 
V 

Swing RL",2kO, Vs =±15V ±10 ±12 ±10 ±12 ±10 ±12 

RL", 10kO 
80 300 80 300 40 250 

Large-Signal 
Avo 

Vo =±10V 
VlmV 

Voltage Gain RL",2kO 
50 150 50 150 100 

Vo =±10V 

Power Consumption Pd 
Vs = ± 15V, No Load 9 18 9 18 12 24 

mW 
Va = ±5V, No Load 3 6 6 4 8 

Input Noise Voltage enp-~ 0.1 Hz to 10Hz 0.9 0.9 0.9 "V1!:2 

Input Noise 
fo= 10Hz 22 22 22 

en fo= 100Hz 21 21 21 nVl"fHZ Voltage Density 
fo= 1000Hz 20 20 20 

Input Noise Current ine-e O.lHz to 10Hz 3 3 3 pAp-~ 

Input Noise 
fo= 10Hz 0.15 0.15 0.15 

in fo= 100Hz 0.14 0.14 0.14 pA/"fHZ Current Density 
fo= 1000Hz 0.13 0.13 0.13 

Slew Rate SR RL",2kO 0.12 0.12 0.12 VI"s 

Closed-Loop 
BW AVCL =+1 0.80 0.80 O.SO MHz 

Bandwidth 

Open-Loop Output 
Ro Vo=O.lo= 0 200 200 200 0 

Resistance 

NOTE: 
1. Guaranteed by input bias current. 
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~ OP·12 PRECISION LOW·INPUT·CURRENT OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, for e grade, Vs = ±20V for A and B grades, -55° e S TA S + 125° e, unless 
otherwise noted. 

OP·12A OP·12B OP·12C 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

Input Otleet Voltage Vos 0.12 0.3S 0.28 0.80 0.40 2.0 mV 

Average Input Olleet 
TCVos 0.50 2.5 1.0 3.5 1.5 10 "V/'C Voltage Drllt 

Input OII88t Current los 0.12 0.40 0.12 0.40 0.18 1.0 nA 

Average Input Olleet 
TClos 0.50 2.5 0.50 2.5 1.0 5.0 pAl'C 

Current Drllt 

Input Blae Current Is 1.2 3.0 1.2 3.0 1.8 10 nA 

Input Voltage Range IVR Vs =±15V ±13 ±14 ±13 ±14 ±13 ±14 V 

Common·Mode 
CMRR VCM =±13V 100 116 100 118 80 112 dB 

Rejection Ratio 

Power Supply 
PSRR Vs = ±5 to ±1SV 4 10 4 10 6 100 "V/v ffi Rejection Ratio 

large-Signal Rl2: SkO ....... 
Avo 40 120 40 120 15 80 VlmV ~ 

Voltage Gain Vo= ±10V 

2 Output Voltage 
Vo 

Rl2: 10kO. Vs= ±15V ±13 ±14 ±13 ±14 ±13 ±14 
V 

Swing Rl 2:5kO. Vs =±15V ±10 ±13 ±10 ±13 ±10 ±12 ~ Power Consumption Pd Vs = ± 15V. No Load 9 18 9 18 15 24 mW 

ELECTRICAL CHARACTERISTICS at Vs = ±15V for G grade, Vs = ±20V for E and F grades, ooe S TA S 70°C, unless 
~ 
0 

otherwise noted. ....... 

~ OP·12E OP·12F OP·12G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS r.LI 
Input Otlset Voltage Vos 0.10 0.26 0.23 0.45 0.32 1.4 mV ~ 
Average Input Ollaet 

TCVos 0.50 2.5 1.0 3.5 1.5 10 "VI'C Voltage Drllt 

Input Ollset Current los 0.08 0.30 0.11 0.80 0.12 0.70 nA 

Average Input Oflset 
TClos 0.50 2.5 1.0 5.0 1.0 5.0 pAl'C 

Current Drllt 

Input Bias Current I. 1.0 2.6 1.2 5.2 1.4 6.5 nA 

Input Voltage Range IVR Vs =±15V ±13 ±14 ±13 ±14 ±13 ±14 V 

Common-Mode 
CMRR VcM =±13V 100 116 100 116 80 112 dB 

Rejection Ratio 

Power Supply 
PSRR Vs = ±5 to ±15V 4 10 4 10 6 100 p.V/v 

Rejection Ratio 

Rl2: 10kO 
60 200 80 200 25 150 

Large-Signal 
Avo 

Vo= ±10V 
VlmV 

Voltage Gain Rl2: 2kO 
Vo =±10V 

25 100 25 100 80 

Rl2: 10kO 
±13 ±14 ±13 ±14 ±13 ±14 

Output Voltage 
Vo 

Vs= ±15V 
V 

Swing Rl2: 5kn 
±10 ±12 ±10 ±12 ±10 ±12 

Vs= ±15V 

Power Consumption Pd Vs = ± 15V. No Load 9 18 9 18 15 24 mW 

For typical performance characteristics. see OP-08 data sheet. Assume 
Cc =30pF. 
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--------Im OP-12 PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER 

DICE CHARACTERISTICS (12S0C TESTED DICE AVAILABLE) 

DIE SIZE 0.058 X 0.042 Inch, 2436 sq. mils 
(1.47 X 1.07 mm, 1.57 sq. mm) 

1. NO CONNECTION 
2. INVERTING INPUT 
3. NON INVERTING INPUT 
4. V-
6. OUTPUT 
7. V + 
8. NO CONNECTION 

For additional DICE Information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs= :!: 15V, TA= 25°C for Op·12N, Op·12G and Op·12GR devices; TA= 125°C for OP·12NT and 

Op·12GT devices, unless otherwise noted. (Note 2) 

OP-12NT OP-12N OP-12GT OP-12G OP-12GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos 0.35 O.tS 0.6 0.3 mVMAX 

Input Offset Current los 0.2 0.2 0.2 0.2 0.5 nAMAX 

Input Bias Current 18 2 2 5 nAMAX 

Input Voltage Range IVR ±13 ±13 ±13 ±13 ±13 VMIN 

Common~Mode 
CMRR VCM =±13V 100 

Reiection Ratio 
104 100 104 84 dBMIN 

Power Supply 
PSRR Vs =±5Vto±15V 10 7 10 63 ",VIVMAX 

Rejection Ratio 

Rl " 10kO ±13 ±13 ±13 ±13 ±13 
Output Voltage Swing Vo Rl ,,2kO ±10 ±10 ±10 VMIN 

Rl"SkO ±10 ±10 

Large-Signal Rl " 10kO, Vo= ±1OV 80 80 80 80 40 

Voltage Gai n Avo Rl " 2kO, Va= ±10V 50 50 VlmVMIN 
Rl " 5kO, Vo = ±10V 40 40 

Input Resistance R'N (Note 1) 26 26 26 26 10 MOMIN 

Supply Current Isv 
10UT= 0 
VOUT=O 

0.6 0.6 0.6 0.6 0.8 mAMAX 

NOTES; 2. For 25'C specifications of OP-12NT and OP-12GT. see OP-12N and 
1. Guaranteed by design. OP-12G , respectively. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss, yield after packaging Is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, unless otherwise noted. 

OP-12NT OP-12N OP-12GT OP-12G OP-12GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Average Input Offset 
TCVos 0.5 0.5 1.0 1.0 1.5 ",VloC 

Voltage Drift 

Average Input Offset 
TClos 0.5 0.5 1.0 1.0 1.0 pAloC 

Current Drift 
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Precision Monolithics Inc. 

FEATURES (All Devices) 
• Significant Performance Advantages over LF155, 156 and 

157 Devices. 
• Low Input Offset Voltage ................... 5OO/tV Max 
• Low Input Offset Vollage Drift ................ 2.0p.Vlo C 
• Minimum Slew Rale Guaranteed on All Models 
• Temperature-Compensated Inpul Bias Currents 
• Guaranleed Input Bias Current @ 125°C 
• Bias Currenl Specified WARMED UP Over Temperature 
• Internal Compensalion 
• Low Input Noise Currenl ................. 0.01pAly'HZ 
• High Common-Mode Rejection Ratio ............ 100dB 
• Models With MIL-STD-883 Processing Available 
• 125° C Temperature Tested DICE 
OP-1S 
• 156 Speed With 155 Dissipation ............ (SOmW Typ) 
• Wide Bandwidlh ................................ 6MHz 
• High Slew Rate ................................ 13V1p.s 
• Fast Settling to ±0.1% ......................... 1200ns 
OP-16 
• Higher Slew Rate .............................. 25V1p.s 
• Faster Settling to ±0.1% ......................... 900ns 
• Wider Bandwidth ............................... 8MHz 

OP-17 
• Highest Slew Rate ............................. 60Vlp.s 
• Fastest Settling to ±0.1% ........................ 600ns 
• Highest Gain Bandwidth Product ............... 30MHz 

GENERAL DESCRIPTION 
The PMI JFET-input series of devices offer clear advantages 
over industry-generic devices and are superior in both cost 
and performance to many dielectrically-isolated and hybrid 

SIMPLIFIED SCHEMATIC 

OP-15/0P-16/0P-17 
PRECISION JFET-INPUT 

OPERATIONAL AMPLIFIERS 

op amps. All devices offer offset voltages as low as 0.5mV with 
TCVosguaranteed to 5p.VloC. A unique input bias cancellation 
circuit reduces the I B by a factor of 10 over conventional 
designs. In addition, PMI specifies IBand los with the devices 
warmed up and operating at 25°C ambient. 

These devices were deSigned to provide real precision 
performance along with high speed. Although they can be 
nulled, the design objective was to provide low offset-voltage 
without nulling. Systems generally become more cost effec
tive as the number of trim circuits is decreased. PMI achieves 
this performance by use of an improved Bipolar compatible 
JFET process coupled with on-Chip, zener-zap offset trimming. 

The OP-15 provides an excellent combination of high speed 
and low input offset voltage. In addition, the OP-15 offers the 
speed of the 156A op amp with the power diSSipation of a 
155A. The combination of a low input offset voltage of 500p.V, 
slew rate of 13V/p.s, and settling time of 12oonstoO.1% makes the 
OP-15 an op amp of both precision and speed. The additional 
features of low supply current coupled with an input bias current 
of 9nA at 125°C ambient (not junction) temperature makes the 
OP-15 ideal for a wide range of applications. 

The OP-16 features a slew rate of 25V/p.s and a settling time of 
900ns to 0.1% which represents a significant improvement in 
speed over the 156. Also, the OP-16 has all the DC features of 
the OP-15. 

The OP-17 has a slew rate of 60Vlp.s and is the best choice 
for applications requiring high closed-loop gain with high 
speed. Applications include high-speed amplifiers for current 
output DACs, active filters, sample-and-hold buffers, and 
photocell amplifiers. 

See the OP-215 data sheet for a dual configuration of the 
OP-1S. 

V+(71Io---~~--......,::-<~-...... __ -.----.----_---, *NQTE: 

~~I:VERTING (3) 

R7, RBARE ELECTRONICALLY 
ADJUSTED ON CHIP FOR 
MINIMUM OFFSET VOLTAGE. 

022 

r-----\-----+---o1610UTPUT 

V.(4Io-_ ........ --4 _____ *-~-__ -+-~---4_---~__<I~ __ ...... - ...... -...J 
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--------I~ OP-15/0P-16/0P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS 

ORDERING INFORMATIONt 

PACKAGE 

T,,=25'C a-PIN OPERATING 

Yoa MAX TO-" HERMETIC TEMPERATURE 
(mY) II-PIN DIP RANGE 

OP16AJ' OP15AZ' 
0.5 OP16AJ' OP16AZ' MIL 

OP17AJ' OP17AZ' 

OP15EJ OP15EZ 
0.5 OP16EJ OP16EZ COM 

OP17EJ OP17EZ 

OP15BJ' OP15BZ' 
1.0 OP16BJ' OP16BZ' MIL 

OP17BJ' OP17BZ' 

OP15FJ OP15FZ 
1.0 OP16FJ OP16FZ COM 

OP17FJ OP17FZ 

OP15CJ' OPI5CZ' 
3.0 OP16CJ' OPI6CZ' MIL 

OP17CJ' OP17CZ' 

OP15GJ OP15GZ 
3.0 OP16GJ OP16GZ COM 

OP17GJ OP17GZ 

'For devices processed in total compliance to MIL-STD-683. add 1883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book. Section 2. 

PIN CONNECTIONS 

N.C • 

• 
BALe7V+ 

-INZ ~ 6 OUT 

+IN 3 5 BAL 

• V-leASE) 

TO-99 
(J-Sufflx) 

8-PIN HERMETIC DIP 
(Z-Suftlx) 

5-92 

ABSOLUTE MAXIMUM RATINGS (Note 2) 
Supply Voltage 

All Devices Except C, G (Packaged) & GR Grades .. ±22V 
C, G (Packaged) & GR Grades .................. ±18V 

Internal Power Dissipation (Note 1) ..••....•..•.• 500mW 
Operating Temperature 

A, B, & C Grades ................... -55·C to +125·C 
E, F & G Grades ........................ O·Cto +70·C 

Maximum Junction Temperature ...••...•.•..••. +150·C 
DICE Junction Temperature (Ti) .•..... -65·C to +150·C 
Differential Input Voltage 

All Devices Except C, G (Packaged) & GR Grades .. ±40V 
C, G (Packaged) & GR Grades .................. ±30V 

Input Voltage (Note 3) 
All Devices Except C, G (Packaged) & GR Grades .. ±20V 
C, G (Packaged) & GR Grades .................. ±1SV 

Input Voltage 
OP-15A, OP-15B, OP-15E, OP-15F .•....•.•..•... ±20V 
OP-15C,OP-15G ............................... ±1SV 
OP-1SA, OP-1SB, OP-1SE, OP-1SF ••..•......•••. ±20V 
OP-1SC,OP-1SG ....................•••....•... ±1SV 
OP-17A, OP-17B, OP-17E, OP-17F .•.•.•••....... ±20V 
OP-17C,OP-17G ............................... ±1SV 

Output Short-Circuit Duration ........••.•..... Indefinite 
Storage Temperature Range ........ . .. -S5· C to + 150· C 
Lead Temperature Range (Soldering, SO sec) •... +300·C 

NOTES: 

1. See table for maximum ambient temperature rating and derating factor. 

PACKAGE TYPE 

TO-99 (J) 

Hermetic II-Pln Dip (Z) 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

80'C 

75'C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

7.1mW/'C 

6.7mW/'C 

2. Absolute maximum ratings apply to both packaged parts and DICE. unless 
otherwise noted. 

3. Unless otherwise specified the absolute maximum negative input voltage is 
equal to the negative power-supply voltage. 
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--------I~ OP-15/0P-18/0P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = 25°C, unless otherwise noted. 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Input Aesistance 

large-Signal 
Voltage Gain 

Output Voltage 
Swing 

Supply Current 

Slew Aate 

Gain Bandwidth 
Product 

Closed-Loop 
Bandwidth 

Settling Time 

SYMBOL CONDtTIONS 

Vas 

lOS 

Ie 

Avo 

Vo 

ISY 

SR 

GBW 

CLBW 

As= 500 

Tj =25'C (Note 1) 
Device Operating 
Ti = 25'C (Note 1) 
Device Operating 

TI = 25'C (Note 1) 
Device Operating 
Tj = 25'C (Note 1 I 
Device Operating 

AL2: 2kO 
Vo =±10V 

OP-15 

OP-01610P-17 

OP-15 

OP-16/0P-17 

OP-15 
OP-16/0P-17 

AVCL = +1 (Note 3) ~:::: 
AVCL = +5 (Note 3) OP-17 

(Note 3) 

AVCL =+1 

AVCL =+5 

to 0.01% 
to 0.05% (Note 2) 
to 0.10% 

to 0.01% 
to 0.05% (Note 2) 
to 0.10% 

to 0.01% 
to 0.05% (Note 4) 
to 0.10% 

OP-15 
OP-16 
OP-17 

OP-15 
OP-16 
OP-17 

OP-15 

OP-16 

OP-17 

OP-15A1E 
OP-18A1E 
OP-17A1E 

MIN TYP MAX 

0.2 0.5 

3 10 
22 
10 

5 25 

±15 ±50 
±18 ±110 
±15 ±50 
±20 ±130 

1012 

100 240 

±12 ±13 
±11 ±12.7 

2.7 4.0 
4.6 7.0 

10 13 
18 25 
45 60 

4.0 6.0 
6.0 8.0 
20 30 

14 
19 

11 

4.5 
1.5 
1.2 

3.8 
1.2 
0.9 

1.5 
0.7 
0.6 

OP-15B/F 
OP-18B/F 
OP-17B/F 

MIN TYP MAX 

0.4 1.0 

6 20 
10 40 
6 20 

10 50 

±3O ±100 
±40 ±200 
±30 ±100 
±40 ±250 

1012 

75 220 

±12 ±13 
±11 ±12.7 

2.7 4.0 
4.6 7.0 

7.5 11 
12 21 
35 50 

3.5 5.7 
5.5 7.6 
15 28 

13 
18 
10 

4.5 
1.5 
1.2 

3.8 
1.2 
0.9 

1.5 
0.7 
0.6 

OP-15C/G 
OP-16C/G 
OP-17C/G 

MIN TYP MAX UNITS 

0.5 3.0 

12 50 
20 100 
12 50 
20 125 

±60 ±200 
±80 ±400 
±60 ±200 
±80 ±500 

10'2 

50 200 

±12 ±13 
±11 ±12.7 

2.8 5.0 
4.8 8.0 

5 9 
9 17 

25 40 

3.0 5.4 
5.0 7.2 

11 26 

12 
17 
9 

4.7 
1.6 
1.3 

4.0 
1.3 
1.0 

1.6 
0.8 
0.7 

mV 

pA 

pA 

o 

VlmV 

V 

mA 

VII'S 

MHz 

MHz 

I'S 

Input Voltage Aange IVA ±10.5 ±10.5 ±10.3 V 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Aatio 

Input Noise 
Voltage Density 

Input Noise 
Current Density 

I nput Capacitance 

NOTES: 

CMAA 

PSAA 

VCM = ±10.5V 
VcM =±10.3V 

Vs= ±10V to ±18V 
Vs= ±10V to ±15V 

fo= 100Hz 
fo= 1000Hz 

fO= 100Hz 
fo= 1000Hz 

1. Input bias current is specified fortwo different conditions. The Tj = 25' C 
specification is with the junction at ambient temperature; the Device 
Op~ratlng specification is with the device operating in a warmed-up 
ponditlon at 25' C ambient. The warmed-up bias current value is correlated 
to the junction temperature value via the curves of I eVs Tj and levs TA. PMI 
has a bias current compensation circuit which gives Improved bias current 
over the standard JFET input op amps. I B arid los are measured at VCM = O. 

2. Settling time is defined here for a unity gain inverter connection using 2kO 
resistors. It Is the time required for the error voltage (the voltage at the 

86 100 86 100 
dB 

10 

20 
15 

51 10 

20 

15 

51 

82 96 

10 

20 
15 

80 
I'V/v 

nVlv'RZ 

0.01 
om 

0.01 
0.01 

0.01 
0.01 

pNv'RZ 

5-93 

3 3 3 pF 

Inverting input pin on the amplifier) to settle to within a specified percent of 
its final value from the time a 10V step input is applied to the inverter. See 
settling time test circuit. 

3. Sample tested. 
4. Settling time is defined here for a Av=-5 connection with AF= 2kO.lt is the 

time required forthe error voltage (the voltage at the inverting input pin on 
the amplifier) to settle to within 0.01% of its final value from the time a 2V 
step input is applied to the inverter. See settling time test circuit. 
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~ OP·15/0P·16/0P·17 PRECISION JFET·INPUT OPERATIONAL AMPLIFIERS 

ELECTRICAL CHARACTERISTICS at Vs = ±1SV, -55°C S TA S 125°C, unless otherwise noted. 

OP·15A Op·15B OP·15C 
OP·16A OP·16B OP·16C 
OP·17A OP·17B OP·17C 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Rs= 500 0.4 0.9 0.7 2.0 0.9 4.5 mV 

Average Input 
Offset Voltage Drift (Note 2) 

Without External 
TCVos 2 5 3 10 4 15 

Trim 
With External 

",vrc 

Trim 
TCVoSn Rp= 100kO 2 3 4 

Tj= 125°C 0.6 4.0 0.8 6.0 1.0 9.0 
TA = 125°C OP·15 

0.8 7.0 1.2 11 1.5 17 
Input Offset Device Operating 

los nA 
Current (Note 1) Tj = 125°C 0.6 4.0 0.8 6.0 1.0 9.0 

TA= 125°C OP-16/0P-17 
1.0 8.5 

Device Operating 
1.3 14.5 1.7 22 

Tj= 125°C ±1.2 ±5.0 ±1.5 ±7.5 ±1.8 ±10 
TA = 125°C OP-15 

±1.7 ±9.0 ±2.2 ±14 ±2.7 ±19 
Input Bias Device Operating 

Current (Note 1) Ie nA 
Tj = 125°C ±1.2 ±5.0 ±1.5 ±7.5 ±1.8 ±10 
TA= 125°C OP-16/0P-17 

±2.0 ±11 ±2.5 ±18 ±3.0 ±25 
Device Operating 

Input Voltage Range IVR ±10.4 ±10.4 ±10.25 V 

Common-Mode 
CMRR 

VCM= ±10.4V 85 97 85 97 
dB 

Rejection Ratio VCM = ± 10.25V 80 93 

Power Supply 
PSRR 

Vs = ±10V to ±18V 15 57 15 57 
Rejection Ratio Vs = ±10V to ±15V 23 100 

",VN 

Large-Signal 
Avo 

RL2: 2kO 
35 120 30 110 25 100 VlmV 

Voltage Gain Vo =±10V 

Output Voltage 
Vo RL2: 10kO ±12 ±13 ±12 ±13 ±12 ±13 V 

Swing 

NOTES: 
1. Input bias current is specified for two different conditions. The Tj = 25°C 

specification is with the junction at ambient temperature; the Device 
Operating specification is with the device operating in a warmed-up 
condition at 25°C ambient. The warmed-up bias current value is corre-
lated to the junction temperature value via the curves of Ie vs Tj and Ie vs 
TA. PMI hasa bias current compensation circuit which gives improved bias 
current over the standard JFET Input op amps. Ie and los are measured 
atVCM=o. 

2. Sample tested. 
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~ OP-1S/0P-18/0P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS 

ELECTRICAL CHARACTERISTICS at Vs = :t:15V, Doe S TA S 7Doe, unless otherwise noted. 

OP-15E OP-1SF OP-15G 
OP-16E OP-16F OP-16G 
OP-17E OP-17F OP-17G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Rs= 50n 0.3 0.75 0.55 1.5 0.7 3.8 mV 

Average Input 
Offset Voltage Drift (Note 21 

Without External 
TCVos 2 5 10 4 15 

Trim 
With External 

pVloC 

Trim 
TCVoSn Rp= 100kn 2 3 4 

Ti =70°C 0.04 0.30 0.08 0.45 0.08 0.65 
TA = 70°C OP-15 

0.08 0.55 0.08 0.80 0.10 1.2 
Input Offset Device Operating 

los nA 
Current (Note 11 Tj =70°C 0.04 0.30 0.06 0.45 0.08 0.65 

TA=70°C OP-16/0P-17 
0.07 0.70 0.10 1.1 0.15 1.7 ffi Device Operating 

Tj =70°C ±0.10 ±0.40 ±0.12 ±0.60 ±0.14 ±0.80 >-< 
j:l., 

TA= 70°C OP-15 
±0.13 ±0.75 ±0.16 ±1.1 ±0.19 ±1.5 :::s 

Input Bias Device Operating p... 
18 nA 

~ Cu rrent (Note 11 Tj =70°C ±0.10 ±0.40 ±0.12 ±0.60 ±0.14 ±0.80 
TA=70°C OP-16/0P-17 

±0.15 ±0.90 ±0.20 ±1.4 ±0.25 ±2.0 
Device Operating 

~ Input Voltage Range IVR ±10.4 ±10.4 ±10.25 V 

Common-Mode 
CMRR 

VCM = ±10.4V 85 98 85 98 
dB 0 

Rejection Ratio VCM = ± 10.25V 80 94 >-< 

Power Supply 
PSRR 

Vs = ±10V to ±18V 13 57 13 57 
",VN ~ Rejection Ratio Vs= ±10V to ±15V 20 100 

~ 
Large-Signal RL ", 2kn p... 

Voltage Gain Avo Vo =±10V 
65 200 50 180 35 160 VImV 0 

Output Voltage 
Vo RL ", 10kn ±12 ±13 ±12 ±13 ±12 ±13 V 

Swing 

NOTES: 
1. Input bias current is specified for two different conditions. The Tj = 25° C 

specification is with the junction at ambient temperature: the Device 
Operating specification is with the device operating in a warmed-up 
condition at 25° C ambient. The warmed-up bias current value Is corre-
lated to the junction temperature value via the curves of 18 vs Tj and I B vs 
TA. PMI has a bias current compensation circuit which gives improved bias 
current over the standard JFET input op amps. 18 and los are measured 
atVCM=O. 

2. Sample tested. 
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--------i~ OP-15/0P-18/0P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS 

DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE) 

OP-15 

DIE SIZE 0.088 X 0.058 Inch, 3808 .q. mil. 
(1.73 X 1.42mm, 2.48 Iq. mm) 

1. BALANCE 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
5. BALANCE 
8. OUTPUT 
7. V+ 

OP-16 

DIE SIZE 0.088 X 0.058 Inch, 3808 .q. mil, 
(1.73 X 1.42mm, 2.48 .q. mm) 

1. BALANCE 
2. INVERTING INPUT 
3. NON INVERTING INPUT 
4. V-
5. BALANCE 
8. OUTPUT 
7. V+ 

For Iddlllonal DICE Information rafar to 1988 Data Book, Section 2. 

OP-17 

DIE SIZE 0.088 X 0.058 Inch, 3808 .q. mil. 
(1.73 X 1.42mm, 2.48 aq. mm) 

1. BALANCE 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
5. BALANCE 
8. OUTPUT 
7. V+ 

WAFER TEST LIMITS at VS= ±15V, TA = 25°C for OP-15/16/17N, OP-15/16/17G and OP-15/16/17GR devices; TA= 125° C for 
OP-15/16/17NT and OP-15/16/17GT devices, unless otherwise noted. 

OP-15NT OP-15N OP-15GT OP-15Q OP-15GA 
OP-16NT OP-16N OP-16GT OP-16G OP-16GA 
OP-17NT OP-17N OP-17GT OP-17G OP-17QA 

PARAMETER SYMBOL CONDITION8 LIMIT LIMIT LIMIT LIMIT LIMIT UNIT8 

Input Ollset Voltage Vos Rs= 500 0.9 0.6 2.0 1.0 3.0 mVMAX 

Large-Signal 
Avo 

Vo= ±IOV 36 100 30 75 50 V/mV MIN Voltage Gain RL = 2kO 

Input Voltage Range IVR ±IOA ±10.5 ±IOA ±10.5 ±10.3 VMIN 

Common·Mode 
CMRR VcM=±IVR 85 86 85 88 82 dBMIN Rejection Ratio 

Power Supply 
PSRR Vs = ±IOV to ±20V 57 51 57 51 

"VIVMAX Rejection Ratio Vs= ±IOV to ±15V 80 

Output Voltage 
Vo 

RL = 10kO ±12 ±12 ±12 ±12 ±12 
VMIN Swing RL = 2kO ±II ±II ±II 

Supply Current lev 
OP-15 4 4 5 

mAMAX OP-18, OP-17 7 8 

Input Bias Current Ie 
OP-15 ±9 ±14 

nAMAX OP-18, OP-17 ±II ±18 

Input Ollset Current los 
OP-16 7.0 11.0 

nAMAX OP-18, OP-17 8.5 14.5 

NOTES: 
For25°CcharacterlstlcsofOP·15/18/17NTandOP·15/18/17GT,seeOP·15/18/17N 
and Op·15/18117G characteristics, respectively. 

Electrical tests are performed at wafer probe to the limite shown. Due to variations In assembly methods and normal yield loss, yield after packaging Is not 
guaranteed for standard product dice. Consult factory to negotiate specifications baaed on dice lot qualification through sample lot assembly and testing. 
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lfMD OP·15/0P·16/0P·17 PRECISION JFET·INPUT OPERATIONAL AMPLIFIERS 
!I 

II 
TYPICAL ELECTRICAL CHARACTERISTICS at Vs= ±1SV, TA = +2SoC, unless otherwise noted. Ii 

Op·15NT OP·15N OP·15GT OP·15G OP-15GR II 
Op·16NT OP-16N OP-16GT OP-16G OP-16GR , 
OP-17NT OP·17N OP-17GT OP·17G OP-17GR 1 

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS I 
Average Input Offset 

TCVos 2 3 3 p.VI"C 
Drift Unnulled 

Average Input Offset 
TCVoen Rp= 100kO 2 2 3 3 4 p.VI"C 

Drift Nulled 

Input Offset Current los 3 3 3 3 pA 

Input Bias Current la ±15 ±1S ±1S ±1S ±1S pA 

AYCl = +1 
OP·15 13 13 II II 9 

Slew Rate SR OP·16 25 25 21 21 17 VII's 
AYCl = +5 OP·17 60 60 50 50 40 

to 0.01% 4.5 4.5 4.5 4.5 4.7 
to 0.05% OP·15 1.5 1.5 1.5 1.5 1.6 

ffi to 0.10% 1.2 1.2 1.2 1.2 1.3 

Settling Time to 0.01% 3.B 3.8 3.B 3.8 4.0 ...... 
(see settling time ts to 0.05% OP·16 1.2 1.2 1.2 1.2 1.3 I'S 

j:.l.., 

:::s test circuits) to 0.10% 0.9 0.9 0.9 0.9 1.0 p.. 
to 0.01% 1.5 1.5 1.5 1.5 1.6 ~ to 0.05% OP·17 0.7 0.7 0.7 0.7 0.8 
to 0.10% 0.6 0.6 0.6 0.6 0.7 

~ Gain Bandwidth 
OP·1S 6.0 6.0 5.7 5.7 5.4 

GBW OP·16 8.0 8.0 7.6 7.6 7.2 MHz 
Product 

OP·17 30 30 28 28 26 9 
Closed·Loop AYCl = +1 

OP·1S 14 14 13 13 12 

~ CLBW OP·16 19 19 18 18 17 MHz 
Bandwidth 

AYCl = +5 OP·17 II II 10 10 9 

Input Noise Voltage f= 100Hz 20 20 20 20 20 ~ 
Density en f= 1000Hz IS IS IS IS IS 

nVl.,fHz 0 
Input Noise Current 

In 
f= 100Hz 0.Q1 0.Q1 0.01 0.Q1 0.01 

pA/.,fHz 
Density f= 1000Hz 0.Q1 0.Q1 0.Q1 0.Q1 0.01 

Input Capacitance C'N 3 3 3 pF 

NOTES: 
For25"CcharacterlstlcsofOP·15/16/17NTandOP·1S/1SI17GT.seeOP·1S/16117N 
and Op·15/16/17G characteristics. respectively. 
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----------1~ OP-15/0P-16/0P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS 

TYPICAL PERFORMANCE CHARACTERISTICS (OP-1S/0P-16/0P-17) 
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--------I~ OP-15/0P-16/0P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS 

TYPICAL PERFORMANCE CHARACTERISTICS (OP-15/0P-16/0P-17) 
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---------I~ OP-15/0P-16/0P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS 

TYPICAL PERFORMANCE CHARACTERISTICS (OP-1S) 
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--------t~ OP-15/0P-16/0P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS 

TYPICAL PERFORMANCE CHARACTERISTICS (OP-16) 
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----------1M OP-15/0P-16/0P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS 

TYPICAL PERFORMANCE CHARACTERISTICS (OP-16) 
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---------tm OP-15/0P-1810P-17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS 

TYPICAL PERFORMANCE CHARACTERISTICS (OP-17) 
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INPUT OFFSET VOLTAGE NULLING 

V+ 

NOTE; Vos CAN BE TRIMMED WITH POTENTIOMETERS 
RANGING FROM 1QkSl TO 1Ma. FOR MOST UNITS 
Tevos WILL BE MINIMUM WHEN Vas IS ADJUSTED 
WITH A 100kn POTENTIOMETER. 

110 

100 

_90 

1 
~80 

I!! 
~ 70 
!l 
III 6G 

60 

40 

i'-

~ 

SLEW RATE VI 

TEMPERATURE 

L-+.I .....::!GATIVE 

.......... VS"'±16V-

......... 
......... .......... 

,POSITIVE 

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

COMMON-MODE REJECTION 
RATIO VI FREQUENCY 

100 ......... 
[\ 

\ 
\ 

1\ 
0 

VS· ±16V 
\ 

Tl2."j 
o 

-&0 -2& 26 &0 76 100 126 1 10 100 1k 10k lOOk 1M 10M 100M 

100 

§ 

1'0 

~ 1.0 
o 

0.1 

AMBIENT TEMPERATURE ("el 

OUTPUT IMPEDANCE 
VI FREQUENCY 

Vs" ±16V , 

TA" 26°C ~ 

111111111 

I V I, 

I ill" 
I : 'A~'~ 100 Ilil ill / i!V AV· 1O ,I ! . 

1 I 
/ I 

I. 
" 

1k 10k 10Gk 1M 

FREQUENCY (Hz) 

10M 

140 

~ 120 

~ 10 

~ 

0 

~ 80 

~ 60 

~ 
w 

~ 40 

g 20 

o 
1 

FREQUENCY (Hz) 

VOLTAGE NOISE 
VI FREQUENCY 

111111 I 

It~llllU 
T = 25"C 

1 f CORNER FREQUENC 

10 100 
FREQUENCY (Hz) 

1k 10k 

SETTLING-TIME TEST CIRCUIT - OP-15/0P-16 

5-103 

2knO.1% 
+15V 

:T O-....... -'IIn 1/10 ..... ,% ....... -'-1 
Skn 
0.1% 

-15V VOUT 

5kn O. f% 

+16V 
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---------t1fM!) OP~15/0P-1810P~17 PRECISION JFET-INPUT OPERATIONAL AMPLIFIERS 

SETTLING-TIME TEST CIRCUIT - OP-17 

TYPICAL APPLICATIONS 

CURRENT-TO-VOLTAGE AMPLIFIER OUTPUT 

+10V 

RAEF 
5k!l 

,. -,. 

-= +15V -16V 

APPLICATIONS INFORMATION 

DYNAMIC OPERATING CONSIDERATIONS 

2kn 0.1% 

As with most amplifiers, care should be taken with lead dress, 
component placement, and supply decoupllng in order to 
ensure stability. For example, resistors from the output to an 
input should be placed with the body close to the input to 
minimize "pick-up" and maximize the frequency of the 
feedback pole by minimizing the capacitance from the input 
to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capacitance 

Vour 

+15V 

R, 10kSl R25kn 

from the input of the device (usually the inverting input) to 
AC ground set the frequency of the pole. In many Instances 
the frequency of this pole is much greater than the expected 
3dB frequency of the closed-loop gain and consequently 
there is negligible effect on stability margin. However, if the 
feedback pole is less than approximately six times the 
expected 3dB frequency, a lead capacitor should be placed 
from the output to the negative input of the op amp. The value 
of the added capacitor should be such that the RC time
constant of this capacitor and the resistance it parallels is 
greater than, or equal to, the original feedback pole time 
constant. 
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PI t.:c..:t"'IOIl IVlonollthlcs Inc 

FEATURES 
• Low Supply Current ........................ 55 "A Max 
• Single-Supply Operation ................ +5V to +30V 
• Dual-Supply Operation •...•.........•• ±2.5V to ±15V 
• Low Input Offset Voltage .................. 250"V Max 
• Low Input Offset Voltage Drift .......... 1.5"VloC Max 
• High Common-Mode Input Range ... V- to V+ (-1.5V) 
• High CMRR and PSRR .........•.....•...• 100dB Min 
• High Open-Loop Gain . . . .. . .. . . . . . . • . . . . .. 120dB Min 
• No External Components Required 
• 741 Pinout and Nulling 

ORDERING INFORMATIONt 
PACKAGE 

TA = 25°C HERMETIC PLASTIC OPERATING 
VosMAX TO·. DIP DIP TEMPERATURE 

("V) I-PIN a·PIN a·PIN RANGE 

250 OP20BJ' OP20BZ' MIL 
250 OP20FJ OP20FZ IND 
250 OP20FP COM 
500 OP20CJ' OP20CZ' MIL 
500 OP20GJ OP20GZ IND 
500 OP20GP COM 

1000 OP20HJ OP20HZ OP20HP COM 

• For devices processed in total compliance to MIL·STD·883, add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn·in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The OP-20 is a monolithic micropower operational amplifier 
that can be operated from a single power supply of +5V to 

SIMPLIFIED SCHEMATIC 

-IN 

+IN 0-----\-------+----+-------+---

OP-20 
MICROPOWER OPERATIONAL AMPLIFIER 

(SINGLE OR DUAL SUPPLY) 

+30V, or from dual supplies of ±2.5V to ±15V. The input 
voltage range extends to the negative rail, therefore input 
signals down to zero volts can be accomodated when 
operating from a single supply. 

Precision performance in high-gain applications is readily 
obtained when using the OP-20. The B/F grade features a 
maximum input offset voltage of 250"V, minimum CMRR of 
95dB, and open-loop gain of over 500,000. Quiescent supply 
current is a maximum of only 55"Aat±2.5Vor80"A at ± 15V. 
The low input offset, high gain, and low power consumption 
brings precision performance to portable instruments, satel
lites, missile control systems, and many other battery
powered applications. 

PIN CONNECTIONS 

N.C. 

• BAL97V+ 
-IN 2 ~ 6 OUT 

+IN 3 5 SAL 

4 
v- (CASE) 

TO-99 
(J-Sufflx) 

EPOXY MINI-DIP 
(P-Sufflx) 

And 
8-PIN HERMETIC DIP 

(Z-Sufflx) 

OUTPUT 

~-+--~----+-----~~----~--------~--------*------+------~---+--~~~v-
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----------~1fMD OP·20 MICROPOWER OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage ................................... ± 18V 
Power Dissipation .•..........•................. 500mW 
Differential Input Voltage ....................... '" ±30V 
Input Voltage ..............•............. Supply Voltage 
Output Short·Circuit Duration ................. Indefinite 
Storage Temperature Range 

J and Z Packages ................... -65°C to +1500e 
P Package ......................... -65°e to +125°e 

Operating Temperature Range 
OP·20B, Op·20e (J or Z package) ... -55°C to +125° e 
OP·20F, Op·20G (J or Z package) .... -25° e to +85° e 
OP·20FP, OP·20GP, Op·20HP 
OP·20HJ,OP-20HZ ..................... 00eto+700e 

Lead Temperature Range (Soldering, 60 sec) ...... 3000e 
DICE Junction Temperature ..•........ -65° e to +1500e 
NOTE: 
1. Absolute ratings apply to both DICE and packaged parts. unless otherwise 

noted. 

ELECTRICAL CHARACTERISTICS at Vs= ±2.5V to ±15V, TA = +25°e. unless otherwise noted. 

Op·20B/F OP-20C/G OP-20H 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

Input 0I10et Voltage Vos 

Input Offset Current los 

Input Blao Current Is 

Input Voltage Range IVR 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

large-Signal 

Voltage Gain 

Output Voltage 
Swing 

Closed-Loop 
Bandwidth 

Slew Rate 

Supply Curront 

CMRR 

PSRR 

AVO 

BW 

SR 

ISY 

VS=±15V 

V+=+5V. 
V-=OV 

Vs=±15V 

V+=+5V. V-=OV 
OV,; VCM '; 3.5V 

Vs=±15V 
-15V'; VCM '; 13.5V 

Vs = ±2.5V to ±15V 
and V-= OV. 

V+ = 5Vto 30V 

V+=+5V. V-=OV 

lV';Vo';3.5V 
Vs =±15V, Vo =±10V 

RL = 25kfl 

V+= 5V. V-= OV 

RL = IOkfl 
Vs=±15V. 
RL = 25kfl 

AVCL =+1.0. 
RL = 10kfl 

VS=±15V 

RL = 25kfl 

VS=±2.5V. 
No Load 

VS=±15V. 
No Load 

55 250 

0.15 1.5 

12 25 

0/3.5 

-15/13.5 

95 105 

100 110 

300 500 

1000 2000 

0.6/4.1 

±14.1 

100 

0.05 

40 

55 

5-106 

55 

80 

150 500 

0.2 2.5 

14 30 

0/3.5 

-15/13.5 

90 95 

94 105 

200 500 

800 2000 

0.7/4.1 

±14.1 

100 

0.05 

44 

57 

10 

63 

85 

0/3.5 

-15/13.5 

300 1000 

0.3 4.0 

16 40 

85 90 

90 100 

10 32 

500 

500 1000 

0.8/4.0 

±14.0 

100 

0.05 

45 70 

60 95 

nA 

nA 

v 

dB 

~VIV 

VlmV 

V 

kHz 

VI~s 
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~ OP-20 MICROPOWER OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs=±2.5V to± 15V, -55° C:5TA :5 +125° CforOP-20BJ/BZ and OP-20CJ/CZ, -25° C 

:5 TA:5 + 85° C for OP-20FJ/FZ and OP-20GJ/GZ, and 0° C :5 TA :5 + 70° C for OP-20FP, OP-20GP, OP-20HP, OP-20HZ and 

OP-20HJ, unless otherwise noted. 

OP-20B/F OP-20C/G OP-20H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Average Input 

Offset Voltage TCVos Unnulled 0.75 1.5 1.0 3.0 1.5 7.0 ~V/'C 

Drift (Note 11 

Input Offset Voltage Vos Vs =±15V 155 400 250 800 500 1700 ~V 

Input Offset Current los VCM=O 0.5 2.5 1.0 3.5 1.5 5.0 nA 

Input Bias Current 18 VCM=O 12 27 14 33 16 45 nA 

Input Voltage V+=+5V. V-=OV 0/3.2 0/3.2 0/3.2 

Range 
IVR 

Vs =±15V -15/13.2 -15/13.2 -15/13.2 
V 

V+=+5V. V-=OV 
90 100 85 90 80 85 

Common-Mode 
CMRR 

OV,; VCM '; 3.2V 
dB 

Rejection Ratio Vs =±15V ge 110 90 105 85 100 ffi -15V,; VCM '; 13.2V 
...... 

Vs= ±2.5Vto 
10 18 10 32 

j:.l.., 

Power Supply ±15V 2 PSRR pVN 
Rejection Ratio V-=OV. 

10 18 10 57 

~ V+ = 5V to 30V 

Large-Signal Vs=±15V. Vo =±10V 
Avo 500 700 400 800 250 400 VlmV 

~ 
Voltage Gain RL =50kn 

V+=5V. V-=OV. 
0.8/4.0 0.9/3.9 1.0/3.8 

Output Voltage 
Vo 

RL =50kn 
V 0 

Swing Vs=±15V. ...... 
±14.0 ±13.9 ±13.9 

~ RL = 50kn 

Vs = ±2.5V. No 
53 75 55 50 65 85 

~ Supply Current ISY 
Load or +5V, OV 

pA 
Vs=±15V. 

64 95 68 100 72 115 
No Load 

NOTE: 
1. Sample lested. 
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--------------tm OP·20 MICROPOWER OPERATIONAL AMPLIFIER 

DICE CHARACTERISTICS 

DIE SIZE 0.068 X 0.045 Inch, 3060 sq. mils 
(1.73 X 1.14 mm, 1.97 sq. mm) 

1. BALANCE 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
5. BALANCE 
S. OUTPUT 
7. V+ 

For additional DICE information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs= ±1SV, TA =2SoC, unless otherwise noted. 

Op·20N Op·20G OP·20GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT 

Input Offset Voltage Vos 300 600 1000 

Input Offset Current los 1.5 2.5 4.0 

Input Bias Current Ie 25 30 40 

Input Voltage Range IVR 
V+=+5V. V-=OV 0/3.5 0/3.5 0/3.5 

Vs= ±15V -15/13.5 -15/13.5 -15/13.5 

Common-Mode V+ = +5V, V- = OV, OV" VCM " +3.5V 95 90 85 
Rejection Ratio 

CMRR 
Vs= ±15V, -15V" VCM " ±13.5V 100 94 90 

Power Supply 
Vs= ±2.5V to ±15V 

Rejection Ratio 
PSRR V-=OV, V+=+5V 6 10 32 

to+30V 

Large-Signal 
Avo 

RL = 25kO 
1000 800 500 

Voltage Gain Vo =±10V 

Output Voltage 
Vo 

RL = 10kO, V+ = +5V, V- = OV 0.714.1 0.8/4.1 0.9/4.0 
Swing RL = 25kO, Vs = ±15V ±14.1 ±14.1 ±14.0 

Supply Current ISY 
Vs = ±2.5V, No Load 55 63 70 
Vs = ±15V, No Load 80 85 95 

NOTE: 

UNITS 

I'VMAX 

nAMAX 

nAMAX 

VMIN 

dBMIN 

p.VIVMAX 

VlmV MIN 

VMIN 

p.AMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss, yield after packaging Is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and tasting. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +250 C, unless otherwise noted. 

Op·20N OP·20G OP·20GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL UNITS 

Average Input TeVos Unnulled 1.0 1.5 2.5 
Offset Voltage Drift TCVoSn Nulled, Rp = 10kO 1.0 1.5 2.5 

p'vrc 

Large-Signal 
Avo RL = 25kO 2000 2000 1000 VlmV Voltage Gain 
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------------l1fMD OP-20 MICRO POWER OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

150 

125 

-25 

TRIMMED OFFSET VOLTAGE 
VI TEMPERATURE 

Vs - :t15V 

r- RS" 6O.n 

V 
:\ I , 

I 
\. :-... ..... / 

NULLED TO ZERO OFFSET AT 2It'c 
WITH 10k POT 

-75 -25 25 75 125 176 

14 

12 

~ 10 

E 
il! 8 

" " :!I 6 
iii 
>-

~ 4 

TEMPERATURE (GC) 

INPUT BIAS CURRENT 
VI TEMPERATURE 

~S· ~'5VI 

..... ~ ........ ~ 

-100 -50 50 100 

TEMPERATURE (OC) 

150 

140 

120 

:; 
.3 lOa 
w 

~ 80 

~ 

~ 60 

o i 40 

20 

o 

700 

500 

500 

300 

200 

100 

o 

INPUT OFFSET VOLTAGE 
VB POWER SUPPLY VOLTAGE 

I I 
TA=25c C 

1 
RS = son r-

\ .... 
r--.... r-. r- -

o :1:5 :1:10 :1:15 
SUPPLY VOLTAGE (VOLTS) 

INPUT OFFSET CURRENT 
vs TEMPERATURE 

V~ •• J5v 

./ 
V 

k" V 
.--

-100 -50 0 50 100 150 
TEMPERATURE f~C) 

120 

100 

80 

20 

-20 
0.01 

CLOSED-LOOP GAIN 
V8 FREQUENCY 

111111.1 
Vs II :t15V 
RL = 25kn 
TA '" 2SOC 

AVCL - 1000 

I~~~~ .I,~~ 

I~~~~ =I,~ I i'-

I~~~~ .1, 

II II 
1.0 10 100 lk 10k tOOk 

fREQUENCY (Hz) 

SUPPLY CURRENT 
VB SUPPLY VOLTAGE 

20~+-~-r-+~--~+-+--r-i 

±5 :1:10 :1:15 

SUPPLY VOLTAGE (VOLTS) 

SMALL-SIGNAL TRANSIENT RESPONSE LARGE-SIGNAL TRANSIENT RESPONSE 

OUTPUT OUTPUT 

RL CL 

25k~'0""F 
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----------~m OP·20 MICROPOWER OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

MAXIMUM OUTPUT VOLTAGE 
va LOAD RESISTANCE 

'k 'Ok 
RLOAD (0) 

TYPICAL APPLICATIONS 

TEMPERATURE SENSOR 

'OOk 

VOLTAGE NOISE DENSITY 
VI FREQUENCY 

'000 '----'---'--"'T"""--'----' 

~~.'-~~-~'O~-~'OO~-~1k-~'Ok 
FREQUENCY (Hz) 

,0 

, 

, 0.0 

0.' 

CURRENT NOISE DENSITY 
VI FREQUENCY 

" " i'oo.. 

10 100 'k 'Ok 
FREQUENCY 1Hz) 

r------.--------~----------~----O+9VOL~ 

R' 
3.3MO 

Ie, le2 

'kll 

.6.VBE 

*R1 AND R2 SHOULD BE SELECTED TO KEEP 1C1 AND IC2 
LESS THAN 20p.A. 

,kll 

5-110 

100kn 

>-_--0 OUTPUT 
DESIGN EQUATIONS 

.6.VBE=~ In (~) 

.6.VBE ('e2) ""'"'Af""" '" 85.8 In i'C'1 [p.VfKJ 

VOUT = 1011b.VBE) 

IF *:11 3.2 THEN TCVOUT '" 10mVfC 

":" OND 
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Precision Monolithics Inc. 

FEATURES 

• Low Supply Current .. . . . . . . . . . . . . . . . . . . .. 230"A Max 
• Wide Supply Range ................... ±2.5V to ±15V 
• Low Input Offset Voltage .................. 100"V Max 
• Low Input Offset Voltage Drift .......... 1.0"V/oC Max 
• High Common-Mode 

Input Range .............. V- (+O.5V) to V+ (-1.5V) 
• High CMRR and PSRR .................... 100dB Min 
• High Open-Loop Gain. . . . . . . . . . . . . . . .. 1000V/mV Min 
• 125° C Temperature Tested Dice 

ORDERING INFORMATIONt 

PACKAGE 

TA·2SoC HERMETIC PLASTIC OPERATING 
VosMAX TO-99 DIP DIP TEMPERATURE 

(IN) a-PIN a-PIN a-PIN RANGE 
100 OP21AJ' OP21AZ' MIL 
100 OP21EJ OP21EZ OP21EP INO 
200 OP21BJ' OP21BZ' MIL 
200 OP21FJ OP21FZ OP21FP INO 
500 OP21GJ OP21GZ OP21GP INO 

• For devices processed in total compliance to MIL-STD-883. add 1883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

SIMPLIFIED SCHEMATIC 

C1 

Q6 

OP-21 
LOW-POWER 

OPERATIONAL AMPLIFIER 

GENERAL DESCRIPTION 

The OP-21 is a precision low-power operational amplifier 
offering the benefits of low offset voltage and high slew rate 
with the advantages of low power. A supply range of ± 2.5V to 
± 15V allows a wide range of applications. 

Two military temperature range models and three industrial 
temperature range models are available in TO-99 cans and 
B-Pin hermetic DIPs. Industrial temperature range models 
are also available in B-Pin epoxy DIPs. See OP-221 for dual 
and OP-421 for quad versions of the OP-21. 

PIN CONNECTIONS 

N.C. , 

BALe'v+ 
-IN 2 : 6 OUT 

+IN 3 5 BAl 

• v- (CASEI 

TO-99 
(J-Sufflx) 

013%----+---'1 

5-111 

033 

EPOXY MINI-DIP 
(P-Sufflx) 

And 
a-PIN HERMETIC DIP 

(Z-Sufflx) 

v-
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-----------I!EMD OP·21 LOW·POWER OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Supply Voltage ................................... ± 18V 

Power Dissipation (Note 1) •••••••••••••••••••••• 500mW 

Differential Input Voltage •••••••••••••••••••••••••• ±30V 

Input Voltage •••••••••••••••••••••••••••• Supply Voltage 
Output Short·Circult Duration ••••••••••••••••• Indefinite 

Storage Temperature Range 
J and Z Packages. .. .. .. .. .. .. .. .... -65° C to + 125° C 
P Package ......................... -65° C to + 125° C 

Operating Temperature Range 
OP·21A,Op·21B .................... -55°Cto+125°C 

OP·21 E, OP·21 F, OP·21 G .•.•.••••••• -25° C to +85° C 

DICE Junction Temperature (TJ) ••••••• -65°C to +150o C 
Lead Temperature Range (Soldering, 60 sec) •••••• 300°C 

NOTES: 
1. See table for maximum ambient temperature rating and derating factor. 
2. Absolute maximum ratlngsapply to both packaged partsand DICE, unle .. 

otherwise noted. 

MAXIMUM AMBIENT DEIIATE ABOVE 
TEMPEIIATUIIE MAXIMUM AMBIENT 

PACKAGE TYPE FOIIIIATING TEMPEIIATUIIE 

TO·99 (J) 80°C 7.1mWrC 

8·Pln Plastic DIP (P) 36°C 6.SmW/oC 

8·Pln Hermetic DIP (Z) 75°C S.7mWrC 

ELECTRICAL CHARACTERISTICS at VS= ±2.5V to ±15V and TA = +25°C, unless otherwise noted. 

OP·21AlE OP·21B/F OP·21 0 
PAIIAMETEII SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Vs=±15V 40 100 150 200 300 500 ,..V 

Input Offset Current los VCM=O 0.6 4 O.S 6 1.2 S nA 

Input Bias Current Is VCM=O 50 100 SO 120 70 160 nA 

Input Voltage Aange IVA Vs=±15V -14.5/13.5 -14.5113.5 -14.6/13.5 V 

Common-Mode 
Vs = ± 15V, No Load 

AeJectlon Aatlo 
CMAA -14.SVS VCM 100 110 80 106 64 100 dB 

S13.6V 

Power Supply 
PSAA 

Vs =±2.6V 
2 6 4 10 10 32 ,..VlV 

Aelectlon Ratio to ± 15V, No Load 

Large-Signal 
Avo 

Vs= ±15V, 
1000 2000 500 1500 500 1000 VlmV 

Voltage Gain AL = 10ktl, Vo ±10V 

Output Voltage 
Vo 

Vs=±15V, 
-13.7/14.0 -13.7/13.9 -13.6113.8 V 

Swing RL = 10ktl 

Slew Aate SR 
CL = l00pF, 

0.25 0.25 0.25 VI,..s 
AL = 25ktl 

Closed·Loop 
BW 

AVCL =+1, 
800 800 800 kHz 

Bandwidth AL = 10ktl 

Vs =±2.5V, 
170 230 180 276 190 300 

Supply Current ISY 
No Load 

,..A 
Vs=±15V, 
No Load 

230 300 235 360 250 420 
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IfMD OP-21 LOW-POWER OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at VS= ±2.5V to ±15V, -55°C:5 TA:5 +125°C for OP-21A and OP-21B, 

-25°C:5 TA:5 +85°C for OP-21 E, OP-21 F and OP-21G, unless otherwise noted. 

OP-21A1E OP-21B/F OP-21G 
PARAMETER SYMBOL CONOITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Average I nput Offset 
TCVes Unnulled 

Voltage Drift 
TCVesn Nulled 

0.5 1.0 1.0 2.0 2.5 5.0 /lV/'C 
(Notes 1, 21 

Input Offaet Voltage Ves 75 200 200 500 500 1000 /lV 

Input Offset Current les VCM=O 0.7 5 0.7 8 0.8 8 nA 

Input Bias Current Is VCM=O 50 110 80 130 70 185 nA 

Input Voltage Range IVR -14.3/13.2 -14.3/13.2 -14.3/13.2 V 

No Load. 
Common-Mode 

CMRR 
Vs= ±15V, 

98 105 98 100 80 95 dB 
Rejection Ratio -14.5VS VCM 

S 13.2V 

Power Supply 
PSRR 

Vs =±2.5V 
4 10 8 18 18 57 /lVIV ffi Rejection Ratio to ± 15V, No Load -Large-Signal Vs=±15V, 1-10. 

Voltage Gain Ave 
RL = 20kn, Ve= ±10V 

500 1500 250 1300 250 1000 VlmV 

~ Output Voltage 
Vo 

Vs =±15V, 
-13.5113.8 -13.5/13.7 -13.5113.8 V 

Swing RL = 20kn 

Vs~±2.5V, 
205 275 215 330 230 380 

~ Supply Current ISY 
No Load 

,..A 
Vs =±16V, 
No Load 

275 360 285 430 300 500 

9 
NOTE: 

~ 1. Sample tested. 
2. TCVeSn la guaranteed by unnulled TCVes and device design. 

I-LI 

~ 
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-------------IIEMD OP-21 LOW-POWER OPERATIONAL AMPLIFIER 

DICE CHARACTERISTICS (1ZS0C TESTED ,?ICE AVAILABLE) 

DIE SIZE 0.088 X 0.045 Inch, 3080 sq. mils 
(1.73 X 1.14 mm, 1.974 sq. mm) 

1. BALANCE 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
5. BALANCE 
8. OUTPUT 
7. V+ 

For additional DICE Information rafer to 
1988 Data Book, Secllon 2. 

WAFER TEST LIMITS at Vs= ± 1SV, T A =2S'C for Op·21N, OP·21G and Op·21GR devices; TA = 12SoC for OP·21NT and 

OP·21GT devices, unless otherwise noted. 

OP-21NT OP·21N OP-21GT OP·21G op·21GA 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos 200 100 500 200 500 p.VMAX 

Input Offset Current los VCM=O 4 4 5 6 nAMAX 

Input Bias Current Ie VCM=O 100 100 120 120 150 nAMAX 

Input Voltage Range IVR 
-14.3 -14.5 -14.3 -14.5 -14.5 

VMIN 
+13.5 +13.5 +13.5 +13.5 +13.S 

Common-Mode 
CMRR 

No Load 
96 100 66 90 84 dB MIN 

Rejection Ratio CMVR=IVR 

Power Supply 
PSRR 

Vs = ±2.5V to ± ISV 
10 6 18 10 32 p.VIVMAX 

Rejection Ratio No Load 

large-Signal 
Avo 

RL = 10kO, 
500 1000 250 500 500 VlmV MIN 

Voltage Gain Vo =±10V 

Output Voltage Swing RL = 10kO 
-13.5 -13.7 -13.S -13.7 -13.6 

VMIN Vo +13.8 +14.0 +13.8 +13.9 +13.8 

Supply Current Isv No Load 300 300 380 380 420 p.AMAX 

NOTES: 
For 2S' C characteristics 01 NT & GT devices, see N & G characteristics 
respectively. 
Electrical tests are performed at waler probe to the limits shown. Due to variations In assembly methods and normal yield loss, yield after peckaglng is not 
guaranteed lor standard product dice. Consult lactory to negotiate specifications based on dice lot qualification through sample lot asaambly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = + 25° C, unless otherwise noted, 

OP·21 NT OP-21N OP-210T OP-21G OP·21GA 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Average Input 
TCVos Un nulled 0.5 O.S 2.S "vrc Offset Voltage Drllt 

Nulled Input 
TCVos" Nulled, Rp = 10kO 0.5 0.5 2.5 "vrc Offset Voltage Drift 

Large-Signal 
Avo RL = 10kO 2000 2000 1500 1500 1000 VlmV 

Voltage Gain 

Slew Rate SR 
RL = 25kO 

0.25 0.25 0.25 0.25 0.25 VII's 
CL = l00pF 

Closed-Loop 
BW AVCL =+1 

600 600 600 600 600 kHz 
Bandwidth RL = 10kO 
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------------l!EMD OP-21 LOW-POWER OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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--------~---I1fMD OP-21 LOW-POWER OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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OP-22 
PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

(SINGLE OR DUAL SUPPLY) 
Precision Monolithics Inc. 

FEATURES 
• Programmable Supply Current .......... l!'A to 400!,A 
• Single Supply Operation ........•....... + 3V to + 30V 
• Dual Supply Operation ................ ±1.5V to ±15V 
• Low Input Offset Voltage .................•..•. 100!'V 
• Low Input Offeet Voltage Drift ............. O.75!,V/oC 
• High Common-Mode Input Range ... V- to V+ (-1.5V) 
• High CMRR and PSRR ........................ l15dB 
• High Open-Loop Gain ..................... l800V/mV 
• ±30V Input Overvoltage Protection 
• Unity-Gain Stable 
• LM4250 Pinout and Nulling 

GENERAL DESCRIPTION 
The OP-22 is a monolithic micropower operational amplifier 
designed to provide excellent accuracy in high-gain applica
tions. Offsets are very low which generally eliminates any 
need for external nulling of Vos. The OP-22 is internally 
compensated and unity-gain stable. It also features high 
open-loop gain, CMRR, and PSRR. This assures good gain 
accuracy and rejection of power supply variations even when 

SIMPLIFIED SCHEMATIC 

used in circuits with high closed-loop gain. The low offsets 
and high gain accuracy of the OP-22 bring preCision perfor
mance to the micropower field. 

The OP-22 is a versatile op amp designed for operation from 
battery or solar-cell power sources. Supply current is pro
grammable over a range of 1!,A to 400!,A with a single exter
nal resistor. Input voltage range is very wide and extends 
down to the negative rail, thus the common-mode input vol
tage range includes ground when operating from a single 
supply voltage. This ability to provide high DC performance 
over a wide input range is particularly useful in single-battery 
applications. In addition, the OP-22 is characterized over a 
wide supply range of ±1.5V·to ±15V, or +3V to +30V for 
single supply. 

The OP-22 pin-out and offset nulling are identical to the 
LM4250 and many other micropower operational amplifiers. 
This functional commonality allows easy upgrading of sys
tem performance. By selection of set resistor value, the 
circuit designer can readily use the OP-22 in place of such 
amplifiers as the LM108, LM112, LM4250, !,A776, and ICL8021 
in high-gain, low-frequency applications. 

r-------~------~--------~----------~--~--------~--._------~--~--~~Dv+ 

t---+--~__t~___II":-~~r--<J OUTPUT 

-IN 

+'N C>----f----+---------l-----I-....J 

c, 

~~+_------~~~--------r_--+---~--~------~~------+-------~---+--~--<Jv-

!SET 
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----------1~ OP-22 PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Supply Voltage ................................... ± 18V 

Power Dissipation (Note 1) ...................... 500mW 

Differential Input Voltage .......................... ±30V 

Input Voltage •••••••••••••••••••••••••••• Supply Voltage 

Storage Temperature Range 

J and Z Packages ................... -65·C to +150·C 

Operating Temperature Range 

OP-22A, OP-22B (J or Z package) ••• -55·C to +125·C 

OP-22E, OP-22F (J or Z package) •••• -25·C to +85·C 

OP-22HJ, OP-22HZ ..................... O·C to +70·C 

l.ead Temperature Range (Soldering, 60 sec) •••••• 300·C 

DICE Junction Temperature ........... -65·C to +150·C 

NOTES: 

I. See table lor maximum ambient temperature rating. 

2. Absolute ratings apply to both DICE and packaged parts, unless otherwise 
noted. 

MAXIMUM AMBIENT 
TEMPERATURE 

Vs =±I5V 
end I SET = 10"A 

TO-99 (J) 124°0 

8-Pln Hermetic DIP (Z) 124°0 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

ELECTRICAL CHARACTERISTICS at Vs= ±1.5V to ±15V, 1/,A :5ISET:51O/,A, TA = +25·C, unless otherwise noted. 

OP-22A/E OP-22B/F OP-22H 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage VOS 100 300 200 500 400 1000 "V 

Input Offset Current los VOM=O 0.2 0.3 0.5 nA 

ISET = I"A, VOM = 0 2.6 3.0 7.5 4.0 10 
Input Bias Current Ie nA 

ISET = 10"A, VOM = 0 19 30 24 35 30 50 

V+=+5V, 
0/3.5 0/3.5 0/3.5 

Input Voltage Range IVR V-=OV. V 
Vs = ±15V -15/+13.5 -15/+13.5 -15/+13.5 

Common·Mode CMRR Vs = ±15V 
100 

Rejection Ratio INote2) -15V ,; VOM ,; + 13.5V 
115 95 105 S5 95 dB 

Power Supply 
PSRR 

Vs = ±1.5V to ±15V; 
Rejection Ratio and V-= OV, I.S IS 10 32 "VIV 
I Note 1) 

I Note 2) 
V+=3V to 30V. 

VS= ±15V, 

ISET= IpA, 1000 1S00 500 900 250 500 VlmV 

Large-Signal 
Avo 

RL = 100kll. 

Voltage Gain VS= ±15V, 
ISET= 10"A, 1000 1S00 500 900 300 500 VlmV 
RL = 10kll. 

Vs =±1.5V, 
ISET = I "A, RL = l00kll & ±O.S ±0.82 ±O.S ±0.S2 ±0.75 ±O.S V 

Output Voltage 
Vo 

ISET = 10"A, RL = 10kll. 

Swing Vs = ±15V, 
ISET = 1 "A, RL = l00kll & ±14 ±14.2 ±14 ±14.2 ±13.5 ±14 V 
ISET = 10"A, RL = 10kll. 

ClosedwLoop 
AVOL = +1.0. 

BW Vs = ±15V, 250 250 250 kHz 
Bandwidth 

ISET = 10"A. RL = 1OkIl. 

Vs = ±15V. 
Slew Rate SR ISET= 10"A, O.OS 0.08 0.08 V/"s 

RL = 10kll. 

Vs =±15V, ISET= I"A. IS 17 16 19 IS 21 
Supply Current Vs = ± 15V, 'SET = 1O~A. 150 170 180 190 ISO 210 

pA 

ISY 
No Load Vs = ±1.5V, ISET= 1"A. 10.5 12.5 14 16 17 20 

Vs =±1.5V, ISET= 10"A. 105 125 140 180 170 200 "A 

NOTES: 
1. Sample tested lor single-supply operation, 100% tested lor dual-supply 

operation. 
2. Measured with VOS unnulied and ISET constant. 
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---------1~ OP-22 PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs = ± 1.5V to ± 15V, 1,uA::; ISET::; 10,uA, -55' C ::; TA::; + 125' C for OP-22AJI AZ and 
OP-22BJ/BZ, -25'C::; TA::; +85'C for OP-22EJ/EZ and OP-22FJ/FZ, and O'C::; TA::; +70'C for OP-22HJ and OP-22HZ, 
unless otherwise noted. 

OP-22A/E OP-22B/F OP-22H 
PARAME11:R SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Average Input 

Offset Voltage TCVos Unnulled 0.75 1.5 1.0 2.0 1.5 3.0 ~V/oC 

Drift (Note 11 

Input Offset Voltage Vas 175 400 350 600 500 1200 ~V 

Input Offset Current los Vet .. =0 0.2 0.3 0.5 3 nA 

Average Input Offset 
TClos (Note 11 

Current Drift 
10 15 25 pA/oC 

ISET= I~A, VCM = 0 2.B 5 3.3 7.5 4.5 10 
Input Bias Current Ie nA 

ISET = 10~A, VCM = 0 21 30 27 35 34 50 

Input Voltage 
IVR 

V+ = +5V, V-= OV 0/3.2 0/3.2 0/3.2 
V 

Range Vs =±15V -15/+13.2 -15/+13.2 -15/+13.2 

Vs = ±15V 

Common-Mode CMRR -15V S VCM ::; +13.2V 

Rejection Ratio INote3) ISET = I~A BO 105 80 99 BO 90 
dB 

ISET= tOpA 90 115 B6 105 80 90 

Power Supply PSRR 
Vs = ±1.5V to ±15V & 

V-=OV, 3.2 10 10 32 32 56 ~VN 
Aejectlon Ratio I Note a) 

V+ = 3V \0 30V INote 21 

Vs = ±15V, 
200 400 200 400 100 250 V/mV 

Large-Signal 
Ava 

ISET= I"A, RL = 100kll. 

Voltage Gai n Vs = ±15V, 
ISET = 10~A, RL = IOkIl. 

500 1000 300 750 150 300 V/mV 

Vs=±1.5V, 
ISET = 1 ~A, RL = 100kll & ±O.65 ±O.75 ±0.65 ±0.75 ±O.S ±0.7 V 

Output Voltage 
Va 

ISET = IO~A, RL = lOkI!. 

Swing Vs = ±15V, 
ISET = I~A, RL = 100kl! & ±13.6 ±13.8 ±13.6 ±13.B ±13.0 ±13.5 V 
ISET = 10~A, RL = IOkIl. 

Vs = ±15V, ISET = I~A. 16 18 17 20 20 25 

Supply Current Vs = ± 15V, ISET = 10~A. 160 180 170 200 200 250 ~A 

No Load 
ISY 

Vs = ±1.5V, I SET = I~A. 12 14 15 18 19 25 
Vs =±1.5V, ISET= 10~A. 120 140 150 180 190 250 ~A 

NOTES: 
1. Sample tested. 3. Measured with Vos unnulled and 'SET constant. 
2. VCM = t.sv 

ORDERING INFORMATIONt PIN CONNECTIONS 

PACKAGE 

TA=2S·C HERMETIC OPERATING 
... NOTE: DO NQI SHORT PIN 8 TO v- OR GROUND, 

'SET· 
SEE APPLICATIONS INFORMATION. 

VOSMAX TO-99 DIP TEMPERATURE 8 

(/LV) 8-PIN 8-PIN RANGE 

~e· 300 OP22AJ' OP22AZ' MIL .AL 
300 OP22EJ OP22EZ INO ~IN 2 + 6 OUT 

500 OP22BJ' OP22BZ' MIL 
500 OP22FJ OP22FZ INO 

1000 OP22HJ OP22HZ COM 
+IN 3 5 SAL 

4 

• For devices processed in total compliance to MIL-STD-883, add 1883 after 
v- (CASE) 

part number. Consult. factory for a83 data sheet. TO-99 8-PIN HERMETIC DIP 
tAli commercial and industrial temperature range parts are available with (J-Sufflx) (Z-Sufflx) 

burn-in. For ordering Information see 1986 Data Book, Section 2. 
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---------I~ OP-22 PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

DICE CHARACTERISTICS 

DIE SIZE 0.088 X 0.048 Inch, 3381 Iq. mill 
(1.75 X 1.24 mm, 2.18 sq. mm) 

1. BALANCE 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
5. BALANCE 
8. OUTPUT 
7. V+ 

8. ISET 

For additional DICE Information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs= ±1.5V to ±15V, 11lA S ISETS 10IlA, TA= 25°C, unless otherwise noted. 

OP-22N OP-22G OP-22GA 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT 

Input Offset Voltage Vos 300 500 1000 

Input Offset Current los (Note 1) 2 3 

Input Blaa Current IB 
ISET = lp.A 

(Note 1) 
5 7.5 10 

I SET = 10p.A 30 35 50 

Input Voltage Aange IVA 
V+ = +5V, V- = OV 0/3.5 0/3.5 0/3.5 
Vs=±15V -15/+13.5 -15/+13.5 -15/+13.5 

Common-Mode 
CMAA 

Vs = ±15V, -15V S VCMS +13.5V 
100 95 85 

Aelectlon Aatlo (Note 2) 

Power Supply 
PSAA 

Vs=±I.SVto±15V 
8 18 32 

Aelectlon Aatlo V-=OV, V+ =3V to30V (Note 2) 

Vs=±15V, 
1000 500 250 

Large-Signal 
AyO 

ISET= lp.A, AL = lOOk!!. 

Voltage Gain Vs=±15V, 
1000 500 300 

ISET = 10p.A, AL = 10k!!. 

Vs =±1.5V, 
ISET= lILA, AL = lOOk!! & ±0.8 ±0.8 ±0.75 

Output Voltage 
Vo 

ISET = 10p.A, AL = 10k!!. 

Swing Vs= ±ISV, 
ISET= lILA, AL = toOk!! & ±14 ±14 ±13.5 
ISET = 101LA, AL = 10k!!. 

Vs =±15V, ISET= lILA. 17 19 21 
Supply Current Vs=±ISV, ISET= 101LA. 170 190 210 

No Load 
ISY 

Vs =±1.5V, ISET= lILA. 12.5 16 20 
Vs=±1.5V,ISET= IOILA. 125 160 200 

NOTES: 
1. VCM=O 
2. Measured with VOS unnulled and ISET held constant. 

UNITS 

p.VMAX 

nAMAX 

nAMAX 

VMIN 

dBMIN 

p.VN MIN 

VlmVMIN 

VlmVMIN 

VMIN 

VMIN 

ILAMAX 

ILAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss, yield after packaging Is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±1.5V to ±15V, 11lA S ISETS 10IlA, TA = +25°C, unless otherwise 
noted. 

OP-22N OP-22G OP-22GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL UNITS 

Average Input 
TCVos Unnulled 1.0 1.5 2.5 ILVioC 

Ollset Voltage Drift 

Large-Signal 
Vs =±15V 

Voltage Gain 
AyO ISET= lILA, AL = lOOk!! & 1800 900 500 VlmV 

ISET = 101LA, AL = 10kil 
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---------t1fMD OP·22 PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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---------IlfMi) OP·22 PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

;;; 

" ~ 
w 

" ~ g 

GAIN·BANDWIDTH PRODUCT 
VI SET CURRENT 

1M 

Fr 

V 
1k 

0.1 

120 

100 

80 

80 

40 

20 

-20 

-40 

1/ 

f 

1 10 
SeT CURRENT (pAl 

CLOSED·LOOP 
FREQUENCY RESPONSE 

'SET = 10,uA 
VS .. t15V 
TA _25DC 

............ 
............ 

........... 

100 

" 
--60 

10 100 1k 10k lOOk 1M 

40 

~ 
35 

" 3 
>"' 

0 

FREQUENCY (Hz) 

PEAK· TO·PEAK 
OUTPUT SWING 

VI LOAD RESISTANCE 

IIIIII 
v~lljm 

1111111 

4.0 

3.5 

~.', 3.0 

" >"' 
2.S 0:. 

ISET"'0.u~\ I 25 

~ 20 v~.I±lIW } 
2.0 ; 

z 
~ 
~ 

'5 1 o 

5 

0 

5 

0 
100 

1111111 

rh 
ISET lpA 

1.5 ~ 
~ 

1.0 § 

lk 10k 100k 
LOAD RESISTANCE (n) 

0.6 

o 
1M 

150 

146 

140 

135 

130 

125 

120 

115 

110 

105 

-

OPEN·LOOP GAIN 
VB SET CURRENT 

100 
1 10 100 

18 0 

180 

140 

120 

100 

80 

0 

0 

0 

0 

seT CURRENT (,uAI 

POWER SUPPLY REJECTION 
VI FREQUENCY 

Vs = ±16V 
ISET" lDpA 

~ I'-.. ",,"POSITIVE 

........ 
"- ~ 

......... 
~ 

NEGATIV~ 

" 
0.1 10 100 1k 10k 

lOOk 

10k 

1k 

100 

1 0 

FREQUENCY (Hzl 

MAXIMUM OUTPUT CURRENT 
VI SET CURRENT AT 

Vs = ±15V, +5 AND ±1.5 

TA "'25°C .,.0:;: 
II'S--

+1.5 ~ 

~~ ~ 
./ ~ '- -1 • 

1.5 

V 
V. 

0.1 10 
SET CURRENT (pAl 

100 

5·122 

;;; 

" z 
;; 
" w 

~ g 

70 

80 

50 

40 

30 

20 

10 

-10 

-20 
10 

FREQUENCY RESPONSE 
VI SET CURRENT 

~!:~~~~ 
AVCl'" 100 

"'" ~ "'-'SET = lpA ~""5: " 5.A P\: ~ ~O/AA 
10.AJ ," ~'\. 

"' ,~ 

100 lk 10k 100k 1M 

FREQUENCY (Hz) 

COMMON·MODE REJECTION 
VB FREQUENCY 

180 
Vs = ±15V 

~ 'SET = 10,uA 180 

140 

120 

100 

80 

80 

40 

20 

o 
0.1 

1k 

10 
0.1 

""'" "" 
10 100 1k 

FREQUENCY (Hz) 

VOLTAGE NOISE 
VI FREQUENCY 

Vs= ±16V 
TA " 2SDC 

...... 

" 
10k 

'SET'" l,uA 

10 

FREQUENCY (Hz) 

'SET -10pA 

100 
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---------IIEMD OP-22 PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

10 

CURRENT NOISE 
vs FREQUENCY 

VS "±1SV 
TA - 26°C 

'SET '" lO~A 

.... 
'SET = lJ.1A 

0.1 
0.1 1 10 

FREQUENCV (Hzl 

II 
100 

100 

80 

60 

! 40 

8 20 

::: a 
Iii -20 
r:! 
~ -40 

--60 

-80 

-100 

OFFSET CURRENT 
VB TEMPERATURE 

Vs"" ±1.5V TO ±16V 
'SET = 10j./A 

-r-. 
......... 

........ 

-15 -50 -25 26 50 75 100 125 
TEMPERATURE fOCI 

SMALL-SIGNAL 
TRANSIENT RESPONSE 

AV .. +1, Cl => 30pF 

'SET'"',uA 
Vs lit ±15V 

17 

16 

15 

14 

13 

12 

11 

10 

SUPPLY CURRENT 
VB TEMPERATURE 

VS=:!:15V 'SET ~ lJ,lA 

~ ~ 
.... 'SET = 10pA 

~ -~ 
1 70 

160 

" oS 
150 ';;" 

i;; 
140 ~ 

< 
.3 

130 I-

1 

iil 
" 20 " 

Vs = 1.5V 'SET -10,uA 

~, 
a 

10 ~ 
&: 'SET - '.uA ::> 

100 Ul 

9 00 __ _ ~ ~ ~ ~ 1~ 

10M 

1M 

lOOk 

10k 

TEMPERATURE fOCI 

OPEN-LOOP GAIN 
VB TEMPERATURE 

ISET = 1 TO 10pA 

;- VS-±lSV--I--I--
Vs ±3V~ 

-75 -45 -15 15 46 75 105 135 

TEMPERATURE fOCI 

SMALL-SIGNAL 
TRANSIENT RESPONSE 

'SET '" 10j./A 
VS "'±15V 

5-123 

o 

BIAS CURRENT 
vs TEMPERATURE 

'seT = 10j./A Vs = ±1.5V-

i""" -
~F'SET"0"A VS-±15~ 

-'SET =',".A v'S = ±11.5V T6 ±15V 

30 

25 

- 20 

......... , 
"--1 

\ 
0 

-75 -50 -25 25 50 75 100 125 
TEMPERATURE (OCI 

SMALL-SIGNAL 
TRANSIENT RESPONSE 

SMALL-SIGNAL 
TRANSIENT RESPONSE 
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--------l~ OP-22 PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

SMALL·SIGNAL 
TRANSIENT RESPONSE 

SMALL·SIGNAL 
TRANSIENT RESPONSE 

SMALL·SIGNAL 
TRANSIEII!;rAESPONSE 

APPLICATIONS INFORMATION 
OP-22 series units may be inserted directly into LM4250, 
p.A776 and ICL8021 sockets with or without removal of 
external nulling components. The value of set resistor for a 
given supply current varies between types and the manufac· 
turer's data sheets should be consulted for this information. 
Table 1 compares set resistor values for the OP-22 and the 
LM4250. (RSETconnected to V-). 

TABLE 1 
Supply Current VI. Set Reliltor lor OP-22 and LM4250 

VSUPPLY OP-22 LM4250 OP-22 LM4250 OP-22 LM4250 

±1.5V 2.2MO 1.3MO 680kO 430kO 220kO 120kO 

±3.0V 6.BMO 2.7MO 2.2MO 910kO e80kO 270kO 

±s.ov 13MO 4.7MO 4.3MO 1.SMO 1.3MO 470kO 

±12V 33MO 12MO llMO 3.9MO 3.3MO 1.2MO 

±15V 43MO 15MO 15MO S.lMO 4.3MO 1.5MO 

ISET O.671'A 1.BI'A 2.01'A 6.01lA 6.71'A 2Ol'A 

SET-RESISTOR SELECTION 
The value of set resistor for selected supply current may be 
calculated using the "Supply current VS. Set current" curve 
and the formula; 

RSET= (VSUPPLy-2VSE) ............................. (1) 
ISET 

Alternatively, the "Supply Current vs. Set Current" graph may 
be used in conjunction with the "Set Current vs. Set Resistor" 
graph. VSUPPLY in formula (1) refers to the total supply 
voltage with RSET connected between pin 8 and negative 
supply. RSET may be connected to ground in which case 
VSUPPLY in (1) is the positive supply. 

Blasing the OP-22 with a fixed resistor produces a supply 
current approximately proportional to supply voltage. In 
applications where a constant drain is required with varying 
supply, RSET can be replaced by current generators. Two 
suggested arrangements are shown below: 

(al 

R1 ISET"" ;m. lOSS >- ISET 

v-

(bl 

10MO 

R2 

v-

CAUTION: Shorting of pin 8 to negative supply or ground 
will cause excessive ISET which in turn will cause excessive 
supply current to flow. ISET should always be limited. 
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----------1~ OP·22 PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

OFFSET VOLTAGE ADJUSTMENT 
The offset voltage can be trimmed to zero using a 100kO 
potentiometer (see offset nulling circuit). Adjustment range 
is approximately ±5mV. Resolution of the nulling can be 
increased by using a smaller pot in conjunction with fixed 
resistors as shown below. 

39kn 20kS1 39k.Q 
PIN 1 O----.lW~--.....,W'----....... M"---_O PIN 5 

1-
This arrangement has a ±500/LV adjustment range. Offset 
nulling of the OP·22 has negligible effect on the value of 
TCVos· 

OFFSET NULLING CIRCUIT 

V+ 

OUTPUT 
INPUT 

100kn 

V-

BURN-IN CIRCUIT* 

+18V 

21-'- 7 
• OP-22 OUTPUT 

3+/" 
1;. 

~ 3.6Mn 

'-----< 

-lav 

"Other circuits may apply at PMI's discretion. 

5-125 

APPLICATIONS CIRCUITS 
A micropower bandgap voltage reference operating at a 
quiescent current of 15/LA may be constructed using an OP· 
22 and a MAT-01 dual transistor (see Figure 1). The circuit 
provides a 1.23V reference with better performance than 
micropower I.C. shunt regulators and has the advantages of 
being a series regulator. 

MICROPOWER 1.23 VOLT BANDGAP REFERENCE 

360kS1 1% 2.2Mn 1% 

DUAL 
TRANSISTOR 
MAT·01GH 1M" 22Mn 

SUPPLY 
+3V TO +30V 

1N914 

VOUT" 1.23V 
a-5mA 

2.2Mn 

OV 

QUIESCENT CURRENT, 15pA AT 5V INCREASING TO 20~A AT l0V. 
OUTPUT VOLTAGE TEMPERATURE COEFFICIENT (OVER 0° TO 70"C), 20ppmfC TYP. 
LINE REGULATION, O.01%/VOL T. 
LOAD REGULATION, O.OO1%/mA. 

Figure 1 

GATED MICROPOWER AMPLIFIER 

GAIN = 50 +5V 

500kS) 

47QnF 

o----j f---I'N--+----"t 
OUTPUT 

INPUT 

OV 

Figure 2 

1/86, Rev. A 

11 

II 
II 

--I 



----------l1fMD OP-22 PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

MICROPOWER INSTRUMENTATION AMPLIFIER - POWER DRAIN $ 3mW WITH ±5 VOLT SUPPLIES 

;----.------------------~------._----------------------~r_--------------O~v 

Figure 3 

1Mn 

100nF 

2.2Mn 

ov 

-IN <>-------..... --+=-Il 

OFFSET ADJUST 

300kn 
0.1% 

1kn 

--.... -4----<> -5V 

DUAL TRANSISTOR 
MAT-01AH 

R2 

1kilO.1% 
499kn 0.1% 

2kn CMRR ADJUST 

OV 

50pF 

20kn 

R3 

lknO.l% 

300kn 
0.1% 

5QpF 

+IN<>---------------------------------------------------____ ~ 

MAXIMUM 
>,'--..... -------0 OUTPUT t3V 

1Mn 

-5V 

R4 

500k!2 0.1% 

RL ;;a. 30kSl 

VOLTAGE GAIN"~ 
Rl" R4 
R2" R3 

INPUT BIAS CURRENT < lDnA 
CMRR> 100dB • 60Hz 
PSRR > 70dB 
Te Ves < O.2p.vrC 
NONLINEARITY < 0.001% 
(AV '" 500) 

In Figure 2, the OP-22 is used as a gated amplifier where 
power consumption and bandwidth are controllable. Rs can 
be selected for a specific lower-power operation or omitted 
so the amplifier can be completely shut down. 

TWO TERMINAL 4-20mA TRANSMITTER 

A micropower instrumentation amplifier that consumes less 
than 3mW with ±5V supplies is shown in Figure 3. Offset 
voltage drift is less than 0.2p.V/oC and common-mode 
input range is ±3V with CMRR of over 100dB at 60Hz. 

+5 VOLT 
REFERENCE 
ZmAMAX. 

SIGNAL 
SOURCE 
0-10OmV 

Skn 1% 

1000 1% 
BOkU 1% 

Process control systems use two-wire 4-20mA current trans
mitters when sending analog signals through noisy environ
ments. The "zero" or "offset" current of 4mA may be used to 
power the transmitter signal conditioning amplifiers and/or 
excite a d.c. transducer. This allows remote signal condition
ing without having a remote power source. Power is provided 
at the receiving end where the signal current is monitored by 
a precision 50.0 resistor. The 4-20mA transmitter shown in 
Figure 4 has high stability, excellent linearity, and generates 
the 4-20mA current output. A 5V reference is available for 
powering transducers and micropower amplifiers at a maxi
mum current of 2mA. 

L-----~~------------------_+'O 

I 
COMPLIANCE ................................... 10 VOLT TO 40 VOLT 
LINEARITy ............................ " ................ 0,002% OF SPAN 
LINE REJECTION, OFFSET .......................... O.OO2%/VOLT 

SPAN ............................ , O.OO5%NOL T 

Figure 4 
TEMPERATURE COEFFICIENTS, OFFSET ........ O.OO2%f>C 

(-25QC TO +85QCI SPAN ............ O.001%f>C 
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---------I1fMD OP-22 PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

MICROPOWER WI EN-BRIDGE OSCILLATOR (Pd < 500!'W) 

-=-9V >=-------..... --oVOUT 

THO < 0,5% AT Vour· 3V pop 

Figure 5 

MICROPOWER 5 VOLT REGULATOR 

aUIESCENT CURRENT"" SOMA AT 9V 
LOAD REGULATION, 0.001% I mA 
L.INE REGUL.ATION, 0.01% I VOLT 

A1 - OP·22 
01,02 -1N914 

3Vp-p AT 1kHz 

TEMPERATURE COEFFICIENT, 40ppm rc (_26°C TO +85°C) 

Figure 6 

lkIl 30 
1 % 

11kn 
1% 

01:::S 

100kO 
1% 

3~7 
lMIl 

Al • 
.......2 ~-(" 8 

10Mn 

2:::::S 2:: 02 
SET " OUTPUT 

A1, A2 - OP·22, Q1 - 2N2222 
01,02 - MAT·01 OR MATCHED DIODES 

Figure S shows a micropower Wien-bridge oscillator 
designed for battery-powered instrumentation. Output level 
is controlled by nonlinear elements 01 and 02. When 
adjusted for3V pop output, the distortion level is belowO.S% 
at 1kHz. 

The S volt regulator in Figure 6 is intended for instrumenta
tion requiring good power efficiency. Low-power 3-terminal 

301kn 
1% 

3~7 
A2 

6 

~ -,. -(" 8 

91kn 4.7Mn 1% 

~20kIl 

01 

+6.SV <; VIN < +30V 

~'-o 

::100nF 

+5V 
OUTPUT 
(10mAMAX) 

ov 

Ie regulators typically draw 2mA to SmA quiescent current 
compared to only SO!,A with this discrete implementation. 
Maximum load current is 10mA as shown, and can be 
increased by changing 01 to a power transistor and propor
tionately increasing the set current of A2. 
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Precision MOIlOi1thlcS Inc 

FEATURES 
L N I { ... BOnVp_p (0.1Hz to 10Hz) 

• ow 0 Ie ....••... .. .. . . . .............. 3nV/y'iiZ 

• Low Drift .................................. 0.2!,V/o C 

S { •....... 2.BV/!,1 Slew Rate 
• High peed.............. .. .. BMHz Gain Bandwidth 

• Low Vos . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10!'V 
• Excellent CMRR •..........•... 126dB at VCM of ±11V 
• High Open-Loop Gain .................. ". 1.B Million 
• Fltl 725, OP-07, OP-05, AD510, AD517, 5534A locketa 

ORDERING INFORMATIONt 
PACKAGE 

TA=25'C HERMETIC HERMETIC PLASTIC OPERATING 
Voa MAX TO-It DIP DIP TEMPERATURE 

(~V) I-PIN a-PIN I-PIN LCC RANGE 

25 I OP27AJ' OP27AZ' MIL 
25 OP27EJ OP27EZ PP27EP INO/COM 
60 OP27BJ' OP27BZ' " OP27BRC/883 MIL 
60 OP27FJ OP27FZ OP27FP INO/COM 

100 OP27CJ' OP27CZ' MIL 
100 OP27GJ OP27GZ OP27GP INO/COM 

'For devices processed In total compliance to MIL-STO-883. add /883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book. Section 2. 

GENERAL DESCRIPTION 
The OP-27 precision operational amplifier combines the low 
offset and drift of the OP-07 with both high-speed and low
noise. Offsets down to 25!'V and drift of 0.6!,V/o C maximum 
make the OP-27 ideal for precision instrumentation applica
tions. Exceptionally low noise. en = 3.5nVlVHZ. at 10Hz. a 
low 1/f noise corner frequency of 2.7Hz. and high gain (1.B 
million). allow accurate high-gain amplification of low-level 
signals. A gain-bandwidth product of BMHz and a 2.BV/!,sec 
slew rate provides excellent dynamic accuracy in high-speed 
data-acquisition systems. 

SIMPLIFIED SCHEMATIC 

OP-27 
LOW-NOISE PRECISION 

OPERATIONAL AMPLIFIER 

A low Input bias current of ±10nA is achieved by use of a 
bias-current-cancellatlon circuit. Over the military temper
ature range. this circuit typically holds Ie and los to ±20nA 
and 15nA respectively. 

The output stage has good load driving capability. A guaran
teed swing of ± 10V into 600n and low output distortion make 
the OP-27 an excellent choice for professional audio applica
tions. 

PSRR and CMRR exceed 120dB. These characteristics, 
coupled with long-term drift ofO.2!,Vlmonth. allow the circuit 
designer to achieve performance levels previously attained 
only by discrete designs. 

PIN CONNECTIONS 

BALfi1BAL8 7 V+ 
-IN2 eOUT 

+IN3 5 N.C. 

4 V-ICASE} 

TO-99 
(J-Sufflx) 

B-PIN HERMETIC DIP 
(Z-Sufflx) 

EPOXY MINI-DIP 
(P-Sufflx) 

OP-27BRC/883 
LCC PACKAGE 

(RC-Sufflx) 

r-----~--------~------~--~--~----~------~~~_4~v. 

NON
INVERTING 

INPUT (o.:'I+-+"""1---t---/E:--i~ 
INVERTING 
INPUT H 

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

• R1. R2 ARE PERMANENTL V ADJUSTED 
AT WAFER TEST FOR MINIMUM 

OUTPUT 

OFfSET VOLTAGE. ~------------+---~------+-------~~+-~-4~v-
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-----------i!mD OP-27 LOW-NOISE PRECISION OPERATIONAL AMPLIFIER 

Low cost, high-volume production of OP-27 is achieved by 
using an on-chip zener-zap trimming network. This reliable 
and stable offset trimming scheme has proved its effective
ness over many years of production history. 

The OP-27 provides excellent performance in low-noise 
high-accuracy amplification of low-level signals. Applica
tions include stable integrators, precision summing ampli
fiers, precision voltage-threshold detectors, comparators, 
and professional audio circuits such as tape-head and 
microphone preamplifiers. 

The OP-27 is a direct replacement for725, OP-06, OP-07 and 
OP-05 amplifiers; 741 types may be directly replaced by 
removing the 741's nulling potentiometer. 

ABSOLUTE MAXIMUM RATINGS (Note 4) 

Supply Voltage ..........•.•.........•............ ±22V 
Internal Power Dissipation (Note 1) ....•......... 500mW 
Input Voltage (Note 3) ............................ ±22V 
Output Short-Circuit Duration ................. Indefinite 
Differential Input Voltage (Note 2) ................ ±0.7V 
Differential Input Current (Note 2) ............... ±25mA 
Storage Temperature Range. . . . . . . . . .. -65° C to ,.1500? 

Operating Temperature Range 
OP-27A, OP-27B, OP-27C (J, Z, RC) .... -55°C to +125°C 
OP-27E, OP-27F, OP-27G (J, Z) ....... -25°C to +85°C 
OP-27E, OP-27F, OP-27G (P) ............ O°C to +70°C 

Lead Temperature Range (Soldering, 60 sec) ...... 300°C 
DICE Junction Temperature. . . . . . . . . .. -65° C to + 150° C 

NOTES: 
1. See table for maximum ambient temperature rating and derating factor. 

MAXIMUM AMalENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

PACKAGE TYPE FOR RATING TEMPERATURE 

TO-99IJI BO'C 7.1mW/'C 

B-Pin Hermetic DIP IZI 75'C 6.7mW/'C 

B-Pin Plastic DIP (PI 62'C 5.6mW/'C 

LCC BO'C 7.BmW/'C 

2. The OP-27's inputs are protected by back-to-back diodes. Current limiting 
resistors are nol used in order to achieve low noise. If differential Input 
voltage exceeds ±O.7V, the input currenlshould be limited to 25mA. 

3. For supply voltages less than ±22V, the absolute maximum input voltage is 
equal to the supply vollage. 

4. Absolute maximum ratings apply 10 both DICE and packaged parIs, unless 

otherwise noted. \ 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25° C, unless otherwise noted. 

OP-27A/E OP-27B/F OP-27C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos INotel) 10 25 20 60 30 100 pV 

long-Term Vos 
Vos/Time 

Stability 
(Note. 2,3) 0.2 1.0 0.3 1.5 0.4 2.0 pV/Mo 

Input Offset Current los 35 50 12 75 nA 

Input Bias Current 18 ±10 ±40 ±12 ±55 ±15 ±80 nA 

Input Noise Voltage 
O.lHz to 10Hz 

0.08 0.18 8 np_p 
(Notes 3, 5) 

O.OB O.lB 0.09 0.25 pVp-p 

fo = 10Hz (Note 3) 3.5 5.5 3.5 5.5 3.8 B.O 
Input Noise 

en fo = 30Hz (Note 3) 3.1 4.5 3.1 4.5 3.3 5.6 nVIJHZ 
Voltage Density 

fo = 1000Hz (Note 3) 3.0 3.8 3.0 3.8 3.2 4.5 

fo = 10Hz (Note. 3,6) 1.7 4.0 1.7 4.0 1.7 
Input Noise 

In fO = 30Hz INote. 3,6) 1.0 2.3 1.0 2.3 1.0 pA/JHZ 
Current Density 

fo = 1000Hz INote. 3, 6) 0.4 0.6 0.4 0.6 0.4 0.6 

Input Resistance -
R'N INote 7) 

Differential-Mode 
1.3 0.94 0.7 Mn 

Input Resistance -
R'NOM Common-Mode 

2.5 an 

Input Voltage Range IVR ±".0 ±12.3 ±11.0 ±12.3 ±".0 ±12.3 V 

Common-Mode 

Rejection Ratio 
CMRR VOM = ±11V 114 126 106 123 100 120 dB 

Power Supply 
PSRR Vs = ±4V to ±IBV 

Rejection Ratio 
10 10 20 pVIV 

Large-Signal RL., 2kn, Vo = ±10V 1000 lBOO 1000 1800 700 1500 

Voltage Gain AvO RL., 600n, Vo = ± 10V 800 1500 800 1500 600 1500 
V/mV 

Output Voltage RL .,2kn ±12.0 ±13.8 ±12.0 ±13.8 ±1'.S ±13.S 

Swing 
Vo RL ., 600n ±10.0 ±11.S ±10.0 ±1'.5 ±10.0 ±11.S 

V 

Slew Rate SR RL" 2kn (Note 4) 1.7 2.8 1.7 2.8 1.7 2.8 Vip. 
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-----------im OP-27 LOW-NOISE PRECISION OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25·C, unless otherwise noted. (Continued) 

OP-27A/E 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

Gain Bandwidth Prod. GBW 

Resistance 

Open-Loop Output 
Ro 

Power Consumption Pd 

Offset Adjustment 

Range 

NOTES: 

(Note4) 5.0 8.0 

Vo~O, 10~0 70 

Vo 90 

Rp~ 10kn ±4.0 

1. Input offset voltage measurements are performed - 0.5 seconds after 
application of power. AlE grades guaranteed fully warmed-up. 

2. Long-term Input offset voltage stability refers to the average trend line of 
Vos vs. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes In Vos during the first 30 

140 

OP-27B/F OP-27C/G 
MIN TYP MAX MIN TYP MAX UNITS 

5.0 8.0 5.0 8.0 MHz 

70 70 11 

90 140 100 170 mW 

±4.0 ±4.0 mV 

days are typically 2.5~V - refer to typical performance curve. 
3. Sample tested. 
4. Guaranteed by design. 
5. See test circuil and frequency response curve for 0.1 Hz to 10Hz tester. 
6. See test circuit for current noise measurement. 
7. Guaranteed by input bias current. 

ELECTRICAL CHARACTERISTICS for Vs = ± 15V, -550 C S TA S + 125· C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos 

Averaga Input TCVos 

Offset Drift TCVosn 

Input Offset Current loS 

Input Bias Current Ie 

Input Voltage Range IVR 

Common~Mode 

Rejection Ratio 

Power Supply 
Rejection Ratio 

Large-Signal 
Voltage Gain 

Output Voltage 
Swing 

CMRR 

PSRR 

AVO 

(Note 1) 

(Note 2) 
(Note 3) 

Vs ~ ±4.5V to ±18V 

RL~ 2kll, Vo~ ±10V 

OP-27A 
MIN TYP MAX 

30 BO 

0.2 0.6 

15 50 

±20 ±BO 

±10.3 ±11.5 

lOS 122 

16 

600 1200 

±11.5 ±13.5 

OP-27B OP-27C 
MIN TYP MAX MIN TYP MAX UNITS 

50 200 70 300 

0.3 1.3 0,4 1:8 pV/'C 

22 85 30 135 nA 

±28 ±95 ±35 ±150 nA 

±10.3 ±11.5 ±10.2 ±11.5 V 

100 119 94 116 dB 

20 51 pVN 

500 1000 300 SOO VlmV 

±11.0 ±13.2 ±10.5 ±13.0 V 

ELECTRICAL CHARACTERISTICS for Vs = ±15V, -25·C S TAS +85·C for OP-27J and OP-27Z, O·C S TAS+70·C for 
OP-27P, unless otherwise noted. 

OP-27E 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

Input Offset Voltage Vos 

Average Input 

Off.etDrift 
TCVOS 
TCVOSn 

Input Offset Current lOS 

Input Bias Current Ie 

Input Voltage Range IVR 

Common-Mode 

Rejection Ratio 

Power Supply 
Rejection Ratio 

Large-Signal 

Voltage Gain 

Output Voltage 
Swing 

NOTES: 

CMRR 

PSRR 

AvO 

(Note 2) 
(Nole3) 

Vs ~ ±4.5V to ±ISV 

RL~2kll. Vo=±10V 

20 

0.2 

10 

±14 

±10.5 ±11.S 

110 124 

750 1500 

±11.7 ±13.6 

1. I nput offset voltage measurements are performed by automated test 
equipment approximately 0.5 seconds after application of power. AlE 
grades guaranteed fully warmed-up. 

50 

0.6 

50 

±60 

15 

5-130 

OP-27F OP-27G 
MIN TYP MAX MIN TYP MAX UNITS 

40 140 55 220 

0.3 1.3 0,4 1.8 pV/'C 

14 85 20 135 nA 

±IS ±95 ±25 ±150 nA 

±10.5 ±11.S ±10.5 ±11.8 V 

102 121 96 118 dB 

16 2 32 pVN 

700 1300 450 1000 VlmV 

±11.4 ±13.5 ±11.0 ±13.3 V 

2. The TCVos performance is within the specifications unnulled or when 
nulled with Rp = 8kO to 20kO. TCVos is 100% tested for AlE grades, 
sample tested for BICIFIG grades. 

3. Guaranteed by design. 
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-----------I~ OP-27 LOW-NOISE PRECISION OPERATIONAL AM_P_L_IF_IE_R __________ _ 

DICE CHARACTERISTICS 

DIE SIZE 0.054 X 0.108 Inch, 5832 sq. mils 
(1.37 X 2.74mm, 3.76 sq. mml 

1. NULL 
2. (-I INPUT 
3. (+1 INPUT 
4. V-
6. OUTPUT 
7. V+ 
8. NULL 

For additional DICE information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs = ± 15V, TA = 250 C for OP-27N, OP-27G, and OP-27GR devices; TA = 1250 C for OP-27NT and 
OP-27GT devices, unless otherwise noted. 

OP-27NT OP-27N OP-27GT OP-27G OP-27GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos (Note 1) 60 35 200 60 100 "V MAX 

Input Offset Current los 50 35 85 50 75 nAMAX 

Input Bias Current 18 ±60 ±40 ±95 ±55 ±80 nAMAX 

Input Voltage Range IVR ±10.3 ±11 ±10.3 ±11 ±11 VMIN 

Common-Mode 
CMRR VCM = IVR 108 114 100 106 100 dBMIN 

Rejection Ratio 

Power Supply 
PSRR Vs= ±4V to ±18V 10 10 20 pVIVMAX 

Rejection Ratio 

Large-Signal 
Avo 

RL?2kO, Vo =±10V 600 1000 500 1000 700 
VlmVMIN 

Voltage Gain RL?6000, Vo= ±10V 800 800 600 

RL ?2kO ±11.5 ±12.0 ±11.0 ±12.0 ±11.5 
Output Voltage Swing Vo VMIN 

RL ?6000 ±10.0 ±10.0 ±10.0 

Power Consumption p. Vo=O 140 140 170 mWMAX 

NOTE: 
Electrical tests are performed at waler probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield alter packaging is not 
guaranteed lor standard product dice. Consult lactory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = +250 C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Average Input Offset TCVosor Nulled or Unnulled 
Voltage Drift TCVOsn Rp= 8kO to 20kO 

Average Input Offset 
TClos 

Current Drift 

Average Input Bias 
TCl e Current Drift 

Input Noise 
10= 10Hz 

Voltage Density en fo=30Hz 
fo= 1000Hz 

Input Noise 
fo= 10Hz 

in 10= 30Hz 
Current Density 

fo = 1000Hz 

Input Noise Voltage enp_p 0.1 Hz to 10Hz 

Slew Rate SR RL ?2kO 

Gain Bandwidth Product GBW 

NOTE: 
1. Input offset voltage measurements are performed by automated test 

equipment approximately 0.5 seconds after application 01 power. 
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OP-27N OP-27G OP-27GR 
TYPICAL TYPICAL TYPICAL UNITS 

0.2 0.3 0.4 "VloC 

80 130 160 pN°C 

100 160 200 pN'C 

3.5 3.5 3.8 
3.1 3.1 3.3 nV/JHZ 
3.0 3.0 3.2 

1.7 1.7 1.7 
1.0 1.0 1.0 pNJHZ 
0.4 0.4 0.4 

0.08 0.08 0.09 pVp-p 

2.8 2.8 2.8 VIps 

8 8 8 MHz 

1/86, Rev. A 

ffi ...... 
~ 

2 
~ 
~ 
0 ...... 

~ 
~ 

~ 



i 

I 
I 

------------1rfMD OP·27 LOW·NOISE PRECISION OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

0.1 Hz TO 10Hzp•p NOISE TESTER 
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40 
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10k 

,00 

, 
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..... 
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NOISE SPECTRA 

74, 

, 
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LOW NOISE 
AUDIO 
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,000 
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TYPICAL PERFORMANCE CHARACTERISTICS 

OFFSET VOLTAGE DRIFT OF 
EIGHT REPRESENTATIVE UNITS 

VB TEMPERATURE 
60 

V OP·27C 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 

VOLTAGE NOISE TEST CIRCUIT (0.1 Hz·TO-10Hz) 

O.1~F 

~--+-..JV>.14 ::::I22~:~: lMO 

i"~O 
NOTE: ALL CAPACITOR VALUES ARE FOR 

NON POLARIZED CAPACITORS ONLY. 

OPEN·LOOP VOLTAGE GAIN VI 

LOAD RESISTANCE 
2.4 

2.2 

:; 
~ 2.0 

~ 1.8 

~ 1.6 

~ 
~ 1.4 

> 12 

8 ... 1.0 

~ IS 0.8 

f- ~AI.12~!~1I 
r- Vs = ±15V 

0 .• 

0.4 
100 

Y 
II 

lk 10k 

LOAD RESISTANCE (n) 

APPLICATIONS INFORMATION 

lOOk 

OP-27 Series units may be inserted directly into 725, OP-06, 
OP-07 and OP-05 sockets with or without removal of external 
compensation or nulling components. Additionally, the OP-
27 may be fitted to unnulled 741-type sockets; however, if 
conventional 741 nulling circuitry is in use, it should be modi
fied or removed to ensure correct OP-27 operation. OP-27 
offset voltage may be nulled to zero (or other desired setting) 
using a potentiometer (see Offset Nulling Circuit). 

The OP-27 provides stable operation with load capacitances 
of up to 2000pF and ± 10V swings; larger capacitances should 
be decoupled with a 500 resistor inside the feedback loop. 
The OP"27 is unity-gain stable. 

Thermoelectric voltages generated by dissimilar metals at 
the Input terminal contacts can degrade the drift perfor
mance. Best operation will be obtained when both input 
contacts are maintained at the same temperature. 

OFFSET VOLTAGE ADJUSTMENT 
The input offset voltage of the OP-27 is trimmed at wafer 
level. However, if further adjustment of Vos is necessary, a 
10kO trim potentiometer may be used. TCVos is not degraded 
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NOTE: 

Observation time limited to 10 seconds. 
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(see Offset Nulling Circuit). Other potentiometer values from 
1 kO to 1 MO can be used with a slight degradation (0.1 to 
0.2,.V/oC) of TCVos. Trimming to a value other than zero 
creates a drift of approximately (Vos/300) ,.V/o C. For exam
ple, the change in TCVos will be 0.33,.V/o C if Vos is adjusted 
to 100,.V. The offset-voltage adjustment range with a 10kO 
potentiometer is ±4mV. If smaller adjustment range is re
quired, the nulling sensitivity can be reduced by using a 
smaller pot in conjuction with fixed resistors. For example, 
the network below will have a ±280,.V adjustment range. 

4.7kO 
lknpOT 

4.7kn 

v+ 

NOISE MEASUREMENTS 
To measure the 80nV peak-to-peak noise specification of the 
OP-27 in the 0.1 Hz to 10Hz range, the following precautions 
must be observed: 
(1) The device has to be warmed-up for at least five minutes. 

As shown in the warm-up drift curve, the offset voltage 
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typically changes 4p.V due to increasing chip temperature 
after power-up. In the 10-second measurement interval, 
these temperature-induced effects can exceed tens-of
nanovolts. 

(2) For similar reasons, the device has to be well-shielded 
from air currents. Shielding minimizes thermocouple 
effects. 

(3) Sudden motion in the vicinity of the device can also "feed
through" to Increase the observed noise. 

(4) The test time to measure 0.1 Hz-to-l0Hz noise should not 
exceed 10 seconds. As shown in the noise-testerfrequency
response curve, the O.lHz corner is defined by only one 
zero. The test time of 10 seconds acts as an additional 
zero to eliminate noise contributions from the frequency 
band below 0.1 Hz. 

(5) A noise-voltage-density test is recommended when 
measuring noise on a large number of units. A 10Hz 
noise-voltage-density measurement will correlate well 
with a 0.1 Hz-to-l0Hz peak-to-peak noise reading, since 
both results are determined by the white noise and the 
location of the llf corner frequency. 

UNITY-GAIN BUFFER APPLICATIONS 
When R,$1000 and the input is driven with a fast,large signal 
pulse (>1V), the output waveform will look as shown in the 
pulsed operation diagram below. 

During the fast feedthrough-like portion of the output, the 
input protection diodes effectively short the output to the 
input and a current, limited only by the output short-circuit 
protection, will be drawn by the signal generator. With 
R, ~ 5000, the output is capable of handling the current 
requirements (lL$ 20mA at 10V); the amplifier will stay in its 
active mode and a smooth transition will occur. 

When R, > 2kO, a pole will be created with R, and the 
amplifier's input capacitance (8pF) that creates additional 
phase shift and reduces phase margin. A small capacitor 
(20 to 50pF) in parallel with R, will eliminate this problem. 

PULSED OPERATION 

COMMENTS ON NOISE 
The OP-27 is a very low-noise monolithic op amp. The out
standing input voltage noise characteristics of the OP-27 are 
achieved mainly by operating the input stage ata high quies
cent current. The input bias and offset currents, which would 
normally increase, are held to reasonable values by the input-
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bias-current cancellation circuit. The OP-27A1E has IB and 
los of only ±40nA and 35nA respectively at 25°C. This is 
particularly important when the input has a high source
resistance. In addition, many audio amplifier designers 
prefer to use direct coupling. The high IB' Vos, TCVos of 
previous designs have made direct coupling difficult, if not 
impossible, to use. 

Voltage noise is inversely proportional to the square-root of 
bias current, but current noise Is proportional to the square
root of bias current. The OP-27's noise advantage disappears 
when high source-resistors are used. Figures 1, 2, and 3 
compare OP-27 observed total noise with the noise perfor
mance of other devices in different circuit applications. 

Total noise = [(Voltage nOise)2 + (current noise X Rs)2 + 
(reSistor nolse)2]1/2 

Figure 1 shows noise-versus-source-resistance at 1000Hz. 
The same plot applies to wideband noise. To use this plot, just 
multiply the vertical scale by the square-root of the 
bandwidth. 

Figure 1 

NOISE VI SOURCE RESISTANCE 
(INCLUDING RESISTOR NOISE) 

AT 1000Hz. 
'00 

50 

OP-08/108 ~:iI! 

I~p-OJ ~ 

.534 
' RS UNMATCHED 

•. g.RrRs,"'Qk,RS2000 

[ 
2 RSMATCHED 

I.g.RS=1Ok,Rs,-RS2"Sk 

OP-27/3L-

jt[> R52 
~~SISTOR 

NOISE ONLY , 
50 '00 500 'k 6k 10k 5Dk 

RS - SOURCE RESISTANCE (n) 

At Rs < 1 kO, the OP-27's low voltage noise is maintained. 
With Rs > 1 kO, total noise increases, but is dominated by the 
resistor noise rather than current or voltage noise. It is only 
beyond Rs of 20kO that current noise starts to dominate. The 
argument can be made that current noise is not importantfor 
applications with low-to-moderate source resistances. The 
crossover between the OP-27 and OP-07 and OP-08 noise 
occurs in the 15-to-40kO region. 

Figure 2 shows the 0.1 Hz-to-10Hz peak-to-peak noise. Here 
the picture is less favorable; resistor noise is negligible, cur
rent noise becomes important because it is inversely propor
tional to the square-root offrequency. The crossover with the 
OP-07 occurs in the 3-to-5kO range depending on whether 
balanced or unbalanced source resistors are used (at 3kO the 
IB' los error also can be three times the Vos spec.). 
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Figure 2 

PEAK-TO-PEAK NOISE (0.1 to 
10Hz) vs SOURCE RESISTANCE 
(INCLUDES RESISTOR NOISE). 

1k 
OP-48/108 

500 5534 
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01'-07 ~ 

1m ~ v 
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Therefore, for low-frequency applications, the OP-Q7 is bet
ter than the OP-27/37 when Rs> 3kO. The only exception is 
when gain error is important. Figure 3 illustrates the 10Hz 
noise. As expected, the results are between the previous two 
figures. 

For reference, typical source resistances of some signal 
sources are listed in Table 1. 

Table 1 

SOURCE 
DEVICE IMPEDANCE COMMENTS 

Sirain gauge 

Magnetic 
tapehead 

Magnetic 
phonograph 
cartridges 

Linear variable 
differential 
transformer 

FREQUENCY 
AT: 

3Hz 

10Hz 

30Hz 

<5000 Typically used in low-frequency 
applications. 

<15000 Low Ie very important to reduce 
self-magnetization problems when 
direct coupling is used. OP-27 Ie 
can be neglected. 

<15000 Similar need for low Ie In direct 
coupled applications. OP-27 will not 
introduce any self-magnetization 
problem. 

<15000 Used in rugged servo-feedback 
applications. Bandwidth 01 interest Is 
400Hz to 5kHz. 

OPEN-LOOP GAIN 

OP-D7 OP-27 OP-37 

100dB 124dB 125dB 

100dB 120dB 125dB 

90dB 110dB 124dB 

For further information regarding noise calculations, see 
"Minimization of Noise in Op-Amp Applications", Application 
Note AN-15. 
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Figure 3 

10Hz NOISE vs 
SOURCE RESISTANCE 

(INCLUDES RESISTOR NOISE). 
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AUDIO APPLICATIONS 

The following applications information has been abstracted 
from a PMI article in the 12/20/80 issue of Electronic Design 
magazine and updated. 

Figure 4 is an example of a phono pre-amplifier circuit using 
the OP-27 for AI; Rl-R2-Cl-C2 form a very accurate RIAA 
network with standard component values. The popular method 
to accomplish RIAA phono equalization is to employ 
frequency-dependent feedback around a high-quality gain 
block. Properly chosen, an RC network can provide the three 
necessary time constants of 3180, 318, and 75,.s.1 

For initial equalization accuracy and stability, precision 
metal-film resistors and film capacitors of polystyrene or 
polypropylene are recommended since they have low voltage 
coefficients, dissipation factors, and dielectric absorption.4 

(High-K ceramic capacitors should be avoided here, though 
low-K ceramics-such as NPO types, which have excellent 
dissipation factors, and somewhat lower dielectric absorption
can be considered for small values.) 

Figure 4 

"' 97.6kS2 

R3 
loon 
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(+1220J..l.(~1 R5 

P--9~ 
LF ROLLOFF ":'" 

OUT 

C3 

0.47p.F 

G = 1kHz GAIN 

=0.101 (1 + *) 
= 98.677 (39.9 dBI AS SHOWN 

1/86, Rev. A 



------------tm OP-27 LOW-NOISE PRECISION OPERATIONAL AMPLIFIER 

The OP-27 brings a 3.2nVlv'HZ voltage noise and 0.45 
pAlv'HZ current noise to this circuit. To minimize noise 
from other sources, R3 is set to a value of 1000., which 
generates a voltage noise of 1.3nVlv'HZ. The noise in
creases the 3.2nVlv'HZ of the amplifier by only 0.7dB. With 
a 1 ko. source, the circuit noise measures 63dB below a 1 mV 
reference level, unweighted, in a 20kHz noise bandwidth. 

Gain (G) of the circuit at 1kHz can be calculated by the 
expression: 

G = 0.101 (1+ :; ) 

For the values shown, the gain is just under 100 (or 40dB). 
Lower gains can be accommodated by increasing R3, but 
gains higher than 40dB will show more equalization errors 
because of the 8MHz gain-bandwidth of the OP-27. 

This circuit is capable of very low distortion over its entire 
range, generally below 0.01% at levels up to 7V rms. At 3V 
output levels, it will produce less than 0.03% total harmonic 
distortion at frequencies up to 20kHz. 

Capacitor C3 and resistor R4 form a simple -6dB-per-octave 
rumble filter, with a corner at 22Hz. As an option, the switch
selected shunt capaCitor C4, a non polarized electrolytic, 
bypasses the low-frequency rollott. Placing the rumble fil
ter's high-pass action after the preamp has the desirable 
result of discriminating against the RIAA-amplified low
frequency noise components and pickup-produced low
frequency disturbances. 

A preamplifier for NAB tape playback is similar to an RIAA 
phono preamp, though more gain is typically demanded, 
along with equalization requiring a heavy low-frequency 
boost. The circuit in Fig. 4 can be readily modified for tape 
use, as shown by Fig. 5. 

TAPE 
HEAD 

Figure 5 

R. c. 

R1 

313kO 

R2 O.01,uF 

5k" 

1000 

O.47,uF 

f 
T1 = 3180,us 
T2 "60ps 

While the tape-equalization requirement has a flat high
frequency gain above 3kHz (T2 = SOlo's), the amplifier need 
not be stabilized for unity gain. The decompensated OP-37 
provides a greater bandwidth and slew rate. For many appli
cations, the idealized time constants shown may require 
trimming of R1 and R2 to optimize frequency response for 
non ideal tape-head performance and other factors. 5 

5-138 

The network values of the configuration yield a 50dB gain at 
1 kHz, and the dc gain is greater than 70dB. Thus, the worst
case output offset isjust over500mV. A single 0.47,.F output 
capaCitor can block this level without affecting the dynamic 
range. 

The tape head can be coupled directly to the amplifier input, 
since the worst-case bias current of BOnA with a 400mH, 100 
,.in. head (such as the PRB2H7K) will not be troublesome. 

One potential tape-head problem is presented by amplifier 
bias-current transients which can magnetize a head. The 
OP-27 and OP-37 are free of bias-current transients upon 
power up or power down. However, it is always advantageous 
to control the speed of power supply rise and fall, to elimi
nate transients. 

In addition, the dc resistance of the head should be carefully 
controlled, and preferably below 1 ko.. For this configura
tion, the bias-current-induced offset voltage can be greater 
than the 100,.V maximum offset if the head resistance is not 
sufficiently controlled. 

A simple, but effective, fixed-gain transformerless micro
phone preamp (Fig. 6) amplifies differential signals from low
impedance microphones by 50dB, and has an input impe
dance of 2ko.. Because ofthe high working gain ofthe circuit, 
an OP-37 helps to preserve bandwidth, which will be 110kHz. 
As the OP-37 is a decompensated device (minimum stable 
gain of 5), a dummy resistor, Rp, may be necessary, if the 
microphone is to be unplugged. Otherwise the 100% feed
back from the open input may cause the amplifier to oscillate. 

Common-mode input-noise rejection will depend upon the 
match of the bridge-resistor ratios. Either close-tolerance 
(0.1%) types should be used, or R4Shouid betrimmed for best 
CMRR. All resistors should be metal-film types for best sta
bility and low noise. 

Noise performance of this circuit is limited more by the input 
resistors R1 and R2 than by the op amp, as R1 and R2 each 
generate a 4nVlv'HZ noise, while the op amp generates a 
3.2nVlv'HZ noise. The rms sum of these predominant noise 
sources will be about 6nV/v'HZ, equivalent to 0.9,.V in a 
20kHz noise bandwidth, or nearly 61dB below a 1mV input 
signal. Measurements confirm this predicted performance. 

R1 

1k" 

LOW IMPEDANCE 
MICROPHONE INPUT ~ 

(Z" 50 TO 20001 ~ 1. 

R2 

1k" 

Figure 8 

R3 

316kn 

R4 

316kO 

C1 R6 

6,uF 100.0 

R7 OUTPUT 
10k" 
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------------I!fMD OP-27 LOW-NOISE PRECISION OPERATIONAL AMPLIFIER 

For applications demanding appreciably lower noise, a high
quality microphone-transformer-coupled preamp (Fig. 7) 
incorporates the internally-compensated OP-27. T, is a 
JE-115K-E 1500/15kO transformer which provides an opti
mum source resistance for the OP-27 device. The circuit has 
an overall gain of 40dB, the product of the transformer's 
voltage setup and the op amp's voltage gain. 

150n 
SOURCE 

Figure 7 

R' 
1210 

C2 

1800pF 

R2 

11000 

OUTPUT 

-T1 = JENSEN JE-115K-E 

JENSEN TRANSFORMERS 
10735 Burbank Blvd. 
N. Hollywood, CA 91601 

Gain may be trimmed to other levels, if desired, by adjusting 
R2 or R,. Because of the low offset voltage of the OP-27, the 
output offset ofthis circuit will be very low, 1.7mVor less, for a 
40dB gain. The typical output blocking capaCitor can be 

BURN-IN CIRCUIT 

5-139 

eliminated in such cases, but is desirable for higher gains to 
eliminate switching transients. 

Capacitor C2 and resistor R2 form a 21's time constant in this 
circuit, as recommended for optimum transient response by 
the transformer manufacturer. With C2 in use, A, must have 
unity-gain stability. For situations where the 21's time con
stant is not necessary, C2 can be deleted, allowing the faster 
OP-37 to be employed. 

Some comment on noise is appropriate to understand the 
capability of this circuit. A 1500 resistor and R, and R2 gain 
resistors connected to a noiseless amplifier will generate 220 
nV of noise in a 20kHz bandwidth, or 73dB below a 1mV 
reference level. Any practical amplifier can only approach 
this noise level; it can never exceed it. With the OP-27 and T, 
specified, the additional noise degradation will be close to 
3.6dB (or-69.5 referenced to 1mV). 
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OP-32. 
HIGH -SPEED (AVCL ~ 10) PROGRAMMABLE MICROPOWER 

OPERATIONAL AMPLIFIER (SINGLE OR DUAL SUPPLY) 
Pn:Cl~lon Mo])oi1thics Inc 

FEATURES 
• Programmable Supply Currant . . . . . . . . . . .. 1"A to 2mA 
• Single Supply Operation ................ +3V te> +30V 
• Dual Supply Operation ..............•. ±1.5V to ±15V 
• Low Input Offset Voltage ...................... 100"V 
• Low Input Ollset Voltage Drift .......•...... 0.5"VloC 
• High Common-Mode Input Range •.. v- to v+ (-1.5V) 
• High CMftft and PSftft ........................ 115dB 
• High Open-Loop Gain . .. . .. . .. . .. .. .. . .... 2000VlmV 
• ±30V Input Overvoltage Protection 
• Fast............................ 1 VI"s @ Isv = 300"A 
• LM4250 Pinout 
• Compensated lor Minimum Gain 01 10 

ORDERING INFORMATIONt 

PACKAGE 

TA=25°C EPOXY HERMETIC OPERATING 
VosMAX DIP DIP TEMPERATURE 

("VI 8-PIN 8-PIN RANGE 

300 OP32AZ' MIL 
300 OP32EP OP32EZ INO 
500 OP32BZ' MIL 
500 OP32FP OP32FZ INO 

1000 OP32GP OP32GZ INO 

• For devices processed In total compliance to M I L-STD-883. add /883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and Industrial temperature range parts are available with 
burn-In. For ordering Information see 1986 Data Book. Section 2. 

GENERAL DESCRIPTION 
The OP-32 is a high-speed. high-gain programmable opera
tional amplifier. Both offset voltage and offset current are 

SIMPLIFIED SCHEMATIC 

low, and both are stable with changes in temperature, supply 
voltage, and set current. High CMRR and PSRR ensure 
precision performance when the OP-32 is used with an 
unregulated battery or vehicular electrical system. 

The wide input voltage range, including the negative supply 
or ground, allows use in single-battery applications. The 
OP-32 is characterized over a wide supply range of ± 1.5V to 
±15V. This guarantees predictable performance with any 
commonly available supply. 

The ability to operate at relatively high speed with low power 
consumption makes this amplifier ideal for remote applica
tions where power is limited. The programmability allows 
each amplifier in a system to be set for the minimum power 
consumption necessary for each specific application. 
Programmability also makes it possible to adjust the band
width and phase shift. 

The OP-32 pinout is identical to the LM4250 and many other 
micropower operational amplifiers. This allows easy up
grading of system performance. 

PIN CONNECTIONS 

8-PIN EPOXY DIP 
(P-Sulllx) 

8-PIN HEftMETIC DIP 
(Z-Sufflx) 

NOTE: DO NOT SHORT PIN 8 TO v- OR GROUND. 
see APPLICATIONS INFORMATION. 

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

t------'f---~----J:::,,--~-l<H-O OUTPUT 

·IN 

+IN o-_+----ir-----+-----t--' 

c, 

~~+---_+--~~-----r--+-~~-+------~-----+------~-+--4-~V-

NULL NULL ISET 
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______ ~~ OP-32 HIGH-SPEED PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage ••••••••••••••••••••••••••••••••••• ± 18V 

Power Dissipation •••••••••••••••••••••••••••••• 500mW 

Differential Input Voltage ••••••••••••••••••••••••••• ±30 

Input Voltage •••••••••••••••••••.•••••••• Supply Voltage 

Storage Temperature Range 

Z Package ••••••••••••••••••••••••• -65· C to + 150· C 

P Package ••••••••••••••••••••••••• -55· C to + 125· C 

Operating Temperature Range 

OP-32A,B(Zpackage) ••••••••••••• -55·Cto+125·C 

OP-32E, F & G (Z or P package) •••••• -25·C to +85·C 

Lead Temperature Range (Soldering, 60 sec) •••••• 300·C 

DICE Junction Temperature ••••••••••• -65· C to + 150· C 

NOTE: 

1. Absolute ratings apply to both DICE and packaged parts, unless otherwise 
noted. 

ELECTRICAL CHARACTERISTICS at Vs~ ±1.5V to ±15V, 15,uA $; ISy$; 450,uA, TA ~ +25'C, unless otherwise noted. 

OP-32A/E OP-32B/F OP-32G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 100 300 200 500 400 1000 p.V 

Input Offset current los VCM=O 2 2 3 nA 

Input Bias Current 
ISY= 15p.A 3 5 7.5 5 10 

(Note 1) IB ISY = 150p.A 20 35 24 35 30 50 nA 
ISy=450p.A 60 90 70 100 ao 125 

Input Voltage Aange IVA Vs= ±15V -15.0/13.5 -15.0/13.5 -15.0/13.5 V 

Common-Mode 
Vs= ±15V 

Rejection Ratio CMAA 100 115 95 110 85 100 dB 
(Note 2) 

-15V5VCM 5+13.5V 

Power Supply Vs =±1.5Vto±15V; 
Aejection Aatio PSAA and V-= OV, 6 3 12 10 25 p.VIV 
(Note 2) V+ = 3V to 30V. 

Vs =±15V, 
Large-Signal 
Voltage Gain Avo AL = l00kll, ISY= 15p.A 1000 2000 750 1500 500 1000 VlmV 

AL = 10kll, 150p.A5I Sy 5450p.A 

Vs =±1.5V 
AL = 100kll, ISY = 15p.A ±o.a ±0.88 ±o.a ±0.88 ±0.75 ±0.a5 V 

Output Voltage 
Vo 

AL = 10kll, 150p.A51Sy 5 450p.A 

Swing Vs ±15V 
AL = lookll, ISY = 15p.A ±14 ±14.2 ±14 ±14.2 ±13.8 ±14.2 V 
AL = 10kll, 150p.A 5 ISY 5 450p.A 

Gain-Bandwidth ISY = 15p.A, AL = 100kll 100 100 100 
kHz 

Product ISY = 450p.A, AL = 10kll 4500 4500 4500 

Slew Aate SA 
Vs = ±15V, ISY= 450p.A, 

1.5 1.5 1.5 Vlp.s 
AL = 10kll 

Vs= ±15V, ISET= lp.A 15 17 15 19 15 21 

Supply Current ISET= 10p.A 150 170 150 190 150 200 p.A 

No Load ISY 
ISET= 30p.A 450 525 450 600 450 650 

(Note 3) Vs =±1.5V,l sET =Ip.A 10.5 12.5 11 15 11 18 
ISET= 10!,A 105 125 110 150 110 180 !,A 
ISET= 30l'A 350 400 350 450 350 500 

NOTES: 
1. IBand lOS are measured at VCM = O. 
2. PSAA and CMAR measured with Vos unnulled and I SET held constant. 
3. Thesupply current (lSY) is dependent on the set current (ISETI and supply 

voltage as follows: 

.!.§r. = 10 + (V+) -(V-) 
I SET 6 
The range of ISy/lSET is approximately 10.5 to 15 over the specified 
operating range of Vs= ±1.5V to Vs= ±15V. 
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m OP·32 HIGH·SPEED PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs = ± 1.5V to ±15V, 15pA :5 Isy:5 450pA, -550 C :5 TA:5 + 1250 C, unless 
otherwise noted. 

OP·32A OP·32B 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Average Input Offset 
TCVos Unnulled 0.5 2.0 1.0 2.0 p.woC 

Voltage Drift (Note 1 ) 

Input Offset Voltage Vos 175 400 350 600 p.V 

Input Offset Current los VCM=O 2 2 nA 

Average Input Offset 
TCl os (Notes 1, 2) 10 3 15 pAloC 

Current Drift 

18Y= 15"A 3 5 5 7.5 
Input Bias Current 

'B ISY= 150p.A 20 35 25 35 nA 
(Note 2) 

ISy=450p.A 60 90 70 100 

Input Voltage Range IVR Vs =±15V -15.0113.5 -15.0/13.5 V 

Common-Mode 
VS= ±15V 

Rejection Ratio CMRR 
-15V" VCM " +13.5V 
ISET= 10"A 90 110 86 105 

(Note 3) dB 
ISET = 1,.A 80 90 80 90 

Power Supply Vs= ±1.5V to ±15V & 
Rejection Ratio PSRR V-=OV. 2 10 2.5 20 "VN 
(Note 3) V+ = 3V to 30V (VCM = 1.5V) 

Large-Signal 
Vs =±15V, 

Voltage Gain Avo RL = l00kO, ISY= 15p.A 200 400 200 500 WmV 

RL = 10kO,15O"A" ISY " 450!,A 500 1000 300 750 

Vs =±1.5V 

RL = l00kO, ISY = 15!,A ±0.65 ±0.75 ±0.65 ±0.75 V 
Output Voltage 

Vo 
RL = 10kO, 15O!,A" ISY " 450!,A 

Swing Vs =±15V 

RL = l00kO, ISY = 15!,A ±13.6 ±14.0 ±13.0 ±13.5 V 
RL = 10kO, 15O!,A" ISY" 450!,A 

Vs =±15V, ISET= I!'A 16 18 16 20 

Supply Current ISET= 10!,A 160 160 160 200 !'A 

No Load ISY 
ISET= 30!,A 450 550 450 600 

(Note 4) Vs =±1.5V,lsET = I!'A 12 14 12 17 

ISET= 10!,A 120 140 120 170 !,A 
ISET= 3O!'A 360 450 360 500 

NOTES: 
1. Sample tested. 4. The supply current (ISY) is dependent on the set current (I SET) and supply 
2. 'Band loS are measured at VCM =0. voltage as follows: 
3. PSRR and CMRR measured with Vos unnulled and ISET held constant. ..!.§!. =10+ (V+)-(V-) 

ISET 6 

BURN·IN CIRCUIT" 

+18V 

2~7 
• OP-32 OUTPUT 

3+/4 
io-'. 

-= 3.6MO 

'----

-18V 

'Other circuits may apply al PMl's discretion. 
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IEMD OP-32 HIGH-SPEED PROGRAMMABLE MICRO POWER OPERATIONAL AMPLIFIER 

I' 
ELECTRICAL CHARACTERISTICS at Vs= ±1.5V to ±15V, 15j.LA S; IsyS; 450j.LA, -25°C S; TAS; +85°C, unless ! 
otherwise noted. 

OP-32E OP-32F OP-32G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Average Inpul Offset 
TCVos Unnulled 0.5 1.5 1.0 2.0 1.5 3.0 "VloC Voltage Drift (Note 1 ) 

Input Offset Voltage Vos 100 400 200 600 500 1200 "V 

Input Offset Current los VCM=O 3 nA 

Average Input Offset 
TClos (Notes 1. 2) 10 3 15 5 25 pN°C Currenl Drift 

Input Bias Current ISY= 15"A 5 7.5 5 10 

(Note 2) la ISY= 150"A 20 35 24 35 30 50 nA 

ISy =450"A 60 90 70 100 80 125 

Input Voltage Range IVR Vs= ±15V -15.0/13.5 -15.0/13.5 -15.0/13.5 V 

Common-Mode 
Vs =±15V& ~ Rejection Ratio CMRR 95 110 90 105 80 100 dB 

(Note 3) 
-15V $ VCM $ +13.5V 

~ ...... 
Power Supply Vs = ±1.5V to ±15V & ~ 

Rejection Ratio PSRR V-=OV. 3.2 10 10 32 32 56 "VIV ~ 
~ (Note 3) V+=3Vt030V 

~ Large-Signal 
Vs= ±15V, 

Voltage Gain Avo RL = lOOkO. Isy = 15"A 750 1000 500 1000 400 1000 VlmV 

~ RL = 10kO.150"A$ISy $450"A 750 1000 500 1000 400 1000 

Vs =±1.5V 

RL = lookO. ISY = 15"A ±0.70 ±0.75 ±0.85 ±0,.75 ±0.6 ±0.7 V 0 
Output Voltage RL = 10kO. 150"A $ ISy$ 450"A 

...... 
Vo ~ Swing Vs =±15V 

RL = lOOkO. ISY = 15"A ±13.8 ±14.1 ±13.6 ±14.1 ±13.0 ±14.0 V 
RL = 10kn, 150"A $ ISY $ 450"A ~ Vs =±15V, ISET= l"A 16 18 16 20 16 25 

Supply Current ISET= 10"A 160 180 160 200 160 250 "A 

No Load ISY 
ISET= 30"A 450 550 450 600 450 650 

(Note 4) Vs =±1.5V.lsET = I"A 12 14 12 17 12 25 

ISET= 10"A 120 140 120 170 120 200 "A 
ISET= 30"A 360 450 380 500 360 550 

NOTES: 
1. Sample tested. 
2. la and los are measured at VCM = O. 
3. PSRR and CMRR measured with Vos unnulled and ISET held constant. 
4. The supply current (ISY) is dependent on the setcurrent(I SET) and supply 

voltage as follows: 

..!..§:L = 10 + (V+) - (V-) 
ISET 6 
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------I1mi) OP·32 HIGH·SPEED PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

DICE CHARACTERISTICS 

DIE SIZE 0.088 x 0.048 Inch, 3381 Iq. mUI 
(1.75 x 1.24 mm, 2.18 Iq. mml 

1. BALANCE 
2. INVERTING INPUT 
3. NON INVERTING INPUT 
4. V-
5. BALANCE 
8. OUTPUT 
7. V+ 

8.ISET 

For addilional DICE Information refar to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs = ±1.5V to ±15V. 15j£A S IsyS 450j£A. TA = 25°C. unless otherwise noted. 

OP·32N OP·32G Op·32GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT 

Input Offset Voltage Vos 300 500 1000 

Input Olfset Current los VCM=O 2 3 

Input Bias Current 
ISY= 15p.A 5 7.5 10 

(Note 1) Is ISY= 150p.A 35 35 50 

ISy=450p.A 90 100 125 

Input Voltage Range IVR Vs =±15V -15/13.5 -15/13.5 -15113.5 

Common-Mode 
Vs=±15V 

Rejection Ratio CMRR 100 95 85 
(Note 2) 

-15VSVCM S+13.5V 

Power Supply 
Vs= ±1.5V to ±15V & 

Rejection Ratio PSRR 6 12 25 
(Note 2) 

V- = OV, V+ = 3V to 30V 

Large-Signal 
Vs =±15V, 

Voltage Gain Avo RL = l00kO, ISY = 15p.A 1000 750 500 
RL = 10kO. 150p.A S ISYS 450p.A 1000 750 500 

Vs =±1.5V 
RL = l00kO, ISY = 15p.A ±O.S ±O.S ±0.75 

Output Voltage 
Vo 

RL=10kO,150p.ASI Sy S450p.A 
Swing 

Vs =±15V 
RL = l00kO, ISY = 15p.A ±14 ±14 ±13.S 
RL = 10kO, 150p.A S ISY S 450p.A 

Vs=±1.5V, I SET = lp.A 12.5 15 18 

Supply Current 
ISET= 10p.A 125 150 180 

No Load ISY 
ISET=30p.A 400 450 500 

(Note 3) Vs= ±15V, ISET= IIOA 17 19 21 

ISET= 10p.A 170 190 200 
ISET=30p.A 525 800 650 

NOTES: 
1. Isand lOS are measured at VCM= O. 
2. PSRR and CMRR measured with Vos unnulled and ISET held constant. 
3. The supply current (ISY)Is dependent on the set current (ISET) and supply 

voltage as follows: 

2m:. =10+ (V+)-(V-) 
I SET 8 

UNITS 

p.VMAX 

nAMAX 

nAMAX 

VMIN 

dBMIN 

p.VIV MAX 

VlmV MIN 

VMIN 

VMIN 

p.AMAX 

p.AMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield IOS8, yield after packaging Is not 
guaranteed for standard product dies. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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------l/fMD OP·32 HIGH·SPEED PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

TYPICAL DC PERFORMANCE CHARACTERISTICS 
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------I~ OP-32 HIGH-SPEED PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

TYPICAL DC OPEN-LOOP INPUT-OUTPUT CHARACTERISTICS 
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-------I~ OP-32 HIGH-SPEED PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

TYPICAL AC PERFORMANCE CHARACTERISTICS 
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------I1fMD OP·32 HIGH·SPEED PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

TYPICAL AC PERFORMANCE CHARACTERISTICS 
SMALL·SIGNAL TRANSIENT RESPONSE vs SUPPLY CURRENT 

ISY= 1.51'A Isy= 7.51'A 

ov ov 

ov ov 

ov ov 

ov ov 

ISy=1.5mA 

ov 

ov 

5·148 

Isy= 151'A 

ov 

ov 

ov 

ov 

TEST CIRCUIT 

+15V 
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-15V 
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-------I~ OP-32 HIGH-SPEED PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

TYPICAL AC PERFORMANCE CHARACTERISTICS 
LARGE-SIGNAL TRANSIENT RESPONSE VB SUPPLY CURRENT 

ISY= 1.5/lA 

ov ov 
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ov 

ov 
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-------t1fMD OP-32 HIGH-SPEED PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

APPLICATIONS INFORMATION 
SETTING SUPPLY CURRENT 
The op amp power supply current is determined by the 
currentflowing out of pin 8. Pin 8 is at the V+ voltage less two 
diode drops, which is approximately V+ minus 1.1 V. Do not 
connect pin 8 to ground or V- without a set resistor in series 
or excessive supply current will be drawn which may damage 
the OP-32. 

The set resistor value is selected to make the power supply 
current optimum for the specific application. Adjusting the 
OP-32 power supply current determines the slew-rate, 
bandwidth, and the output current limits (see Performance 
Characteristics). The supply current is nominally 15times the 
set current and the set resistor value is calculated from: 

(VsuPPLy-1.1V) 
Rs = , where ISY'" 15 ISET 

ISET 
(See graph below) 

Note that the set resistor can go to either negative supply or 
to ground. If the set resistor goes to negative supply, then 
VSUPPLY= (V+) - (V-). Fora single-supply circuit, VSUPPLY is 
simply (V+). If the supply voltage varies widely, set current 
can be stabilized with circuits (a), (b), or (c). 

The relationship between supply voltage, supply current and 
set current can be approximated by: 

.!ID::. "'10+ (V+)-(V-) (TA=250 C) 
ISET 6 

The ratio-I
ISY increases with temperature by approximately 
SET 

0.05%/oC. 

SUPPLY CURRENT VB TEMPERATURE 

17 
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~ +-r-;.::;; 
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....: 14 

t-'OpA ~ 
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j 
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::> 
u 

110 ~ 

100 ~ 

1 
5 13 

~ 12 
il 
~ 
II: 
~ 10 

9 90 
~ _ ~ ~ ~ ~ ~ m 

TEMPERATURE fOCI 

INPUT BIAS CURRENT 
Input bias current varies directly with set current. The set 
current required for a given supply current ranges from 
I sy/10.5 at ± 1.5V supply voltage to I sy/15 at ± 15V. Therefore, 
Iswill be highest atthe minimum supply voltage condition of 
±1.5V (or 3V) for any given supply current. 

CURRENT SETTING CIRCUITS 

(a) 

(b) 

(e) 

5-150 

v+--------~----------------_ 

2N4118A 

Rl 

V-------~~~~------~------

v+--------~~--------~------

Rl 

2x 
2N930A 

10M" 

v- ______ ~~___<~------_----

v+--------~----------~-----

R2 

Rl LEO 

v-------~--~~------~----

ISET"" *" 
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-------I~ OP-32 HIGH-SPEED PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER 

OFFSET NULLING CIRCUIT 

V+ 

INPUT >3'-----0 OUTPUT 

V-

OFFSET VOLTAGE ADJUSTMENT 
The offset voltage can be trimmed to zero using a 100kO 
potentiometer (see offset nulling circuit). Adjusting the pot 
wiper towards pin S causes the output to go positive. 
Adjustment range is approximately ±SmVat Vs= ± 1SV. The 
Vos adjust range is proportional to supply voltage. Resolu
tion of the nulling can be increased by using a smaller pot in 
conjunction with fixed resistors. 
If power supply voltages vary widely and the set current is 
established bya resistor, the op amp supply currents will vary 
in proportion to the supply voltage changes. Vos will remain 
almost constant with supply current changes if the null pins 
(1 and S) are not used. If a Vos adjust pot is used, current 
variations may flow through the offset pot causing an 
apparent Voschange. If a Vosadjust pot is used in combina
tion with widely-varying supply voltages, a set-current 
stabilizer circuit as shown in (a), (b), or (c) is recommended. 

APPLICATIONS EXAMPLE 
BATTERY-POWERED, GAIN-OF-100 AMPLIFIER 
The simple non inverting amplifier circuit shown in Figure 1 
provides an accurate gain-of-1oo while operating from a pair 
of 9V batteries. The circuit requires only 1S~A of supply 
current. Slew-rate is approximately 0.06V1~sec and output 
swing is ±BV. 

A value of SOOkO was chosen for R2. For a gain of 100, Rl is 
calculated as: 

100 = 1 + SookO 
Rl 

:. Rl = S.OSkO 

BATTERY-POWERED; GAIN-OF-100 AMPLIFIER 

Rl R2 

S.05kn SODkil 

+.V 

Va 

Va = 100VIN 

Figure 1 -.v 

Using an OP-32B/F, we can expectan le+ los/2 of less than 
B.SnA when operating at Isy of 1S~A, so the input offset 
caused by leRl will be negligible (B.SnA x S.OSkO - 43~V). 

The set resistor Rs needed for a supply current of 1S~A is 
calculated from: 

VSUPPLy-1.1V 1BV-1.1V 
Rs = Isy/1S 1~A 
:. Rs = 16.9MO 

Offset voltage adjustment is optional. An OP-32B/F has 
maximum input offset voltage of SOO~V which would cause 
an output offset voltage of SOmV. Drift over temperature is 
very low, typically less than 1.0~ Vlo C, and is guaranteed to be 
less than 2.0~VloC. PSRR is also low, only 6~V/v, so battery 
voltage change has negligible effect on offset. 

Most mlcropower programmable op amps lose open-loop 
gain and CMRR at low supply currents. The OP-32 design 
overcomes these limitations so accuracy is maintained at 
supply currents of only a few microamps. The OP-32B/F 
used in this example has a minimum open-loop gain of over 
117dB. Gain error due to finite open-loop gain will be less 
than 100/7S0,000, which is only 133 PPM. CMRR will typically 
be 110dB, an error of 3PPM. Gain accuracy of the circuit is 
almost entirely dependent on the accuracy olthe Rl/R2 ratio; 
the op amp contributes less than 0.01S% gain error. 

Considering all error sources, this simple x 100 battery
powered circuit using an OP-32B/F is capable of achieving 
excellent accuracy. Without external adjustments of any 
kind, output offset will be less than S4mV and gain accuracy 
will be better than ±0.01S% (exclusive of R2/Rl error). Gain 
linearity, slew-rate symmetry, and stability over temperature 
are all excellent with the OP-32, making circuit performance 
very predictable. 
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FEATURES 
• Low Noise . . .. . . . .. .. .. .. ... 80nV pop (0.1 Hz to 10Hz) 

. . .. . . . . . . . . . . .. .. .. . . .. 3nV/y"Hz" at 1kHz 
• Low Drift ..•.................•.....•.•..... 0.2p.V/oC 
• High Speed ......................... 17VIp.s Slew Rate 

....•...•••..• , .•.. 63MHz Gain Bandwidth 
• Low Input Offset Voltage ....................... 10p.V 
• Excellent CMRR ... 126dB (Common-Voltage of ±11V) 
• High Open-Loop Gain ... .. .. .. . .. .. .. .. ... 1.8 Million 
• Replaces 725, OP-05, OP-06, OP-07, AD510, AD517, 

SE5534 In Gains >5 

ORDERING INFORMATIONt 

PACKAGE 

TA = 2S'C HERMETIC HERMETIC PLASTIC OPERATING 
vos MAX TO-88 DIP DIP TEMPERATURE 

(~V) 8-PIN 8-PIN 8-PIN LCC RANGE 

25 OP37AJ' OP37AZ' MIL 
25 OP37EJ OP37EZ OP37EP INO/COM 
60 OP37BJ' OP37BZ' OP37BRC/883 MIL 
60 OP37FJ OP37FZ OP37FP INO/COM 

100 OP37CJ' OP37CZ' MIL 
100 OP37GJ OP37GZ OP37GP INO/COM 

'For devices processed In total compliance to MIL-STC-883. add /883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-In. For ordering information see 1986 Cata Sook. Section 2. 

GENERAL DESCRIPTION 
The OP-37 provides the same high performance as the OP-27, 
but the design is optimized for circuits with gains greater 
than five. This design change increases slew rate to 17V/p.sec 
and gain-bandwidth product to 63MHz. 

The OP-37 provides the low offset and drift of the OP-07 plus 
higher speed and lower noise. Offsets down to 25p.Vand drift 
of 0.6p.VloC maximum make the OP-37 ideal for precision 
instrumentation applications. Exceptionally low noise 

SIMPLIFIED SCHEMATIC 

OP-37 
LOW-NOISE PRECISION HIGH -SPEED 
OPERATIONAL AMPLIFIER IAVCL;:: 5) 

(en=3.5nVly"RZ at 10Hz),a low 1/f noise corner frequency of 
2.7Hz, and the high gain of 1.8 million, allow accurate high-gain 
amplification of low-level signals . 

The low input bias current oft 10nAand offset current of 7nA are 
achieved by using a bias-current-cancellation circuit. Over 
the military temperature range this typically holds Isand los 
to ±20nA and 15nA respectively. 

The output stage has good load driving capability. A guaran
teed swing of ± 10V into 600n and low output distortion make 
the OP-37 an excellent choice for professional audio 
applications. 

PSRR and CMRR exceed 120dB. These characteristics, 
coupled with long-term drift of 0.2p.Vlmonth, allow the circuit 

PIN CONNECTIONS 

·~~:7::~·::~ 
+INroN.C. 

• V-(CASEI 

To-aa 
(J-Sultlx) 

a-PIN HERMETIC DIP 
(Z-Sultlx) 

EPOXY MINI-DIP 
(P-Sultlx) 

OP-37BRC/883 
LCC PACKAGE 

(RC-Sufflx) 

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

NON· 
INVERTING 
INPUT 1 o;+I,-+~--_+--l'--C 

INVERTING 

INPUT 0.1-;,.1 ........... ---i......-jl-------l-------....J 

OUTPUT 

~--------------~--....... ------~--------~~~---i __ ~~v-
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--------t1fMD OP-37 LOW-NOISE PRECISION HIGH-SPEED OPERATIONAL AMPLIFIER 

designer to achieve performance levels previously attained 

only by discrete designs. 

Low-cost, high-volume production of the OP-37 Is achieved by 

using on-chip zener-zap trimming. This reliable and stable 

offset trimming scheme has proved Its effectiveness over 
many years of production history. 

The OP-37 brings low-noise Instrumentation-type perfor

mance to such diverse applications as microphone, tape

head, and RIAA phono preamplifiers, high-speed signal con

ditioning for data acquisition systems, and wide-bandwidth 

instrumentation. 

ABSOLUTE MAXIMUM RATINGS (Note 4) 
Supply Voltage ••••••••••••••••••••••••••••••••••• ±22V 

Internal Power Dissipation (Note 1) •••••••••••••• SOOmW 

Input Voltage (Note 3) ............................ ±22V 

Output Short-Circuit Duration ••••••••••••••••• Indefinite 
Differential Input Voltage (Note 2) •••••••••••••••• ±0.7V 

Differential Input Current (Note 2) •••••••.••••••• ±2SmA 

Storage Temperature Range ••••••••••• -6S·C to +1S0·C 

Operating Temperature Range 

OP-37A, OP-37B, OP-37C (J, Z, RC) ••.• -SS·Cto+12S·C 

OP-37E, OP-37F, OP-37G (J, Z) ...... -2S·C to +8S·C 

OP-37E, OP-37F, OP-37G (P) •••••••••••• O·C to +70·C 

Lead Temperature Range (Soldering, 60 sec) •••••• 300·C 

DICE Junction Temperature ••••••••••• -6S·C to +1S0·C 

NOTES: 
1. See table for maximum amblenllemperalure rallng and derating laclor. 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

PACKAGE TYPE FORRATINO TEMPERATURE 

TO-99 (JI BO'C 7.1mW/'C 

8-Pln Hermellc DIP (ZI 75'C 6.7mW/'C 

B-Pln Plasllc DIP (PI 62'C S.6mW/'C 

LCC 8O'C 7.BmW/'C 

2. The OP-37's Inpuls are prolecled by back-Io-back diodes. Currenillmiling 
reslslors are nol used In order 10 achieve low noise. If dillereniial Inpul 
vollage exceeds ±0.7V, Ihe Inpul currenl should be Ilmlled 10 2SmA. 

3. For supply vollagesless Ihan ±22V, Ihe absolule maximum Inpul vollage Is 
equal to the supply vollage. 

4. Absolute maximum ratings apply to bolh DICE and packaged parts, unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs = ±1SV, TA = 2S·C, unless otherwise noted. 

OP-37A1E OP-37B/F OP-37C/G 
PARAMETER SYMBOL CONDtTIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Inpul Off.et Voltage vos (Note 1) 10 25 20 60 30 100 ~V 

Long-Term Vos 
VoslTime 

Stablilly 
(Note. 2, 3) 0.2 1.0 0.3 1.5 0.4 2.0 ~VlMo 

Input Offset Current los 35 9 50 12 75 nA 

Input Bla. Current Is ±10 ±40 ±12 ±55 ±15 ±BO nA 

Input Nol.e Voltage 
O.IHz to 10Hz 

0.08 0.18 0.08 0.18 0.09 0.25 ~Vp-p 8 np_p 
(NOle. 3,5) 

Input Nol.e 
fo = 10Hz INoie 31 3.5 5.5 3.5 5.5 3.8 8.0 

en fo =30Hz1Note31 3.1 4.5 3.1 4.5 3.3 5.6 nVl.j'HZ 
Voltage Den.lly 

to = 1000Hz INote 3) 3.0 3.6 3.0 3.8 3.2 4.5 

to = 10Hz INote. 3,61 1.7 4.0 1.7 4.0 1.7 
Input Noise 

In fO = 30Hz I Notes 3, 6) 1.0 2.3 1.0 2.3 1.0 pA/.j'HZ 
Current Density 

fo = 1000Hz I Note. 3,61 0.4 0.6 0.4 0.6 0.4 0.6 

Input Re.l.tance -
RIN INote 71 1.3 0.94 0.7 4 Mil 

Differential-Mode 

Input Resistance -
RINCM 2.5 Gil 

Common-Mod. 

Input Voltage Range IVR ±11.0 ±12.3 ±11.0 ±12.3 ±11.0 ±12.3 V 

Common-Mode 
CMRR VCM =±IIV 114 126 

Rejection Ratio 
106 123 100 120 dB 

Power Supply 
PSSR V. = ±4V to ±16V 10 10 20 ~V/v Rejection Ratio 

Large-Signal 
Rl'" 2kll, Vo = ±10V 1000 1800 1000 1800 700 1500 

Voltage Gain Avo Rl'" lkll, Vo=±10V 800 1500 800 1500 400 1500 VlmV 
Rl = 6000, Vo = ±1V, Va = ±4V, INote 41 250 700 250 700 200 500 

Output Voltage 
Vo 

Rl'" 2kO ±12.0 ±13.8 ±12.0 ±13.8 ±11.S t13.S 
Swing Rl'" 6000 ±10.0 ±11.S ±10.0 ±11.S ±10.0 ±lt5 

V 

Slew Rate SR Rl",2kO I Note 41 11 17 11 17 11 17 V/~. 

Gain Bandwidth Prod. GBW 
fo = 10kHz INote 41 45 63 45 63 45 63 
fo= lMHz 40 40 40 

MHz 
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--------l1f.MD OP-37 LOW·NOISE PRECISION HIGH·SPEED OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs = ±15V. TA = 25°C. unless otherwise noted. (Continued) 

OP·37A1E OP·37B/F OP·37C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Open-Loop Output 
Resistance 

Power Consumption 

Offset Adjustment 
Range 

NOTES: 

VO=O,IO=O 

Vo=O 

Rp= lOkI! 

1. Input offset voltage measurements are performed by automated test 
equipment approximately 0.5 seconds after application of power. AlE 
grades guaranteed fully warmed up. 

2. Long-term input offset voltage stability refers to the average trend line of 
Vos vs. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes in Vos during the first 30 

70 

90 

±4.0 

70 70 I! 

140 90 140 100 170 mW 

±4.0 ±4.0 mV 

days are typically 2.5p.V - refer to typical performance curve. 
3. Sample tested. 
4. Guaranteed by design. 
5. See test circuit and frequency response curve for 0.1 Hz to 10Hz tester. 
6. See test circuit for current noise measurement. 
7. Guaranteed by input bias current. 

ELECTRICAL CHARACTERISTICS for Vs = ± 15V. -55°C :5 TA:5 + 125° C. unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage 

Average Input 
Offset Drift 

Vos 

TCVos 
TCVOsn 

Input Offset Current los 

Input Bias Current 18 

Input Voltage Range IVR 

Common~Mode 

Rejection Ratio 

Power Supply 

Rejection Ratio 

Large-Signal 

Voltage Gain 

Output Voltage 

Swing 

CMRR 

PSRR 

Avo 

(Note 1) 

(Note 2) 

(Note 3) 

Vs = ±4.5V to ±18V 

RL 2: 2kl!. Vo= ±10V 

OP·37A 
MIN TYP MAX 

30 60 

0.2 0.6 

15 50 

±20 ±60 

±10.3 ±11.5 

108 122 

16 

600 1200 

±11.5 ±13.5 

OP·37B OP-37C 
MIN TYP MAX MIN TYP MAX UNITS 

50 200 70 300 

0.3 1.3 0.4 1.8 ",V/'C 

22 85 30 135 nA 

±28 ±95 ±35 ±150 nA 

±10.3 ±11.5 ±10.2 ±11.5 V 

100 119 94 116 dB 

20 51 ",VIV 

500 1000 300 800 VlmV 

±11.0 ±13.2 ±10.5 ±13.0 V 

ELECTRICAL CHARACTERISTICS for Vs = ±15V. -25°C:5 TA:5 +85°C for OP-37J and OP-37Z, O°C:5 TA:5 +70°C for 
OP-37P. unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage vos 

Average Input 

Offset Drift 
TCVOS 
TCVosn 

(Note 2) 
(Note 3) 

MIN 
OP·37E 

TYP 

20 

0.2 

MAX 

50 

0.6 

Input Offset Current los 10 50 

Input Bias Current 18 ±14 .. '±60 

Input Voltage Range IVR 

Common~Mode 

Rejection Ratio 

Power Supply 

Rejection Ratio 

Large~Signal 

Voltage Gain 

Output Voltage 
Swing 

NOTES: 

CMRR 

PSRR 

AVO 

±10.5 ±11.8 

110 124 

Vs = ±4.5V to ± 18V 

750 1500 

±11.7 ±13.6 

1. Input offset voltage measurements are performed by automated test 
eqUipment approximately 0.5 seconds after application of power. AlE 
grades guaranteed fully warmed up. 

15 

5·154 

MIN 
OP-37F 

TYP 

40 

0.3 

14 

±18 

±10.5 ±1t.8 

102 121 

700 1300 

±11.4 ±13.5 

MAX 

140 

1.3 

85 

±95 

16 

MIN 
OP·37G 

TYP 

55 

0.4 

20 

±25 

±10.5 ±1t.8 

96 118 

450 1000 

±11.0 ±13.3 

MAX UNITS 

220 

1.8 

135 nA 

±150 nA 

V 

dB 

32 ~V/V 

V/mV 

V 

2. The TeVes performance is within the specifications unnulled or when 
nulled with Rp = 8kO to 20kl!. TCVos is 100% tested for AlE grades. sample 
tested for SIC/FIG grades. 

3. Guaranteed by design. 
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---------t~ OP-37 LOW-NOISE PRECISION HIGH-SPEED OPERATIONAL AMPLIFIER 

DICE CHARACTERISTICS 

DIE SIZE 0.054 X 0.096 Inch, 5164 sq. mils 
(1.37 X 2.44 mm, 3.35 sq. mm) 

For additional DICE information refer to 
1986 Data Book, Section 2. 

1. NULL 
2. (-) INPUT 
3. (+) INPUT 
4. V-
6. OUTPUT 
7. V+ 
8. NULL 

WAFER TEST LIMITS at Vs = ±15V, TA = 25°C for OP-37N, OP-37G and OP-37GR devices; TA = 125°C for OP-37NT and 
OP-37GT devices, unless otherwise noted. 

OP-37NT OP-37N OP-37GT OP-37G OP-37GR 
PARAMEl1!R SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos (Note 1) 60 3S 200 60 100 ,.,VMAX 

Input Offset Current los 50 35 85 SO 7S nAMAX 

Input Bias Current Ie ±60 ±40 ±95 ±SS ±80 nAMAX 

Input Voltage Aange IVA ±10.3 ±11 ±10.3 ±11 ±11 VMIN 

Common-Mode 
CMAA 

Aejection Aatio 
VcM =±I1V 108 114 100 106 100 dBMIN 

Power Supply TA=25°C, Vs=±4Vto±18V 10 10 10 10 20 

Aejection Aatlo 
PSAA 

TA = 12SoC, Vs= ±4.SV to ±18V 16 20 
"VIVMAX 

Large-Signal AL2:2kn, Vo =±10V 600 1000 SOO 1000 700 
VlmV MIN 

Voltage Gain "-10 AL2: lkn, Vo= ±10V 800 800 

AL 2: 2k!l ±11.S ±12.0 ±11.0 ±12.0 ±11.S 
Output Voltage Swing Va 

AL2: 600n ±10.0 ±10.0 ±10.0 
VMIN 

Power Consumption Pd Vo=O 140 140 170 mWMAX 

NOTES: 
For 2So C characteristics of OP-37NT and OP-37GT devices, see OP-37N and 
OP-37G characteristics, respectively. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot asembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = +25° C, unless otherwise noted. 

OP-37NT OP-37N OP-37GT OP-37G OP-37GR 
PARAMEl1!R SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Average Input Offset TCVos or Nulled or Unnulled 
0.2 0.2 0.3 0.3 

Voltage Drift TCVOSn Ap = 8k!l to 20k!l 
0.4 ,.,VloC 

Average Input Offset 
TClos 80 80 130 130 180 pAl"C 

Current Drift 

Average Input Bias 
TCl e 100 100 160 160 200 pAloC 

Current Drift 

Input Noise 
fo= 10Hz 3.S 3.S 3.S 3.S 3.8 

Voltage Density en fo=30Hz 3.1 3.1 3.1 3.1 3.3 nVl,fHZ 
fo= 1000Hz 3.0 3.0 3.0 3.0 3.2 

Input Noise 
fo= 10Hz 1.7 1.7 1.7 1.7 1.7 

Current Density in fo= 30Hz 1.0 1.0 1.0 1.0 1.0 pAl,fHZ 
fo= 1000Hz 0.4 0.4 0.4 0.4 0.4 

Input Noise Voltage enp_p O.IHz to 10Hz 0.08 0.08 0.08 0.08 0.08 "Vp.p 

Slew Rate SA AL2: 2kn 17 17 17 17 17 VI,.,s 

Gain Bandwidth Product GBW fo= 10kHz 63 63 63 63 63 MHz 

NOTE: 
1. Input offset voltage measurements are performed by automated test 

equipment approximately 0.5 seconds after application of power. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 

NOISE TEST CIRCUIT (0.1 Hz TO 10Hz) LOW-FREQUENCY NOISE 
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APPLICATIONS INFORMATION 
OP-37 Series units may be inserted directly into 725, OP-06, 
OP-07, and OP-05 sockets with or without removal of external 
compensation or nulling components. Additionally, the OP-
37 may be fitted to unnulled 741-type sockets; however, if 
conventional 741 nulling circuitry is in use, it should be modi
fied or removed to ensure correct OP-37 operation. OP-37 
offset voltage may be nulled to zero (or other desi red setting) 
using a potentiometer (see offset nulling circuit). 

The OP-37'p'rovides stable operation with load capacitances 
of up to 1000pF and ± 10V swings; larger capacitances should 
be decoupled with a 500 resistor inside the feedback loop. 
Closed-loop gain must be at least five. For closed-loop gain 
between five to ten, the designer should consider both the 
OP-27 and the OP-37. For gains above ten, the OP-37 has a 
clear advantage over the unity-gain-stable OP-27. 

Thermoelectric voltages generated by dissimilar metals at 
the input terminal contacts can degrade the drift perfor
mance. Best operation will be obtained when both input 
contacts are maintained at the same temperature. 

OFFSET NULLING CIRCUIT 

>-or+--'------o v+ 

7 6 
>----"---<) OUTPUT 

OFFSET VOLTAGE ADJUSTMENT 
The input offset voltage of the OP-37 is trimmed at wafer 
level. However, if further adjustment of Vos is necessary, a 
10kO trim potentiometer may be used. TCVosis not degraded 
(see offset nulling circuit). Other potentiometer values from 
1 kO to 1 MO can be used with a slight degradation (0.1 to 
0.2p.V/o C) of TCVos. Trimming to a value other than zero 
creates a drift of approximately (Vosl300) p.V/o C. For exam-
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pie, the change in TCVos will be 0.33p.V/0 C if Vos is adjusted 
to 100p.V. The offset-voltage adjustment range with a 10kO 
potentiometer is ±4mV. If smaller adjustment range is re
quired, the nulling sensitivity can be reduced by using a 
smaller pot in conjunction with fixed resistors. For example, 
the network below will have a ±280p.V adjustment range. 

4.7kll 
1kOPOT 

4.7kn 

BURN-IN CIRCUIT 

NOISE MEASUREMENTS 

To measure the 80nV peak-to-peak noise specification ofthe 
OP-37 in the 0.1 Hz to 10Hz range, the following precautions 
must be observed: 

(1) The device has to be warmed-up forat leastfive minutes. 
As shown in the warm-up drift curve, the offset voltage 
typically changes 4p.V due to increasing chip tempera
ture after power-up. In the 10 second measurement inter
val, these temperature-induced effects can exceed tens
of- nanovolts. 

(2) For similar reasons, the device has to be well-shielded 
from air currents. Shielding minimizes thermocouple 
effects. 

(3) Sudden motion in the vicinity ofthe device can also "feed
through" to increase the observed noise. 

(4) The testti me to measure 0.1 Hz-to-10Hz noise should not 
exceed 10 seconds. As shown in the noise-tester fre
quency response curve, the 0.1 Hz corner is defined by 
only one zero. The test time of 10 seconds acts as an 
additional zero to eliminate noise contributions from the 
frequency band below 0.1 Hz. 

(5) A noise-voltage-clensity test is recommended when 
measuring noise on a large number of units. A 10Hz 
noise-voltage-density measurement will correlate well 
with a 0.1 Hz-to-10Hz peak-to-peak noise reading, since 
both results are determined by the white noise and the 
location of the 1/f corner frequency. 

OPTIMIZING LINEARITY 

Best linearity will be obtained by designing for the minimum 
output current required for the application. High gain and 
excellent linearity can be achieved by operating the op amp 
with a peak output current of less than ±10mA. 

INSTRUMENTATION AMPLIFIER 

A three-op-amp instrumentation amplifier provides high gain 
and wide bandwidth. The Input noise of the circuit below is 
4.9nV/VHZ. The gain of the input stage Is set at 25 and the 
gain of the second stage is 40; overall gain Is 1000. The 
amplifier bandwidth of 800kHz Is extraordinarily good for a 
precision instrumentation amplifier. Settoagaln of 1000, this 
yields a gain-bandwidth product of 800M Hz. The full~power 
bandwidth for a 20Vp_p output Is 250kHz. Potentiometer R7 
provides quadrature trimming to optimize the Instrumenta
tion amplifier's AC common-mode rejection. 

5-160 
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The OP-37 is a very low-noise monolithic op amp. The out
standing input voltage noise characteristics of the OP-37 are 
achieved mainly by operating the input stage at a high quies
cent current. The input bias and offset currents, which would 
normally increase, are held to reasonable values by the input
bias-current cancellation circuit. The OP-37A1E has Ie and 
los of only ±40nA and 35nA respectively at 25°C. This is 
particularly important when the input has a high source
resistance. In addition, many audio amplifier designers 
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Figure 1 

Figure 2 
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prefer to use direct coupling. The high IB' TCVosof previous 
designs have made direct coupling difficult, if not impossible, 
to use. 

Voltage noise is inversely proportional to the square-root of 
bias current, but current noise is proportional to the square
root of bias current. The OP-37's noise advantage disappears 
when high source-resistors are used. Figures 1, 2, and 3 
compare OP-37 observed total noise with the noise perfor
mance of other devices in different circuit applications. 

Total noise = [(Voltage noise)2 + (current noise x RS)2 + 
(resistor noise 2 ] 1/2 

Figure 1 shows noise-versus-source·resistance at 1000Hz. 
The same plot applies to wideband noise. To use this plot, 
just multiply the vertical scale by the square-root of the 
bandwidth. 

At Rs<1 kO, the OP-37's low voltage noise is maintained. With 
Rs< 1 kO, total noise increases, but is dominated by the resis
tor noise rather than current or voltage noise. It is only 

5·161 

Figure 3 
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beyond Rs of 20kO that current noise starts to dominate. The 
argument can be made that current noise is not important for 
applications with low-to-moderate source resistances. The 
crossover between the OP-37 and OP-07 and OP-08 noise 
occurs in the 15"to-40kO region. 

Figure 2 shows the 0.1 Hz-to-10Hz peak-to-peak noise. Here 
the picture is less favorable; resistor noise is negligible, cur
rent noise becomes important because it is inversely propor
tional to the square-root of frequency. The crossover with the 
OP-07 occurs in the 3-to 5kO range depending on whether 
balanced or unbalanced source resistors are used (at3kO the 
IB' los error also can be three times the Vos spec.). 

Therefore, for low-frequency applications, the OP-07 is bet
ter than the OP-27/37 when Rs> 3kO. The only exception is 
when gain error is important. Figure 3 illustrates the 10Hz 
noise. As expected, the results are between the previous two 
figures. 

For reference, typical source resistances of some signal 
sources are listed in Table 1. 

Table 1 

DEVICE 

Strain gauge 

Magnetic 
tapehead 

Magnetic 
phonograph 
cartridges 

linear variable 
differential 
transformer 

SOURCE 
IMPEDANCE COMMENTS 

<5000 Typically used in low-frequency 
applications. 

<15000 Low Is very important to reduce 
self~magnetization problems when 
direct coupling is used. OP-37 Is 
can be neglected. 

<15000 Similar need for low Is in direct 
coupled applications. OP-37 will not 
introduce any self-magnetization 
problem. 

<15000 Used in rugged servo-feedback 
applications. Bandwidth of interest 
is 400Hz to 5kHz. 
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AUDIO APPLICATIONS 

The following applications information has been abstracted 
from a PMI article in the 12120/80 issue of Electronic Design 
magazine and updated. 

Figure 4 

Rl 
91.6kil 
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100n 

C4 (21 
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P-9~ 
IF ROttOFF ":" 

OUT 

C3 

O.47#F 

G"1kHz GAIN 

=0.101 (1+ *) 
., 98.677 139.9 dB) AS SHOWN 

Figure 4 is an example of a phono pre-amplifier circuit using 
the OP-27 for A,; R,-R2-C,-C2 form a very accurate RIAA 
network with standard component values. The popular method 
to accomplish RIAA phono equalization is to employ 
frequency-dependent feedback around a high-quality gain 
block. Properly chosen, an RC network can provide the three 
necessary time constants of 3180, 318, and 75I's.' 

For initial equalization accuracy and stability, precision 
metal-film resistors and film capacitors of polystyrene or 
polypropylene are recommended since they have low voltage 
coefficients, dissipation factors, and dielectric absorption.4 
(High-K ceramic capacitors should be avoided here, though 
low-K ceramics-such as NPO types, which have excellent 
dissipation factors, and somewhat lower dielectric absorption 
- can be considered for small values or where space is at 
a premium.) 

The OP-27 brings a 3.2nV/VHZ voltage noise and 0.45 
pAlVHZ current noise to this circuit. To minimize noise 
from other sources, R3 is set to a value of 1000, which 
generates a voltage noise of 1.3nVlVHZ. The noise in
creases the 3.2nVlVHZ of the amplifier by only 0.7dB. With 
a 1kO source, the circuit noise measures 63dB below a 1mV 
reference level, unweighted, in a 20kHz noise bandwidth. 

Gain (G) of the circuit at 1kHz can be calculated by the 
expression: 

G =0.101 (1 +..fu) 
R3 

For the values shown, the gain is just under 100 (or 40dB). 
Lower gains can be accommodated by increasing R3, but 
gains higher than 40dB will show more equalization errors 
because of the 8MHz gain-bandwidth of the OP-27. 

This circuit is capable of very low distortion over its entire 
range, generally below 0.01% at levels up to 7V rms. At 3V 
output levels, it will produce less than 0.03% total harmonic 
distortion at frequencies up to 20kHz. 

Capacitor C3 and resistor R4 form a simple -6dB-per-octave 
rumble filter, with a corner at 22Hz. As an option, the switch
selected shunt capacitor C4, a non polarized electrolytic, 
bypasses the low-frequency roll off. Placing the rumble fil
ter's high-pass action after the preamp has the desirable 
result of discriminating against the RIAA-amplified low
frequency noise components and pickup-produced low
frequency disturbances. 

A preamplifier for NAB tape playback is similar to an RIAA 
phono preamp, though more gain is typically demanded, 
along with equalization requiring a heavy low-frequency 
boost. The circuit in Fig. 4 can be readily modified for tape 
use, as shown by Fig. 5. 
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While the tape-equalization requirement has a flat high
frequency gain above 3kHz (T2 = SOl's), the amplifier need 
not be stabilized for unity gain. The decompensated OP-37 
provides a greater bandwidth and slew rate. For many appli
cations, the idealized time constants shown may require 
trimming of R, and R2 to optimize frequency response for 
nonideal tape-head performance and other factors.5 

The network values of the configuration yield a 50dB gain at 
1 kHz, and the dc gain is greater than 70dB. Thus, the worst
case output offset is just over 500mV. A single 0.471'F output 
capacitor can block this level without affecting the dynamic 
range. 

The tape head can be coupled directly to the amplifier input, 
since the worst-case bias current of 85nA with a 400mH, 100 
I'in. head (such as the PRB2H7K) will not be troublesome. 

One potential tape-head problem is presented by amplifier 
bias-current transients which can magnetize a head. The 
OP-27 and OP-37 are free of bias-current transients upon 
power up or power down. However, it is always advantageous 
to control the speed of power supply rise and fall, to elimi
nate transients. 

In addition, the dc resistance of the head should be carefully 
controlled, and preferably below 1kO. For this configura
tion, the bias-current-induced offset voltage can be greater 
than the l7OI'V maximum offset if the head resistance is not 
sufficiently controlled. 
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----------1~ OP-37 LOW-NOISE PRECISION HIGH-SPEED OPERATIONAL AMPLIFIER 

A simple, but effective, fixed-gain transformerless micro
phone preamp (Fig. 6) amplifies differential signals from low
impedance microphones by SOdB, and has an input impe
dance of 2kO. Because of the high working gain of the circuit, 
an OP-37 helps to preserve bandwidth, which will be 110kHz. 
As the OP-37 is a decompensated device (minimum stable 
gain of S), a dummy resistor, Rp, may be necessary, if the 
microphone is to be unplugged. Otherwise the 100% feed
back from the open input may cause the amplifier to oscillate. 
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(Z = 50 TO 200m 101<" 

R3 R4 
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Figure 6 

Common-mode input-noise rejection will depend upon the 
match of the bridge-resistor ratios. Either close-tolerance 
(0.1%) types should be used, or R4Shouid be trimmed for best 
CMRR. All resistors should be metal-film types for best sta
bility and low noise. 

Noise performance ofthis circuit is limited more by the input 
resistors Rl and ~an by the op amp, as Rl and R2 each 
generate a 4nVly' Hz noise, while the op amp generates a 
3.2nVly'HZ noise. The rms sum of these predominant noise 
sources will be about 6nVly'HZ' equivalent to 0.9/lV in a 
20kHz noise bandwidth, or nearly 61dB below a 1mV input 
signal. Measurements confirm this predicted performance. 

For applications demanding appreciably lower noise, a high
quality microphone-transformer-coupled preamp (Fig. 7) 
incorporates the internally compensated OP-27. Tl is a 
JE-11SK-E 1S00l1SkO transformer which provides an opti
mum source resistance for the OP-27 device. The circuit has 
an overall gain of 40dB, the product of the transformer's 
voltage setup and the op amp's voltage gain. 

Gain may be trimmed to other levels, if desired, by adjusting 
R2 or R1. Because of the low offset voltage of the OP-27, the 
output offsetofthis circuit will be very low, 1.7mVor less, for a 
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40dB gain. The typical output blocking capaCitor can be 
eliminated in such cases, but is desirable for higher gains to 
eliminate switching transients. 

Capacitor C2 and resistor R2 form a 2/ls time constant in this 
circuit, as recommended for optimum transient response by 
the transformer manufacturer. With C2 in use, Al must have 
unity-gain stability. For situations where the 2/ls time con
stant is not necessary, C2 can be deleted, allowing the faster 
OP-37 to be employed. 

Some comment on noise is appropriate to understand the 
capability of this circuit. A 1S00 resistor and Rl and R2 gain 
resistors connected to a noiseless amplifier will generate 220 
nV of noise in a 20kHz bandwidth, or 73dB below a 1mV 
reference level. Any practical amplifier can only approach 
this noise level; it can never exceed it. With the OP-27 and Tl 
specified, the additional noise degradation will be close to 
3.6dB (or -69.S referenced to 1 mV). 

Relerences 
1. Lipshitz, S.P.. "On RIAA Equalization Networks." JAES. Vol. 27, June 1979. 

p.4S8-481. 

2. Jung, W.G., IC Op Amp Cookbook. 2nd Ed., H.W. Sams and Company. 
1980. 

3. Jung, W.G., Audio IC Op Amp Applications, 2nd Ed., H.w. Sams and 
Company. 1978. 

4. Jung. W.G .• and Marsh. R.M .. "Picking Capacitors." Audio, February & 
March. 1980. 

5. OIala. M .• "Feedback-Generated Phase Nonlinearity in Audio Amplifiers." 
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Precision Monolithics Inc. 

FEATURES 

• Low Bias Current. ... ; . .. . • . . • • • . .. . . . • . . .. SpA Max 
• Low Current Consumption ................ 1.0mA Max 
• High Gain •........................... 1000VlmV Min 
• High Common-Mode Rejection ......•..•.... 100dB Min 
• Symmetrical Slew-Rates ......•.......... ±1.0Vlps Min 
• Fast Overload Recovery Time • . • . • • . . . • . • . . . .. 6ps Typ 
• Low Harmonic Distortion .•••.••.•.•..•. <0.01% at 5kHz 

ORDERING INFORMATIONt 

TA = 2SD C 
vos MAX 

(Pv) 

500 
500 

1000 
1000 
1500 

PACKAGE 

TO-99 
8-PIN 

OP-41AJ" 
OP-41EJ 
OP-41BJ" 
OP-41FJ 

PLASTIC 
DIP 

8-PIN 

OP-41GP 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
IND 
MIL 
IND 

COM 

"For devices processed in total compliance to MIL-STD-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering Information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 

The OP-41 JFET op amp features a 5pA max bias current with 
an open-loop gain of over 1 million, and is targeted at price
sensitive applications. The device is unity-gain stable and 
highly tolerant of capacitive loads. At unity-gain, the output is 
guaranteed to drive 250pF without oscillation. Transient re
sponse is considerably improved over industry standard JFETs. 

SIMPLIFIED SCHEMATIC 

OP-41 
LOW-BIAS-CURRENT 

JFET OPERATIONAL AMPLIFIER 

The OP-41's cascade input stage boosts CMR to over 100dB, 
improves CMR linearity, and stabilizes bias current with chang
ing common-mode voltage. The linear common-mode rejection 
of 100dB min is unusually good for a FET input amplifier. The 
OP-41 consumes only 750pA supply current and has a power
supply rejection ratio of 25pVIV, making it an ideal choice for 
battery-operated systems. Despite the low supply-drain, the 
slew-rate is a respectable 1.3V1ps, and symmetrical. USing 
zener-zap trimming techniques, offset voltage is adjusted to 
below 500pV which eliminates the need for external nulling in 
many applications. The OP-41's guaranteed gain of 1 million 
into a 2kO load, combined with the linear 100dB minimum 
CMR, vastly improves linearity over competitive low-cost de
vices. Linearity is excellent in both low-gain and high-gain 
amplifier configurations. In voltage follower applications CMR 
effects dominate linearity, and in high-gain applications open
loop gain dominates linearity, hence the performance advantage 
of the OP-41. 

PIN CONNECTIONS 

EPOXY MINI-DIP 
(P-Sufflx) 

NULL€18 N.C. 7 V+ 
-IN 2 6 OUT 

+IN 3 5 NULL 

4 v- leASE) 

TO-99 
(J-Sufflx) 

r--~-------~~---.---~---~-_o+V 

+IN 0-------+---11-------, 

-INo,r-_L 

OUT 

L-_+-+-------+-~---_+---~---~---~-_o-V 

NULL NULL 

Manufactured under the following U.S. patent: 4,538,115. 
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-----------1!fMD OP-41 LOW-BIAS-CURRENT JFET OPERATIONAL AMPLIFIER 

The device exhibits rapid recovery from signal overload. 
Following saturation at the positive supply, the output recovers 
in only 6J1s, and from a negative overdrive in only lOOns. 

The combination of low-power, low bias current, and high-gain, 
plus the superior CMR and PSRR performance of the OP-41, 
make it suitable in a wide variety of demanding applications. 
The device makes an excellent output amplifier for CMOS 
DACs. Where low-power consumption is needed in portable 
instrumentation, the OP-41 permits high-gain and high
accuracy amplification with good speed performance. The low 
and stable bias current makes it an excellent choice as a 
photodiode amplifier in medical applications. 

A standard 741 pin-out allows existing JFET designs and low
power bipolar designs to be upgraded by switching to the 
OP-41. 

ABSOLUTE MAXIMUM RATINGS 
(Note 3) 

Supply Voltage .......... .......................... . ±20V 
Internal Power Dissipation (Note 1) ................. 500mW 
Input Voltage (Note 2) ............................... ±20V 
Output Short-Circuit Duration ................... Indefinite 
Differential Input Voltage (Note 2) ................... . ±20V 
Storage Temperature Range .............. -65°C to +150°C 
Operating Temperature Range 

OP-41A, B (J) .................... -55°C to +125°C 
OP-41E, F (J) ..................... -25°C to +85°C 
OP-41G (P) ........................ O°C to +70°C 

Lead Temperature Range (Soldering, 60 sec) ......... 300°C 
Junction Temperature .................... -65°C to +1500C 
NOTES: 
1. See table for maximum ambient temperature rating and derating factor. 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

PACKAGE TYPE FOR RATING TEMPERATURE 

TO-99 (J) 80°C 7.1mWI"C 

8-Pin Plastic DIP (P) 62°C 5.6mW/oC 

2. Forsupplyvoltages less than ±20V, the abSOlute maximum input voltage is 
equal to the supply voltage. 

3. Absolute maximum ratings apply to both DICE and packaged parts. unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25°C, unless otherwise noted. 

PARAMETER SYMBOL 

Offset Voltage Vos 

Offset Current los 

Bias Current I. 

Open-Loop 
Avo Voltage Gain 

Output Voltage 
Vo Swing 

Supply Current ISY 

Input Voltage 
IVR 

Range 

Common-Mode 
CMR 

Rejection 

Power Supply 
PSRR 

Rejection Ratio 

NOise Voltage 

Density Referred en 
to Input 

Short Circuit 
Ise Output Current 

Slew Rate SR 

Gain Bandwidth GBW 

Power Bandwidth BWp 

CONDITIONS MIN 

(Note 1) 

(Note 1) 

RL = 2kO 

Vo = ±IOV 
1000 

RL = 2kO ±12.3 

Vo = OV 

(Note 2) ±11 

VCM = ±IIV 100 

Vs = ±10V to ±20V 

1kHz 

Short Circuit 

to Ground 
±12 

OP-41A/E 
TYP 

200 

0.04 

3.0 

5000 

±12.6 

.75 

+15 

-11.5 

115 

32 

+20 

-18 

1.3 

500 

20 

MAX 

500 

1.0 

25 

±36 

5-165 

MIN 

500 

±12.0 

±11 

90 

±12 

OP-41B/F 
TYP 

400 

0.05 

3.5 

4000 

±12.6 

.75 

+15 
-11.5 

110 

10 

32 

+20 

-18 

1.3 

500 

20 

MAX MIN 

1000 

10 

300 

±11 

1.2 

±11 

90 

80 

±36 ±6 

OP-41G* 
TYP 

500 

0.05 

3.5 

3000 

±12.6 

.75 

+15 

-11.5 

110 

10 

32 

+20 
-18 

1.3 

500 

20 

MAX UNITS 

1500 /1V 

pA 

25 pA 

VlmV 

V 

1.2 mA 

V 

dB 

80 /1V/v 

- nVlVHZ 

±36 mA 

VI/1s 

kHz 

kHz 
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~ OP-41 LOW-BIAS-CURRENT JFET OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25° C, unless otherwise noted. (Continued) 

OP-41A/E OP-41B/F OP-41G* 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

10V Step Av = -1 
Settling Time ts to 0.1% 10 10 10 ps 

to 0,01% 12 12 12 

Overload Recovery 
Positive Going 0.1 0.1 0.1 
Negative Going 6.0 6.0 6.0 

ps 

Capacitive Load Av = +1 
250 >1000 250 >1000 250 >1000 pF 

Stability (Note 3) 

Open-Loop Output 
Ro 150 150 150 0 

Resistance 

NOTES: 
1. Warmed up. VCM = 0 
2. Guaranteed by CMR test. 
3. Guaranteed but not tested. 
'OP-41G SPECIFICATIONS ARE SUBJECT TO CHANGE AT TIME OF INTRODUCTION 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = -55° C/+125° C, unless otherwise noted. 

OP-41A OP-41B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage Vos 400 1000 600 2000 pV 

Temperature 

Coefficient of 
TCVos 2.5 3.5 10 pVloC 

Input Offset 
Voltage 

Offset Cu rrent los (Note 1) 40 1000 50 2000 pA 

Bias Current I. (Note 1) 4000 7500 4500 15000 pA 

Open-Loop 
Ava 

RL = 2kO 
1000 5000 500 3000 VlmV 

Voltage Gain Va = ±10V 

Output Voltage 
Va RL = 2kO ±12.0 ±12.5 ±11.5 ±12.5 V 

Swing 

Supply Current ISY Va = OV .75 1.2 .75 1.2 mA 

Input Voltage +15 
±11 

+15 
V 

Range 
IVR (Note 2) ±11 

-11.5 -11.5 

Common-Mode 

Rejection 
CMR VCM = ±11V 95 105 85 100 dB 

Power Supply 
PSRR Vs = ±10V to ±20V 

Rejection Ratio 
40 10 100 INN 

Short Circuit +12 +12 

Output Current Isc Short Circuit to Ground ±6 ±36 ±6 ±36 mA 
-17 -17 

Slew Rate SR 1.3 1.3 Vips 

Gain Bandwidth GBW 500 500 kHz 

Power Bandwidth BWp 20 20 kHz 

Capacitive Load Av = +1 
100 >1000 100 >1000 pF 

Stability (Note 3) 

NOTES: 
1. Warmed up. VCM = 0 
2. Guaranteed by CMR test. 
3. Guaranteed but not tested. 
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IfMi) OP·41 LOW·BIAS·CURRENT JFET OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = -25°C/+85°C for ElF grades and O°CI70°C for G grade, unless 
otherwise noted. 

OP·41E OP·41F OP·41G* 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Ollset Voltage Vos 250 1000 500 2000 500 2000 /lV 

Temperature 
Coefficient of 

TCVos 3.5 8 7.5 7.5 /lVl'C 
Input Offset 

Voltage 

Ollset Cu rrent los (Note 1) 100 10 200 20 pA 

Bias Current Ie (Note 1) 240 500 300 1000 100 500 pA 

Open-Loop 
Avo 

RL = 2kCl 
1000 5000 500 4000 300 3000 VlmV 

Voltage Gain Vo = ±10V 

Output Voltage 
Vo RL = 2kCl ±12.0 ±12.6 ±11.5 ±12.5 ±11 ±12.6 V 

Swing 

~ Supply Current ISY Vo = OV .75 1.2 .75 1.2 .75 1.2 mA 

Input Voltage 
IVR (Note 2) ±11.0 

+15 
±11 

+15 
±11 

+15 
V ti: 

Range -11.5 -11.5 -11.5 ea 
Common·Mode 

CMR VCM = ±11V 95 110 85 100 85 100 dB ~ Rejection 

Power Supply 
PSRR Vs = ±10V to ±20V 40 10 100 10 100 /lVIV 

~ Rejection Ratio 

Short Circuit Short Circuit +16 +16 +20 

Output Current Isc to Ground 
±6 

-18 
±36 ±6 

-18 
±36 ±6 

-18 
±36 mA 9 

Slew Rate SR 1.3 1.3 1.3 VI/ls ~ Gain Bandwidth GBW 500 500 500 kHz r:.LI 
Power Bandwidth BWp 20 20 20 kHz () 
Capacitive Load Av = +1 

100 >1000 100 >1000 100 >1000 pF 
Stability (Note 3) 

NOTES: 
1. Warmed up. VCM = 0 
2. Guaranteed by CMR test. 
3. Guaranteed but not tested. 
'OP-41G SPECIFICATIONS ARE SUBJECT TO CHANGE AT TIME OF INTRODUCTION 

BURN·IN CIRCUIT 

+18V 

10kn 
+3Vo---'W.,--"f 

-18V 

5·167 1/86, Rev. A 



------------f~ OP-41 LOW-BIAS-CURRENT JFET OPERATIONAL AMPLIFIER 

DICE CHARACTERISTICS 

DIE SIZE 0.103 X 0.074 Inch, 7622 sq. mils 
(2.62 X 1.88mm, 4.92 sq. mm) 

WAFER TEST LIMITS at Vs = ±15V, TA = 25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Ollsel Voltage Vas 

Bias Current 18 (Note I) 

Open-Loop Voltage Gain Ava RL = 2kQ 

Output Voltage Swing Va RL = 2kQ 

Supply Current ISY Va = OV 

Input Voltage Range IVR (Note 2) 

Common-Mode 
Rejection 

CMR VCM = ±11V 

Power Supply 
PSRR Vs = ±IOV to ±20V 

Rejection Ratio 

Short Circuit 
Isc Short Circuit to Ground 

Output Current 

Slew Rate SR 

Capacitive Load 
Av = +1 (Note 3) 

Stability 

NOTES: 
1. VCM =0 
2. Guaranteed by CMR test. 
3. Guaranteed but not tested. 

1. OFFSET VOLTAGE NULL 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. NEGATIVE SUPPLY 
5. OFFSET VOLTAGE NULL 
6. AMPLIFIER OUTPUT 
7. POSITIVE SUPPLY 

For additional DICE Information refer to 
1986 Data Book, Section 2. 

OP-41N 
LIMIT 

1000 

20 

500 

±12 

1.2 

±II 

90 

80 

±6 
±36 

250 

UNITS 

/lVMAX 

pAMAX 

VlmV MIN 

VMIN 

mAMAX 

VMIN 

dBMIN 

/lVNMAX 

mAMIN 
mAMAX 

VI/ls MIN 

pFMIN 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss. yield after packaging is not guaranteed 
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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-----------t1fMj) OP-41 LOW-BIAS-CURRENT JFET OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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----------I~ OP-41 LOW-BIAS-CURRENT JFET OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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------------l1fMD OP-41 LOW-BIAS-CURRENT JFET OPERATIONAL AMPLIFIER 

OFFSET VOLTAGE ADJUSTMENT 

Offset voltage is adjusted by a potentiometer of 10kO to 1OOkO 
resistance. This potentiometer should be connected between 
pins 1 and 5 with the wiper connected to the V- supply. (See 
Figure 1.) Nulling Vas will change TCVas by no more than 
511V/oC per millivolt of Vas change. 

FIGURE 1: INPUT OFFSET VOLTAGE NULLING 

v. 

v-

NOTE: 
vos CAN BE TRIMMED WITH POTENTIOMETER 

RANGING FROM 10kH TO 100kU. 

APPLICATIONS INFORMATION 

TYPICAL AC PERFORMANCE CHARACTERISTICS 

Figure 2 shows the overload recovery time after the output 
saturates at each supply. A high degree of slew-rate symmetry 
is maintained even during severe input overload. The photo 
also shows the well controlled linear characteristics of the 
amplifier and freedom from oscillations. The OP-41's symmetry 
greatly reduces the generation of large DC components in the 
output when the amplifier is overdriven. This significantly 
reduces system recovery time after an overload. 

Figure 3 shows the unity-gain small-signal transient response 
of the OP-41. Note the clean symmetrical waveform. 

Figure 4 illustrates the high degree of stability even when 
loaded with 1000pF at unity-gain. Heavy capacitive loading will 
cause stability problems with many amplifiers. 

Figure 5 illustrates the use of the OP-41 in a high sensitivity, 
wide-dynamic-range light deteclor. This circuit will produce an 
output voltage proportional to the light input over a60dB range. 

FIGURE 2: OVERLOAD RECOVERY TIME AT Av = 10 

5-171 

FIGURE 3: SMALL-SIGNAL TRANSIENT RESPONSE 

FIGURE 4: SMALL-SIGNAL TRANSIENT RESPONSE WITH 
1000pF LOAD 

FIGURE 5: WIDE-DYNAMIC-RANGE LIGHT DETECTOR 

::::.4pF 

>-~I--. Va'" O.5V/nW 

HP 5082-4203 

CMR MEASUREMENT METHODS 

Two separate methods are used to measure the CMR. The first 
method is used over the range of 10Hz to 20kHz. This method 
grounds the input circuitry and applies the common-mode 
signal to the remainder of the op amp, Figure 6. 

The AMP-01 eliminates loading on the output stage. This 
assures that the OP-41 output is not required to deliver current 
into the feedback ci rcuit. The effects ofthe DUT open-loop gain 
changing with frequency are therefore significantly reduced. 
The circuit does not require tight resistor matching. DC data 
sheet limits may be verified using this method. Circuit accuracy 
is dependent on the high CMR of the AMP-01. 
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------------l~ OP-41 LOW-BIAS-CURRENT JFET OPERATIONAL AMPLIFIER 

FIGURE 6: CIRCUIT USED TO MEASURE CMR FROM 10Hz 
TO 20kHz 

1kSl 

1kn 

9kl! 

AMP-01 
AV= 1 

An alternate ci rcuit may be used to make high-frequency 
measurements from 2kHz to 500kHz, Figure 7. The 2kHz to 
20kHz data overlap can be used to verify the accu racy of the 
respective test methods. 

This method drives the input stage with the test signal and 
requires an accurate ratio of resistors, R4/R3 = R1/R2. To 
measure CMR to 100dB requires ratio matching to better than 
10ppm. For this reason, it is not practical to use the second 
method at low frequencies where CMR is greater than SO-1OOdB. 

The OUT output is normally connected directly to R4 which 
may cause problems. If the OUT is not buffered with a broad
band low-output-impedance amplifier, the frequency-depen
dent output impedance of the OUT, in series with R4, rapidly 
unbalances the resistor ratios. This causes frequency depen
dent errors. The OP-27 provides good performance over the 
range of frequencies used. 

FIGURE 7: CIRCUIT USED TO MEASURE CMR FROM 2kHz 
TO 500kHz 

TO GAIN/PHASE METER 

R4 

R3 

lkl! > ....... -. ~~IN/PHASE 
METER 

R2 

lk!l 

GUARDING AND SHIELDING 

In applications where the input is at high impedance, careful 
shielding is required to prevent hum pickup from power line 
sources or detection of RF from radio stations and nearby radar 

transmitters. Loss of accuracy can also occur from surface and 
bulk leakages in printed circuit boards. Both of these conditions 
can be avoided by the following methods. 

Hum and RF pickup are eliminated or reduced by keeping all 
high impedance leads, including feedback resistor leads, inside 
shielded enclosures. In addition to shielding, power supply 
lines should be bypassed where they pass through the shield
ing. This will prevent noise from being retransmitted from the 
power supply lines inside the shielded enclosure. 

Noise can also be created by the flexing of coax cable. These 
signals can be caused by mechanical vibrations inside or 
outside the shielding. Prevention consists of securely support
ing all high-impedance shielded lines to prevent motion. 

Printed circuit board leakage currents can easily exceed the 
OP-41 bias currents or the incoming signal. Leakage currents 
can be minimized by using Teflon insulators to support wires 
instead of using PC traces. An alternate method is guarding the 
high impedance traces. When the OP-41 is in the inverting 
mode, the signal traces should have grounded guard traces on 
both sides, Figure S. The opposite side of the board should be 
used as a ground plane and shield, if not otherwise used. A 
ground plane is implemented by leaving copper on all areas 
that are not being used for signal or power conduction. Ground 
connection should be made to all areas of isolated copper. In 
the noninverting configuration, the OP-41's output signal or a 
portion of it should be used to drive the guard traces, Figure 9. 
When the guard drive voltage is equal to the input signal, 
leakage currents will be effectively eliminated. 

FIGURE 8: CURRENT-TO-VOLTAGE CONVERTER 

5-172 

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

GUARD~ r-----J 
I I 
I I 2 

r-4-00UT 

FIGURE 9: VERY HIGH IMPEDANCE NONINVERTING 
AMPLIFIER 

>=--1>---0 OUT 
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-----------I~ OP-41 LOW-BIAS-CURRENT JFET OPERATIONAL AMPLIFIER 

The High Q Notch Filter benefits from the low bias current and 
high input impedance of the OP-41, Figure 10. These features 
enable small value capacitors and large resistors to be used in 
this 60Hz notch filter. The 5pA bias current only develops 100pV 
across R1 and R2. 

FIGURE 10: HIGH Q NOTCH FILTER 

C1 

R3 
5M 

C2 

270pF 270pF 

'0 '" 21fR~Cl 
Rl=>R2"'2R3 
Cl = C2= C312 

Low power consumption, low bias current, and low offset 
voltage make the OP-41 an ideal current-to-voltage converter, 
Figure 11. 

In this application, the PM-7541 and the OP-41 provide complete 
12-bit digital-to-analog conversion with less than 3mA supply 
current. 

FIGURE 11: DAC CIRCUIT USING THE OP-41 

DIGITAL 
INPUT 

BIT 2 

BIT 12 (LSB) 

+15V 

16 18 RFEEDBACK 

Figure 12 shows an amplifier forhigh-impedanceac transducers 
like a piezoelectric accelerometer. These sensors normally 
require a high-input-resistance amplifier. The OP-41 can pro
vide input resistance in the range of 10120, however, a dc return 
for bias current is needed. To maintain a high R1N, large value 
resistors above 22MO are often required. These may not be 
practicable. 

Using the circuit in Figure 12, input resistances that are orders 
of magnitude greater than the values of the dc return resistors 
can be obtained. This is accomplished by bootstrapping the 
resistors to the output. With this arrangement, the lower cutoff 
frequency is determined more by the RC product of R1 and C1 
than it is by resistor values and the equivalent capacitance of 
the transducer. 

FIGURE 12: AMPLIFIER FOR PIEZOELECTRIC TRANSDUCERS 

5-173 

~--,---'------<O~OUTPUT 

WIDE RANGE LOW-CURRENT AMMETER 

The circuit shown in Figure 13 can measure currents from 
100pA to 100pA without the use of high value resistors. 
Accuracy is better than 1 % over most of the range, depending 
upon the accuracy of the divider resistor and the input bias 
current of the op amp. Using the OP-41 as the input amplifier 
allows low end measurement down to a few pA due to the 3.5pA 
input bias current. 

One of the requirements for a good current meter is low series 
voltage drop. Since the voltage across the inputs of an op amp 
is forced to virtually zero, it makes a good choice forthe input of 
a current meter. Amplifier A1 is used as an inverting amplifier for 
the input. This ensures less than 500pV drop at any current 
level. 

Feedback around the op amp is accomplished with a transistor, 
rather than a resistor. The op amp forces the collector current of 
Q1A to equal the input current. This causes the emitter-base 
voltage of Q1 A to be proportional to the log of the input current. 
Resistors R1, R2, R3 and capacitors C1, C2 frequency com
pensate the log ci rcuit since Q1 A provides gain in the feedback 
loop. 

The output of the log amplifier is taken from the emitter of Q1 A 
to drive Q1 B. Q1 B anti-logs the output and drives the meter. The 
output of Q1 B is proportional to the log of the input current 
scaled by a constant, which is proportional to the voltage from 
the divider, selected by S1. Fortransistors operating at different 
current levels, the Vbe difference equals: 

solving for IC2 

( toVb• q) 
IC2 = IC1 e kT 

Where IC1 and IC2 are the collector currents of Q1 A and Q1 B; 
Q is the charge of an electron; k is Boltzmann's constant; T is 
temperature in degrees Kelvin; and Vbe is the voltage applied to 
the base of Q1 B. If Vbe varies as absolute temperature, the 
exponent will be a constant. 
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FIGURE 13: WIDE RANGE LOW-CURRENT AMMETER 

Q1A 
r-______ ~1~/2~MAT-j02=E~H __________ __, 

Rl 

R3 
INPUT o--+--IIN'---4---1 

4.7k!1: 

31<n 
01 
1N914 

The voltage driving the divider is obtained from a 1.22V low 
voltage reference diode (LM113) through a 2N2222 transistor 
and resistor string. The voltage across the divider varies with 
absolute temperature, keeping the multiplier constant. 

Calibration is simple, requiring only one adjustment. R4 is used 
to adjust full scale deflection with a 1/lA input current. This will 
give maximum accuracy over the operating range of currents. 

The low Vos and exceptionally good log conformance of the 
MAT-02 assure high accuracy over the full 6 decade operating 
range. 

Figure 14 is the test circuit used to measure the settling time. 
This circuit uses the "false sum-node" technique. When the 
system is initially set up, the 2000 pot is adjusted until the DC 
output voltage to the scope is unchanged when the input is 
changed from +10V to -10V. The 2N4416 FET buffer isolates the 
sum node from the scope probe load capacitance. The pulse 
generator must be properly terminated and have ringing below 
the expected error signal. (2.5mV in a 5V pulse for 0.1% 
overshoot measurement.) 

Q1e 

R' 2'" 

1/2 MAT-02EH 

R8 
10nA 51tn 

,.V 

R12 
4k" 

02 
LM113 

FIGURE 14: SETTLING-TIME TEST CIRCUIT 

+15V 0---....... -------, 

~O.,"f 

.---1-"""'---. 
4.99kn 1% 

4.99kn 1% 

4.99kn 1% 

:=Jr-_-_~ 200n 

-15V 
4.99k!l 1% 

VOUT 
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FEATURES 

• Low Bias Current • • • • • • • • . • . . • . • . • • • • • • . . •• SpA Max 
• High Slew-Rate .••••..•.•••.•.•.•.•.•.•. ±SVlfiS Min 
• Low Current Consumption •••..••...•••... 1.0mA Max 
• High Gain .•..•...••••...•..•.•.•.•••• 1000VlmV Min 
• High Common-Mode ReJection ....•.......•. 100dB Min 
• Power Bandwidth •............•.•.•.•...• 100kHz Typ 
• Fast Overload Recovery Time .......•.•..•..• 3.5IJs ~p 
• Low Harmonic Distortion •....•......... <0.01 Ofo at 5kHz 

ORDERING INFORMATIONt 

TA = 25°C 
Vos MAX 

(PV) 

250 
250 
750 
750 

1500 

PACKAGE 

TO-99 
8-PIN 

OP-43AJ' 
OP-43EJ 
OP-43BJ' 
OP-43FJ 

PLASTIC 
DIP 

8-PIN 

OP-43GP 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
IND 
MIL 
IND 

COM 

'For devices processed in total compliance to MIL-STD-883. add /883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The OP-43 JFET operational amplifier is a high-speed version 
of the o P-41 , featuring a slew rate of 6V1 P.s, gain-bandwidth 
product of 2.4MHz, and power bandwidth of 100kHz. Its high 
speed is achieved without compromising the low supply 
current, which is typically 750p.A. The OP-43 has a bias current 
of only 5pA, and an open-loop gain of over 1 million. The 

SIMPLIFIED SCHEMATIC 

OP-43 
LOW-BIAS-CURRENT, FAST JFET 

OPERATIONAL AMPLIFIER (AVCL 2! 2) 

PRELIMINARY 
common-mode rejection is an outstanding 115dB, far beyond 
that available with most FET op amps. The OP-43 is stable with 
minimum gains of +2 and -1. It is ideal for price-sensitive 
applications requiring low power consumption combined with 
high speed and high accuracy. OP-41 circuits, in which more 
speed is required and unity gain stability is not a criterion, are 
easily upgraded with the OP-43. 

The cascode input stage gives the OP-43 its exceptional CMR 
while improving CMR linearity with changing common-mode 
voltage. This input stage also stabilizes the bias current over the 
common-mode range. With its low power-consumption and a 
power-supply rejection ratio of 25/1V1V, the OP-43 is an ideal 
choice for battery-operated systems. USing zener-zap trimming 
techniques, offset voltage is adjusted to below 250/1V, thus 
eliminating the need for external nulling in many applications. 
In noninverting amplifier configurations, the outstanding CMR 
of the OP-43 insures linearity, while in high-gain configurations, 
linearity and accuracy are insured by the OP-43's guaranteed 
gain of 1 million into a 2kO load. Although the OP-43 is a high 
speed device, it is still capable of handling moderate capacitive 
loads and with a gain of -1 is guaranteed stable with at least 
100pF. 

PIN CONNECTIONS 

EPOXY MINI-DIP 
(P-Suflix) 

NUL€1L8 N.C. 7 V+ 
-IN 2 6 OUT 

+IN 3 5 NULL 

4 v-leASE) 

TO-99 
(J-Sufflx) 

r---~--------------~~----~------~------~----o+V 

+INo---;::=:::t~;:t==~1 

OUT 

~-+--+------------+--4--------*-------+------~------4----o-V 

NULL NULL 

Manufactured under the following U.S. patent: 4,538,115. 

This preliminary produetlnlormallon Is based on lesllng 01 a limited number 01 devices, Finalspeeilleations may vary. Please eonlael local salas 
olllee or dlslrlbutor lor IInal data sheet. 
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-------t1fMD OP-43 LOW-BIAS-CURRENT, FAST JFET OPERATIONAL AMPLIFIER-PRELIMINARY 

The OP-43 exhibits rapid recovery from signal overload. 
Following saturation at the positive supply, the output recovers 
in only 3.5J,1s. Recovery from saturation at the negative supply is 
even faster. 

The combination of low-power, low bias current, high speed, 
and high gain plus the superior CMR and PSRR performance of 
the OP-43, makes the device suitable for a wide range of 
demanding applications. Where low power-consumption is 
required in battery-powered or portable instrumentation. the 
OP-43 permits high-gain and high-accuracy amplification along 
with high-speed. The low and stable bias current, combined 
with its high input impedance, makes it an excellent choice for 
interfacing with high impedance transducers or lOW-level 
current sources. 

In applications where speed is not essential, and superb 
capacitive load driving capabilities are required, the OP-41 
is recommended. 

The standard "741" pin-out allows existing JFET designs and 
low-power bipolar designs to be upgraded by direct replace
ment with the OP-43. 

ABSOLUTE MAXIMUM RATINGS (Note 3) 

Supply Voltage .•.••.••.•••••••.••.••••..••.•••••..• ±20V 
Internal Power Dissipation (Note 1) •.••.•••.....•••• 500mW 
Input Voltage (Note 2) ...••.•••••...•..••••••...•.•.. ±20V 
Output Short-Circuit Duration •.•••••••....•.•..• Indefinite 
Differential Input Voltage (Note 2) ..••......•....•.••. ±20V 
Storage Temperature Range .•..•.•....••. -65°C to +150°C 
Operating Temperature Range 

OP-43A, B (J) .................... -55°C to +125°C 
OP-43E, F (J) ..................... -25°C to +85°C 
OP-43G (P) ....................... QOC to +70°C 

Lead Temperature Range (Soldering, 60 sec) •........ 300°C 
Junction Temperature ...................• -65°C to +150°C 
NOTES: 
1. See table for maximum ambient temperature rating and derating factor. 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

PACKAGE TYPE FOR RATING TEMPERATURE 

TO-99 (J) 80"C 7.1mW/oC 

B-Pin Plastic DIP (P) 62"C 5.6mW/"C 

2. For supply voltages less than ±20V. the absolute maximum input voltage is 
equal to the supply voltage. 

3. Absolute maximum ratings apply to both DICE and packaged parts. unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25°C, unless otherwise noted. 

OP-43A/E 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

Offset Voltage Vos 200 250 

Offset Current los (Note 1) 0.04 

Bias Current Is (Note 1) 3.0 5 

Open-Loop 
Avo 

RL • 2kO 
Voltage Gain vo· ±10V 

1000 5000 

Output Voltage 
Vo RL ·2kO 

Swing 
±12.3 ±12.6 

Supply Current ISY Vo·OV .75 1.0 

Input Voltage 
IVR (Note 2) 

Range 
±11 

+15 
-11.5 

Common-Mode 
CMR 

Rejection VCM • ±11V 100 115 

Power Supply 
PSRR Vs • ±10V to ±20V 

Reiection Ratio 
5 25 

Noise Voltage 
Density Referred en 1kHz 32 
to Input 

Short Circuit 
Isc 

Short Circuit 
Output Current to Ground 

±12 
+20 

±36 
-18 

Slew Rate SR 6 

Gain Bandwidth GBW 2.4 

Power Bandwidth BWp 100 

5-176 

OP-43B/F 
MIN TYP MAX MIN 

400 750 

0.05 

3.5 10 

500 4000 300 

±12.0 ±12.6 ±11 

.75 1.2 

±11 
+15 

-11.5 
±11 

90 110 90 

10 80 

32 

±12 
+20 

±36 ±6 
-18 

5 

2.4 

100 

OP-43G 
TYP 

500 

0.05 

3.5 

3000 

±12.6 

.75 

+15 

-11.5 

110 

10 

32 

+20 

-18 

6 

2.4 

100 

MAX UNITS 

1500 IN 

pA 

25 pA 

VlmV 

v 

1.2 rnA 

v 

dB 

80 INN 

- nVl-jHZ 

±36 mA 

ViliS 

MHz 

kHz 
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:1 
j, 
i ~ 
! ~ 

ELECTRICAL CHARACTERISTICS at Vs = ±15\1, TA = 25°C, unless otherwise noted. (Continued) 

OP-43A/E OP-43B/F OP-43G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

10V Step Av =-1 
Settling Time ts to 0.1% 3 ps 

to 0.01% 6 6 

Overload Recovery 
Positive Going 1 

Negative GOing 3.5 3.5 3.5 
ps 

Capacitive Load Av =-1 
100 250 

Stability (Note 3) 
100 250 100 250 pF 

Open-Loop Output 
Ro 150 150 150 0 

Resistance 

NOTES: 
1. Warmed up. VCM = 0 
2. Guaranteed by CMR test. 
3. Guaranteed but not tested. 

~ 
~ 

ELECTRICAL CHARACTERISTICS at Vs = ±15\1, TA = -55°C/+125°C, unless otherwise noted. 
...... 
i-l.. 

::s 
OP-43A OP-43B p.. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

~ Offset Voltage Vos 400 750 600 1750 pV 

Temperature ~ Coefficient of 
TCVos 2.5 3.5 10 pV/oC 

Input Offset 0 
Voltage ...... 

Offset Current los (Note 1) 40 1000 50 2000 pA ~ 
Bias Current I. (Note 1) 4000 7500 4500 15000 pA ~ 

Open-Loop 
Avo 

RL = 2kO 
1000 5000 500 3000 V/mV 

() 
Voltage Gain Va = ±10V 

Output Voltage 
Va RL = 2kO ±12.0 ±12.5 ±11.5 ±12.5 V 

Swing 

Supply Current ISY Va =OV .75 1.2 .75 1.2 mA 

Input Voltage 
IVR 

+15 +15 
V (Note 2) ±11 ±11 

Range -11.5 -11.5 

Common~Mode 
CMR VCM = ±11V 95 105 85 100 dB 

Rejection 

Power Supply 
PSRR Vs = ±10V to ±20V 40 10 100 pV/v 

Rejection Ratio 

Short Circuit 
Isc Short Circuit to Ground ±6 

+12 
±36 ±6 

+12 
±36 mA 

Output Current -17 -17 

Slew Rate SR V/ps 

Gain Bandwidth GBW 2.4 2.4 MHz 

Power Bandwidth BWp 100 100 kHz 

Capacitive Load Av =-1 
100 250 100 250 pF 

Stability (Note 3) 

NOTES: 
1. Warmed up. VCM = 0 
2. Guaranteed by CMR test. 
3. Guaranteed but not tested. 
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~ OP·43 LOW·BIAS·CURRENT, FAST JFET OPERATIONAL AMPLIFIER-PRELIMINARY 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = -25·C/+85·C for ElF grades and O·C/70·C for G grade, unless 
otherwise noted. 

OP·43E OP·43F OP·43G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX MIN TVP MAX UNITS 

Offset Voltage Vas 250 750 500 1750 500 2000 ",V 

Temperature 

Coefficient of 
TCVos 3.5 7.5 7.5 ",woC 

Input Offset 
Voltage 

Offset Current los (Note 1) 100 10 200 20 pA 

Bias Current Ie (Note 1) 240 500 300 1000 100 500 pA 

Open-Loop 
Ava 

RL = 2krl 
1000 5000 500 4000 300 3000 VlmV 

Voltage Gain Va = ±10V 

Output Voltage 
Va RL = 2krl ±12.0 ±12.6 ±11.5 ±12.5 ±11 ±12.6 V 

Swing 

Supply Current Isv Va =OV .75 1.2 .75 1.2 .75 1.2 rnA 

Input Voltage 
IVR (Note 2) ±11.0 

+15 
±11 

+15 
±11 

+15 
V 

Range -11.5 -11.5 -11.5 

Common-Mode 
CMR VCM = ±11V 95 110 85 100 85 100 dB 

Rejection 

Power Supply 
PSRR Vs = ±10V to ±20V 40 10 100 10 100 ",WV 

Rejection Ratio 

Short Circuit 
Isc 

Short Circuit 
±6 

+16 
±36 ±6 

+16 
±36 ±6 

+20 
±36 rnA 

Output Current to Ground -18 -18 -18 

Slew Rate SR 5 6 6 V/",s 

Gain Bandwidth GBW 2.4 2.4 2.4 MHz 

Power Bandwidth BWe 100 100 100 kHz 

Capacitive Load Av =-1 
100 250 100 250 100 250 pF 

Stability (Note 3) 

NOTES: 
1. Warmed up. VCM = 0 
2. Guaranteed by CMR test. 
3. Guaranteed but not tested. 
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DICE CHARACTERISTICS 

DIE SIZE 0.103 X 0.074 inch, 7622 sq. mils 
(2.62 X 1.88mm, 4.92 sq. mm) 

WAFER TEST LIMITS at Vs = ±15V, TA = 25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Offset Voltage Vos 

Bias Current I. (Note 1) 

Open-Loop Voltage Gain Avo RL = 2kO 

Output Voltage Swing Vo RL = 2kO 

Supply Current ISY Vo = OV 

Input Voltage Range IVR (Note 2) 

Common-Mode 
CMR VCM = ±11V 

Rejection 

Power Supply 
PSRR Vs = ±10V to ±20V 

Rejection Ratio 

Short Circuit 
Output Current Isc Short Circuit to Ground 

Slew Rate SR 

Capacitive Load 
Av =-1 (Note 3) 

Stability 

NOTES: 
1. VCM = 0 
2. Guaranteed by CMR test. 
3. Guaranteed but not tested. 

1. OFFSET VOLTAGE NULL 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. NEGATIVE SUPPLY 
5. OFFSET VOLTAGE NULL 
6. AMPLIFIER OUTPUT 
7. POSITIVE SUPPLY 

For addilional DICE inlormalion reler to 
1986 Dala Book, Section 2. 

OP-43N 
LIMIT 

750 

20 

500 

±12 

1.2 

±11 

90 

80 

±6 

100 

UNITS 

/1VMAX 

pAMAX 

VlmV MIN 

VMIN 

mAMAX 

VMIN 

dBMIN 

/1VN MAX 

mAMIN 

VI/1s MIN 

pF MIN 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed 
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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PreciSIon MOllolithics Inc. 

FEATURES 
• Open-Loop Gain ............... '" 10,OOO,OOOV/V Min 
• Low Input Offset Voltage ................... 25jN Max 
• Low Input Bias Current . . . . . . . . . . . . . . . . . . . . .. 5nA Max 
• Excellent TCVos ....................... O.3p.V/oC Max 
• High CMRR .............................. 126dB Min 
• High PSRR ............................... 126dB Min 
• Low Noise .................. " 5.5nVlVHZ@ f = 10Hz 

.................... 4.5nV/VHZ@f=1kHz 
• High Output Current ......................... ±50mA 
• Drives Capacitive Loads up to 10nF 
• On-Board Thermal Shutdown Circuit 

PIN CONNECTIONS 

SIMPLIFIED SCHEMATIC 

EXTERNAL 
COMPENSATION 

14·PIN HERMETIC DIP 
(Y·Suffix) 

NOTE: 
NO INTERNAL CONNECTION TO 
PINS 3, 4, AND 8. 

op-so 
HIGH-OUTPUT-CURRENT 

OPERATIONAL AMPLIFIER (AVCL 2:: 51 

ORDERING INFORMATIONt 

TA = 25°C PACKAGE OPERATING 
VosMAX CERDIP TEMPERATURE 

(!LV) 14·PIN RANGE 

2S OP-SOAY' MIL 
100 OP-SOBY' MIL 
25 OP-50EY INO 

100 OP-SOFY INO 
• For devices processed In total compliance to M I L-STD-883, add 1883 after 
part number. Consult factory for 883 data sheel. 

t All commercial and industrial temperature range parts are available with 
burn-in. For ordering Information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The OP-50 eliminates the need for an output buffer in appli
cations which require high load-driving capability coupled 
with premium amplifier performance. The output stage can 
drive ±50mA into 50n loads. In addition, the output is stable 
with capacitive loads of up to 10nF. This load driving ability 
makes the OP-50 ideal for amplifying small signals for trans
mission through long cables. The amplifier features open
loop voltage gain of over 10 million with common-mode 
rejection and power supply rejection of greater than 126dB 
(AlE grades). 

... ..;".v.,...-lh 
I I V+ COMP CO~ _____________ _ 

OFFSET r
NULL _ ~ 

V-~ 
'-_ -oN::,:U:.:;LL=--...J 

2501l 

--, 
I 

VB 

-INo---"NIr----<~-U::: 

2501l 
+IN6---"NIr--------+--+----' 

I 
I L ____________ _ 

v-

Manufactured under the following patents: 4,471,321 and 4,503,381. 
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,t-----t-~ OUTPUT 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

----------------~ 
*NOTE SEPARATE SUPPLIES FOR OUTPUT STAGE. 
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---------~1fMD OP-50 HIGH-OUTPUT-CURRENT OPERATIONAL AMPLIFIER 

The OP-50 is stable for closed-loop gains above 50, and can 
be externally compensated for closed-loop gains in the range 
of 5 to 50. The amplifier is designed for use in high-gain 
andlor high-output-current applications. For example, an 
OP-07 coupled with an output buffer can be replaced by a 
single OP-50 amplifier. 

lon-implanted superbeta transistors, combined with a pat
ented input bias current cancellation circuit, provide an input 
bias current of only 5nA and input offset current of 1 nA. Over 
the full military temperature range, input bias current and 
input offset current for an A-grade device does not exceed 
anA and 3nA, respectively. Input offset voltages are trimmed 
to a maximum of 25p.V (AlE grades) and 1OOl'V (B/F grades) 
using PMl's zener-zapping technique. This low offset elimi
nates the need for an offset trimpot in most applications. 

Low voltage-noise, typically 4.5nV I VHZ at 1 kHz, is achieved 
in the OP-50 with minimum sacrifice of input protection. 
Overload protection is provided by input resistors of 2500 
and emitter-base diodes. The input resistors provide current 
limit protection against differential inputs of up to ±10V; and 
the diodes prevent avalanche breakdown which could 
degrade the I B, los, and matching of the input stage transis
tors. External resistors can be added to the input to guard 
against higher input voltages; however, the added resistors 
will degrade noise voltage performance. When minimum 
noise voltage is required, source resistance should be kept 
below a few hundred ohms. 

Separate output-stage power supply pins are provided on the 
OP-50 to allow control of device power dissipation and out
put voltage swing. The maximum voltage which may be 
applied across the power supply pins is ±18V. The guaran
teed specifications are based on operating both stages at 
±15V; however, there is minimal effect on DC performance 
when the main amplifier is operated at ±15V and the output 
stage is operated at a reduced voltage. When operating both 
the main amplifier and the output stage at the same voltages, 
the corresponding power supply pins may be tied together. 
Decoupling capacitors are recommended between the power 
supply pins and analog ground. It is necessary to use decou
piing capacitors on each power supply pin when operating 
the output stage at supply voltages less than the amplifier 
supply voltage. Do not operate the output-stage negative 
power supply pin at a more negative voltage than the nega
tive supply pin (V-). 

A thermally-symmetric die layout, which differs from other 
op amp designs by the positioning of more devices along the 
center line, provides the OP-50 with a thermal drift of less 
than 0.3I'VloC. This layout feature is critical to the mainte
nance of high open-loop gain when driving large-current 
loads and dissipating hundreds of milliwatts in the device. 
The use of a heatsink is recommended to reduce internal 
temperature rise when operating at high output power levels. 
The use of standard dual-in-line package heatsinks will help 
to dissipate heat to the environment. Other techniques, such 
as the use of external voltage-dropping resistors, allow heat 
to be dissipated oulsideof the package. See Figure 5, "Driving 
500 Loads", in the applications section. 
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A thermal-shutdown circuit protects the OP-50from overdis
sipation. When the die temperature reaches approximately 
165°C, the output stage automatically shuts down. The 
amplifier input stage remains fully operational, thereby pro
tecting the signal source from any loading changes caused 
by a complete shutdown. 

COMPENSATION FOR GAINS BETWEEN 5 AND 50 
The OP-50 can be compensated for inverting gains between 
5 and 50 using a series resistor and capacitor. These values 
can be adjusted to minimize overshoot for a given applica
tion. The recommended compensation is: 

GAIN RANGE 

5:;; AveL :;; 20 
20:;; AvcL :;; 50 

AvcL2: 50 

COMPENSATION 

Rc Cc 

56011 4.7nF 
3.3kll 1nF 
No compensation required 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage (Note 2) ........................... ±18V 
Internal Power Dissipation (Note 3) .............. 500mW 
Input Voltage ............................ Supply Voltage 
Differential Input Voltage (Note 4) ................. ±10V 
Differential Input Current (Note 4) ............... ±20mA 
Output Short-Circuit Duration ................. Indefinite 
Storage Temperature Range ............ -65°C to +150·C 
Operating Temperature Range 
OP-50A, B ........................... -55·C to +125·C 
OP-50E, F ............................. -25·C to +85·C 

Lead Temperature (Soldering, 60 sec) ............. 300·C 
DICE Junction Temperature (Tj ) •••••••• -65°C to +150·C 

PACKAGE TVPE 

14-Pin 
Hermetic DIP (V) 

NOTES: 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

106·C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

11.3mW/·C 

1. Absolute ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2. Supply voltage rating applies to all power supply pins. No device pins 
should be connected to a voltage more negative than the supply 
to V-, pin 5. 

3. See table for maximum ambient temperature rating and derating factor. 
4. The OP-50's inputs are protected by 250n series resistors and protection 

diodes. If the differential input voltage exceeds ±10V, the input current 
must be limited to ±20mA. 
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~ OP-50 HIGH·OUTPUT~CURRENT OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at V+ = +VOP = +15V, V- = -Vop = -15V, TA = 25°C, no compensation, unless otherwise 
noted. 

OP-50A/E OP-50B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Oflset Voltage Vas 10 25 50 100 ~V 

Input Bias CUrrent 18 ±1 ±5 ±1 ±10 nA 

Input Offset Current los 0.1 0.1 nA 

Input Voltage Range IVR CMRR;o, 100dB ±12 ±12 V 

Output Voltage Swing Va 
RL;o, 500n ±13 ±13.4 ±13 ±13.4 
RL;o, 50n (Note 1) ±2.5 ±4.0 ±2.5 ±4.0 

V 

V+ = +VoP = +5V, 

Output Voltage Swing Va 
V- = -VoP = -5V 

V 
RL = 500n ±3.5 ±3.8 ±3.5 ±3.8 
RL=50n ±2.5 ±2.8 ±2.5 ±2.8 

RL;o,2kn 
Slew Rate SR Rc=550n 2.5 3.0 2.5 3.0 V/~s 

Cc = 4.7nF 

Common-Mode 
CMRR 

Rejection Ratio 
VCM = ±10V 125 140 110 120 dB 

Power Supply 
PSRR Vs = ±5V to ±15V 0.1 0.5 0.5 ~V/V 

Rejection Ratio 

Large-Signal 
Ava Va = ±10V, RL = 1kn 10 

Voltage Gain 
20 7.5 15 V/~V 

Gain-Bandwidth Product GBW AveL = 50 (Note 2) 15 25 15 25 MHz 

Offset Voltage 
Rp = 100kn ±1.0 ±2.5 ±1.0 ±2.5 mV 

Range Adjust 

Input Noise Voltage 8np-p 1= 0.1Hz to 10Hz 0.12 0.12 ~Vp_p 

I = 10Hz (Note 3) 5.5 8.5 5.5 8.5 
nV/.,jHZ Noise Voltage Density eo 

f= 1kHz 4.5 5.0 4.5 5.0 

Noise Current inp-p 1= 0.1Hz to 10Hz pAp_p 

Noise Current Density io 
i = 100Hz 0.3 0.3 

pA/.,jHZ 
f= 1kHz 0.23 0.23 

Quiescent Supply 
ISY No Load 2.5 3.3 2.6 3.3 mA 

Current 

Positive Current Limit +Isc Output shorted to Ground 60 95 120 60 95 120 mA 

Negative Current limit -Isc Output shorted to Ground 50 85 120 60 85 120 mA 

Differential-Mode 
Input Resistance 

R,ND 2 MIl 

Common-Mode 
R1NCM 20 20 Gil 

Input Resistance 

Capacitive Load 
AVCL ;o,5 

Capability 
CL Rc = 550n (Note 2) 10 10 nF 

Cc = 4.7nF 

Settling to 0.01 %, Va = 20Vp_p 
Settling-Time t. AVCL =500 30 30 ~s 

AVCL = 1000 50 50 

NOTES: 
1. Guaranteed by current limit tests. 
2. Guaranteed by design. 
3. Sample tested. 
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~ OP·50 HIGH· OUTPUT· CURRENT OPERATIONAL AMPLIFIER 

;.; 
ELECTRICAL CHARACTERISTICS at V+ = +VoP = +15V, V- = -Vop = -15V, -25°C:S; TA:S; +85°C, no compensation, unless I 

otherwise noted. 

OP-50E OP-50F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vos 20 45 50 150 IJV 

Input Offset 
TCVos (Note 1) 0.15 0.3 0.3 jJV/oC 

Voltage Drift 

I nput Bias Cu rrent Ie ±2 ±7 ±2 ±25 nA 

Input Offset Current los 0.2 2.5 0.2 20 nA 

Input Offset 
TClos pA/oC 

Current Drift 

Input Bias 
TCl e 20 50 pArC 

Current Drift 

Input Voltage Range IVR CMRR '" 100dB ±".5 ±11.5 V 

Output Voltage Swing Vo RL", soon ±12 ±13.4 ±12 ±13.4 V 

~ Common-Mode 
Rejection Ratio 

CMRR VCM = ±10V 120 130 105 120 dB ~ -~ Power Supply 
PSRR Vs = ±5V to ±15V 0.5 1.25 0.5 1.25 jJVIV ::l 

Rejection Ratio I=l-. 
Quiescent Supply 

ISY No Load 2.8 4 2.8 4 mA ~ Current 

Open-Loop Gain Avo 
VOUT=±10V, 
RL = lkll 

(Note 2) 4 15 4 15 VljJV ~ 
NOTES: 0 
1. TCVos tested on E grade, guaranteed by design on F grade specification. -2. Guaranteed by design. ~ 

~ 
ELECTRICAL CHARACTERISTICS at V+=+Vop=+15V, V-=-Vop =-15V, -55°C:S;TA:S;+125°C, no compensation, unless C5 otherwise noted. 

OP-50A OP-50B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 20 55 50 200 IJV 

Input Offset 
TCVos 0.15 0.3 0.3 jJVloC 

Voltage Drift 

Input Bias Current Ie ±2 ±8 ±2 ±20 nA 

Input Offset Current los 0.5 3 0.5 12 nA 

Input Offset 
TClos pA/oC 

Current Drift 

Input Bias 
TCl e 20 50 pA/oC 

Current Drift 

Input Voltage Range IVR CMRR", 100dB ±".5 ±".5 V 

Output Voltage Swing Vo RL ", soon ±12 ±13.2 ±12 ±13.2 V 

Common-Mode 
CMRR VCM = ±10V 120 130 105 120 dB 

Rejection Ratio 

Power Supply 
PSRR Vs = ±5V to ±15V 0.5 1.25 0.5 1.25 jJVIV 

Rejection Ratio 

Quiescent Supply 
Isv No Load 2.8 4 2.8 4 mA 

Current 

Open-Loop Gain Ava 
Vo= ±10V, 

(Note 1) 4 10 10 VljJV 
RL = lkll 

NOTE: 
1. Tested at +12SoC, guaranteed by design at -55°C. 
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------------1lfMi> OP·50 HIGH·OUTPUT·CURRENT OPERATIONAL AMPLIFIER 

DICE CHARACTERISTICS 

DIE SIZE 0.110 X 0.148 Inch, 16,280 sq. mils 
(2.79 X 3.76 mm, 10.50 sq. mm) 

1. NONINVERTING INPUT 
2. INVERTING INPUT 
5. V-
6. OUTPUT 
7. -VoP 
9. V+ 

10. +VoP 
11. COMPENSATION 
12. COMPENSATION 
13. NULL 
14. NULL 
15. V- (OPTIONAL BONDING PAD)" 

For additional DICE Informat/on refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at V+ = +VOP = +15V, V- = -Vop = -15V, TA = 25°C. no compensation, unless otherwise noted. 

PARAMETER SYMBOL 

Input Offset Voltage Vas 

Input Bias Current 18 

Input Offset Current los 

Output Voltage Swing Va 

Output Voltage Swing Va 

Common-Mode 
CMRR 

Rejection Ratio 

Power Supply 
PSRR 

Rejection Ratio 

Large-Signal 
Ava Voltage Gain 

Positive Current Limit +Isc 

Negative Current Limit -Isc 

Quiescent Supply 
ISY Current 

NOTE: 

CONDITIONS 

RL"SOOO 

V+ = +Vap = +SV, V- = -VoP = -SV 

RL = soon 
RL = son 

VCM = ±10V 

Vs = ±SV to ±1SV 

Va = ±10V, RL = 1 kn 

Output shorted to Ground 

Output shorted to Ground 

No Load 

Op·50G 
LIMIT 

100 

±10 

3 

±13 

±3.S 
±2.S 

110 

7.5 

60 

60 

3.3 

UNITS 

p.VMAX 

nAMAX 

nAMAX 

VMIN 

VMIN 

dBMIN 

p.VIV MAX 

mAMIN 

mAMIN 

mAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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-----------t[fMD OP-50 HIGH·OUTPUT·CURRENT OPERATIONAL AMPLIFIER 

TYPICAL ELECTRICAL CHARACTERISTICS at V+ =+Vop=+15V, V-=-Vop=-15V, TA =25°C, no compensation, unless 
otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

RL" 2kll 
Slew Rate SR Re = 56011 

Ce = 4.7nF 

Noise Voltage Density 
f= 10Hz 

en 
f= 1kHz 

Input Noise Voltage enpMp f =O.IHz to 10Hz 

Noise Current Density in 
f= 10Hz 
f= 1kHz 

Capacitive Load AveL" 5 

Capability CL Re= 56011 
Ce = 4.7nF 

NOISE TEST CIRCUIT (0.1 TO 10Hz) 

100'''' 

2kn 

BURN-IN CIRCUIT 

+18V 

10kO 

-18V 

ALL RESISTORS ARE 1% METAL FILM. 

O.1pF 

l00kn 

+1SV 

-15V 

OP-50G 
TYPICAL 

3 

5.5 
4.5 

0.12 

0.2 
0.15 

10 

TO 

:>~4-~AA~~--O~E~5:~UM 
ANALVZER J2.35"F 

OFFSET NULLING CIRCUIT 

5-185 

V+ 

A. 
100 
kll 

v-

OUTPUT 

UNITS 

V/!'s 

nV/JHZ 

pA/JHZ 

nF 
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-----------l1fW op-so HIGH-OUTPUT-CURRENT OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TEMPERATURE 

±25 
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4.5 f---t-+-t---t--j-- ~~ : ~~;:n 
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The symbol ±Vs is used to indicate the supply voltages when the main amplifier 
and the output stage are being operated at the same voltages, 
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INPUT BIAS CURRENT 
vs COMMON-MODE VOLTAGE 
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-----------I1fHD op-so HIGH-OUTPUT-CURRENT OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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~ 
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SUPPLY VOLTAGE (VOLTS) 

VOLTAGE NOISE DENSITY 
vs FREQUENCY 

±25 

14r-rTrmmr-,rn~_;rn~m_,-n;nm 
I~~I = 25°C 

~ 12 ~++++I1I1f1-+++!+HII_If+H ~~~~;5~OOO 

~ 10~\~+Htffir-f+~ffi_+++!+HII~-HHffi~ 
~ 
~ 8r-~++I1I1f1__r++!+HII_I_r~ffi_+_H+Hffi 
o 

~ 61-++~~+tH~_If+~~+H+ffifl 
~ 
w 

~ 4 

g 21-++++I1I1f1-_r++!+HII_If+~ffi__rH+Hffi 

10 100 1k 

FREQUENCY (Hz) 

o TO 1Hz 
NOISE VOLTAGE DENSITY 

OH, 

ao.o.uv FULL SCALE 
10.0.uV/DIV VERTICAL 
AVCl = 10,000 

10k 

lH, 
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------------11EM!) OP-50 HIGH-OUTPUT-CURRENT OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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-----------1~ OP-50 HIGH-OUTPUT-CURRENT OPERATIONAL AMPLIFIER 

TCVos TEST CIRCUIT 

10f21%+ 

10nl%* 

l00kU 1%* 

+15V 

O.01,uF 

~ 

-15V 

"VISHAY TYPE S102K RESISTORS 

APPLICATIONS INFORMATION 

HIGH-SENSITIVITY VOLTAGE COMPARATOR 
A comparator capable of resolving a submicrovolt difference 
signal is shown in Figure 1. The OP-50, operating without 
feedback, drives a second gain stage which generates a TTL
compatible output signal. Schottky-clamp diodes prevent 

~'0nF 

10nF 

CERAMIC *' 
1.5k.Q 

'::' 

FIGURE 1: HIGH-SENSITIVITY VOLTAGE COMPARATOR 

overdriving of the long-tailed transistor pair and stop satura
tion of the output transistor. Power supply voltage is set to 
±5V to lower the quiescent power dissipation and minimize 
thermal feedback due to output stage dissipation. Operating 
from ±5V supplies also reduces the OP-50 rise and fall times 
as the output slews over a reduced voltage range. This, in 
turn, reduces the output response time. 

It is common practice with voltage comparators to ground 
one input terminal and to use a single-ended input. The 
historic reason is poor common-mode rejection on the input 
stage. In contrast, the OP-50 has very high common-mode 
rejection and is capable of detecting microvolt level differ
ences in the presence of large common-mode signals. 

The comparator is not fast, but it is very sensitive and can 
detect signal differences as low as O.3I'V. With large input 
overdrives, the circuit responds in approximately 31's. If 
sharp transitions are needed, the use of a TTL Schmitt
trigger input is recommended. A table of Response Time vs. 
Input Overdrive is shown below. 

INPUT OVERDRIVE 100mV 

Positive Output Delay 
Negative Output Delay 

+5V 

2.2kn 

TTL COMPATIBLE 
OUTPUT 

lN6263 

820n 

OV 

-5V 

10mV 

2.4ms 
4.5ms 
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-----------l~ OP-50 HIGH-OUTPUT-CURRENT OPERATIONAL AMPLIFIER 

INTEGRATOR AND UNITY-GAIN BUFFER 
Figure 2 shows a method of obtaining unity-gain in a buffer 
configuration. The R1 and C1 network provides input com
pensation to circumvent the minimum gain requirement. 
Figure 3 shows the same technique applied in the inverting 
mode to form a high precision integrator. 

,."-

V,N 

FIGURE 2: UNITY GAIN BUFFER 

V,N O-........ >NI~+---., 

560n 

FIGURE 3: INTEGRATOR 

20mA CURRENT SOURCE 
The 20m A current source exploits the high output current 
and high linearity capabilities of the OP-50. Five precision 
resistors and a trim potentiometer are required in this circuit 
configuration, known as the Howland Current Pump. The 
trim potentiometer is used to balance the resistive feedback 
dividers. This maximizes the current-source output impe
dance. Compensation is selected for a voltage gain of 10. 

Compliance is better than ±11 Vat an output current of 20m A 
and the trimmed output resistance is typically 2MO with 
RL::; 5000. The transfer function is given by: 

_ VIN (DIFF) X 10.1 A 
lOUT - 101 mps 

VIN (DIFF) is the differential input voltage. For the resistor 
values shown in Figure 4, the maximum VIN (DIFF) is 200mV. 

5-190 

100kfl ±O.l% 1kn 11% 

lOkS) to.1% 

V'N(DIFFJ [0-"""' .......... .., lDkfl 10.1% 

RC 
560"-

HOWLAND CURRENT PUMP 

+15V 

-15V 

100kn ±0.1% 

10111±0.1% 

2."
ROUT TRIM 

VOLTAGE COMPLIANCE: ±1'.0V iii 'OUT '" 20mA 
OUTPUT RESISTANCE, ROUT (AT 'OUT'" 20mA AND RL ';;;SOOnJ: ~Mn 
STABLE WITH ALL VALUES OF CAPACITIVE LOAD. 

FIGURE 4: 20mA CURRENT SOURCE 

DRIVING son LOADS 
The OP-50 can provide up to SOmA into a 500 load and up to 
26mA into a 5000 load. The output is stable driving capacitive 
loads of up to 10nF. 

Applications that make use of the high output current capa
bility of the OP-50 will cause increased power dissipation in 
the amplifier. To reduce internal dissipation in these applica
tions, external voltage dropping resistors can be connected 
in series with the output-stage power supply pins. As shown 
in FigureS, 1300 resistors can be attached to pin 7 (-Vop) and 
to pin 10 (+Vop). To maintain stability and specified perfor
mance levels, 0.047/LF decoupling capaCitors should be used 
as indicated from pin 7 and pin 10 to ground. 

,.--------.--<>+15V 

-IN 

+IN 50"-
C3 LOAD 

.... ,3",O"'''-..... O.O-l4~ _ 
lW 'P~C4*-

O.047~F 

L----....... ----<>-15V 
NOTE, 
RESISTORS R1 AND R2 REDUCE Ie POWER DISSIPATION. 

FIGURE 5: DRIVING 500 LOADS 
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OP-77 
NEXT GENERATION OP·07 

(ULTRA· LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER) 
PreCISIOIl Monolithics Inc. 

FEATURES 
• Outstanding Gain Linearity 
• Ultra High Gain ........................ SOOOV/mV Min 
• Low Vos ................................... 2S!'V Max 
• Excellent TCVos ........................ O.3!'V/oC Max 
• High PSRR ................................ 3!'V/v Max 
• High CMRR .............................. 1.0!'V/V Max 
• Low Power Consumption .................. 60mW Max 
• Flta OP·07, 72S, 108A/308A, 741 Socketa 

ORDERING INFORMATIONt 

PACKAGE 

HERMETIC PLASTIC OPERATING 
TO·89 DIP DIP TEMPERATURE 
'·PIN a·PIN '·PIN RANGE 

OP77AJ' OP77AZ' MIL 
OP77EJ OP77EZ OP77EP INC 
OP77BJ' OP77BZ' MIL 
OP77FJ OP77FZ OP77FP IND 

OP77GZ OP77GP COM 

'For devices processed In total compliance to MIL-STD-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and Industrial temperature range parts are available with 
burn-In. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The OP-77 significantly advances the state-of-the-art in 
precision op amps. The OP·77's outstanding gain of 
10,000,000 or more is maintained over the full ±10V output 
range. This exceptional gain-linearity eliminates incorrect
able system nonlinearities common in previous monolithic 
op amps, and provides superior performance in high closed
loop-gain applications. 

SIMPLIFIED SCHEMATIC 

PRELIMINARY 
Low initial Vos drift and rapid stabilization time, combined 
with only 50mW power consumption, are significant improve
ments over previous designs. These characteristics, plus the 
exceptional TCVos of 0.3!'V/oC maximum and the low Vos of 
25!'V maximum, eliminates the need for Vos adjustment and 
increases system accuracy over temperature. 

PSRR of 3!'VIV (110dB) and CMRR of 1.0!'VlV maximum 
virtually eliminate errors caused by power supply drifts and 
common-mode signals. This combination of outstanding 
characteristics makes the OP-77 ideally suited for high
resolution instrumentation and other tight error budget 
systems. 

This product Is available in five standard grades and three 
standard packages: the TO-99 can and the 8-pin mini-dip in 
ceramic or epoxy. 

The OP-77 is a direct or upgrade replacement for the OP-07. 
OP-05, 725, or 108A op amps. 741-types can be replaced by 
eliminating the Vos adjust pot. 

PIN CONNECTIONS 

Ves TRI~M8 Ves :R~: 
-IN 2 BOUT 

+IN 3 5 N.C. 

• V- (CASEI 

TO-99 (J-Sufllx) 

EPOXY MINI-DIP (P-Sufllx) 
8-PIN HERMETIC DIP 

(Z-Sulflx) 

V+07----4r--------~----------_.------~--4r----~------~----_.--~~--_, 

*NOTE: 
R2A AND A2B ARE 
ELECTRONICALLY 
ADJUSTED ON CHIP 
AT FACTORY. 

NON
INVERTING 
INPUT 

INVERTING 
INPUT 

A7 

4 
V-O-~~---------------------4---4----~--~--------~--+---~ 

A9 
OUTPUT 

6 

Al0 

This preliminary product Information Is based on testing of a limited number of devices. Final specifications may vary. Pleaae contact local sales 
office or distributor for final data sheet. 
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-----------l!W OP-77 NEXT GENERATION OP-07 - PRELIMINARY 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Supply Voltage •••••••••••••••••••••••••••••••.•••• ±22V 

Internal Power DIssipation (Note 1) •••••••••••.••• 500mW 

Differential Input Voltage .......................... ±30V 

Input Voltage (Note 3) ............................. ±22V 
Output Short-Circuit Duration .••••..•••••.••••• Indefinite 

Storage Temperature Range 

J and Z Packages .................... -65·C to +150·C 

P Package ........................... -65·C to +125·C 

Operating Temperature Range 

OP-77A, OP-77B ..................... -55·C to +125·C 
OP-77E,OP-77F ...................... -25·C to +85·C 

OP-77G •••••••••••••••••••••••••••••••••• O·C to 70·C 

Lead Temperature Range (Soldering, 60 sec) •••.•••• 300· C 

DICE Junction Temperature (Tj) .••.•••• -65·C to +150·C 

NOTES: 
1. See table for maximum ambient temperature rating and derating factor. 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

PACKAGE TYPE FOR RATING TEMPERATURE 

TO-99 (J) 80°C 7.1mW/oC 

8-Pin Hermetic DIP (Z) 75°C S.7mW/oC 

8-Pln Plastic DIP (P) 3SoC 5.SmW/oC 

2. Absolute maximum ratings apply to both packaged parts and DICE, unless 
otherwise noted. 

3. For supply voltages less than ±22V, the absolute maximum input voltage is 
equal to the supply voltage. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = 25·C, unless otherwjse noted. 

OP-77A OP-77B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MtN TYP MAX UNITS 

Input Offset Voltage Vos 10 25 20 SO ",V 

Long-Term Input Offset 
.loVoslTime (Note 1) 0.2 0.2 ",V/Mo Voltage Stability 

Input Offset Current los 0.1 1.5 0.1 2.8 nA 

Input Bias Current Ie -0.2 1.2 2.0 -0.2 1.2 2.8 nA 

Input Noise Voltage snp-e 0.1 Hz to 10Hz (Note 2) 0.35 0.6 0.35 O.S ",V~_~ 

fo = 10Hz (Note 2) 10.3 18.0 10.3 18.0 
Input Noise Voltage Density en fo= 100Hz (Nole 2) 10.0 13.0 10.0 13.0 nV/JT{Z 

f 0 = 1000Hz (Note 2) 9.6 11.0 9.6 11.0 

Input Noise Current inp_p O.IHz to 10Hz (Note 2) 14 30 14 30 pA~_~ 

fo = 10Hz (Note 2) 0.32 0.80 0.32 0.80 
Inpul Noise Currenl Density In fO = 100Hz (Note 2) 0.14 0.23 0.14 0.23 pA/JT{Z 

fO = 1000Hz (Note 2) 0.12 0.17 0.12 0.17 

I n put Resistance -
R'N (Note 3) 26 45 18.5 45 Mil 

Differential-Mode 

Input Resistance-
R'NCM 200 200 Gil 

Common-Mode 

Input Vollage Range IVR ±13 ±14 ±13 ±14 V 

Common-Mode Rejection Ratio CMRR VCM =±13V 0.1 1.0 0.1 1.6 ",VIV 

Power Supply Rejection Ratio PSRR Vs = ±3V to ±18V 1.0 3 1.0 3 ",VIV 

Large-Signal Vollage Gain Avo RL~2kll, Vo =±10V 5000 12000 2000 8000 V/mV 

RL~ 10kll ±13.5 ±14.0 ±13.5 ±14.0 
Output Voltage Swing Vo RL~2kll ±12.5 ±13.0 ±12.5 ±13.0 V 

RL~ lkll ±12.0 ±12.5 ±12.0 ±12.5 

Slew Rate SR RL ~ 2kll (Note 2) 0.1 0.3 0.1 0.3 VII's 

Closed-Loop Bandwidth BW AVCL = +1 (Note 2) 0.4 0.6 0.4 0.6 MHz 

Open-Loop Output Resistance Ro Vo=O.lo=O 60 60 !l 

Power Consumption Pd 
Vs = ±15V. No Load 50 60 50 60 
Vs = ±3V, No Load 3.5 4.5 3.5 4.5 

mW 

Offset Adjustment Range Rp= 20kll ±3 ±3 mV 

NOTES: 
1. Long-Term Input Offset Voltage Stability refers to the averaged Irend line of 2. Sample tested. 

Vos vs. Time over extended periods after the first 30 days of operalion. 3. Guaranteed by design. 
Excluding the initial hour of operation, changes in Vosduring the first 30 
operating days are Iypically 2.5",V. 
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___________ ;~ OP-77 NEXT GENERATION OP-07 - PRELIMINARY 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, -55 0 C :0; TA:O; + 1250 C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vas 

Average I nput Offset 
TCVos (Note 1) 

Voltage Drift 

Input Offset Current los 

Average Input Offset Current 
TClos (Note 1) 

Drift 

Input Bias Current IB 

Average Input Bias Current 
TCI B (Note 1) 

Drift 

Input Voltage Range IVR 

Common-Mode Rejection Ratio CMRR VcM =±13V 

Power Supply Rejection Ratio PSRR Vs = ±3V to ± 18V 

Large-Signal Voltage Gain Ava RL '" 2kll. Va = ±10V 

Output Voltage Swing Va RL",2kll 

Power Consumption Pd Vs = ±15V. No Load 

NOTES: 
1. Sample tested. 
2. Guaranteed by design. 

TYPICAL OFFSET VOLTAGE TEST CIRCUIT 

200k1l 

&011 

>--<1>--0 va 

vos-~ 

OPTIONAL OFFSET NULLING CIRCUIT 

~~-----~v+ 

INPUT 
7 8 >-----0 OUTPUT 

OP-77A OP-77B 
MIN TYP MAX MIN TYP MAX UNITS 

25 60 45 120 !IoV 

0.1 0.3 0.2 0.6 !IoV/'C 

0.1 2.2 0.1 4.5 nA 

0.5 25 0.5 50 pA/'C 

-0.2 2.4 -0.2 2.4 nA 

8 25 15 35 pA/'C 

±13 ±13.5 ±13 ±13.5 V 

0.1 1.0 0.1 3 !IoVIV 

3 !IoVIV 

2000 6000 1000 4000 V/mV 

±12 ±12.5 ±12 ±12.5 V 

60 75 60 75 mW 

TYPICAL LOW-FREQUENCY NOISE TEST CIRCUIT 

5-193 

2.SMO 

lOO1l 

loon 

v-
':' 

vo 
iNPUT REFERRED NOISE = 25,000 

BURN-IN CIRCUIT 

10kn 

1001<11 

+18V 

+ T 10}.lF 'V 10n 

3.3kn 
OUTPUT 

4.7~F 

I (~10H' FIL TERI 

10n~O"J.1F 

'C2 

10.uF~ 
-18V 

* 1 PER BOARD 
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~ OP·77 NEXT GENERATION OP·07 - PRELIMINARY 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = 25° C, unless otherwise noted. 

Op·77E OP·77F/G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vos 10 25 20 60 p.V 

Long-Term Vos 
Vos/Tlme (Note I) 0.3 0.4 p.VlMo 

Stability 

Input Offset Current los 0.1 1.5 0.1 2.8 nA 

Input Bias Current Ie -0.2 1.2 2.0 -0.2 1.2 2.8 nA 

Input Noise Voltage 
0.1 Hz to 10Hz 

0.35 0.8 0.38 0.85 p.Vp_p enp_p 
(Note 2) 

Input Nolee 
fo= 10Hz 10.3 18.0 10.5 20.0 

en fo= 100Hz (Note 2) 10.0 13.0 10.2 13.5 nV/.,fH'Z 
Voltage Density 

fo= 1000Hz 9.6 11.0 9.8 11.5 

Input Nole. Curr.nt Inp_p 
0.1Hz to 10Hz 

14 30 15 35 pAp_p 
(Note 2) 

Input Noise 
fo= 10Hz 0.32 0.80 0.35 0.90 

In fo = 100Hz (Note 2) 0.14 0.23 0.15 0.27 pA/.,fH'Z 
Current Density 

fo= 1000Hz 0.12 0.17 0.13 0.18 

Input Aealstance-
AIN (Note 3) 26 45 18.5 45 Mil 

Differential-Mode 

Input Aeslstance-
A1NCM 200 200 Gil 

Common-Mode 

Input Voltage Aange IVA ±13 ±14 ±13 ±14 V 

Common-Mode 
CMAA VcM =±13V 0.1 1.0 0.1 1.6 p.V/v 

AeJectlon Aatlo 

Power Supply 
PSAA Vs = ±3V to ± 18V 1.0 3.0 1.0 3.0 I'V/v 

AeJectlon Aatlo 

Large-Signal 
AyO 

A." 2kCl. 5000 12000 2000 6000 VlmV 
Voltage Gain Vo= ±10V 

Output Voltage A." 10kCl ±13.5 ±14.0 ±13.5 ±14.0 

Swing Vo A." 2kll ±12.5 ±13.0 ±12.5 ±13.0 V 

A." lkll ±12.0 ±12.5 ±12.0 ±12.5 

Slew Aate SA A." 2kll (Note 2) 0.1 0.3 0.1 0.3 VII'S 

Closed-Loop 
BW 

Ayc. = +1 0.4 0.6 0.4 0.6 MHz 
Bandwidth (Note 2) 

Open-Loop Output 
Ao Vo=O,lo=O 60 60 Il 

Aeslstance 

Power Consumption Pd 
Vs = ±15V. No Load 50 60 50 60 
Vs = ±3V. No Load 3.5 4.5 3.5 4.5 

mW 

Offset Adjustment 
Ap=20kll ±3 ±3 mV 

Aange 

NOTES: 
1. Long-Term Input Ollset Voltage Stability refers to the averaged trend line 

of Vos vs. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes in Vos during the first 30 
operating days are typically 2.5p.V. 

2. Sample tested. 
3. Guaranteed by design. 
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------------t1fMD OP-77 NEXT GENERATION OP-07 - PRELIMINARY 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, -25°C :S TA:S +85°e for OP-77E/F, ooe :S TA:S +70oe for OP-77G, 
unless otherwise noted. 

OP-77E OP-77F/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 10 45 20 100 ~V 

Average Input Offset 
TCVos Voltage Drift 

(Note 1) 0.1 0.3 0.2 0.6 "vrc 

Input Offset Current los 0.1 2.2 0.1 4.5 nA 

Average Input Offset 
TClos (Note 1) 0.5 40 0.5 85 pArC 

Current Drift 

Input Bias Current I. -0.2 2.4 4.0 -0.2 2.4 6.0 nA 

Average I nput Bias 
TCI. (Note 1) 8 40 15 60 pArC 

CUrrent Drift 

Input Voltage Aange IVA ±13.0 ±13.5 ±13.0 ±13.5 V 

Common-Mode 
CMAA VcM =±13V 0.1 

Rejection Ratio 
1.0 0.1 3.0 "V/v 

Power Supply 
PSAA Vs = ±3V to ±18V to 3.0 to 5.0 "V/v Aejection Aatio 

Large-Signal AL" 2kO 
Avo 2000 6000 1000 4000 V/mV 

Voltage Gain Vo = ±10V 

Output Voltage 
Swing Vo AL" 2kD ±12 ±13.0 ±12 ±13.0 V 

Power Consumption Pd Vs = ±15V, No Load 60 75 60 75 mW 

NOTES: 
t Sample tested. 
2. Guaranteed by design. 

OPEN-LOOP GAIN LINEARITY 

OP-77 vy TYPICAL 
vy 

10kQ 10kn 
PRECISION OP AMP 

1M" 

... 
-.... 

l-l0V OV l+l0V Vx 

':' ':' ':' 
AVO"'" 650V /mV 

RL = 2kn 

NOTES; 
1. GAIN NOT CONSTANT CAUSES NONLINEAR ERAORS. 

AVO"" 10,OOOV!mV 2. AVO SPEC IS aNl Y PART OF THE SOLUTION. 
3, CHECK YOUR OP AMP PERFORMANCE, ESPECIALL V AT TEMPERATURES. RL =2kn 

Actual open-loop voltage can vary greatly at various output This is the output gain linearity trace for the new OP-77. The 
voltages. All automated testers use end-point testing and output trace is virtually horizontal at aI/ pOints, assuring 
therefore only show the average gain. This causes errors in extremely high gain accuracy. The average open-loop gain is 
high closed-loop gain circuits. Since this is so difficult for truly impressive - approximately 10,000,000. 
manufacturers to test, you should make your own evaluation. 
This simple test circuit makes it easy. An ideal op amp would 
show a horizontal scope trace. 
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-------------tm OP-77 NEXT GENERATION OP-07 - PRELIMINARY 

DICE CHARACTERISTICS 

DIE SIZE 0.100 X 0.061 Inch, 6100 sq. mils 
(2.54 X 1.55 mm, 3.935 sq. mm) 

1. BALANCE 
2. INVERTING INPUT 
3. NONINVERTING INPUT 
4. V-
6. OUTPUT 
7. V+ 
8. BALANCE 

For additional DICE Information refer 10 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs = ±15V, TA = 25°C for OP-77N/G devices. 

PARAMETER SYMBOL 

Input Offset Voltage Vos 

Input Offset Current los 

Input Bias Current Ie 

Input Resistance 
R'N Differential-Mode 

Input Voltage Range IVR 

Common-Mode 
CMRR 

Rejection Ratio 

Power Supply 
PSRR 

Rejection Ratio 

Output Voltage Swing Vo 

Large-Signal 
Avo Voltage Gain 

Differential Input 
Voltage 

Power Consumption Pd 

NOTES: 
1. Guaranteed by design. 

CONDITIONS 

(Note 1) 

VOM = ±13V 

Vs = ±3V to ± 18V 

RL = 10kO 
RL =2kO 
RL = lkO 

RL = 2kO 
Vo =±10V 

VOUT= OV 

OP-77N 
LIMIT 

40 

2.0 

±2 

26 

±13 

3 

±13.5 
±12.5 
±12.0 

2000 

±30 

60 

OP-77G 
LIMIT 

75 

2.8 

±2.8 

17 

±13 

1.6 

3 

±13.5 
±12.5 
±12.0 

1000 

±30 

60 

UNITS 

~VMAX 

nAMAX 

nAMAX 

MOMIN 

VMIN 

~VIV MAX 

IJVIV MAX 

VMIN 

V/mV MIN 

V MAX 

mWMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and lesting. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +25°C, unless otherwise noted. 

OP-77N OP-77G 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

Average Input Offset 
TCVos Rs=500 0.1 0.2 IJV/'C 

Voltage Drift 

Nulled Input Offset 
TCVOSn Rs = 500. Rp = 20kO 0.1 0.2 ~VI"C 

Voltage Drift 

Average Input Offset 
TClos 0.5 0.5 pAl'C 

Current Drift 

Slew Rate SR RL"'2kO 0.3 0.3 VII'S 

Closed-Loop 
BW AVCL =+1 0.6 0.6 MHz 

Bandwidth 
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OP-90 
LOW-VOLTAGE MICROPOWER 

OPERATIONAL AMPLIFIER 

ADVANCEPRODUCTINFO~TION 

FEATURES 

• Single/Dual Supply Operation ........ + 1.6V to + 36V 
........ ±O.8Vto ±18V 

• Input and Output Swing to Ground in Single 
Supply Operation 

• Low Supply Current .•••.•..•...•....•... 18,..,A Max 
• High Output Drive .•.•.•.•••...••.•••...•. 5mA Min 
• Low Input Offset Voltage •..••••.•••.••... 50fLV Max 
• High Open-Loop Gain •••.••••..•.•.• 2000V/mV Min 

ORDERING INFORMATIONt 

PACKAGE 

TA = 25°C HERMETIC PLASTIC OPERATING 
VosMax DIP DIP TEMPERATURE 

(fLV) 8-PIN 8-PIN RANGE 

50 OP90AZ· MIL 
50 OP90EZ OP90EP INO 
100 OP90BZ· MIL 
100 OP90FZ OP90FP INO 

• For devices processed in total compliance to MIL-STD·883, add 1883 after part 
number. Consu~ factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with burn·in. 
For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 

The OP-90 is a high-performance micropower op amp operable 
from a single supply of + 1.6V to +36V or from dual supplies of 
±0.8V to ± laV. Input voltage range extends to the negative rail 
allowing the OP-90 to accommodate input signals down to zero 
volts in single supply operation. The OP-90's output will swing to 
ground when operating from a single supply, enabling "zero in
zero out" operation. 

The OP-90 draws only 12fLA of quiescent supply current, while 
able to deliver over SmA of output current to a load. The extremely 
low input offset voltage of less than 50fLV virtually eliminates any 
need for external Vos nulling. It has an open-loop gain of over 2 
million, a CMRR above 110dB, and a PSRR that is under 10fLVN. 
The OP-90 features a noise voltage density of 35nV/y'Hz at 
30Hz, a very low value in comparison to other micropower 
opamps. 

With its low offset voltage and high gain, the OP-90 brings 
precision performance to micropower applications. The low 
supply voltage requirements of the OP-90 combined with its 
minimal power consumption enables it to be powered by batteries 
or solar cells and is ideal for applications in portable instruments, 
remote sensors, and satellites. 

PIN CONNECTIONS 

8-PIN HERMETIC DIP 
(Z-Suffix) 

8-PIN EPOXY MINI-DIP 
(P-Suffix) 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = 25°C, unless otherwise noted. 

OP-90A/E OP-90B OP-90F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
vos 

vs~ ±15V 150 250 250 
fLY Voltage V+ ~ +5V, V- ~ -5V 50 100 100 

Input Offset 
los 2.5 nA 

Current 

Input Bias 
Is 10 15 20 nA 

Current 

Input Noise 
en fD~30Hz 35 35 40 nV/$z Voltage Density 

Input Voltage IVR Vs~ ±15V -15/+14.2 -15/+14.0 -15/+14.0 V Range V+~+5V,V-~OV 0/+4.2 0/+4.0 0/+4.0 

Common-Mode CMRR VCM~ ±14V Rejection Ratio 110 107 104 dB 

Power Supply PSRR Vs~±1Vto±15V 10 15 15 fLVN Rejection Ratio 

This advance product Information describes a product in development at the time of this printing. Final specifications may vary. Please contact 
local sales office or distributor for final data sheet. 
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lfMD OP-90 LOW-VOLTAGE MICROPOWER OPERATIONAL AMPLIFIER - ADVANCE INFORMATION 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = 25°C, unless otherwise noted. (Continued) 

OP-90A/E OP-90B OP-90F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Large-Signal 
Avo RL "'100kll 2000 1000 1000 VlmV 

Voltage Gain 

Output Voltage 
Vo RL "'100kll 

Vs~ ±15V ±14.2 ±14.0 ±14.0 
V 

Swing V+ ~ +5V, V-~OV 01+4.2 01+4.0 01+4.0 

Gain Bandwidth 
GBW 25 25 25 kHz 

Product 

Supply Current ISY No Load 18 18 20 ,.A 

Slew Aate SA 8 8 8 Vim. 
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FEATURES 
• Low Vos •................................. 100j.lV Max 
• Offset Voltage Match ...............•....... 90j.lV Max 
• Offset Voltage Match vs. Temp •........• 1.0j.lVlo C Max 
• Common-Mode Rejection Match ......•.... 103dB Min 
• Bin Current Match ....................... 3.5nA Max 
• Low Nol.e ...................•..•....... 0.6j.1Vp_p Max 
• Low Bias Current ...........•.•.......••.. 3.0nA Max 
• High Channel Separation ......•.....•..... 126dB Min 

ORDERING INFORMATIONt 

TA=2So C HERMETIC OPERATING 
VosMAX DIP TEMPERATURE 

(I'V) 14-PIN RANGE 

100 OP207AY' MIL 
100 OP207EY COM 
200 OP207BY' MIL 
200 OP207FY COM 

'For devices processed in total compliance to MIL-STD-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with 
bum-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The OP-207 series of dual matched operational amplifiers 
consists of two independent OP-07 high performance opera
tional amplifiers in a single 14-pin dual-in-line package. 
Exceptionally low offset voltage and tight matching of critical 

SIMPLIFIED SCHEMATIC (1/2 OP-207) 

OP·207 
DUAL ULTRA-LOW Vas 

MATCHED OPERATIONAL AMPLIFIER 

parameters is provided between the channels of this dual 
operational amplifier. 

The excellent specifications of the individual amplifiers 
combined with the tight matching and temperature tracking 
between channels provide high performance in instrumen
tation amplifier designs. The individual amplifiers feature 
very low input offset voltage, low offset voltage drift, low 
noise voltage, and low bias current. Each amplifier is fully 
compensated and protected. 

Matching between channels is provided on all critical para
meters including offset voltage, tracking of offset voltage vs. 
temperature, noninverting bias currents, and common
mode rejection. 

PIN CONNECTIONS 

14-PIN HERMETIC DIP 
(V-Suffix) 

NOTES: 
1. Device may be operated even 

If insertion is reversed; this is 
due to inherent symmetry 
of pin locations of amplifiers 
A and B. 

2. V-IA) and V-IB) are internally 
connected via substrate 
resistance. 

v+~--~~--------~----~-----.------~--.-----~~----~------__ ~ __ ~ __ _ 

R9 

OUTPUT 

+IN RIO 

-IN C>-'VVI..-4I----....... ----+~~-----;:. 

v-o---------------~----------------------~--~----~--~------~~--~--~ 
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---------IIEMD OP-207 DUAL ULTRA-LOW VOS MATCHED OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ••••••••••••••••••••••••••••••••••• ±22V 
Internal Power DIssipation (Note 1) •••••••••••••• 500mW 
Differential Input Voltage •••••••••••••••••••••••••• ±30V 
Input Voltage (Note 2) •••••••••••••••••••••••••••• ±22V 
Output Short-Circuit Duration ••••••••••••••••• Indefinite 
Storage Temperature Range. • • • • • • • • •• -65· C to + 150· C 

Operating Temperature Range 
OP-207 A, OP-207B ••••••••••••••••• -55· C to + 125· C 
OP-207E,OP-207F ••••••••••••••••••••• O·C to +70·C 

Lead Temperature (Soldering, 60 sec) •••••••••••• 300·C 

NOTES: 
1. See table for maximum amblenttempereture reting and derating factor. 

PACKAGE TVPE 

14-Pin Hermetic DIP 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

106°C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

11.3mW'oC 

2. For supply voltages less than ±22V.the absolute maximum Input voltage is 
equal to the supply voltage. 

MATCHING CHARACTERISTICS at Vs = ± 15V, TA = 25· C, unless otherwise noted. 

OP-207A/E OP-207B/F 
PARAMETER SYMBOL CONDtTIONS MIN TYP MAX MIN TVP MAX UNITS 

Input Offset Voltage Match I1Vos Rs=l00n 30 90 50 280 ".V 

Average Noninverting 
Is+ ±1.5 ±3.5 ±1.5 ±6.0 nA 

Bias Current 

Nonlnvertlng Offset Current los+ ±0.7 ±3.5 ±1.0 ±6.0 nA 

Inverting Offset Current los· ±0.7 ±3.5 ±1.0 ±6.0 nA 

Ccmmon-Mode Rejection 
I1CMRR VcM =±13V 103 120 96 114 dB Ratio Match 

Power Supply Rejection 
I1PSRR Vs= ±3V to ±18V 7 32 10 51 ".VIV Ratio Match 

Channel Separation 126 140 126 140 dB 

MATCHING CHARACTERISTICS at Vs= ±15V, -55·C:5 TA:5 125·C, unless otherwise noted. 

OP-207A OP-207B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Input Offset Voltage Match I1Vos Rs= loon 70 180 180 450 ".V 

Input Offset Voltage 
Tracking 
Without External Trim TCI1Vos (Note 1) 0.5 1.0 0.9 1.5 

".VloC 
With External Trim TCI1Vosn Rp = 20kn (Note 1) 0.3 1.0 0.4 1.3 

Average Noninvertlng 
18+ ±2 ±6 ±3 ±12 nA 

Bias Current 

Average Drift of Non-
TCl s+ 10 12 pArC 

Inverting Bias Current 

Noninvertlng Offset 
los+ 2 6.5 3 12 nA 

Current 

Average Drift of Non-
Inverting Offset TClos+ 12 15 pAloC 
Current 

Inverting Offset Current los- 2 6.5 3 12 nA 

Common-Mode Rejection 
I1CMRR VCM=±13V 100 117 94 114 dB 

Ratio Match 

Power Supply Rejection 
I1PSRR VS =±3Vto ±18V 10 51 16 100 ".VIV Ratio Match 

NOTE: 
1. Sample tested. 
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---------I~ OP-207 DUAL ULTRA-LOW VOS MATCHED OPERATIONAL AMPLIFIER 

MATCHING CHARACTERISTICS at Vs= ±15V, D·C ~ TA~ 7D·C, unless otherwise noted. 

OP-207E OP·207F 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX UNITS 

Input Ollset Voltage Match !Nos Rs= 1000 80 150 120 350 I'V 

I nput Offset Voltage 
Tracking 
Without External Trl m TCAVos (Note 1) 
With External Trim TCAVosn Rp = 2OkO (Note 1) 

0.5 1.0 
0.3 1.0 

0.9 1.5 
0.4 1.3 

I'VI'C 

Average Noninverting 
le+ 

Bias Current 

Average Drift of Non-
TCl e+ 

Inverting Bias Current 

Nonlnverting Offset 
los+ 

Current 

Average Drift of Non-
Inverting Offset TClos+ 
Current 

Inverting Offset Current I os-

Common-Mode Rejection 
ACMRR VcM =±13V 

Ratio Match 

Power Supply Rejection 
APSRR Vs = ±3V to ±18V 

Ratio Match 

NOTE: 
1. Sample tested. 

±2 ±5 

10 

2 5 

12 

5 

100 117 

10 51 

±3 ±10 

12 

3 10 

15 

3 10 

94 114 

16 100 

nA 

-
pArc 

nA 

pAl'C ffi I 
...... I 

nA 
~ , 

dB 2 
~ 

"VIV 

~ 
0 ...... 

BURN·IN CIRCUIT OFFSET NULLING CIRCUIT ~ 
- v. ~ 

114 1 

N,C. 

2 

~ 20kH 

2 1 ,. 
3 ~ 13 

• ;c 
12 

N.C. 

3 , 
PUT SID" 13 

4 ;(' 
12 

IN OUT (A) 

v-

+1BV 0-- OP-207 -18V OP-207 
5 

" ~ 6 

1. "B" " 

l ' 
N.C, 

5 

" ~ PUT 
6 ,. ;" 

IN 

v-

OUT (8) 

-= r 8 9 

N.C. 

9 8 7 

>- 20k!2 

- v. 
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INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vs = ± 15V. TA = 25° C. unless otherwise noted. 

OP-207A1E OP-207B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas Rs= 10011 35 100 60 200 "V 

Input Ollset Voltage 
aVos/Time (Note 1) 0.3 1.5 0.4 2.0 "V/Mo Stability 

Input Offsetbcirrent los 0.9 2.8 1.5 6.0 nA 

Input BlasrCurrent Ie ±1 ±3 ±2 ±7 nA 

Input Noise Voltage en~~E! O. I Hz to 10Hz (Note 2) 0.35 0.6 0.35 0.6 "VE!:P 

Input Noise Voltage 
fa = 10Hz (Note 2) 10.3 18.0 10.3 18.0 

en fo =100Hz(Note2) 10.0 13.0 10.0 13.0 nV/,fHz 
Density 

fo= 1000Hz (Note 2) 9.6 9.6 

Input Noise Current InE!:p 0.1Hz to 10Hz (Note 2) 14 30 14 30 pAp-e 

Input Noise Current 
fo= 10Hz (Note 2) 0.32 0.80 0.32 0.80 

Density In fO= 100Hz (Note 2) 0.14 0.23 0.14 0.23 pAl,fHz 
fa = 1000Hz (Note 2) 0.12 0.12 

Input Resistance -
RIN (Note 3) 20 60 8 30 Mil 

Differential Mode 

Input Resistance -
R1NCM 200 120 Gil 

Common-Mode 

Input Voltage Range IVR ±13 ±14 ±13 ±14 V 

Common-Mode 
CMRR VCM = ±13V loa 

Rejection Ratio 
123 100 120 dB 

Power Supply Rejection 
PSRR Vs = ±3V to ±18V 5 20 32 "VN Ratio 

Large-Signal Voltage 
Ava Rl 2:2kll, Vo =±10V 200 500 150 400 VlmV 

Gain 

Rl2: 10kll ±12.5 ±13.0 ±12.5 ±13.0 
Output Voltage Swing Vo Rl2:2kll ±12.0 ±12.8 ±12.0 ±12.8 V 

Rl2:1kll ±10.0 ±12.0 ±10.0 ±12.0 

Slew Rate SR Rl2: 2kll 0.2 0.2 VI"s 
Closed-Loop Bandwidth BW AvCl =+1 0.6 0.6 MHz 

Open-Loop Output 
Ro Vo=O.lo=O 60 60 11 

Resistance 

Power Consumption Pd No Load, Both Amplifiers lao 240 200 300 mW 

OIIset Adjustment Range Rp= 20kll ±4 ±4 mV 

Input Capacitance C1N 8 8 pF 

NOTES: 
1. Long-Term Input Offset Voltage Stability refers to the averaged trend line 

of Vas vs. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation. changes in Vas during the first 30 
operating days are typically 2.5I'V. Parameter is sample tested. 

2. Sample tested. 
3. Guaranteed by design. 
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INDIVIDUAL AMPLIFIER CHARACTERISTICS at V S = ± 15V, -55· C :s TA:S 125· C, unless otherwise noted. 

OP-207A OP-207B 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

I nput Offset Voltage Vas Rs= 100n 75 230 100 400 p.V 

Average Input Offset 

Voltage Drift 

Without External Trim TCVos 
Rp= 20kn (Notes 1, 2) 

0.4 1.3 0.7 1.8 
p.VloC 

With External Trim TCVOSn 0.4 0.7 

Input Offset Current los 1.8 5.6 3.0 12.0 nA 

Average Input Offset 
TClos 10 12 pArC 

Current Drift 

II Input Bias Current la ±3.0 ±5.6 ±4.0 ±14.0 nA 

Average Input Bias 
TCl a 12 18 pAloC 

Current Drift 

Input Voltage Range IVR ±13 ±13.5 ±13 ±13.5 V 

~ Common-Mode 
CMRR VcM =±13V 103 120 97 117 dB P-l 

Rejection Ratio ...... 
~ 

Power Supply 
PSRR Vs= ±3V to ±18V 32 10 51 p.VIV ::1 

Rejection Ratio P-t 

Large-Sig nal Voltage 
Ava RL<:2kn, Vo =±10V 150 400 120 350 VlmV ~ Gain 

Output Voltage Swing Va RL<: 2kn ±12.0 ±12.8 ±12.0 ±12.8 V ~ 
0 

INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vs = ±15V, D·C:S TA:S 7D·C, unless otherwise noted. ...... 

~ OP-207E OP-207F 

PARAMETER SYMBOL CONDITIONS MtN TYP MAX MIN TYP MAX UNITS P-l 

Input Offset Voltage Vas Rs= 100n 60 200 90 350 p.V Ci 
Average I nput Offset 

Voltage Drift 

Without External Trim TCVos 
Rp= 20kn (Notes 1, 2) 

0.4 1.3 0.7 1.8 p'vrc 
With External Trim TCVOSn 0.4 0.7 

Input Offset Current los 1.4 2.5 10 nA 

Average Input Offset 
TClos 10 12 pArC 

Current Drift 

Input Bias Current la ±2 ±5 ±3 ±11 nA 

Average Input Bias 
TCl a 12 1B pA/oC 

Current Drift 

Input Voltage Range IVR ±13 ±13.5 ±13 ±13.5 V 

Common-Mode 
CMRR VCM =±13V 103 

Rejection Ratio 
120 97 117 dB 

Power Supply 
PSRR V s =±3Vto±1BV 32 10 51 p.VIV 

Rejection Ratio 

Large-Signal Voltage 
Ava RL<: 2kn, Vo =±10V 150 400 120 350 VlmV 

Gain 

Output Voltage Swing Va RL<: 2kn ±12.0 ±12.B ±12.0 ±12.8 V 

NOTES: 
1. Exclude first hour of operation to allow for stabilization of external 

circuitry. 

2. Sample tested. 
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APPLICATION OF DUAL MATCHED OPERATIONAL 
AMPLIFIERS 

ADVANTAGES OF DUAL MATCHED OPERATIONAL 
AMPLIFIERS 
Dual matched operational amplifiers provide a powerful tool 
for the solution of some difficult circuit deSign problems. 
Circuits include true instrumentation amplifiers, extremely 
low drift, high common-mode rejection DC amplifiers, low 
DC drift aCtive filters, dual tracking voltage references, and 
many other demanding applications. These designs all 
require good matching between two operational amplifiers. 

The circuit below, a differential-in, differential-out amplifier, 
shows how errors can be reduced. Assuming the resistors 
used are matched, the gain of each side will be identical; if the 
offset voltage of each amplifier is matched, then the net 
differential voltage at the amplifiers output will be zero. Note 
that the output offset error of this amplifier is not a function of 
the offset voltage of the individual amplifiers, but only a 
function of the difference between the amplifiers' offset 
voltages. Thiserror-cancellation principle holds fora number 
of input-referred error parameters - offset voltage, offset 
voltage drift, inverting and noninverting bias currents, 

R3 

r-
20kH 

~p--ov+ 

2 1 " 
Rl 3 -...... ~ 

.f SIDE 13 

• V 
IN PUT OP-207 OUTP UT 

11 

~ 6 
R2 10 V 0:1-

R. 

common-mode and power supply rejection ratios. Note also 
that the impedances of each input, both common-mode and 
differential-mode, are extremely high, an important feature 
not possible with single operational amplifier circuits. 
Common-mode rejection can be made exceptionally high; 
this is very important in instrumentation amplifiers where 
errors due to large common-mode voltages can be far greater 
than errors due to noise or drift with temperature. For exam
ple, consider the case of two op amps, each with SOdB 
(100pVIV) CMRR. If the CMRR of one device is +100pVIV 
CMRR and the other is-100pVIV, then the net CMRR will be 
200pVIV, a 6dB degradation. The matching of CMRR 
increases the effective CMRR when used as an instrumenta
tion input stage. 

POWER SUPPLIES 
The V+ supply terminals are completely independent and 
may be powered by separate supplies if desired. However, 
this approach would sacrifice the advantages of the power
supply-rejection-ratio matching. The V-supply terminals are 
both connected to the common substrate and must be tied to 
the same voltage. 

OFFSET TRIMMING 
Offset voltage trimming is provided for each amplifier. 
Guaranteed performance over temperature is obtained by trim
ming one side (side A) to match the offset of the other. A net 
differential offset of zero results. This procedure is used 
during factory testing of the devices. The same results are 
obtained by trimming side B to match side A or by nulling 
each side individually. 

The OP-207 is designed to provide best drift performance 
when trimmed with a 20kO potentiometer; this value provides 
about ±4mVof adjustment range which is adequate for most 
applications. Trimming resolution can be increased by use of 
the circuit shown below. 

NULL RA ,I : .. : ___ RB NULL 
0>------'''''' ..... -----Xv- 'M.,..---"-<o 
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FEATURES 
• High Slew Rate .......................... 10V/!'s Min 
• Fast Settling Time .................. 0.9!,s to 0.1% Typ 
• Low Input Ollset Voltage Drift ........... 10!'VfOC Max 
• Wide Bandwidth ......................... 3.5MHz Min 
• Temperature-Compensated Input Bias Currents 
• Guaranteed Input Bias Current ..... 18nA Max (125°C) 
• Bias Current Specified Warmed-Up Over Temperature 
• Low Input Noise Current ........... 0.01pA/y"HZ Typ 
• High Common-Mode Rejection Ratio. . . . . . .. 86dB Min 
• Pin Compatible With Standard Dual Pinouts 
• 125°C Temperature Tested DICE 
• Models With MIL-STD-883 Class B Processing Available 

ORDERING INFORMATIONt 

PACKAGE 

TA=25°C HERMETIC HERMETIC OPERATING 
VosMAX TO-99 DIP DIP TEMPERATURE 

(mV) a-PIN a-PiN 14-PIN RANGE 

1.0 OP215AJ' OP215AZ' OP215AY' MIL 
1.0 OP215EJ OP215EZ OP215EY COM 
2.0 OP215BJ' OP215BZ' OP215BY' MIL 
2.0 OP215FJ OP215FZ OP215FY COM 
4.0 OP215CJ' OP215CZ' OP215CY' MIL 
6.0 OP215GJ OP215GZ OP215GY COM 

'For devices processed in total compliance to MIL-STD-883. add 1883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn~in, For ordering information see 1986 Data Book. Section 2. 

GENERAL DESCRIPTION 
The OP-2l5 offers the proven JFET-input performance ad
vantages of high speed and low input bias current with the 
tracking and convenience advantages of a dual op-amp 
configuration. 

SIMPLIFIED SCHEMATIC (1/2 OP-215) 

OP-215 
DUAL PRECISION JFET-INPUT 

OPERATIONAL AMPLIFIER 

Low input offset voltages, low input currents, and low drift are 
featured in these high-speed amplifiers. 

On-chip zener-zap trimming is used to achieve low Vos while 
a bias-current compensation scheme gives a low input bias 
current at elevated temperatures. Thus the OP-2l5 features 
an input bias current of lanA at 125°C ambient (not junction) 
temperature which greatly extends the application useful
ness of this device. 

Applications include high-speed amplifiers for current output 
DACs, active filters, sample-and-hold buffers, and photocell 
amplifiers. For additional precision JFET op amps, see the 
o P-15/l6/l7 data sheet. 

PIN CONNECTIONS 

v+ 
8 

OUT (AI@._ + + _ 7 OUT (81 

-IN (AI 2 6 -IN (B) 

+IN (AI 3 5 +IN (8) 

4 
v-

TO-99 
(J-Suffix) 

14-PIN HERMETIC DIP 
(V-Sullix) 

'V+ (A, & v+ (6, iNTER
NALLY CONNECTED. 

8-PIN HERMETIC DIP 
(Z-Suflix) 

v+o-------~---------.~~~--~---.--~------~--------.__, "NOTE: 

NONINV 
INPUH 

'--t-----,..G12 

R7, RS ARE ELECTRONICALLY ADJUSTED 
ON CHIP FOR MINIMUM OFFSET VOLTAGE. 

.---------+-------+---0 OUTPUT 

R10 

R12 

V-o-__ ~~~ __ --------~ __ ~~~ ______ ~-+ ______ +-____ +-~ ______ ~-4 __ ~ 
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---------I~ OP-215 DUAL PRECISION JFET-INPUT OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Supply Voltage 
OP-21SA, OP-215B, OP-215E, OP-215F 

(All DICE except GR) ........................... ±22V 

OP-21SC, OP-215G (GR DICE only) ••••.••••••••• ±18V 

Internal Power Dissipation (Note 1) •••••••••••••• SOOmW 

Operating Temperature Range 
OP-21SA, OP-215B, OP-215C •••••.•• -55°C to +125°C 

OP-215E, OP-215F, OP-215G ••••..••.•.• O°C to +70°C 

Maximum Junction Temperature (Tj) ••••••••••••• +150°C 

Differential Input Voltage 

OP-21SA, OP-215B, All DICE GR +40V 
OP-21SE, OP-215F, ( except) •••••• -

OP-215C, OP-215G (GR DICE only) •••••••••••••• ±30V 

Input Voltage 

OP-21SA,OP-215B, All DICE GR +20V 
OP-21SE, OP-215F, ( except) •••••• -

OP-21SC, OP-215G (GR DICE only) •••••••••••••• ±16V 

(Unless otherwise specified the absolute maximum nega

tive input voltage is equal to the negative power supply 
voltage.) 

Output Short-Circuit Duration ••••••••••••••••• Indefinite 
Storage Temperature Range ••••••••.• -65° C to + 150° C 

Lead Temperature (Soldering, 60 sec) ••••.••••••• 300°C 
DICE Junction Temperature (Ti) ....... -65° C to + 1S00 C 

NOTES: 
1. See table lor maximum ambient temperature rating and derating lactor. 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

PACKAGE TYPE FOR RATING TEMPERATURE 

14-Pin Hermetic DIP (V) l00·C 10.0mW/·C 

TO-99 (J) 8O·C 7.1mW/oC 

8-Pin Hermetic DIP (Z) 75°C 6.7mW/oC 

2. Absolute maximum ratings apply to both packaged parts and DICE. unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at VS= ±15V, TA = 25°C, unless gtherwise noted. 

OP-21SA/E OP-21SB/F OP-21SC/G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX MIN TYP MAX UNITS 

Rs=50a 0.2 1.0 0.8 2.0 2.0 4.0 
Input Offset Voltage Vos 'G'Grade 2.5 6.0 

mV 

Tj = 25·C (Note 1) 3 50 50 100 
Input Offset Current los 

Device Operating 5 100 100 200 
pA 

TJ = 25·C (Note 1) ±15 ±loo ±15 ±200 ±15 ±3oo 
Input 81as Current 18 

Device Operating ±18 ±300 ±18 ±4oo ±18 ±800 
pA 

Input Resistance RIN 10'2 10 '2 10'2 a 

Lsrge-Slgnal Voltage 
Avo 

RL,,2ka 
150 

Gain Vo=±10V 
500 75 220 50 200 VlmV 

Output Voltage RL = 10ka ±12 ±13 ±12 ±13 ±12 ±13 
Swing 

Vo 
RL =2ka ±11 ±12.7 ±11 ±12.7 ±11 ±12.7 

V 

6.0 8.5 8.0 8.5 7.0 10.0 
Supply Current ISY 'G' Grade 7.0 12.0 

mA 

Slew Rate SR AVCL = +1 10 18 7.5 18 5 15 Vlp.S 

Gain Bandwidth 

Product 
GBW (Note 3) 3.5 5.7 3.5 5.7 3.0 5.4 MHz 

Closed-Loop 
Bandwidth 

CLBW AVCL =+1 13 13 12 MHz 

to 0.01% 2.3 2.3 2.4 
Settling Time ts to 0.05% (Note 2) 1.1 1.1 1.2 p.S 

to 0.10% 0.9 0.9 1.0 

+10.2 +14.8 +10.2 +14.8 +10.1 +14.8 
Input Voltage Range IVR V 

-10.2 -11.5 -10.2 -11.5 -10.1 -11.5 

Common~Mode V = ± IVR A, B, C Grades 86 100 88 100 82 96 
CMRR dB 

Rejection Ratio eM E. F,G Grades 82 100 92 100 80 96 

Power Supply Vs = ±10V to ±16V 10 51 10 80 
PSRR pVN 

Rejection Ratio Vs =±10Vto±15V 16 100 

Input Noise Voltage 10= 100Hz 20 20 20 
nVl../HZ 

Density en 10= 1000Hz 15 15 15 

Input Noise Current 10= 100Hz 0.01 0.Q1 0.01 
pA/../HZ 

Density in 10= 1000Hz 0.01 0,01 0.01 

Input Capacitance CIN 3 pF 
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~ OP-21S DUAL PRECISION JFET-INPUT OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, -550 C :s: TA:S: + 1250 C, unless otherwise noted. 

OP-21SA OP-21SB OP-21SC 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Rs=500 0.5 2.0 1.5 3.0 3.0 8.0 mV 

Average Input Offset 

Voltage Drift 
Without External Trim TCVos (Note 31 10 10 

With External Trim TCVoSn Rp= 100kO 
!,VI'C 

Input Offset Current TI =+125'C 0.8 0.8 8 1.0 12 
los nA 

(Note 1) TA = + 125°C, Device Operating 1.2 14 1.2 14 1.5 22 

Input Bias Current 
18 

TI =+12S'C ±1,S ±10 ±1.5 ±10 ±1.8 ±15 
(Notel) T" = + 125'C. DeVice Operating ±2.2 ±18 ±2.2 ±18 ±2.7 ±28 

nA 

+10.2 +14.8 +10.2 +14.6 +10.1 +14.6 
Input Voltege Renge IVR 

-11.3 -10.2 -11.3 -10.1 
V 

-10.2 -11.3 

Common~Mode 
CMRR 97 82 97 80 VCM=±IVR 82 93 dB 

Rejection Ratio 

ffi Power Supply 
PSRR 

Vs =±10V to ±18V 10 100 15 100 
Rejection Ratio Vs = ±10V to ±15V 23 126 

!'VIV ....... 
~ 

Large-Signal 
Avo 

RL,,2kO 
30 110 30 110 25 100 VlmV ~ Voltage Gain Vo =±10V 

Output Voltage 
Vo RL" 10kO ±12 ±13 ±12 ±13 ±12 ±13 V ~ Swing 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, 00 C :s: TA:S: + 700 C, unless otherwise noted. ~ 
0 ....... 

OP-21SE OP-21SF OP-21SG ~ PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas Rs= 500 0.4 1.65 1.4 2.65 3.5 8.0 mV 

~ Average Input Offset 

Voltage Drift 
Without External Trim TCVos (Not. 31 15 15 

With External Trim TCVOSn Rp= 100kO 3 
!'V/'C 

Input Offset Current Tj =+70'C 0.06 0.45 0.06 0.45 0.08 0.65 
los nA 

(Note 1) TA = + 700 e, Device Operating 0.08 0.80 0.08 0.80 0.10 1.2 

Input Bias Current Tj =+70'C ±0.12 ±0.70 ±0.12 ±0.70 ±0.14 ±0.9 
18 nA 

(Note 1) TA = +70°C,Device Operating ±0.16 ±1.40 ±0.16 ±1.40 ±0.19 ±1.8 

+10.2 +14.7 +10.2 +14.7 +10.1 +14.7 
Input Voltage Range IVR 

-10.2 -11.4 
V 

-10.2 -11.4 -10.1 -11.3 

Common~Mode 
CMRR 

Rejection Ratio 
VCM=±IVR 80 98 80 98 76 94 dB 

Power Supply 
PSRR 

Vs = ±10V to ±16V 13 100 13 100 
Rejection Ratio Vs =±10Vto±15V 20 159 

~VIV 

Large·Signal 
Avo 

RL" 2kO 50 180 50 180 35 130 VlmV 
Voltage Gain Vo=±10V 

Output Voltage 
Vo RL " 10kO ±12 ±13 ±12 ±13 ±12 ±13 V 

Swing 

NOTES: 
I. Input bias current is specified for two different conditions. The Tj = 25° C 2. Settling time Is defined here for a unity gain Inverter connection using 2kO 

specification is with the junction at ambient temperature; the Device resistors. It is the time required for the error voltage (the voltage at the 
Operating specification Is with the device operating In a warmed-up inverting input pin on the amplifier) to sellieto within a specified percent of 
condition at 25° C ambient. The warmed-up bias current value is corre- Its final yalue from the time a 10V step Inpul is applied 10 Ihe inverler. See 
laled 10 Ihe junclion temperalure value via Ihecurves of Ie vs. Tj and Ie vs. sellilng lime lesl circuit. 
TA. PMI has a bias current compensation circuit which gives improved 3. Sample lesled. 
bias currenl and bias current overtemperalure vs. slandard JFET inpul op 
amps. 18 and los are measured al VCM = O. 
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----------t1fMD OP·215 DUAL PRECISION JFET·INPUT OPERATIONAL AMPLIFIER 

DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE) 

1. INVERTING INPUT (A) 
2. NONINVERTING INPUT (A) 
3. NULL (A) 
4. V-
5. NULL(B) 
8. NONINVERTING INPUT (B) 
7. INVERTING INPUT (B) 
ALL V+ PADS ARE INTERNALLY CONNECTED. 

8. NULL (B) 
I. V+ 

10. VO(B) 
11. V+ 
12. VOlA) 
13. V+ 
14. NULL (A) 

DIE SIZEO.05IX 0.013 Inch,5487 sq. mU8(1.50X2.38mm,3.54sq. mm) 

For additional DICE information refer to 1988 Data Book, Section 2. 

WAFER TEST LIMITS at Vs = ± 15V, TA = 25° C for Op·215N, Op·215G and Op·215GR devices; TA = 125° C for OP·215NT and 
OP-215GT devices, unless otherwise noted. 

Op·21SNT OP-21SN OP·21SGT OP-21SG OP-21SGR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Ves Rs=500 2 3 2 6 mVMAX 

Input Bias Current Is ±18 ±18 nAMAX 

Input Offset Current los 14 14 nAMAX 

Large·Signal 
Avo 

Vo =±10V, 
30 150 30 75 50 VlmVMIN 

Voltage Gain RL = 2kO 

Input Voltage Range IVR ±10.2 ±10.2 ±10.2 ±10.2 ±10.1 VMIN 

Common-Mode 
CMRR VcM=±IVR 82 86 82 86 82 dBMIN 

Rejection Ratio 

Power Supply 
PSRR 

Vs= ±10 to ±16V 100 51 100 60 
poVNMAX 

Rejection Ratio Vs= ±10 to ±15V 100 

Output Voltage Swing Vo 
RL = 10kO ±12 ±12 ±12 ±12 ±12 

VMIN 
RL = 2kO ±11 ±11 ±11 

Supply Currant ISY 8.5 8.5 12.0 mAMAX 

NOTES: 
For 25' C characteristics of NT & GT devices, see N & G characteristics respectively. 

Electrical tests are performed at waler probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield alter packaging Is not. 
guaranteed lor standard product dice. Consult lactory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = + 25° C, unless otherwise noted. 

OP·21SNT OP·21SN OP-21SGT Op·21SG OP·21SGR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Average Input 
TCVos 

Unnulled 
2 3 3 4 poVl'C 

Offset Voltage Drift Re= 100kO 

Average Input 
TCVoSn 

Nulled 
0.5 0.5 2 poVl'C 

Offset Voltage Drift Rp= lookO 

Input Offset Current los 3 3 3 3 3 pA 

Input Bias Current Is ±15 ±15 ±15 ±15 ±15 pA 

Slew Rate SR AVCL =+1 17 17 16 16 15 Vlpos 

to 0.01% 2.2 2.2 2.3 2.3 2.4 
Settling Time ts to 0.05% 1.1 1.1 1.1 1.1 1.2 p.S 

to 0.10% 0.9 0.9 0.9 0.9 1.0 

Gain Bandwidth 
GBW 6.0 6.0 5.7 5.7 5.4 MHz 

Product 

Closed-Loop 
CLBW AVCL = +1 14 14 13 13 12 MHz 

Bandwidth 

Input Noise 10= 100Hz 20 20 20 20 20 
nVly'Hi 

Voltage Density en 
10= 1000Hz 15 15 15 15 15 

Input Noise 
in 

10= 100Hz 
0.01 0.01 0.01 0.01 0.01 pAly'Hi 

Current Density 10= 1000Hz 

Input Capacitance C 'N 3 3 3 3 3 pF 
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---------IIEMD OP-215 DUAL PRECISION JFET-INPUT OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

~ 
l!i 
i:! 
i 
" " 

~ 
~ 

LARGE-SIGNAL 
TRANSIENT RESPONSE 

CLOSED-LOOP 
BANDWIDTH AND 

PHASE SHIFT VI FREQUENCY 
18 90 

1"'-0 ffi 00 1 

M ro PHASE MARGIN'" GGoC 
1 

'\. 12 20 , 1 

ro ~ 

I\. 
1 

- r \AV > 10 
\. 
\ 
\ 

1 

1 

1 

1 

1 

40 

50 

60 

10 

80 

~ 80 
'\.. 

1 

-4 200 , 
-6 

-8 

-10 
1M 

VS'" ±15V 
TA =2SoC '\. 

AV=+l 

'\1 II 
10M 

FReQUENCY (Hz) 

100M 

MAXIMUM OUTPUT SWING 
VI FREQUENCY 

28 

2' 
-, 

20 

16 

12 

8 

• 
o 
lOOk 

\ 

" 
...... 

........ 
1M 

FREQUENCY 1Hz) 

Vs = ±15V 
TA = 25QC 
AV=+l 

10M 

SMALL-SIGNAL 
TRANSIENT RESPONSE 

1-'--,- -'---'T--r---'-l-.-
I - 1 - - - - ~ - - - - i- --; - _ ii' 

;Jj'I~I""li 
.1. ".'.'.'.'.""1,. ' ..... ' ..... ' ... ' .• ,.' ... ' .. , '.'." •.... ' .. ' ... ,."' .. I I _ ' , 

, .. '... 'I I I II 

'~~tLtLLL 

BANDWIDTH vs TEMPERATURE 
28 

VS""±15V 

• BANDWIDTH VARIATION FROM 
±5V ";;;VS '" ±20V IS < 5% 

...... 
........ CLoslo-LJ. _ -

f""'-.. ,:OTHAV=+l 
2 

r-. GAIN BANDWIDTH r-r-PRODUCT 

20 

16 

r--
o 
-50 -25 25 50 75 100 125 

TEMPERATURE (DC) 

SLEW RATE vs TEMPERATURE 
10 

AV=+1 

60 
Vs = ±15V 

50 

l"-I"--- NEGATIVE 

r-r-I"'--
20 ....... POSITIVE 

10 

o 
-50 -25 25 50 75 100 125 

AMBIENT TEMPERATURE (OC) 

5-209 

SETTLING TIME 
10r----r---yT7--~----~~~ 

-10L---~--~~--~ ____ ~~~ 

120 

100 

80 

60 

40 

20 

-20 

100 

80 

60 

40 

20 

o 

o 0.5 1.5 2.0 2.5 

SETTLING TIME (jis) 

OPEN-LOOP 
FREQUENCY RESPONSE 

- r..... Vs = ±15V 
TA = 25°C 

~ , 
r\.. 

" " ~ 1 10 100 lk 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 

COMMON-MODE REJECTION 
RATIO vs FREQUENCY 

"'\ 
r\ 

Vs = ±15V 
TA = 2SOC , 

\ 
\ 

1\ 

1 10 100 lk 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 
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----------1~ OP-215 DUAL PRECISION JFET-INPUT OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

'20 

110 

POWER SUPPLY REJECTION 
VI FREQUENCY 

j 100 

90 

TA i 25'C - .'-. 
~ 
~ a: 

~ 
iil 
a: 

~ 

'" I 80 

70 _~EGATIVE' "- POSITIVE_ 
SUPPLY "- ~PPLV 

60 

60 

40 

30 

20 

'0 

o 
'0 '00 

r\. "-
"- I'... 

r\. "-
"-
~ 

"-
1k 10k 100k 'M 'OM 
FREQUENCY (Hzl 

BASIC CONNECTIONS 

SETTLING TIME TEST CIRCUIT 

OUTPUT IMPEDANCE 
VB FREQUENCY 

10k 100k 1M 

FREQUENCY (Hz) 

2knO.1% 

'OM 

+'5Vo------+--...,---+------, 

'40 

~ 120 

~ 
~ 

~ 
c 
ill 
0 z 
w 

~ 
~ 

'00 

80 

60 

40 

20 

o , 

VOLTAGE NOISE DENSITY 
VI FREQUENCY 

vs-1111~~ 
,.... 

TA ·26°C 
l-

f-

f-

,1/fCORNER 
m~YliINCT 

11111111 I 
10 100 1k 

FREQUENCY 1Hz) 

'oOT o-..... 2...Jkll'''I1'0 . .,...'% ...... ~ 
5k" 
0.1% 

SLEW RATE TEST CIRCUIT 

f +6V 

--- -ov 

-5V 

-,5Vo-+---+---,==:;:-e---+-+---...M-"'-<lVOUT 

AV "'-1 
5knO.1% 

=='-----I------o+15V 

(PINOUT FOA "J" AND "Z" PACKAGES ONLY) 

INPUT OFFSET VOLTAGE NULLING 

V+o---...,---, 

-IN 

'>"---<> OUT IAI 

+IN 

NOTE: 
Vas CAN BE TRIMMED WITH POTENTIOMETERS RANGING FROM 
10kll TO 1Mn. FOR MOST UNITS Tevos WILL BE MINIMUM WHEN 
Vas IS ADJUSTED WITH A 100kn POTENTIOMETER. 

(PINOUT FOA "J" AND ·Z" PACKAGES ONLY) ("Y" PACKAGE ONLY) 

'Ok 
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-----------l~ OP-21S DUAL PRECISION JFET-INPUT OPERATIONAL AMPLIFIER 

BASIC CONNECTIONS 

TYPICAL BURN-IN CIRCUIT 

+1SV 

tOOk!} 

200!l 

1001<51 

NOTES: 
1. TA = 12SoC TO +150G C -15V 
2. RESISTORS ARE TYPE 

RN55D, ±1% 

("J" AND "z" PACKAGES ONLY) 

5-211 

APPLICATIONS INFORMATION 

DYNAMIC OPERATING CONSIDERATIONS 

As with most amplifiers, care should be taken with lead dress, 
component placement and supply decoupling in order to 
ensure stability. For example, resistors from the output to an 
input should be placed with the body close to the input to 
minimize "pick-up" and maximize the frequency of the 
feedback pole by minimizing the capacitance from the input 
to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capacitance 
from the input of the device (usually the inverting input) to 
AC ground sets the frequency of the pole. In many instances, 
the frequency of this pole is much greater than the expected 
3dB frequency of the closed-loop gain and consequently 
there is negligible effect on stability margin. However, if the 
feedback pole is less than approximately six times the 
expected 3dB frequency, a lead capacitor should be placed 
from the output to the negative input of the op amp. The value 
of the added capacitor should be such that the RC time 
constant of this capacitor and the resistance it parallels is 
greater than, or equal to, the original feedback-pole time 
constant. 

1/86, Rev. A 



Precision MonolithlcS Inc. 

FEATURES 
• Excellent TCVos Match .....•.•......... 2p.VI"C Max 
• Low Input Offset Voltage .•................ 150p.V Max 
• Low Supply Current . . . . . . . . . . . . . . . . . . . . . • • . • .. 100p.A 
• Single-Supply Operation .....•.....•.... +5V to +30V 
• Low Input Offset Voltage Drift ........•..•. O.75p.V/oC 
• High Open-Loop Gain. . . . . . . . • . . . . . • . . . . .. 2000VlmV 
• High PSRR ................................... 3p.V/V 
• Low Input Bias Current. . . . . . . . . . . . . . . . . . . . . • . .. 12nA 
• Wide Common-Mode Voltage 

Range ........•............. V- to within 1.5Vof V+ 
• Pin Compatible with 1458, LM158, LM2904 

ORDERING INFORMATIONt 

PACKAGE 

TA=2S"C HERMETIC HERMETIC OPERATING 
VosMAX TO-99 DIP TEMPERATURE 

(lOY) a-PIN a-PIN RANGE 

150 OP220AJ' OP220AZ' MIL 
150 OP220EJ OP220EZ INO 
300 OP220BJ' OP220BZ' MIL 
300 OP220FJ OP220FZ INO 
750 OP220CJ' OP220CZ' MIL 
750 OP220GJ OP220GZ INO 

'For devices processed in total compliance to MIL-STD-S83, add /883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-In. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The OP-220 is a monolithic dual operational amplifier that 
can be used either in single or dual supply operation. The low 

SIMPLIFIED SCHEMATIC (Each Amplifier) 

OP-220 
DUAL MICROPOWER OPERATIONAL AMPLIFIER 

(SINGLE OR DUAL SUPPLY) 

offset voltage, and input offset voltage tracking as low as 
1.0p.V/"C, make this the first micropower precision dual 
operational amplifier. 

The excellent specifications of the individual amplifiers com
bined with the tight matching and temperature tracking 
between channels provides high performance in instrumen
tation amplifier designs. The individual amplifiers feature 
extremely low input offset voltage, low offset voltage drift, 
low noise voltage, and low bias current. They are fully 
compensated and protected. 

Matching between channels is provided on all critical 
parameters including input offset voltage, tracking of offset 
voltage vs. temperature, non-inverting bias currents, and 
common-mode rejection ratios. 

PIN CONNECTIONS 

BV+ 

OUT IAI@.70UTlel 
A • 

- + +-
-IN (AI 2 8 -IN (8) 

+IN (AI 3 5 +IN (BI 

4V-

TO-99 
(J-Suffix) 

8-PIN HERMETIC DIP 
(Z-Suffix) 

r-----~------~----------~--~~--~--~--------~------t_--~--_t--~V+ 

_IN OUTPUT 

+IN ~---+------t----t-------+---' 

~--~--~--+---~~----~----__ ~ ______ ~~ ______ -* ______ ~ ____ ~~ __ ~ __ ~--oV-

"ACCESSIBLE IN CHIP FORM ONLY 
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~ OP-220 DUAL MICROPOWER OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage ................................... ±18V Lead Temperature (Soldering, 60 sec) .•........... 300·C 
Power Dissipation .............................. SOOmW DICE Junction Temperature (Ti) ....... -6S·C to +1S0·C 
Differential Input Voltage .......... 30V or Supply Voltage 
Input Voltage ............................ Supply Voltage NOTE: 

Output Short-Circuit Duration ................. Indefinite 1. Absolute ratings apply to both DICE and packaged parts, unless otherwise 

Storage Temperature Range , ....... , . , -6S·C to +1S0·C noted. 

Operating Temperature Range 
OP-220A, B, C ........... , , .. , ..... , -SS·C to +12S·C 
OP-220E, F, G ............ ,., ...... ,. -2S·C to +8S·C 

ELECTRICAL CHARACTERISTICS at Vs = ±2,SV to ± 1SV, TA = +2S· C, unless otherwise noted. 

OP-220AlE OP-220B/F OP-220C/G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX MIN TYP MAX UNITS 

I nput Offset Voltage Vos Vs = ±2.5V to ± 15V 120 150 250 300 500 750 p.V 

Input Offset Current los VCM=O 0.15 1.5 0.2 0.2 3.5 nA ge 
Input Bias Current Ie VCM=O 12 20 13 25 14 30 nA 

~ ....... 
~ 

Input Voltage Range IVR 
V+=5V, V-=OV, 0/3.5 0/3.5 0/3.5 

V ::1 
Vs =±15V -15/13.5 -15/13.5 -15113.5 ~ 

V+ = 5V, V-= OV, 
90 100 85 90 75 85 ~ Common-Mode 

CMRR OV" VCM " 3.5V dB 
Rejection Ratio Vs =±15V, 

95 100 90 95 80 90 ~ -15V" VCM " 13.5V 

Power Supply Vs = ±2.5V to ±15V 3 10 10 32 32 100 
Rejection Ratio 

PSRR 
V-= OV, V+ = 5V to 30V 6 18 18 57 57 180 

p.V/v g 
V+=5V, V-=OV, RL = l00kfl 

500 1000 500 800 300 500 ~ Large-Signal 
Avo 

1V" Vo " 3.5V VlmV 
Voltage Gain Vs = ± 15V, RL = 25kfl ~ 

Vo =±10V 
1000 2000 1000 2000 800 1600 

es 
Output Voltage 

V+=5V, V-=OV, 
0.7/4 0.7/4 0.8/4 

Swing 
Vo RL = 10kfl V 

Vs = ± 15V, RL = 25kfl ±14 ±14 ±14 

Slew Rale SR RL = 25kfl, (Note 11 0.05 0.05 0.05 Vlp.s 

Bandwidth BW AVCL = +1, RL = 25kfl 200 200 200 kHz 

Supply Current V s = ± 2.5V, No Load 100 115 115 125 125 135 
(Both Amplifiers) ISY Vs = ± 15V, No Load 140 170 150 190 205 220 

p.A 

ELECTRICAL CHARACTERISTICS at Vs= ±2.SV to ±1SV, -SS·C:'> TA :'> +12S·C for OP-220A, B, and C, 
-2S·C:'> TA :'> +8S·C for OP-220 E, F, and G, unless otherwise noted. 

OP-220AlE OP-220B/F OP-220C/G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX MIN TYP MAX UNITS 

Average Input Offset TCII 
Voltage Drift (Note 1 ) os 

Vs =±15V 0.75 1.5 1.2 2 3 p.V/'C 

Input Offset Voltage Vos 200 300 400 500 1000 1300 p.V 

Input Offset Current los VCM=O 0.5 2 0.6 2.5 0.8 nA 

Input Bias Current Ie VCM=O 12 25 13 30 14 40 nA 

I nput Voltage Range IVR 
V+= 5V, V-=OV, 0/3.2 0/3.2 0/3.2 
Vs =±15V -15/13.2 -15/13.2 -15113.2 

V 

V+=5V, V-=OV, 
85 90 80 85 70 80 

Common-Mode 
CMRR OV" VCM " 3.2V 

dB 
Rejection Ratio Vs= ±15V 

90 95 85 90 75 85 
-15V" VCM " 13.2V 

. Power Supply 
PSRR 

Vs =±2.5Vto±15V 6 18 18 57 57 180 
p.V/v 

Rejection Ratio V-= OV, V+ = 5V to 30V 10 32 32 100 100 320 
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ELECTRICAL CHARACTERISTICS at VS= ±2.5Vto ±15V, -55°C $ TA$ +125°C for OP-220A, B, and C, 

-25°C $ TA $ +85°C for OP-220 E, F, and G, unless otherwise noted. (Continued) 

OP-220A/E OP-220B/F OP-220C/G 
PARAMETER SYMBOL CONOITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Large-Signal 
Avo 

Vs =±15V.RL=50kn 
500 1000 500 800 400 500 V/mV Voltage Gain Vo =±10V 

Output Voltage 
V+=5V. V-=OV. 

0.9/3.8 0.9/3.8 1/3.8 
Swing Va RL = 20kn V 

Vs = ± 15V. RL = 50kn ±13.8 ±13.8 ±13.8 

Supply Current 
ISY 

Vs = ±2.5V. No Load 135 170 155 185 170 210 
(Both Amplifiers) Vs = ± 15V. No Load 190 250 200 280 275 330 

I'A 

NOTE: 1. Sample tested. 

MATCHING CHARACTERISTICS at VS= ±15V, TA = 25°C, unless otherwise noted. 

OP-220AlE OP-220B/F OP-220C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
<1Vos 150 300 

Voltage Match 
250 500 300 600 I'V 

Average Noninverting 
1.+ VCM=O 10 20 15 25 20 30 nA 

Bias Current 

Noninverting 
los+ VCM=O 0.7 1.5 2 1.4 2.5 nA 

Offset Current 

Common-Mode 

Reiection Ratio <1CMRR VCM = -15V to + 13.5V 92 100 87 95 72 85 dB 
Match (Note 1 ) 

Power Supply 
Rejection Ratio <1PSRR Vs =±2.5Vto±15V 14 18 44 57 140 I'VIV 
Match (Note 2) 

MATCHING CHARACTERISTICS at Vs = ±15V, -55°C $ TA $ +125°C for OP-220A, Band C; -25°C:5 TA:5 +85°C for 

OP-220 E, F and G, unless otherwise noted. Grades E, F, and G are sample tested. 

OP-220AlE OP-220B/F OP-220C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
avos 250 500 400 800 800 1800 "V Voltage Match 

Input Offset 
TC<1Vos (Note 3) 

Voltage Tracking 
1.5 3 1.5 "V/'C 

Average Noninverting 
18+ VCM=O 10 25 15 30 22 40 nA 

Bias Current 

Average Drift of 
Noninverting TCI.+ VCM = a (Note 3) 15 25 15 30 30 50 pAI'C 
Bias Current 

Noninverting 
105+ VCM=O 

Offset Current 
0.7 2.5 2.5 nA 

Average Drift of 
Noninverting TClos+ VCM = 0 (Note 3) 15 12 22.5 15 30 pA/'C 
Offset Current 

Common-Mode 

Rejection Ratio <1CMRR VCM = -15V to +13V 87 98 82 96 72 80 dB 
Match (Note 1 ) 

Power Supply 
Rejection Ratio <1PSRR V5 = ±2.5V to ±15V 10 26 30 78 57 250 I'VIV 
Match (Note 2) 

NOTES: 
. '"put-referred differential error 

1. <1CMRR is20 10glO VcM/<1CME. where VCM isthe voltage applied to both 2. "PSRR IS: <1V5 noninverting inputs and ~CME is the difference in common-mode 
input-referred error. 3. Sample tested. 
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DICE CHARACTERISTICS 

DIE SIZE 0.098 X 0.081 Inch, 5858 sq. mill 
(2.438 X 1.549 mm, 3.78 sq. mm) 

NOTE: All V+ PADS ARE INTERNALLY CONNECTED. 

1. INVERTING INPUT (A) 
2. NONINVERTING INPUT (A) 
3. BALANCE (A) 
4. V-
5. BALANCE (B) 
8. NON INVERTING INPUT (B) 
7. INVERTING INPUT (B) 
8. BALANCE (B) 
9. V+ 

10. OUT (B) 
11. V+ 
12. OUT (A) 
13. V+ 
14. BALANCE (A) 

For additional DICE Information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs = ±2.5V to ±15V, TA = 25°C for OP-220N, OP-220G and OP-220GR devices; TA = 125°C for 
OP-221NT devices, unless otherwise noted. 

OP-220NT OP-220N OP-220G OP-220GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vas 350 200 500 1000 pV MAX 

Input Offset 
AVos 500 300 500 600 pVMAX 

Voltage Match 

Input Offset Current los VCM=O 2.5 3.5 nAMAX 

Input Bias Current 18 VCM=O 30 25 30 40 nAMAX 

Input Voltage Range IVR Vs= ±15V -15/13.5 -15/13.5 -15/13.5 -15/13.5 VMIN 

Common-Mode 
CMRR 

V- = OV. V+ = 5V, OV S VCM S 3.5V 83 88 83 75 
Rejection Ratio -15V S VCM S 13.5V, Vs = ±15V 88 93 88 80 

dB MIN 

Power Supply 
PSRR 

Vs = ±2.5V to ±15V 22 12.5 40 100 
Rejection Ratio V-=OV, V+=5Vt030V 36 22.5 70 180 

pVIV MAX 

RL = 25kll, Vs = ± 15V 
1000 800 500 

Large-Signal 
Ava 

Vo= ±10V 
V/mV MIN 

Voltage Gain Vs = ±15V, RL = 50kl! 
500 

Vo =±10V 

V+ = 5V, V- = OV, RL = 10k!l 0.7/4 0.8/4 0.8/3.8 

Vs = ±15V, RL = 25kl! ±14 ±14 ±13.8 
Output Voltage Swing Va V+=5V, V-=OV, VMIN 

0.9/3.8 
RL = 20kll 

±13.8 
Vs = ±15V, RL = 50kll 

Supply Current 
ISY 

Vs = ±2.5V, No Load 170 125 135 170 
(Both Amplifiers) Vs = ±15V, No Load 250 190 220 300 

pAMAX 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is notguaranteed 
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Average Input Offset 
TCVos 

Voltage Drift 

Large-Signal 
Ava RL = 25kll 

Voltage Gain 

OP-220NT 
TYPICAL 

1.5 

2000 

OP-220N 
TYPICAL 

1.5 

2000 

OP-220G OP-220GR 
TYPICAL TYPICAL 

3 

1600 800 

UNITS 

pV/OC 

V/mV 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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INSTRUMENTATION AMPLIFIER APPLICATIONS 
OF THE OP·220 

TWO·OP·AMP CONFIGURATION 
The excellent input characteristics of the OP-220 make it 
ideal for use in instrumentation amplifier configurations 
where low-level differential signals are to be amplified. The 
low-noise, low input offsets, low drift, and high gain combined 
with excellent CMRR provide the characteristics needed for 
high-performance instrumentation amplifiers. In addition, 
the power supply current drain is very low. 

The circuit of Figure 1 is recommended for applications 
where the common-mode input range is relatively low and 
differential gain will be in the range of 10 to 1000. This two
op-amp instrumentation amplifier features independent 
adjustment of common-mode rejection and differential gain. 
Input impedance is very high since both inputs are applied to 
noninverting op amp inputs. 

RO 

GAIN 
r"\iVY-~M----<""-' AOJ 

Rl R2 

Vl R4 

R3 

VCM + 1I2Vd 0·'------------1 

(1121 
Op·220 

v =~[1+! (~+.M) +R2+R3Jv +~ (~ R2)v o A3 2 R1 R4 RO d R3 R4 - R1 eM 

IF R1 = R2= A3= R4. THEN Va "2 (1 +~)Vd 

Figure 1. Two-Op-Amp Instrumentation Amplifier 
Configuration 

Vo 

The input voltages are represented as a common-mode 
input VCM plus a differential input V d. The ratio R3/R4 is 
made equal to the ratio R2/R1 to reject the common-mode 
input VCM' The differential signal Vd is then amplified accord
ing to: 

Note that gain can be independently varied by adjusting Ro. 
From considerations of dynamic range, resistor tempco 
matching, and matching of amplifier response, it is generally 
best to make R1, R2, R3, and R4 approximately equal. Desig
nating R1, R2, R3, and R4 as RN allows the output equation to 
be further simplified: 

Vo=2(1 + :~)Vd' where RN= R1 = R2= R3= R4 

Dynamic range is limited by A1 as well asA2; the output of A1 
is: 

If the instrumentation amplifier were designed for a gain of 10 
and maximum Vd of ± 1V, then RN/Ro would need to be four 
and Vo would be a maximum of ±10V. Amplifier A1 would 
have a maximum output of ±5V plus 2VCM, thus a limit of 
± 10Von the output of A 1 would imply a limit of ±2.5Von VCM. 

A nominal value of 100kO for RN is suitable for most applica
tions. A range of 2000 to 25kO for Ro will then provide a gain 
range of 10 to 1000. The current through Ro is Vd/Ro, so the 
amplifiers must supply ±10mV/2000 when the gain is at the 
maximum value of 1000 and Vd is at ±10mV. 

5·218 

Rejecting common-mode inputs is most important in accu
rately amplifying low-level differential signals. Two factors 
determine the CMR of this instrumentation amplifier configu
ration (assuming infinite gain): 

(1) CMRR of the op amps 
(2) Matching of the resistor network (RslR4 = R2/R1) 

In this instrumentation amplifier configuration, error due to 
CMRR effect is directly proportional to the differential CMRR 
ofthe op amps. Forthe OP-220AlE, this combined CMRR is a 
minimum of 98dB. A combined CMRR value of 100dB and 
common-mode input range of ±2.5V indicates a peak input
referred error of only ±25"V. 

Resistor matching is the other factor affecting CMRR. 
Defining Ad as the differential gain of the instrumentation 
amplifier and assuming that Rlo R2, R3 and R4 are approxi
mately equal (RN will be the nominal value), then CMRR will 
be approximately Ad divided by 4AR/RN. CMRR at differen
tial gain of 100 would be 88dB with resistor matching of 0.1 %. 
Trimming R1 to make the ratio R3/R4 equal to R2/R1 will 
directly raise the CMRR until it is limited by linearity and 
resistor stability considerations. 

The high open-loop gain of the OP-220 is very important in 
achieving high accuracy in the two-op-amp instrumentation 
amplifier configuration. Gain error can be approximated by: 

Gain Error-~A Ad ~1 
1 +_d_ 2 A01 A02 

A02 

where Ad is the instrumentation amplifier differential gain 
and A02 is the open-loop gain of op amp A2. This analysis 
assumes equal values of R1, R2, R3, and R4' For example, 
consider an OP-220 with A02 of 700V/mV. If the differential 
gain Ad were setto 700, the gain error would be 1/1.001 which 
is approximately 0.1%. 

Another effect of finite op amp gain is undesired feedthrough 
of common-mode input. Defining A01 as the open-loop gain 
of op amp A1, then the common-mode error (CME) at the 
output due to this effect will be approximately 

2 Ad 
CME - --- -- VCM 

1 + Ad A01 
A01 
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For Ad/Ao"«1 , this simplifies to (2 Ad/Ao,) xVcM.lftheopamp 
gain is 700V/mV, VcMis 2.5V, and Ad is set to 700, then the error 
at the output due to this effect will be approximately 5mV. 

The OP-220 offers a unique combination of excellent dc 
performance, wide input range, and low supply current drain 
that is particularly attractive for instrumentation amplifier 
design. 

THREE-OP-AMP CONFIGURATION 
A three-op-amp instrumentation amplifier configuration 
using the OP-220 and OP-22 is recommended for applica
tions requiring high accuracy over a wide gain range. This 

R' 

VCM + 1/2Vd 0----1 
R2 

V-

Figure 2. Three-Op-Amp Instrumentation Amplifier 
Using OP-220 and OP-22 

Vo 

5-219 

circuit provides excellent CMR over a wide input range. As 
with the two-op-amp instrumentation amplifier circuits, tight 
matching of the two op amps provides a real boost in per
formance. The OP-22 is a micropower op-amp featuring 
programmable supply current. 

A simplified schematic is shown in Figure 2. The input stage 
(A 1 and A2) serves to amplify the differential input Vd without 
amplifying the common-mode voltage VCM. The output stage 
then rejects the common-mode input. With ideal op-amps 
and no resistor matching errors, the outputs of each amplifier 
will be: 

( 2R,)Vd V, = - 1 +- - + VCM 
Ro 2 

The differential gain Ad is 1 + 2R,/Roand the common-mode 
input VCM is rejected. 

This three-op-amp instrumentation amplifier configuration 
using an OP-220 at the input and an OP-22 at the output 
provides excellent performance over a wide gain range with 
very low power consumption. A gain range of 1 to 2000 is 
practical and CMR of over 120dB is readily achievable. 

1/86, Rev. A 
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Precision MO]lohthics Inc. 

FEATURES 
• Excellent TCVos Match ................. 2pVloC Max 
• Low Input Offset Voltage ..••..........•... 150pV Max 
• Low Supply Current . . . . . . . . • . . . . . . . . • • . •. 550pA Max 
• Single Supply Operation ...•............ +5V 10 +30V 
• Low Inpul Offsel Vollage Drift .•.....•...•. O.75pV/o C 
• High Open-Loop Gain . . . . . . . . . • . . . . • .. 1500VlmV Min 
• High PSRR ................................... 3pV/V 
• Wide Common-Mode Vollage 

Range. . . . . .. .. . . . . .. . . . . . .. V- to within 1.5V of V+ 
• Pin Compatible with 1458. LM158. LM2904 

ORDERING INFORMATIONt 

PACKAGE 

TA=25°C HERMETIC HERMETIC OPERATING 
VosMAX TO-99 DIP TEMPERATURE 

("VI 8-PIN 8-PIN RANGE 

150 OP221AJ" OP221AZ" MIL 
150 OP221EJ OP221EZ INO 
300 OP221BJ" OP221BZ" MIL 
300 OP221FJ OP221FZ INO 
500 OP221CJ" OP221CZ" MIL 
500 OP221GJ OP221GZ INO 

• For devices processed in total compliance to MIL-STO-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn~in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The OP-221 is a monolithic dual operational amplifier that 
can be used either in single or dual supply operation. The 

SIMPLIFIED SCHEMATIC (Each Amplifier) 

OP-221 
DUAL LOW-POWER OPERATIONAL AMPLIFIER 

(SINGLE OR DUAL SUPPLY) 

wide supply voltage range, wide input voltage range, and low 
supply current drain of the OP-221 make it well-suited for 
operation from batteries or unregulated power supplies. 

The excellent specifications of the individual amplifiers com
bined with the tight matching and temperature tracking 
between channels provide high performance in instrumen
tation amplifier designs. The individual amplifiers feature 
very low input offset voltage, low offset voltage drift, low 
noise voltage, and low bias current. They are fully compen
sated and protected. 

Matching between channels is provided on all critical 
parameters including input offset voltage, tracking of offset 
voltage vs. temperature, non-inverting bias currents, and 
common-mode rejection. 

PIN CONNECTIONS 

8 V+ 

• v-

TO-99 (J-Sufflx) 8-PIN HERMETIC DIP 
(Z-Sufflx) 

r-----~------~----------~--~~--~--~--------~------1_--~--_1--~V+ 

-IN OUTPUT 

+IN 0-----+------+----+--------+---

*ACCESSIBLE IN CHIP FORM ONLY 
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ABSOLUTE MAXIMUM RATINGS (Note 2) 

Supply Voltage •..••...••.••••...•••.•••.••.....•. ±18V 

Power Dissipation (Note 1) ...................... 500mW 

Differential Input Voltage .•.••..•.• 30V or Supply Voltage 

Input Voltage ••..••••.•.•••••..•••••••••• Supply Voltage 

Output Short-Circuit Duration .•••.••••..•.•.•. Indefinite 

Storage Temperature Range • • . • • • • • • •. -65° C to + 150° C 

Operating Temperature Range 

OP-221 A, B, C ...................... -55° C to + 125° C 

OP-221E, F, G ....................... -25°C to +85°C 

Lead Temperature (Soldering, 60 sec.) •.••••••••.. 300°C 

DICE Junction Temperature (Tj) ••.•••• -65° C to + 150° C 

MAXIMUM AMBIENT 
TEMPERATURE 

PACKAGE TYPE FOR RATING 

TO-99 (JI 80DC 

B-Pin Hermetic DIP (ZI 75D C 

NOTES: 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

7.1mWI"C 

S.7mWI"C 

1. See table for maximum'ambient temperature rating and derating factor. 
2. Absolute ratings apply to both DICE and packaged parts. unless otherwise 

noted. 

ELECTRICAL CHARACTERISTICS at VS= ±2.5Vto ±15V, TA= 25°C, unless otherwise noted. 

OP-221AlE OP-221B/F OP-221C/G 
PARAMETER 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Input Voltage Range 

Common·Mode 
Reiectlon Ratio 

Power Supply 
Rejection Ratio 

Large-Signal 
Voltage Gain 

Output Voltage 
Swing 

Slew Rate 

Bandwidth 

Supply Current 
(Both Amplifiersl 

SYMBOL CONDITIONS 

Vos 

los 

IVR 

CMRR 

PSRR 

AvO 

SR 

BW 

ISY 

V+=5V. V-=OV 
Vs= ±15V 

V+=5V, V-=OV 

OV" VCM " 3.5V 
Vs= ±15V 

-15V" VCM " 13.5V 

Vs = ±2.5V to ± 15V 
V-= OV, V+ = 5V to 30V 

Vs = ± 15V, RL = 10kO 
Vo= ±10V 

V+=5V, V-=OV, 
RL = lOkO 
Vs =±15V, RL = 10kO 

RL = 10kO, (Note 1 I 

Vs= ±2.5V, No Load 
Vs = ± 15V, No Load 

MIN TYP MAX 

0/3.5 
-15/13.5 

90 

95 

1500 

0.7/4.1 

±13.8 

0.2 

75 

0.5 

50 

100 

100 

3 
6 

0.3 

600 

150 

3 

80 

10 
18 

450 550 
SOO 800 

MIN TYP MAX 

0/3.5 
-15/13.5 

85 

90 

1000 

0.7/4.1 

±13.8 

0.2 

150 

so 

90 

95 

10 
18 

0.3 

600 

300 

100 

32 
57 

500 600 
800 850 

MIN TYP MAX 

0/3.5 
-15/13.5 

75 

80 

800 

0.8/4 

±13.5 

0.2 

250 

1.5 

70 

85 

90 

32 
57 

0.3 

600 

500 

120 

100 
180 

550 650 
850 900 

UNITS 

p.V 

nA 

nA 

V 

dB 

p.VIV 

V/mV 

V 

Vlp.s 

kHz 

p.A 

ELECTRICAL CHARACTERISTICS at Vs=±2.5V to± 15V, -55° C:5 TA:5+ 125° C for OP-221 A, Band C;-25° C:5 TA:5+85° C 

for OP-221 E, F and G, unless otherwise noted. 

OP-221AlE OP-221B/F OP-221C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Average Input Offset TCV 
Voltage Drift (Note 1 I os 

0.75 1.5 1.2 2 3 p.V/DC 

Input Offset Voltage Vos 150 300 250 450 400 700 p.V 

Input Offset Current los VOM=O 5 1.5 10 nA 

Input Bias Current Ie VCM=O 55 100 65 120 80 140 nA 

Input Voltage Range IVR 
V+=5V, V-=OV 0/3.2 0/3.2 0/3.2 
Vs =±15V -15/13.2 -15/13.2 -15/13.2 

V 

V+=5V, V-=OV 
85 90 80 85 70 80 

Common-Mode 
CMRR OV" VCM " 3.2V dB 

Rejection Ratio Vs =±15V 
90 95 85 90 75 85 

-15V" VOM " 13.2V 

5-221 1/86, Rev. A 
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-----:--------I~ OP-221 DUAL LOW-POWER OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs=±2.5Vto± 15V, -55° CSTAS+ 125° C for OP-221A, Band C;-25° CSTAS+85° C 

for OP-221 E, F and G, unless otherwise noted. (Continued) 

OP-221AlE OP-221B/F OP-221C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Power Supply 
PSRR 

Vs= ±2.5V to ±15V 6 18 18 57 57 180 
Rejection Ratio V-= OV. V+= 5Vto 30V 10 32 32 100 100 320 

p.VIV 

Large-Signal 
Avo 

Vs = ±15V. RL = 10kn 
1000 800 600 VlmV 

Voltage Gain Vo =±10V 

Output Voltage 
V+ = 5V. V-= OV. 

0.B/3.B 0.B/3.B 0.9/3.7 
Swing Vo RL = 10kn V 

Vs =±15V. Rc = 10kn ±13.5 ±14 ±13.5 ±14 ±13.2 

Supply Current Vs = ±2.5V. No Load 500 650 550 700 600 750 
(Both Amplifiers) ISY 

Vs = ± 15V. No Load 700 800 900 950 950 1000 
p.A 

NOTE: 
1. Sample tested. 

MATCHING CHARACTERISTICS at Vs = ± 15V, TA = 25° C, unless otherwise noted. 

OP-221AlE OP-221B/F OP-221C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
I!.Vos 50 200 

Voltage Match 
150 400 250 600 /foV 

Average Noninverting 
Bias Current 1.+ BO 100 120 nA 

Noninverting Input 
los+ 2 5 4 10 nA 

Offset Current 

Common 4 Mode 
Rejection Ratio I!.CMRR VCM = -15V to + 13.5V 92 87 72 dB 
Match (Note 1) 

Power Supply 
Rejection Ratio I!.PSRR Vs = ±2.5V to ±15V 14 44 140 /foVIV 
Match (Note 2) 

MATCHING CHARACTERISTICS at VS= ±15V, -55°C S TAS +125°C for OP-221A, Band C; -25°C::; TA::; +85°C for 

OP-221 E, F and G, unless otherwise noted. Grades E, F, and G are sample tested. 

OP-221AlE OP-221B/F OP-221C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
I!.Vos 100 400 250 600 400 800 p.V 

Voltage Match 

Average Noninverting 
1.+ VCM=O 100 120 140 nA 

Bias Cu rrent 

Input Offset 
TCI!.Vos (Note 3) 3 3 5 p.VI'C Voltage Tracking 

Noninverting Input 
los+ VCM=O 3 7 3 7 6 12 nA 

Offset Current 

Common-Mode 
Rejection Ratio I!.CMRR VCM =-15V to +13.2V B7 90 B2 B5 72 60 dB 
Match (Note 1 ) 

Power Supply 
Rejection Ratio I!.PSRR 26 78 250 p.VIV 
Match (Note 2) 

NOTE: 
1. I!.CMRR is20 log10 VcM/I!.CME. where VCM is the voltage applied to both 

noninverting inputs and 4CME is the difference in common-mode 
input-referred error. 

2. I!.PSRR is: Input-Referred Differential Error 
I!.Vs 

3. Sample tested. 
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-----------l~ OP-221 DUAL LOW-POWER OPERATIONAL AMPLIFIER 

DICE CHARACTERISTICS 

DIE SIZE 0.096 X 0.061 Inch, 5856 sq. mils 
(2.44 X 1.55 mm, 3.78 sq. mm) 

NOTE: All V+ PADS ARE INTERNALLY CONNECTED. 

1. INVERTING INPUT (A) 
2. NON INVERTING INPUT (A) 
3. BALANCE (A) 
4. V-
5. BALANCE (B) 
6. NONINVERTING INPUT (B) 
7. INVERTING INPUT (B) 
8. BALANCE (B) 
9. V+ 

10. OUT (B) 
11. V+ 
12. OUT (A) 
13. V+ 
14. BALANCE (A) 

For additional DICE information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs = :t 2.5V to :t 15V, TA = 25°C, unless otherwise noted. 

OP-221N OP-221G OP-221GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT 

Input Offset Voltage Vos 200 350 500 

Input Offset Current 
' 0 • 

VCM=O 3.5 5.5 

Input Bias Current 18 VCM=O 85 105 120 

Input Voltage Range IVR 
V+=5V. V-=OV 0/3.5 0/3.5 0/3.5 
Vs= ±15V -15/13.5 -15113.5 -15/13.5 

Common-Mode 
CMRR 

V- = OV, V+ = 5V, OV:5 VCM :5 3.5V 88 83 75 
Rejection Ratio Vs= ±15V, -15V:5 VCM :513.5V 93 88 80 

Power Supply 
PSRR 

Vs =±2.5Vto±15V 12.5 40 100 
Rejection Ratio V- = OV, V+ = 5V to 30V 22.5 70 180 

Large-Signal 
Avo 

V.= ±15V 
1500 1000 800 

Voltage Gain RL = 10kO 

Output Voltage Swing Vo 
V+ = 5V, V- = OV, RL = 10kO 0.7/4.1 0.7/4.1 0.8/4 
Vs =±15V, RL = 10kO ±13.8 ±13.8 ±13.5 

Supply Current 
ISY 

Vs = ±2.5V, No Load 560 610 650 
(Both Amplifiers) Vs =±15V. No Load 810 860 900 

NOTE: 

UNITS 

"V MAX 

nAMAX 

nAMAX 

V MINIMAX 
VMIN 

dBMIN 

"VIV MAX 

VlmVMIN 

V MINIMAX 
VMIN 

"A MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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------------11fMi) OP·221 DUAL LOW·POWER OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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-----------I1fM:D OP-221 DUAL LOW-POWER OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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-----------I1fMi) OP·221 DUAL LOW·POWER OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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-----------IM OP-221 DUAL LOW-POWER OPERATIONAL AMPLIFIER 

SPECIAL NOTES ON THE APPLICATION OF 
DUAL MATCHED OPERATIONAL AMPLIFIERS 
ADVANTAGES OF DUAL MONOLITHIC 
OPERATIONAL AMPLIFIERS 

Dual matched operational amplifiers provide the engineer 
with a powerful tool fordesigning instrumentation amplifiers 
and many other differential-input circuits. These designs are 
based on the principle that careful matching between two 
operational amplifiers can minimize the effect of DC errors in 
the individual amplifiers. 

Reference to the circuit shown in Figure 1, a differential-in, 
differential-out amplifier, shows how the reductions in error 
can be accomplished. Assuming the resistors used are 
ideally matched, the gain of each side will be identical. If the 
offset voltages of each amplifier are perfectly matched, then 
the net differential voltage at the amplifier's output will be 
zero. Note that the output offset error of this amplifier is not a 
function of the offset voltage of the individual amplifiers, but 
only a function of the difference (degree of matching) 
between the amplifiers' offset voltages. This error-cancel
lation principle holds for a considerable number of input 
referred error parameters - offset voltage, offset voltage 
drift, inverting and noninverting bias currents, common
mode and power supply rejection ratios. Note also that the 
impedances of each input, both common-mode and differ
ential-mode, are high and tightly matched, an important 
feature not practical with single operational amplifier circuits. 

R3 

Rl 

~ ~. + 
+ V 
INPUT OP-221 

OUTPU 

- ~ -
R2 V * R4 

Figure 1 

INSTRUMENTATION AMPLIFIER APPLICATIONS 

Two-Op-Amp Configuration 
The two-op-amp circuit (Figure 2), is recommended where 
the common-mode input voltage range is relatively limited; 
the common-mode and differential voltage both appear at V1. 

5-227 

The high open-loop gain of the OP-221 is very important in 
achieving good CMRR in this configuration. Finite open-loop 
gain of A1 (Ao,) causes undesired feedthrough of the 
common-mode input. For Ad/ Ao, «1, the common-mode 
error (CME) at the output due to this effect is approximately 
(2 Ad/Ao,) x VCM. This circuit features independent adjust
ment of CMRR and differential gain. 

Three-Op-Amp Configuration 
Thethree-op-amp circuit (Figure3), has increased common
mode voltage range because the common-mode voltage is 
not amplified as it is in Figure 2. The CMR of this amplifier is 
directly proportional to the match of the CMR of the input op 
amps. CMRR can be raised even further by trimming the 
output stage resistors. 

RO 

GAIN 

r">'V\r~V\I'Ir---, ADJ 

R1 R2 

Vl R4 

R3 (1/2) 
OP·221 

Figure 2 IF R1 '" RZ= R3= R4, THEN VO=2 (1 +~)Vd 
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RO 

VD 

Figure 3 
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OP-227 
DUAL LOW-NOISE LOW-OFFSET INSTRUMENTATION 

OPERATIONAL AMPLIFIER 
Precision Monolithics Inc. 

FEATURES 
• Excellent Individual Amplifier Parameters 
• Low VOS ................................... 80!'V Max 
• Offset Voltage Match ....................... 80!'V Max 
• Offset Voltage Match vs Temperature ..... 1!'V/oC Max 
• Stable Vos vs Time ...................... 1!'V/Mo Max 
• Low Voltage Noise ................. 3.9nVly'liZ Max 
• Fast ..................................... 2.8V/!,s Typ 
• High Gain ............................ 1.8 Million Typ 
• High Channel Separation .................. 154dB Typ 

ORDERING INFORMATIONt 

TA ; 25°C HERMETIC OPERATING 
VosMAX DIP TEMPERATURE 

("V) 14-PIN RANGE 

80 OP227AY' MIL 
80 OP227EY INO 

120 OP227BY' MIL 
120 OP227FY INO 
180 OP227CY' MIL 
180 OP227GY INO 

• For devices processed in total compliance to MIL-STD-883. add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The OP-227 is the first dual amplifier to offer a combination of 
low offset, low noise, high speed and guaranteed amplifier 
matching characteristics in one device. The OP-227 with a 
Vos match of 25!'V typical, a TCVos match of O.3!,V/oC 
typical, and a 1/f corner of only 2.7Hz is an excellent choice 
for precision low noise designs. These D.C. characteristics, 
coupled with a slew rate of 2.SV/!,s typical and a small-signal 
bandwidth of SMHz typical, allow the designer to achieve AC 
performance previously unattainable with op-amp-based 
instrumentation designs. 

SIMPLIFIED SCHEMATIC (1/2 OP-227) 

When used in a three-op-amp instrumentation amplifier con
figuration, the OP-227 can achieve a CMRR in excess of 
100dB at 10kHz. In addition, this device has an open-loop 
gain of 1.5M typical with a 1 kO load. The OP-227 also features 
an I B of ± 10nA typical, an los of 7nA typical, and guaranteed 
matching of input currents between amplifiers. These out
standing input current specifications are realized through the 
use of a unique input current-cancellation-circuit which 
typically holds 18 and los to ±20nA and 15nA respectively 
over the full military temperature range. 

Other sources of input-referred errors, such as PSRR and 
CMRR, are reduced by factors in excess of 120dB for the 
individual amplifiers. D.C. stability is assured by a long-term 
drift specification of 1.0!'V/month. 

Matching between channels is provided on all critical para
meters including offset voltage, tracking of offset voltage vs. 
temperature, noninverting bias current, CMRR, and power 
supply rejection ratio. This unique dual amplifier allows the 
elimination of external components for offset nulling and 
frequency compensation. 

The OP-227 is pin compatible with the OP-10 and OP-207. 

PIN CONNECTIONS 

14-PIN CERAMIC DIP 
(V-Suffix) 

NOTES: 
1. Device may be operated even if 

insertion is reversed; this is 
due to inherent symmetry of 
pin locations of amplifiers A 
and 8. 

2. V-I A I and V-I 8 I are internally 
connected via substrate 
resistance. 

r-------~--------~---------.--~~--~------~------~_4~~--~~v+ 

NON 
INVERTING 
INPUT (+l 

~+-~~~~~~1l 

INVERTING 
INPUT<>I-.:...i ~~ __ +--+ ______ --+ ________ _ 

OUTPUT 

L---------______ ~----~------~----------~~~~--~~v-

5-228 1/86, Rev. A 



-----l~ OP-227 DUAL LOW-NOISE LOW-OFFSET INSTRUMENTATION OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ..........••....................... ±22V 
Internal Power Dissipation (Note 1) •.•••••••••••• 500mW 

Input Voltage (Note 3) •••••••••••.•••.•••••••••••• ±22V 
Output Short-Circuit Duration ..••••••••••••••• Indefinite 
Differential Input Voltage (Note 2) ..•••••.•••.•••• ±0.7V 
Differential Input Current (Note 2) .••••..•••••••• ±25mA 

Storage Temperature Range .•.•••.••.• -65·C to +150·C 

Operating Temperature 

OP-227 A, OP-227B, OP-227C •••••.. -55° C to + 125° C 
OP-227E, OP-227F, OP-227G ••••••••• -25°C to +85°C 

Lead Temperature Range (Soldering, 60 sec) ••..•• 300·C 

NOTES: 

1. See table for maximum ambient temperature rating and derating factor. 

PACKAGE 

14-Pin (Y) 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

10S'C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

1'.3mW/'C 

2. The OP-221's inputs are protected by back-to-back diodes. Current 
limiting resistors are not used in order to achieve low noise. 11 differential 

input voltage exceeds ±0.7V, the input current should be limited to 25mA. 
3. For supply voltages less than ±22V. the absolute maximum input voltage is 

equal to the supply voltage. 

INDIVIDUAL AMPLIFIER CHARACTERISTICS at Vs = ±15V, TA = 25·C, unless otherwise noted. 

OP-227A/E OP-227B/F OP-227C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos (Note 1) 20 80 40 120 60 180 IN 

Long-Term Vos 
Vos/Time (Notes 2, 4) 0.2 1.0 0.3 1.5 0.4 2.0 p.V/Mo 

Stability 

Input Offset Current los 35 9 50 12 75 nA 

Input Bias Current 18 ±10 ±40 ±12 ±55 ±15 ±BO nA 

I nput Noise Voltage 
O.IHz to 10Hz 

O.OS 0.20 O.OB 0.20 0.09 0.2B p.Vp.p 8 np_p 
(Notes 3, 5) 

Input Noise 
10 = 10Hz (Note 3) 3.5 6.0 3.5 S.O 3.B 9.0 

Voltage Density en 10= 30Hz (Note 3) 3.1 4.7 3.1 4.7 3.3 5.9 nV/JHZ 
to = 1000Hz (Note 3) 3.0 3.9 3.0 3.9 3.2 4.6 

Input Noise 
10 = 10Hz (Notes 3, 6) 1.7 4.5 1.7 4.5 1.7 

in '0 = 30Hz (Notes 3, 6) 1.0 2:5 1.0 2.5 1.0 pA/JHZ Current Density 
10 = 1000Hz (Notes 3, 6) 0.4 0.7 0.4 0.7 0.4 0.7 

Input Resistance-
R'N (Note7) 1.3 6 0.94 0.7 4 Mn 

Differential-Mode 

Input Resistance -
R'NCM 3 2.5 2 Gn 

Common-Mode 

Input Voltage Range IVR ±".0 ±12.3 ±".0 ±12.3 ±".0 ±12.3 V 

Common-Mode 
CMRR VcM =±I1V 114 126 106 123 100 120 dB 

Rejection Ratio 

Power Supply 
PSRR Vs = ±4V to ±IBV 10 10 20 p.VN 

Rejection Ratio 

Large-Signal 
Avo 

RL22kn, Vo =±10V 1000 lBOO 1000 1800 700 1500 
V/mV Voltage Gain RL2600n, Vo=±10V BOO 1500 BOO 1500 800 1500 

Output Voltage Swing Vo 
RL22kn ±12.0 ±13.8 ±12.0 ±13.B ±ll.5 ±13,5 

V 
RL2600n ±10.0 ±".5 ±10.0 ±".5 ±10.0 ±".5 

Slew Rate SR RL2 2kn (Note 4) 1.7 2.B 1.7 2.8 1.7 2.B VII's 

Gain Bandwidth Prod. GBW (Note 4) 8 5 8 5 B MHz 

Open-Loop Output 
Ro Vo=O,lo=O 70 70 70 n 

Resistance 

Power Consumption Pd Each Amplifier 90 140 90 140 100 170 mW 

Offset Adjustment 
Rp= 10kn ±4 ±4 ±4 mV 

Range 

NOTES: 
1. Input offset voltage measurements are performed by automated test days are typically 2.5p.V - reler to typical performance curve. 

equipment approximately 0.5 seconds after application 01 power. 3. Sample tested. 
A/E grade specifications are guaranteed fully warmed up. 4. Parameter is guaranteed by design. 

2. Long-Term Input Offset Voltage Stability refers to the average trend line of 5. See test circuit and frequency response curve for O.IHz to 10Hz tester. 
Vos vs. Time over extended periods after the first 30 days of operation. 6. See test circuit for current noise measurement. 
Excluding the initial hour of operation, changes in Vos during the first 30 7. Guaranteed by input bias current. 

5-229 1/86, Rev. A 
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-------1~ OP-227 DUAL LOW-NOISE LOW-OFFSET INSTRUMENTATION OPERATIONAL AMPLIFIER 

INDIVIDUAL AMPLIFIER CHARACTERISTICS for Vs = ±15V, -55°C:5 TA:5 +125°C, unless otherwise noted. 

PARAMETER 

Input Oftset Voltage 

Average Input 
OftsetDrift 

Input Oftset CUrrent 

Input Bias Current 

SYMBOL CONDITIONS 

Vas 

TCVos 
TCVosn 

loS 

I. 

(Note 1) 

(Notes 2.3) 

Input Voltage Range IVR 

Common-Mode 
Rejection Ratio 

CMRR VcM =±10V 

Power Supply 
Rejection Ratio 

Large-Signal 
Voltage Gain 

PSRR 

Ava 

Output Voltage Swing Va 

Vs = ±4.5V to ±18V 

RL 2: 2kD. Va = ±10V 

OP-227A 
MIN TYP MAX 

60 180 

0.3 1.0 

15 50 

±20 ±60 

±10.0 ±11.5 

108 122 

16 

600 1200 

±11.5 ±13.5 

OP-227B OP-227C 
MIN TYP MAX MIN TYP MAX UNITS 

80 270 110 350 I'V 

0.4 1.5 0.5 1.8 I'V/OC 

22 85 30 135 nA 

±28 ±95 ±35 ±150 nA 

±10.0 ±11.5 ±10.0 ±11.5 V 

100 119 94 116 dB 

20 4 51 I'VN 

500 1000 300 800 V 

±11.0 ±13.2 ±10.5 ±13.0 V 

INDIVIDUAL AMPLIFIER CHARACTERISTICS for Vs = ± 15V, -25° C :5 TA:5 85° C, unless otherwjse noted. 

PARAMETER 

Input Offset Voltage 

Average Input 
Offset Drift 

Input Offset Current 

Input Bias Current 

SYMBOL CONDITIONS 

Vas 

TCVoS 
TCVOsn 

los 

I. 

(Note 1) 

(Note 2) 

Input Voltage Range IVR 

Common-Mode 
Rejection Ratio 

CMRR VcM =±10V 

Power Supply 
Rejection Ratio 

Large-Signal 
Voltage Gain 

PSRR 

Ava 

Output Voltage Swing Va 

NOTES: 

Vs = ±4.5V to ±18V 

RL 2: 2kD, Va = ±10V 

OP-227E 
MIN TYP MAX 

40 140 

0.5 1.0 

10 50 

±14 ±60 

±10.0 ±11.8 

110 124 

15 

750 1500 

±11.7 ±13.6 

OP-227F OP-227G 
MIN TYP MAX MIN TYP MAX UNITS 

80 200 85 280 I'V 

0.4 1.5 0.5 1.8 I'V/OC 

14 85 20 135 nA 

±18 ±95 ±25 ±150 nA 

±10.0 ±11.8 ±10.0 ±11.8 V 

102 121 96 118 dB 

16 32 I'VN 

700 1300 450 1000 V/mV 

±11.4 ±13.5 ±11.0 ±13.3 V 

1. Input Offset Voltage measurements are performed by automated test 
equipment approximately 0.5 seconds after application of power. 

nulled with Rp = 8kD to 20kD, optimum performance is obtained with 
Rp= 8kD. 

2. The TeVos performance is within the specifications unnulled or when 3. Sample tested. 

MATCHING CHARACTERISTICS for Vs = ± 15V, TA = 25° C, unless otherwise noted. 

PARAMETER 

Input Offset Voltage 
Match 

Average Noninverting 

Bias Current 

Noninverting Offset 
Current 

Inverting Oftset CUrrent 

Common-Mode 
Rejection Ratio Match 

Power Supply 
Rejection Ratio Match 

Channel Separation 

SYMBOL CONDITIONS 

10S+ 

1.+ = I.+A+I.+. 
2 

aCMRR VcM =±IIV 

apSRR Vs = ±4V to ±18V 

CS (Note 1) 

OP-227A/E OP-227B/F 
MIN TYP MAX MIN TYP MAX 

25 80 35 150 

±10 ±40 ±12 ±55 

±12 ±60 ±15 ±80 

±12 ±60 ±15 ±80 

110 123 103 120 

2 10 10 

126 154 126 154 

5-230 

OP-227C/G 
MIN TYP MAX UNITS 

55 300 I'V 

±15 ±90 nA 

±20 ±130 nA 

±20 ±130 nA 

97 117 dB 

20 I'VN 

126 154 dB 

1/86, Rev. A 
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IEMD OP-227 DUAL LOW-NOISE LOW-OFFSET INSTRUMENTATION OPERATIONAL AMPLIFIER I' it 
MATCHING CHARACTERISTICS for Vs = ±15V, TA = -55°C to +125°C, unless otherwise noted. 

Ii 
1% 

OP-227A OP-227B OP-227C il 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

, Input Ollset Voltage 
.:l.Vos 55 180 75 300 100 480 I'V Match 

Input Ollset Voltage 
TC.:l.Vos 

Nulled or 
0.3 1.0 0.4 1.5 0.5 1.8 I'V/oC 

Tracking Unnulled (Note 2) 
I: 

Average Nonlnvertlng I - le+A+le+e 
Bias Current le+ e+---2-- ±20 ±60 ±28 ±95 ±35 ±170 nA I: 

Average Drift of Non-
TCl e+ 100 160 200 pA/oC 

inverting Bias Current 

Noninverting Ollset 
los+ 108+ = le+A-I B+e ±25 ±90 ±35 ±140 ±45 ±250 nA 

Current 

Average Drift of Non-
TClos+ 130 200 250 pA/"C 

inverting Offset Current 

Inverting Off.et Current los- los- = le-A-Ie- e ±25 ±9O ±35 ±140 ±45 ±250 nA ~ 
Common-Mode ~ 

.:l.CMRR VCM = ±10V 105 118 97 114 90 110 dB ..... 
Rejection Ratio Match ~ 

Power Supply 
::l 

.:l.PSRR Vs = ±4.5V to ±18V 16 20 4 51 I'VIV ~ 
Rejection Ratio Match 

~ 
MATCHING CHARACTERISTICS for Vs = ±15V, TA = -25°C to +85°C, unless otherwise noted. ~ 

OP-227E OP-227F OP-227G 9 PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Off.et Voltage 
.:l.Vos 40 140 65 210 90 400 ",V ~ Match 

Input Offset Voltage 
TC.:l.Vos 

Nulled or 
0.3 1.0 

Tracking Unnulled (Note 1) 
0.4 1.5 0.5 1.8 ",V/"C ~ 

Average Noninvertlng 
le+ 

_le+A+le+e ±14 ±60 ±18 ±95 ±25 ±170 nA 
Bias Current le+---2--

Average Drift of Non-
TCl e+ 80 140 190 pN°C 

inverting Bias Current 

Noninverting Oll.et 
los+ los+ = le+A-le+e ±20 ±90 ±25 ±140 ±35 ±250 nA 

Current 

Average Drift of Non-
TClos+ 130 200 250 pArC 

inverting Offset Current 

Inverting Off.et Current los- los- = I e-A-Ie-e ±20 ±90 ±25 ±140 ±35 ±250 nA 

Common-Mode 
.:l.CMRR VCM =±10V 106 120 98 117 90 112 dB 

Rejection Ratio Match 

Power Supply 
.:l.PSRR Vs = ±4.5V to ±18V 2 15 16 3 32 ",VIV 

Rejection Ratio Match 

NOTES: 
1. Sample te.ted. 
2. Guaranteed by design. 
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------l~ OP-227 DUAL LOW-NOISE LOW-OFFSET INSTRUMENTATION OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

VOLTAGE NOISE TEST CIRCUIT CO.1Hz-TO-10Hzp-p) LOW-FREQUENCY NOISE 
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------I~ OP-227 DUAL LOW-NOISE LOW-OFFSET INSTRUMENTATION OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

10 
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------l1EMi) OP-227 DUAL LOW-NOISE LOW-OFFSET INSTRUMENTATION OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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------i~ OP-227 DUAL LOW-NOISE LOW-OFFSET INSTRUMENTATION OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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-------l~ OP-227 DUAL LOW-NOISE LOW-OFFSET INSTRUMENTATION OPERATIONAL AMPLIFIER 

BASIC CONNECTIONS 

OFFSET NULLING CIRCUIT 

H 0---"+----1 
INPUTS 

I+Io---"lf--l 

1+10-..:'--1' 1--1 

INPUTS 

I_I o--.::'D-I-~ 

V+(A) 
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'4 

>_-+':::3--o 0UT(A) 

'--__ -+':;:.2--0 V-(Al 

OP-227 

,----+"--0 V-lei 

>----+''---0 OUnB) 

V+(BI 

APPLICATIONS INFORMATION 
NOISE MEASUREMENTS 

To measure the 80nV peak-to-peak noise specification of the 
OP-227 in the 0.1 Hz to 10Hz range, the following precautions 
must be observed: 

(1) The device has to be warmed-up for at least five minutes. 
As shown in the warm-up drift curve, the offset voltage 
typically changes 4p.V due to increasing chip tempera
ture after power-up. In the 10-second measurement 
interval these temperature-induced effects can exceed 
tens-of-nanovolts. 

(2) For similar reasons, the device has to be well-shielded 
from air currents. Shielding minimizes thermocouple 
effects. 

(3) Sudden motion In the vicinity of the device can also 
"feedthrough" to increase the observed noise. 

(4) The test time to measure 0.1 Hz to 10Hz noise should not 
exceed 10 seconds. As shown in the noise-tester fre
quency-response curve, the 0.1 Hz corner is defined by 
only one zero. The test time of 10 seconds acts as an 
additional zero to eliminate nOise contributions from the 
frequency band below 0.1 Hz. 

(5) A noise-voltage-density test is recommended when 
measuring noise on a large number of units. A 10Hz 
noise-voltage-density measurement will correlate well 
with a 0.1 Hz-to-10Hz peak-to-peak noise reading, since 
both results are determined by the white noise and the 
location of the 1/f corner frequency. 

INSTRUMENTATION AMPLIFIER APPLICATIONS OF THE 
OP-227 
The excellent input characteristics of the OP-227 make it 
ideal for use in instrumentation amplifier configurations 
where low-level differential signals are to be amplified. The 
low-noise, low input offsets, low drift, and high gain com
bined with excellent CMR provides the characteristics 
needed for high-performance instrumentation amplifiers. In 
addition, CMR vs. frequency is very good due to the wide 
gain-bandwidth of these op amps. 

The circuit of Figure 1 is recommended for applications 
where the common-mode input range is relatively low and 
differential gain will be in the range of 10 to 1000. This two
op-amp instrumentation amplifier features independent 
adjustment of common-mode rejection and differential gain. 
Input impedance is very high since both inputs are applied to 
non-inverting op amp inputs. 

FIGURE 1: Two-Op-Amp Instrumentation Amplifier Con
figuration 

RD 

Rl R2 

V1 R4 

VCM - 1I2Vd 0----, 
R3 

Va 

VCM + 1/2Vdo-----------! 

The output voltage Vo, assuming ideal op amps, is given in 
Fig. 1. The input voltages are represented as a common
mode input VCM plus a differential input V d. The ratio R3/R4 is 
made equal to the ratio R2/Rj to reject the common-mode 
input VCM. The differential signal Vd is then amplified 
according to: 

R4 ( R3 R2+R3) R3 R2 
Vo= R3 1 + R4 + ~ Vd, where R4 =R, 

Note that gain can be independently varied by adjusting Ro. 
From considerations of dynamic range, resistor tempco 
matching, and matching of amplifier response, it is generally 
best to make Rj, R2, R3, and R4approximately equal. DeSig
nating Rj, R2, R3, and R4as RNaliows the output equation to 
be further simplified: 

5-236 

Vo=2(1 + :~)Vd' where RN= Rj= R2= R3= R4 

Dynamic range is limited by A1 as well as A2; the output of A1 
is: 
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------I~ OP-227 DUAL LOW-NOISE LOW-OFFSET INSTRUMENTATION OPERATIONAL AMPLIFIER 

If the instrumentation amplifier were designed for a gain of 10 
and maximum Vd of ± 1 V. then RN/Ro would need to be four 
and Vo would be a maximum of ±10V. Amplifier A1 would 
have a maximum output of ±SV plus 2VCM. thus a limit of 
± 10Von the output of A1 would imply a limit of ±2.5Von VCM' 
A nominal value of 10kO for RN is suitable for most applica
tions. A range of 200 to 2.SkO for Ro will then provide a gain 
range of 10 to 1000. The current through Ro is Vd/RO. so the 
amplifiers must supply ±10mVl200 (or ±O.SmA) when the 
gain is at the maximum value of 1000 and Vd is at ± 10mV. 

Rejecting common-mode inputs is important in accurately 
amplifying low-level differential signals. Two factors deter
mine the CMR in this instrumentation amplifier configuration 
(assuming infinite gain): 

(1) CMR of the op amps 
(2) Matching of the resistor network ratios (R3f'R4 = R2/Rl) 

In this instrumentation amplifier configuration. error due to 
CMR effect is directly proportional to the CMR match of the 
op amps. For the OP-227 this <1CMR is a minimum of 97dB for 
the "G" and 110dB for the "E" grade. A <1CMR value of 100dB 
and common-mode input range of ±2.SV indicates a peak 
input-referred error of only ±25I'V. Resistor matching is the 
other factor affecting CMR. Defining Ad as the differential 
gain of the instrumentation amplifier and assuming that Rl. 
R2, R3and R4are approximately equal (RNWili be the nominal 
value), then CMR for this instrumentation amplifier configu
ration will be approximately Ad divided by 4<1R/RN. CMR at 
differential gain of 100 would be 88dB with resistor matching 
of 0.1%. Trimming Rl to make the ratio R3/R4equal to R2/Rl 
will raise the CMR until limited by linearity and resistor 
stability considerations. 

The high open-loop gain of the OP-227 is very important to 
achieving high accuracy in the two op-amp instrumentation 
amplifier configuration. Gain error can be approximated by 

Gain Error - + 
1+_d_ 

A02 

where Ad is the instrumentation amplifier differential gain 
and A02 is the open-loop gain of op amp A2. This analysis 
assumes equal values of R1, R2. R3, and R4. For example, 
consider an OP-227 with A02 of 700V/mV. If the differential 
gain Ad were set to 700, then the gain error would be 1/1.001 
which is approximately 0.1%. 

Another effect offinite op amp gain is undesired feedthrough 
of common-mode input. Defining AOl as the open-loop gain 
of op amp A1, then the common-mode error (CME) at the 
output due to this effect will be approximately 

CME- ~ 
1+~ 

AOl 

1 
A01 VCM 

For A~Aol,~1, this simplifies to (2A~Aol) x VCM.lftheopamp 
gain is 700V/mV, VCM is 2.SV, and Ad is setto 700, then the error 
at the output due to this effect will be approximately SmV. 
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A complete instrumentation amplifier designed for a gain of 
100 is shown in Figure 2. It has provision for trimming of input 
offset voltage, CMR, and gain. Performance is excellent due 
to the high gain. high CMR, and low noise of the individual 
amplifiers combined with the tight matching characteristics 
of the OP-227 dual. 

FIGURE 2: Two-Op-Amp Instrumentation Amplifier Using 
OP-227 Dual 
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A three-op-amp instrumentation amplifier configuration 
using the OP-227 and OP-27 is recommended for applica
tions requiring high accuracy over a wide gain range. This 
circuit provides excellent CMR over a wide frequency range. 
As with the two-op-amp instrumentation amplifier circuits, 
the tight matching of the two op-amps within the OP-227 
package provides a real boost in performance. Also, the low
noise, low offset, and high gain of the individual op-amps 
minimize errors. 

A simplified schematic is shown in Figure 3. The input stage 
(A1 and A2) serves toamplifythe differential input Vd without 
amplifying the common-mode voltage VCM. The output 
stage then rejects the common-mode input. With ideal op
amps and no resistor matching errors, then the outputs of 
each amplifier will be: 

V1 = -(1 + 2Rl)Vd + VCM 
Ro 2 

V2= 1 +- -+VCM ( 2Rl)Vd 
Ro 2 

Vo= V2- V1 =(1 + ~:l)Vd 

VO=AdVd 
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------I~ OP-227 DUAL LOW-NOISE LOW-OFFSET INSTRUMENTATION OPERATIONAL AMPLIFIER 

The differential gain Ad is 1 + 2R1/Roand the common-mode 
input VCM is rejected. 

While output error due to input offsets and noise are easily 
determined, the effects of finite gain and common-mode 
rejection are more subtle. CMR of the complete instrumenta
tion amplifier is directly proportioned to the match in CMR of 
the input op-amps. This match varies from 97dB to 110dB 
minimum for the OP-227. USing 100dB, then the output 
response to a common-mode input VCM would be: 

[VolcM = Ad VCM X 10-5 

CMRR of the instrumentation amplifier, which is defined as 
20 log loAd/ ACM, is simply equal to the <lCMRR ofthe OP-227. 
While this <lCMRR is already high, overall CMRR of the com
plete amplifier can be raised by trimming the output stage 
resistor network. 

Finite gain of the input op-amps causes a scale factor error 
and a small degradation in CMR. DeSignating the open-loop 
gain of op-amp Al as A01, and op-amp A2 as A02, then the 
following equation approximates the output: 

VO- 1 + Rl(~+_1_) [AdVd+ ~~1(A~1-A~JVCM] 
Ro A01 A02 

This can be simplified by defining Ao as the nominal open
loop gain and <lAo as the differential open-loop gain. Then 

VO- 1 
1 + 2R1 ..!. 

Ro Ao 

The high open-loop gain of each amplifier within the OP-227 
(700,000 minimum at 25° C into RL ~ 2k) assures good gain 
accuracy even at high values of Ad' The effect of finite open
loop gain on CMR can be approximated by: 

CMRR- A02 
<lAo 

If <lAo/ Ao were 6% and Ao were 600,000, then the CMRR due 
to finite gain of the input op-amps would be approximately 
140dB. 

FIGURE 3: Three-Op-Amp Instrumentation Amplifier USing 
OP-227 and OP-27 
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The unity-gain output stage contributes negligible error to 
the overall amplifier. However, matching of the four-resistor 
R2-network is critical to achieving high CMR. Consider a 
worst-case situation where each R2 resistor has an error of 
± <lR2. If the resistor ratio is high on one side and low on the 
other, then the common-mode gain will be 2<lR2/R2' Since 
the output stage gain is unity, CMRR will then be R2I2<lR2' It 
is common practice to trim the R2 resistor connected to 
ground to maximize overall CMRR for the total instrumenta
tion amplifier circuit. 

This three-op-amp instrumentation amplifier configuration 
provides excellent performance over a wide gain range. A 
gain range of 1 to 2000 is practical and CMR of over 120dB 
is achievable. 
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Precision MOI1ohthics Inc. 

OP-400 
QUAD LOW-OFFSET LOW-POWER 

OPERATIONAL AMPLIFIER 

ADVANCEPRODUCTINFO~TION 

FEATURES 

• Low Input Offset Voltage ••.••••••••••••• 100j.LV Max 
• Low Input Offset Voltage Drift •••••••••• O.Sj.LV/oC Max 
• High Open-Loop Gain ••••••••••••.•• 2000V/mV Min 
• Low Input Bias Current ••••••.••••••••••..• 1 nA Max 
• Low Noise Voltage Density •.•••••• 12nV/JHZ at 1kHz 
• Low Supply Current (per Amplifier) ••••••• 700j.LA Max 
• Pin Compatible to LM148, LM348, RM41S6, and HA4741 

with Improved Performance 

ORDERING INFORMATIONt 

PACKAGE 

TA = 25°C HERMETIC PLASTIC OPERATING 
VosMax DIP DIP TEMPERATURE 

(j.LV) 14-PIN 14-PIN RANGE 

100 OP400AY' MIL 
100 OP400EY OP400EP IND 
300 OP400BY' MIL 
300 OP400FY OP400FP IND 

• For devices processed in total compliance to MIL·STD·883. add 1883 after part 
number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with burn-in. 
For ordering information see 1986 Data Book. Section 2. 

GENERAL DESCRIPTION 

The OP-400 is a monolithic quad operational amplifier that 
combines precision performance and low power consumption. 
This precision is guaranteed by an input offset voltage of less 
than 100j.LV with a drift of under 0.5j.LVloC, an input offset current 
below 0.2nA. and an open-loop gain of over 2 million into a 2kO 
load. In addition, the OP-400 has an input bias current of less 
than 1 nA and a CMRR and PSRR of over 115dB. The OP-400 
meets low power requirements by drawing less than 700j.LA of 
supply current per amplifier. Voltage noise density of the OP-400 
is a low 12nV/ vHZ at 1 kHz. 

The OP-400 is pin compatible with the LM148, LM348, RM4156, 
and HA4741 op amps and can be used to improve systems using 
these devices. It is an ideal choice for applications where multiple 
op amps are required and precision performance and low power 
consumption is critical. 

PIN CONNECTIONS 

14-PIN HERMETIC DIP 
(V-Suffix) 

14-PIN PLASTIC DIP 
(P-Suffix) 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V. TA = 25°C. unless otherwise noted. 

OP-400A/E OP-400B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
Vos 100 300 ILV Voltage 

Input Offset 
los 0.2 0.5 nA 

Current 

Input Bias 
Ie 3 nA Current 

Input Noise 
en fo=lkHz 12 12 nV/JHz Voltage Density 

Input Voltage IVR ±12 ±12 V Range 

Common·Mode CMRR VCM = ±t2V 115 115 dB Rejection Ratio 

Power Supply PSRR Vs = ±5Vto ±18V 1.8 t.8 ILVN Rejection Ratio 

Large-Signal RL " 10kO 5000 2500 V/mV 
Vo~ageGain ""0 RL "'2kO 2000 1000 

This advance product Information describes a product In development at the time 01 this printing. Final specifications may vary. Please contact 
local sales ollice or distributor lor final data she.t. 
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------1~ OP-400 QUAD LOW·OFFSET, LOW·POWER OPERATIONAL AMPUFIER - ADVANCE INFORMATION 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = 25°C, unless otherwise noted. (Continued) 

OP-400A/E OP-400B/F 
PARAMETER SVMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Output Voltage 
Vo RL"10kO ±12 ±12 V 

Swing 

Gain Bandwidth 
GBW MHz 

Product 

Supply Current 
ISY No Load 2 2.8 2 2.8 mA 

(All Amplifiers) 

Slew Rate SR 0.3 0.3 V/IJ-S 
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Precision MOI1ohthics Inc. 

FEATURES 
• Low Supply Current ...•...•... 200",A Max@Vs=+SV 
• Single-Supply Operation ...•......•..... +SV to +30V 
• Dual-Supply Operation ................ ±2.SV to ± 1SV 
• Low Input Offset Voltage .................. SOO",V Typ 
• Low Input Offset Voltage Drift ............ S",VloC Typ 
• High Common-Mode Input Range ... V- to (V+ -1.SV) 
• High CMRR .............................. 100dB Typ 
• High Open-Loop Gain. . . . . . . . . . . • . . ••. 1100VlmV Typ 
• LM 148 Pinout 

ORDERING INFORMATIONt 

PACKAGE 

TA = 2SoC HERMETIC OPERATING 
VosMAX DIP TEMPERATURE 

(mV) 14-PIN LCC RANGE 

2.5 OP420BY' MIL 
2.5 OP420FY INO 
4.0 OP420CY' OP420CRC/883 MIL 
4.0 OP420GY INO 
6.0 OP420HY COM 

"For devices processed in total compliance to MIL-STD-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book. Section 2. 

GENERAL DESCRIPTION 
The OP-420 quad micropower operational amplifier is a 
single-chip quad patterned after the OP-20 precision micro-

SIMPLIFIED SCHEMATIC (1/4 Shown) 

-IN 

+IN o---\---I---I----+---....J 

S-241 

OP-420 
QUAD MICROPOWER 

OPERATIONAL AMPLIFIER 

power single operational amplifier. A Darlington PNP input 
stage allows the input common-mode voltage to include V-. 
The wide input range combined with low power-supply drain 
(-40",A/section at 5V), provides a unique solution for designs 
requiring high functional density and portable operation. 
Applications include two-wire transmitters for process 
control loops, battery-operated remote-line filters, signal 
preconditioning amplifiers, and a variety of multiple-gain 
block arrays. 

For micropower applications requiring offset nUlling, see the 
OP-20, OP-21 and OP-22 data sheets. 

PIN CONNECTIONS 

14-PIN HERMETIC DIP 
(V-Suffix) 

OP-420CRC/883 
20-LEAD LCC 

(RC-Sufflx) 

1/86, Rev. A 
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------------i~ OP-420 QUAD MICROPOWER OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Supply Voltage .......••......•.......••••.•....•• ±18V 
Internal Power Dissipation (Note 1) ............ ;. 500mW 
Differential Input Voltage .......................... ±30V 
Input Voltage .......•............•....... Supply Voltage 
Output Short-Circuit Duration ..............•. Continuous 

(One Amplifier Only) 
Storage Temperature Range •..•....••. -65°C to +150°C 
Lead Temperature Range (Soldering, 60 sec) .•••.. 300°C 
Operating Temperature Range 

OP-420BY, OP-420CY .•......... . . .. -55° C to + 125° C 
OP-420FY, OP-420GY ................ -25°C to +85°C 

OP-420HY ............................. O°C to +70°C 
DICE Junction Temperature (Tj) •...... -65°C to +150°C 

NOTES: 
1. See table lor maximum ambient temperature rating and derating lactor. 

MAXIMUM AMBIENT 
TEMPERATURE 

PACKAGE TYPE FOR RATING 

14-Pln Hermetic DIP (V) 100· C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

10.0mWI"C 

2. Absolute maximum ratings apply to both packaged parts and DICE. unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V. TA = +25° C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos Vs = ±2.5V to ± 15V 

Input Offset Current 
(Nolel) 

Input Bias Current 
(Note 1) 

Input Noise Voltage 
Density 

Input Noise Current 
Density 

Input Voltage Range 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Large-Signal 
Vollege Gain 

Slew Rate 

Closed-Loop 
Bandwidth 

Output Voltage 
Swing 

Supply Current 
(Four Ampliliers) 

NOTE: 

lOS 

IVR 

CMRR 

PSRR 

AvO 

SR 

BW 

ISY 

Vs = ±2.5V to ± 15V 

Vs = ±2.5V to ± 15V 

10= 10Hz 
10= 100Hz 

10= 10Hz 
10= 100Hz 

V+=+5V. V-=OV 
Vs =±I5V 

V+=+5V. V-=OV 
OV S VCM S 3.5V 
Vs =±15V 
-15V S VCM S 13.5V 

Vs = ±2.5V to ± 15V; & 
V-=OV. V+=5Vt03OV 

RL = 25kO. 
Vo =±10V 

AVCL =+1.0 
RL = lOkO 

V+=5V.V-=OV. 
RL = lOkO 
Vs =±15V. 
RL = 25kO 

Vs = ±2.5V. No Load 
Vs = ± 15V. No Load 

1. Ie and los are measured at VCM = O. 

OP-420B 
OP-420F 

MIN TVP MAX 

0/3.5 
-15/13.5 

83 

83 

0.5 

0.5 

9 

50 

0.12 

100 

100 

10 

2.5 

1.5 

20 

30 

600 1100 

0.05 

150 

0.714.1 

±I4.0 

140 200 
330 360 

5-242 

OP-420C 
OP-420G 

MIN TVP MAX 

0/3.5 
-15/13.5 

80 

80 

0.8 

12 

50 

0.12 

96 

96 

20 

4 

2.5 

30 

50 

400 900 

0.05 

150 

0.8/4.0 

±14.0 

170 300 
360 460 

OP-420H 
MIN TYP MAX 

0/3.5 
-15/13.5 

76 

76 

6 

1.2 6 

18 ~ .. ; 40 

50 

0.12 

90 

90 

30 80 

200 800 

0.05 

150 

0.9/3.8 

±13.8 

200 400 
390 600 

UNITS 

mV 

nA 

nA 

nVl.;Hz 

pA/.;Hz 

V 

dB 

pVIV 

VlmV 

VIps 

kHz 

V 

I'A 
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~ OP-420 QUAD MICROPOWER OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs =±15V, -55·C ~ TA~+125·CforOP-420B and OP-420C, -25·C~ TA~+85·C 
for OP-420F and OP-420G, and O·C ~ TA ~ + 70· C for OP-420H, unless otherwise noted. 

Op·420B OP-420C 
OP·420F OP-420G OP-420H 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Average Input Offset TCIl 
Voltage Drift (Note 1 ) os 

Unnulled 10 8 15 15 25 p.VI'C 

Input Offset Voltage Vos Vs = ±2.5V to ± 15V 3.5 5.5 7.5 mV 

Input Offset Current 
los Vs = ±2.5V to ±15V 3 4 8 nA 

(Note 2) 

Input Bias Current 
IB Vs = ±2.5V to ± 15V 30 40 60 nA (Note 2) 

V+ = +5V. V- = OV 0/3.2 0/3.2 0/3.2 
V Input Voltage Range IVR 

Vs= ±15V -15/13.2 -15/13.2 -15113.2 

V+ = +5V, V- = OV, 
76 96 73 92 73 86 

Common-Mode 
CMRR 

OV:5 VCM :5 3.2V 
dB ~ Rejection Ratio Vs =±15V, 

76 96 73 92 73 86 ~ 
-15V'; VCM '; 13.2V ...... 

~ 

Power Supply 
Vs = ±2.5V to ±15V ~ 

PSRR andV-=OV,V+=5V 15 50 25 BO 40 100 p.VIV p,., 
Rejection Ratio 

t030V ~ Large-Signal Vs = ±15V, RL = 50kO. 
Avo 300 800 200 650 100 400 V/mV ...:l Voltage Gain Vo= ±10V 

~ V+=5V, V-=OV, 
0.9/3.9 1.0/3.B 1.1/3.6 

Output Voltage 
Vo 

RL = 20kO 
V 0 

Swing Vs =±15V, ...... 
±13.B ±13.8 ±13.6 

~ RL =50kO 

Supply Cu rrent 
ISY 

Vs = ±2.5V, No Load 170 300 210 400 250 600 
p.A 

(Four Amplifiers) Vs = ± 15V, No Load 390 500 420 640 500 BOO ~ NOTES: 
1. Sample tested. 
2. 18 and los are measured at VCM = O. 
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DICE CHARACTERISTICS 

DIE SIZE 0.092 X 0.088 Inch, 7912 sq. mils 
(2.34 X 2.18 mm, 5.10 sq. mm) 

1. OUTPUT 1 
2. INVERTING INPUT 1 
3. NONINVERTING INPUT 1 
4. V+ 
5. NONINVERTING INPUT 2 
6. INVERTING INPUT 2 
7. OUTPUT 2 
8. OUTPUT 3 
9. INVERTING INPUT 3 

10. NONINVERTING INPUT 3 
11. V-
12. NONINVERTING INPUT 4 
13. INVERTING INPUT 4 
14. OUTPUT 4 
For addilional DICE Information refer to 
1986 Data Book, Seclion 2. 

WAFER TEST LIMITS at Vs= ±15V. TA = 25°C. unless otherwise noted. 

OP-420N OP-420G 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT 

Input Ollset Voltage Vas Vs= ±2.5V to ±15V 2.5 4 

Input Ollset Current los Vs =±2.5Vto±15V, (Note 1) 1.5 2.5 

Input Bias Current Is Vs = ±2.5V to ±15V, (Note 1) 20 30 

Input Voltage Range IVR -15/13.5 -15/13.5 

V+=+5V,V-=OV 
83 80 

Common-Mode Rejection Ratio CMRR OV S; VCM S; 3.5V 
83 80 

Vs= ±15V, -15V S; VOM " 13.5V 

Power Supply Rejection Ratio PSRR 
Vs =±2.5Vto±15V 

30 50 
V- = OV. V+ = +5V to +30V 

Large-Signal Voltage Gain Avo RL = 25kO, Vo= ±10V 600 400 

V+=+5V, V-= OV 
0.7/4.1 0.8/4.0 

Output Voltage Swing Vo 
RL = 10kO 
Vs =±15V 

±14.0 ±14.0 
RL = 25kO 

Supply Current ISY No Load, (Four Amplifiers) 360 460 

NOTES: 
1. IB and los are measured at Vm,' = O. 

OP·420GR 
LIMIT UNITS 

6 mVMAX 

6 nAMAX 

40 nAMAX 

-15/13.5 VMIN 

76 
76 

dB MIN 

80 p.VlV MAX 

200 VlmV MIN 

0.9/3.8 VMAX 

±13.8 VMIN 

600 /loA MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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-----------l~ OP-420 QUAD MICRO POWER OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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PreCISIon Monoht]ucs Inc. 

FEATURES 
• Low Supply Current ........................ 1mA Max 
• Slew Rate .............................. O.25V/!,s Min 
• Single Supply Operation ................ +5V to +30V 
• Low Input Offset Voltage .................. 500!'V Typ 
• Low Input Offset Voltage Drift .......... 10!'V/oC Max 
• High Common-Mode Input Range ... V- to V+ (-1.5V) 
• High CMRR .............................. 100dB Typ 
• High Open-Loop Gain. . . . . . . . .. . . . . . . .. 400V/mV Typ 
• Single-Chip Monolithic Construction 
• Pin Compatible With LM124. LM148. and OP-11 

ORDERING INFORMATIONt 

TA=25°C HERMETIC OPERATING 
VosMAX DIP TEMPERATURE 

(mV) 14-PIN RANGE 

2.5 OP421 BY' MIL 
2.5 OP421FY INO 
4 OP421CY' MIL 
4 OP421GY INO 
6 OP421HY COM 

• For devices processed in total compliance to MIL-STD-883, add /883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

SIMPLIFIED SCHEMATIC (1/4 Shown) 

-IN 

+IN o--t---+---+-----1f---' 

OP-421 
QUAD LOW-POWER 

OPERATIONAL AMPLIFIER 

GENERAL DESCRIPTION 
The OP-421 quad low-power operational amplifier is a single
chip quad patterned after the OP-21 single operational 
amplifier. The PNP input stage allows the input common
mode voltage to include V-. Featuring a low power-supply 
current (150!,A/section typical at 5V), the OP-421 offers a 
unique solution for designs requiring a combination of high 
function density, wide bandwidth, and low-power operation. 
Applications for the OP-421 include low-power active filters, 
battery-operated remote line filters, and signal precondition
ing amplifiers. In addition, the ever-present problem of 
crossover distortion in low-power devices is eliminated by a 
unique double-buffered output section. 

5-246 

PIN CONNECTIONS 

OUT 1 

-IN 1 

+ IN 1 

v+ 

-IN2 -IN3 

OUT3 

14-PIN HERMETIC DIP 
(V-Suffix) 

v+ 
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m OP·421 QUAD LOW·POWER OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Supply Voltage ................................... ±18V DICE Junction Temperature (Tj) ....... -65°C to +150°C 
Internal Power Dissipation (Note 1) •••••...••.••• 500mW 
Differential Input Voltage .......................... ±30V NOTES: 
Input Voltage •••••••.•••••••••••••••••••• Supply Voltage 1. See table lor maximum ambient temperature rating and derating lactor. 

Output Short-Circuit Duration ••••••••••••••• Continuous 

(One Amplifier Only) MAXIMUM AMBIENT DERATE ABOVE 

Storage Temperature Range ••••••••••• -65° C to + 150° C TEMPERATURE MAXIMUM AMBIENT 

Lead Temperature Range (Soldering, 60 sec) •••••• 300°C 
PACKAGE TYPE FOR RATING TEMPERATURE 

Operating Temperature Range 14-Pln Hermetic DIP (YI 100·C 10.0mW/·C 

OP-421 BY, OP-421 CY ••••••••••••••• -55°C to +125°C 

OP-421 FY, OP-421 GY •••••••••••.•••• -25°Cto+85°C 2. Absolute maximum ratings apply to both packaged parts and DICE, unless 
OP-421HY • • • • • • • • . • • • • • • • • • • • • • • • • • • •• 0° C to + 70° C otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +25°C, unless otherwise noted. 

OP-421B OP-421C ~ OP-421F OP-421G OP-421H 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX MIN TVP MAX UNITS ..... 

~ 
Input Offset Voltage Vos Vs =±2.5Vto±15V 0.5 2.5 4 2 6 mV 

..... 
~ 

Input Offset Current los Vs = ±2.5V to ±15V 0.6 5.0 2.0 10 5.0 20 
p.. 

nA 

~ Input Bias Current Ie Vs = ±2.5V to ± 15V 20 50 50 60 100 150 nA 

Input Noise Voltage 10 = 10Hz (Note 1) 20 40 20 40 20 40 
nV/..jHZ' ~ Density en 10= 100Hz (Note 1) 15 30 15 30 15 30 

Input Noise Current 
In 

10= 10Hz (Note I) 0.3 0.6 0.3 0.6 0.3 0.6 
pAl..jHZ' 9 Density 10= 100Hz (Note 1) 0.2 0.4 0.2 0.4 0.2 0.4 

Input Voltage Range IVR 
V+=+5V,V-=OV 0/3.5 0/3.5 0/3.5 

V ~ Vs= ±15V -15/13.5 -15113.5 -15113.5 

V+ = +5V, V- = OV, ~ 
83 100 60 96 76 60 () Common-Mode 

CMRR 
OV :5 VCM :5 +3.5V 

dB 
Rejection Ratio Vs =±15V, 

83 100 80 96 76 90 
-15V:5VCM :5+13.5V 

Power Supply 
PSRR 

Vs = ±2.5V to ±15V; & 
10 30 20 50 30 60 poVN 

Rejection Ratio V-= OV, V+= 5Vt030V 

Large-Signal 
Avo 

Vo=±10V 
200 400 100 200 100 200 VlmV 

Voltage Gain RL = 10kO 

V+=5V,V-=OV 
0.7/4.0 0.8/3.9 0.9/3.8 

Output Voltage 
Vo 

RL = 5kO 
V 

Swing Vs= ±15V, 
±14 ±13.9 ±13.8 

RL = 10kO 

Closed-Loop 
BW 

AVCL =+1.0, 
1.0 

Bandwidth (Note 2) RL = 10kO 
1.9 1.0 1.9 1.0 1.9 MHz 

Supply Current 
ISY 

Vs = ±2.5V, No Load 0.6 1.0 0.7 1.5 0.9 2.0 
mA 

(Four Ampliliers) Vs = ± 15V, No Load 1.2 1.8 1.4 2.3 1.8 3.0 

Slew Rate SR (Note 1) 0.25 0.5 0.25 0.5 0.25 0.5 Vlpos 

Channel Separation CS (Notel) 100 120 100 120 100 120 dB 

NOTES: 
1. Sample tested. 
2. Guaranteed by design. 
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lfMD OP·421 QUAD LOW·POWER OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, -550 C:5 TA:5 + 1250 C for OP·421 Band OP-421 C, -25 0 C:5 TA:5 +850 C 

for OP·421 F and OP-421 G, and 00 C :5 TA :5 + 700 C for OP·421 H, unless otherwise noted. 

OP·421B OP·421C 
OP·421F OP·421G OP·421H 

PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

Average Input Offset 
TCVos 5 10 8 15 10 15 p.VI'C 

Voltage Drift (Note 11 

Input Offset Voltage Vas Vs= ±2.5V to ±15V 3.5 1.8 5.5 3 7.5 mV 

Input Offset Current los Vs = ±2.5V to ±15V 1.6 8 3.0 15 6.0 30 nA 

Input Bia. Current 18 Vs= ±2.5V to ±15V 25 70 60 125 140 230 nA 

I nput Voltage Range IVR 
V+=+5V, V-=OV 0/3.2 0/3.2 0/3.2 

V 
Vs =±15V -15113.2 -15113.2 -15/13.2 

V+=+5V, V-=OV, 
78 96 74 94 73 86 

Common-Mode 
CMRR 

OVSVcM ,,+3.2V 
dB 

Rejection Ratio Vs =±15V, 
78 96 74 94 73 86 

-15V" VcM S+13.2V 

Power Supply Vs =±2.5Vto±15V; & 15 50 25 60 40 100 
p.VIV 

Rejection Ratio 
PSRR 

V-= OV, V+ = 5Vto 30V 15 50 25 80 40 100 

Large-Signal 
Ava 

Vo= 10V 
100 200 50 100 50 100 VlmV 

Voltage Gain RL = 20kO 

V+= 5V, V-=OV 
0.8/3.9 0.9/3.8 1.0/3.7 

Output Voltage 
Va 

RL = 10kO 
V 

Swing Vs= ±15V, 
±13.8 ±13.7 ±13.7 

RL = 20kO 

Supply Current 
ISY 

Vs= ±2.5V, No Load 1.2 1.5 1.5 2.0 2.0 3.0 
mA 

(Four Amplifier.) Vs= ±15V, No Load 0.68 2.0 2.5 0.68 2.5 3.2 0.68 3.2 4.0 

NOTE: 
I. Sample tested. 

BURN·IN CIRCUIT 

-18 v 

13 12 11 10 

v-

v+ 

GND 

+18 V 
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-----------I~ OP-421 QUAD LOW-POWER OPERATIONAL AMPLIFIER 

DICE CHARACTERISTICS 

DIE SIZE 0.086 X 0.092 Inch, 7912 sq. mils 
(2.34 X 2.18 mm, 5.10 sq. mm) 

1. OUTPUT 1 
2. INVERTING INPUT 1 
3. NONINVERTING INPUT 1 
4. V+ 
5. NON INVERTING INPUT 2 
6. INVERTING INPUT 2 
7. OUTPUT 2 
8. OUTPUT 3 
9. INVERTING INPUT 3 

10. NONINVERTING INPUT 3 
11. V-
12. NONINVERTING INPUT 4 
13. INVERTING INPUT 4 
14. OUTPUT 4 

For addilional DICE informallon refer 10 
1986 Dala Book, Saclion 2. 

WAFER TEST LIMITS at Vs = ± 15V, TA = 25° C, unless otherwise noted. 

OP-421N OP-421G OP-421GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT 

Input Offset Voltage Vas Vs = ±2.5V to ±15V 2.5 4 6 

Input Offset Current los Vs= ±2.5V to ±15V 5 10 20 

Input Bias Current Ie Vs = ±2.5V to ±15V 50 80 150 

Input Voltage Range IVR -15/13.5 -15/13.5 -15/13.5 

V+=+5V. V-=OV 
Common-Mode 

CMRR 
OV S VCM S +3.5V 

83 80 76 
Rejection Ratio Vs=±ISV, 

-15VSVc",S+13.SV 

Power Supply 
PSRR 

Vs = ±2.SV to ±15V; and 
30 50 80 

Rejection Ratio V- = OV, V+ = +5V to 30V 

large-Signal 
Ava 

Vo =±10V 
200 200 100 

Voltage Gain Rl =201<0 

Output Voltage Swing Va 
V+ = +SV, V- = OV. Rl = SkO 0.714.0 0.8/3.9 0.9/3.8 
Vs =±ISV, Rl = 10kO ±14 ±13.9 ±13.8 

Supply Current 
ISY 

Vs = ±2.SV. No Load 1.0 I.S 2.0 
(Four Amplifiers) Vs= ±15V, No Load 1.8 2.3 3.0 

NOTE: 

UNITS 

mVMAX 

nAMAX 

nAMAX 

VMIN 

dBMIN 

p.VIVMAX 

VlmV MIN 

VMIN 

mAMAX 

Electrical tests are performad et wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss. yield after packaging Is not 
guarantead for standard product dice, Consult factory to negotiate spacificatlons based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA = +25°C, unjess otherwise noted. 

OP-421N OP-421G OP-421GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL UNITS 

Input Noise Voltage fo= 10Hz 20 20 20 
nVl.JHz 

Density 
en 

fo= 100Hz 15 15 15 

Closed-Loop 
BW AVCl =+1.0 1.9 1.9 1.9 MHz 

Bandwidth Rl = 10kO 

Slew Rate SR O.S O.S O.S VII's 

Channel Separation CS 120 120 120 dB 

5-249 1/86, Rev. A 
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----------I1fHD OP-421 QUAD LOW-POWER OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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------------I~ OP-421 QUAD LOW-POWER OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT 

INPUT 

VOLTAGE FOLLOWER 
SMALL-SIGNAL RESPONSE 

Vs = ov, +15V 
RL'" 10HZ 
TA = 2S"C 

CL '" SOpf 

NOISE CHARACTERISTICS 

INPUT NOISE VOLTAGE 
DENSITY vs FREQUENCY 

1000 r--,----,----,---.---, 

l~ 
-? 
> i'.. 
~ 100 1-"<,.,_+---+----1--+---1 

! ~~'-t--~---+ 
o 
~ 'Or--~-_+--r_-~-~ 

~ 
~ 

1.0 0 L...,--L--.L.'0-~10'--0----L1k---.J'0k 
FREQUENCY (Hz) 

50mV/DIV 
2~s/DIV 
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OUTPUT 

INPUT 

10 

1 

0.0 1 

VOLTAGE FOLLOWER 
LARGE-SIGNAL RESPONSE 

Vs = OV, +15V 
RL = lDkn 
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INPUT NOISE CURRENT 
DENSITY vs FREQUENCY 
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ItlVl-I08J.l/ItlVl-2108J.l 
LOW-INPUT-CURRENT OPERATIONAL AMPLIFIERS 

PM-108A/PM-208A/PM-308A/PM-I08/pM-208/pM-308/pM-2108A/PM-2108 
IJ reclsiol1 MOl1olithics Inc. 

FEATURES 
• Low Oftset Current ...................... 200pA Max 
• Low Bias Current ........................... 2nA Max 
• Low Power Consumption .......... 18mW Max @ ± 15V 
• Wide Supply Range ..................... ±3V to ±20V 
• High Power-Supply Rejection Ratio ..•...... 96dB Min 
• Low Oftset Voltage Drift ................• 5,.V/oC Max 
• High Common-Mode Input Range ........ ± 13.5V Min 
• High Common-Mode Rejection Ratio ....•. .. 96dB Min 
• MIL-STD-883 Processing Models Available 
• Sllicon-Nlt.rlde Passivation 

GENERAL DESCRIPTION 
The PM-l0BA series of precision operational amplifiers 
feature very low input offset and bias currents, Although 

ORDERING INFORMATIONt 

PACKAGE 

HERMETIC 
TA = 25°C DIP 
VosMAX TO-99 

(mV) a-PIN a-PIN 16-PIN 

directly interchangeable with industry-standard types, 
Precision Monolithics' advanced processing provides the 
PM-1OBA series with a significant improvement in input noise 
voltage, Low supply current drain over a wide power-supply 
range makes the PM-l0BA attractive in battery operated and 
other low-power applications, The low bias current provides 
excellent performance with piezoelectriC and capacitive 
transducers and in such high-impedance circuits as long
period integrators and sample-and-holds, For improved 
performance see OP-OB, OP-12, OP-20, OP-2l , and OP-22, 

The PM-2l0BA contains two superbeta, PM-1OBA op amps 
in a single l6-pin DIP, Compared to the single PMcl0BA 
types, this model offers higher packaging density, closer 
thermal tracking between the two amplifiers, and reduced 
insertion cost. 

PLASTIC OPERATING 
DIP TEMPERATURE 

a-PIN LCC RANGE 

0,5 PM10BAJ" PM10BAZ" PM210BAO" PM10BARC/BB3 MIL 
0,5 PM20BAJ PM20BAZ INO 
0,5 PM30BAJ PM30BAZ PM30BAP COM 
2,0 PM10BJ' PM10BZ" PM210BO" MIL 
2,0 PM20BJ PM20BZ INO 
7,5 PM30BJ PM30BZ COM 

• For devices processed In total compliance to MIL-STD-883, add 1883 after 
part number, Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

SIMPLIFIED SCHEMATIC (Pin numbers for PM-lOa only. Circuit Is 1/2 2108.) 

121 

,..------_---<!---+---+-....... --...... ----------<o__-<> 171 
v+ 

"5 

'---+--4_-0181 
OUTPUT 

"6 

'--------_---<~--------...... --_4 _ _4--__ ---o 141 
v-
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_______ ---IIfMDPM-108A1PM-2108A LOW-INPUT-CURRENT OPERATIONAL AMPLIFIERS 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

PM-108A. PM-108. PM-208A. PM-208. 

PM-2108A. PM-2108. PM-108ARC ...•..•.•.•...•. ±20V 
PM-308A. PM-308 ...•......••••.•.•...•.•••...• ± 18V 

Internal Power Dissipation (Note 1) •...•......... 500mW 

Differential Input Current (Note 2) ....•.•........ ±10mA 

Input Voltage (Note 3) ............................ ±15V 

Output Short-Circuit Duration .. , ...•.•••.•.... Indefinite 
Operating Temperature Range 

PM-108A. PM-108. PM-2108A. 

PM-2108. PM-108ARC .••••..•.•.•.... -55°C to +125°C 

PM-208A. PM-208 .................... -25°C to +85°C 

PM-308A. PM-308 ...................... O°C to +70°C 
Storage Temperature Range 

(Q-. J-. Z- or ARC-Package) •..••.•.•. -65°C to + 150°C 

(P-Package) ......................... -65°C to +125°C 

Lead Temperature Range (Soldering. 60 sec) •.•..• 300°C 

NOTES: 
1. Maximum package power dissipation vs. ambient temperature. 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

PACKAGE TYPE FOR RATING TEMPERATURE 

TO-99 (JI SO'C 7.1mW/'C 

Plastic S-Pin DIP (PI 36'C 5.6mW/'C 

Hermetic S-Pin DIP (ZI 75'C 6.7mW/'C 

Hermetic 16-Pin DIP (QI 100'C 10.0mW/'C 

LCC (RCI SO'C 7.SmW/'C 

2. The inputs are shunted with back-to-back diodes for overvoltage protec
tion. Therefore, if a differential input voltage in excess of 1V is applied 
between the inputs, excessive current will flow. unless some limiting 
resistance is provided. 

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

ELECTRICAL CHARACTERISTICS at ±5V ~ Vs ~ ±20V and TA = 25° C. unless otherwise noted. 

PM-10SAlPM·210SA PM-10S/PM-210S 
PM-20SA PM-20S 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas 0.3 0.5 0.7 2.0 mV 

Input Offset Current los 0.05 0.2 0.05 0.2 nA 

Input Bias Current la O.S 2.0 O.S 2.0 nA 

Input Resistance RIN (Note 1) 30 70 30 70 Mfl 

Large-Signal Voltage Gain Ava 
Vs =±15V, VouT =±10V. 

SO 300 50 300 V/mV 
RL",10kfl 

Supply Current ISY 
10UT=0, VOUT=O, 0.3 0.6 0.3 0.6 mA 
Each Amplifier 

ELECTRICAL CHARACTERISTICS at ±5V~ Vs~±20V. -550 C~ TA~+ 1250 Cfor PM-1OBA. PM-10B. PM-2108A and PM-21OB. 

-250 C ~ TA:S +B5° C for PM-20BA. PM-20B. unless otherwise noted. 

PM-10SAlPM-210SA PM-108/PM-210S 
PM-20SA PM-208 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas 0.4 1.0 1.0 3.0 mV 

Average Input Offset 
TCVos (Note 21 5 3 15 ~V/'C 

Voltage Drift 

Input Offset Current los 0.1 0.4 0.1 0.4 nA 

Average Input Offset 
TClos (Note21 0.5 2.5 0.5 2.5 pA/'C 

Current Drift 

Input Bias Current la 3 3 nA 

Large-Signal Voltage Gain Ava 
Vs=±15V. VouT =±10V, 

40 200 25 200 VlmV 
RL",10kfl 

Output Voltage Swing Va Vs =±15V. RL = 10kfl ±13 ±14 ±13 ±14 V 

Input Voltage Range IVR Vs =±15V ±13.5 ±13.5 V 

Common-Mode 
CMRR Vs=±15V, Vct .. =±13.5V 96 110 85 100 dB 

Rejection Ratio 

Power-Supply 
PSRR Vs = ±5V to ±20V 3 15 15 100 ~VIV Reiectlon Ratio 

Supply Current ISY 
VOUT=O, TA=MAX, 0.15 0.4 0.15 0.4 mA 
Each Amplifier 

NOTES: 
1. Guaranteed by input bias current. 2. Sample tested. 
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_______ --iIEMDPM-108A1PM-2108A LOW-INPUT-CURRENT OPERATIONAL AMPLIFIERS 

ELECTRICAL CHARACTERISTICS at ±5V:5 VS:5 ±20V and TA = 25·C, unless otherwise noted. 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Input Resistance 

Large-Signal Voltage Gain 

Supply Current 

SYMBOL 

Vos 

lOS 

Is 

AVO 

ISY 

CONDITIONS 

(Note 1) 

VS=±15V, VOUT = ±10V, 

RL " 10kll 

IOUT=O, VOUT=O, 
Each Amplifier 

PM-30BA PM-30B 
MIN TYP MAX MIN TYP MAX 

0.3 0.5 2.0 7.5 

0.2 1.0 0.2 1.0 

1.5 7.0 1.5 7.0 

10 40 10 40 

80 300 25 300 

0.3 0.8 0.3 0.8 

ELECTRICAL CHARACTERISTICS at ±5V:5 Vs:5 ±15V and O·C:5 TA:5 +70·C, unless otherwise noted. 

PARAMETER 

Input Offset Voltage 

Average Input Offset 

Voltage Drift 

Input Offset Current 

Average Input Offset 
Current Drift 

Input Bias Current 

Large-Signal Voltage Gain 

Output Voltage Swing 

Input Voltage Range 

Common-Mode 

Rejection Ratio 

Power-Supply 

Rejection Ratio 

Supply Current 

NOTE: 

SYMBOL 

Vos 

TCVOS 

lOS 

TCIOS 

AvO 

IVR 

CMRR 

PSRR 

ISY 

1. Guaranteed by input bias current. 

PIN CONNECTIONS 

EPOXY MINI-DIP 
(P-Sufflx) 

AND 
B-PIN HERMETIC DIP 

(Z-Sufflx) 

PM-30BA 
CONDITIONS MIN TYP MAX 

0.4 0.73 

(Note 1) 5 

0.3 1.5 

(Note 1) 10 

VS=±15V, VouT =±10V, 

RL " 10kll 

Vs= ±15V, RL = 10kll 

VS=±15V 

Vs =±5Vto±15V 

VOUT= 0, TA = MAX, 
Each Amplifier 

16-PIN HERMETIC DIP 
(Q-Sufflx) 

80 

±13 

±14 

96 

2 10 

200 

±14 

110 

3 

0.23 

COMP 
8 

15 

COMep7V
+ 

-IN 2 • 6 OUT 

+IN 3 5 N.C . 

• V- (CASE I 

TO-99 
(J-Suffix) 

PM-30B 
MIN TYP MAX 

15 

±13 

±13 

80 

3.0 10.0 

6 30 

0.3 1.5 

2 10 

2 10 

100 

±14 

100 

15 100 

0.23 

PM-10BARC/BB3 

LCCPACKAGE 
(RC-Sufflx) 

UNITS 

mV 

nA 

nA 

Mil 

VlmV 

mA 

UNITS 

mV 

~V/'C 

nA 

pN'C 

nA 

V/mV 

V 

V 

dB 

~VIV 

mA 
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---------t1fHD PM-108A1PM-2108A LOW-INPUT-CURRENT OPERATIONAL AMPLIFIERS 

APPLICATIONS INFORMATION 
The PM-10BA series has very low input offset and bias 
currents; the user is cautioned that printed circuit board 
leakages can produce significant errors, especially at high 
board temperatures. Careful attention to board layout and 
cleaning procedure is required to achieve the PM-10BA's 

COMPENSATION CIRCUITS 

STANDARD 

R2 

Rl 

R3 ,>-=---~--{) OUTPUT 

Rl 
Cf;;' R1 + R2 Co 

Co = 30pF 

5-255 

rated performance. It is suggested that board leakage be 
minimized by encircling the input pins with a guard ring 
maintained at a potential close to that of the inputs. The 
guard ring should be driven by a low impedance source such 
as an amplifier's output or ground. 

ALTERNATE 

R2 

Rl 

R3 
,>-"-----0 OUTPUT 

Cs = 100pF 

(IMPROVES REJECTION OF POWER SUPPLY NOISE BY A FACTOR OF TEN) 
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Pr,-·t.:ISlo-n MOlloilthlCS Inc. 

P~-146/P~-246 
PROGRAMMABLE QUAD 

OPERATIONAL AMPLIFIER 

FEATURES 

ADVANCEPRODUCTINFORldATION 
CROSS REFERENCE 

• Wide Supply Range ................:1: 1.2V to :I: 22V 
• Programmable Operation 

Supply Current (per Amplifier) ••••• 3.51J.A to 1.75mA 
Gain-Bandwidth Product ...•••.•••. 10kHz to 4MHz 

• High Gain •..•••..•.••.•.•••...•...•.•• 100dB Min" 
• Low Noise ....................•... 2BnV/JRZTyp" 
• High Power-Supply Rejection •••••••.•••• BOdB Min" 
• Excellent Channel Separation •••••••••••• 120dB Typ" 

• At ISET = 10.,A. 

ORDERING INFORMATIONt 

TA = 25°C 
VosMAX 
(mV)** 

5 
6 

CERAMIC 
DIP 

PACKAGE 

PM146Q' 
PM246Q 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
IND 

• For devices processed in total compliance to MIL-STD-883, add 1883 after part 
number. Consult factory for 883 data sheet . 

•• At ISET = 10vA 
t All commercial and industrial temperature range parts are available with burn-in. 

For ordering information see 1986 Data Book, Section 2. 

SIMPLIFIED SCHEMATIC 

PMI NATIONAL EXAR 

PM146Q LM146J 
PM2460 LM246J 

PIN CONNECTIONS 

XR-146M 
XR-246N 

16-PIN CERAMIC DIP 
(Q-Sufflx) 

16-PIN EPOXY DIP 
(P-Sufflx) 

.-------------------~--------~~---------ov+ 

~--_+----r_~--oo~ 

r-----------., I (EXTERNAL) I 
I v+ v+ I 
I I 
I I 

I ROET ROET I 
I ISET IBET I L____ ._ _ ___ .l 

SETC seT A, B, 0 

v-

TO OTHER 
OPAMPS -

This advanc. product Inlormatlon describes a product In development at the time of this printing. Final specifications may vary. Please contact 
local sales olllce or distributor for final data sheet. 
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-----I1fM:D PM-146/PM-246 PROGRAMMABLE QUAD OPERATIONAL AMPLIFIER - ADVANCE INFORMATION 

GENERAL DESCRIPTION 

The PM-146 monolithic quad operational amplifier incorporates 
four independent programmable low-power amplifiers. Using two 
external resistors, the supply currents may be programmed for 
the optimal combination of bias and offset currents, gain
bandwidth product, slew rate, input noise, and output currents. 
By means of this capability, the user can achieve the required 
level of speed and performance while maintaining the minimum 
possible power consumption. 

Gain-bandwidth products of 2MHz with slew rates of 1V/fJos, at a 
supply current drain of lmA per amplifier, are achieved using a 
programming ("set") current of 30fJoA. At the other end of the 
spectrum, bias currents of 1 nA at a supply drain of only 3.5fJoA per 
amplifier are obtained with a set current of 0.1 fJoA for applications 
where speed is not important. 

The PM-146 operates with a supply voltage down to ±1.5V, 
which makes the amplifier well-suited to applications utilizing 
battery or solar-cell supplies. Since speed is controlled by the 
programming current, the slew rate and gain-bandwidth of the 
PM-146 remain relatively unchanged with varying supply 
voltages. The extreme versatility afforded by the PM-146's 
programmability allows the device to be tailored to a wide variety 
of applications, including active filters, oscillators, and general
purpose amplifiers. 

The pin configuration ofthe PM-146 matches the OP-ll pin-out, 
with the addition of the two programming pins on one end. These 
pins are internally protected to survive a momentary short to the 
power supply rails. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V,lsET = 1OJLA, TA = 25°C, unless otherwise noted. 

PM-146Q PM-246Q 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Rs"500 Input Offset Voltage vos (Note 1) 
0.5 5 0.5 6 mV 

Input Offset Current los (Note I) 2 20 2 lao nA 

Input Bias Current Ie (Note I) 50 lao 50 250 nA 

Supply Current 
ISY 1.4 2.0 1.4 2.5 rnA (4 Op Amps) 

Open Loop 
A.,o 

RL ~ 10kO, lOa 1000 50 1000 VlmV Voltage Gain ,WOUT ~ ± 10V 

Input Voltage Range IVR (Note 2) ±13.S ±14 ±13.5 ±14 V 

Common-Mode VCM ~ ±13.5V, 
Reiection CMR 

Rs" 10kO 
80 100 70 100 dB 

Power-Supply PSR Rs" 10kO 80 lOa 74 lOa dB Rejection 

Output Voltage Swing Vo RL", 10kO ±12 ±14 ±12 ±14 V 

Short-Circuit 
Isc 5 20 35 5 20 35 rnA Output Current 

Gain·Bandwidth GBW 0.8 1.2 0.5 1.2 MHz Product 

Phase Margin <1>0 60 60 Degrees 

Slew Rate SR 0.4 0.4 V/",s 
Input Noise 

en f~ 1kHz 28 28 nV/JHZ Voltage Density 

Channel Separation CS RL ~ 10kO, 120 120 dB 
aVouT~OVto±12V 

Input Resistance R'N 1.0 1.0 MO 
Input Capacitance C'N 2.0 2.0 pF 

NOTES: 
I. VCM ~ OV. 
2. Guaranteed by CMR test. 

5-257 1/86, Rev. A 
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-----t1fMj) PM-146/PM-246 PROGRAMMABLE QUAD OPERATIONAL AMPLIFIER - ADVANCE INFORMATION 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, ISET = 10 .... A, -55°C:5 TA :5 + 125°C for PM-146Q, -25°C:5 TA :5 + 85°C for 
PM-246Q, unless otherwise noted. 

PM-146Q PM-246Q 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset VoHage Vos 
RssSO!} 

0.5 6 0.5 7.5 mV 
(Note I) 

Input Offset Current los (Note I) 2 25 2 100 nA 

Input Bias Current Ie (Note I) 50 100 50 250 nA 

Supply Current 
ISY 1.5 2.0 1.5 2.5 mA 

(40pAmps) 

Open Loop 
"vo 

RL = 10k!}, 
50 1000 25 1000 VlmV 

Voltage Gain IJ.VOLrr = ±IOV 

Input Voltage Range IVR (Note 2) ±IS.S ±14 ±IS.S ±14 V 

Common·Mode 
CMR 

RssSO!} 
70 100 70 100 dB 

Rejection VCM = ±IS.SV 

Power-Supply 
PSR RssSO!} 76 100 74 100 dB 

Rejection 

Output Voltage Swing Vo RL ", 10k!} ±12 ±14 ±12 ±14 V 

NOTES: 
I. VCM = OV. 

2. Guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, ISET = 1 .... A, TA = 25°C, unless otherwise noted. 

PM-146Q PM-246Q 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 
RssSO!} 

0.5 5 0.5 7 mV 
(Note I) 

Input Bias Current Ie (Note I) 7.5 20 7.5 100 nA 

Supply Current 
ISY 140 250 140 SOO ILA 

(4 Op Amps) 

Gain-Bandwidth 
GBW 60 100 50 lao kHz 

Product 

NOTE: 

1. VCM = OV. 

ELECTRICAL CHARACTERISTICS at Vs = ± 1.5V, ISET = 10 .... A, TA = 25°C, unless otherwise noted. 

PM-146Q PM·246Q 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 
RssSO!} 

0.5 5 0.5 7 mV 
(Note I) 

Input VoHage Range IVR (Note 2) ±0.7 ±0.7 V 

Common-Mode 
CMR 

Rssoo!} 
80 80 dB 

Rejection VCM = ±0.7V 

Output Voltage Swing Va RL"'10k!} ±0.6 ±0.6 V 

NOTES: 
I. VCM = OV. 

2. Guaranteed by CMR test. 
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1»1Vl-155Jl/1»1Vl-156Jl/1»1Vl-157Jl 

Precision Monolithics Inc. 

MONOLITHIC JFET-INPUT 
OPERATIONAL AMPLIFIERS 

LOW SUPPLY CURRENT - PM-155A/PM-355A/PM-155 
GENERAL PURPOSE - PM-156A/PM-356A/PM-156 
WIDE-BANDWIDTH - PM-157A/PM-357A/pM-157 

FEATURES 
All Devices 
• Low Input Bias and Offset Currents 
• Low Input Offset Voltage ...................... 1.0mV 
• Low Input Offset Voltage Drift .............. 3.0J.l V 1° C 
• Low Input Noise Current ............... O.01pAlVHZ 
• High Common-Mode Rejection Ratio . . . . . . . . . .. 100dB 

PM-155 (Only) ................... LF155 Replacement 
• Low Supply Current ............................. 2mA 

PM-156 (Only) ................... LF156 Replacement 
• High Slew Rate ............................ 12V1 J.lsec 
• Fast Settling to ±O.01% ....................... 4.0J.lsec 

PM-157 (Only) ................... LF157 Replacement 
• Wide-Bandwidth Decompensated (AvCL = 5 Min) ..• 20MHz 
• High Slew Rate ............................ 45V1 J.lsec 
• Fast Settling to ±O.01% ....................... 4.0J.lsec 

SIMPLIFIED SCHEMATIC 

5-259 

GENERAL DESCRIPTION 
The PM JFET-input series provides low input current, high 
slew rate, and direct interchangeability with LF155, 156, and 
157 types. These operational amplifiers use a new process 
which allows fabrication of matched JFET transistors and 
standard bipolar transistors on the same chip. High accuracy 
and low cost make the PM JFET-input series useful in new 
designs and as replacements for modular and hybrid types. 
Unlike many designs, nulling the input offset voltage does 
not degrade common-mode rejection ratio or input offset 
voltage drift. Low input voltage noise and current noise plus a 
low 1/f noise corner frequency allow these amplifiers to be 
used in a variety of low noise, wide-bandwidth applications. 

Dynamic specifications for the PM-155 include a slew rate of 
5V1 J.lS, a 2.5MHz gain bandwidth product, and settling time to 
within ±O.01% of final value in 5.0J.ls. The PM-156 has a slew 
rate of 12V/J.ls and a settling time of 4.0J.ls to ±O.01% of final 
value. 

The PM-157 is a very fast decompensated device. This results 
in a 45V/J.ls slew rate, a 20MHz gain bandwidth product, and a 
settling time of 4.0J.ls. Decompensation requires a minimum 
closed-loop gain of five because of stability considerations. 

For improved performance, see the OP-15/0P-16/0P-17 data 
sheet. For duals, see the OP-215 data sheet. 

1/86, Rev. A 
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-------I~ PM-155A1PM-156A1PM-157A MONOLITHIC JFET-INPUT OPERATIONAL AMPLIFIERS 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

PM-155A, PM-156A, PM-157A, PM-155, PM-156, PM-157, 
PM-355A, PM-356A, PM-357A ..........•...... ±22V 

Internal Power Dissipation 
PM-155A, PM-156A, PM-157, PM-155, PM-156, 

PM-157 .................................... 670mW 
PM-355A, PM-356A, PM-357 A ................... 500mW 

(Derate based on a thermal resistance of 150'C/W 
junction to ambient or 45' C/W junction to case.) 

Operating Temperature Range 
PM-155A, PM-156A, PM-157A, PM-155, PM-156, 

PM-157 .......................... -55'C to +125'C 
PM-355A, PM-356A, PM-357 A ...•.•..... O' C to + 70' C 

Maximum Junction Temperature (Ti) 
PM-155A, PM-156A, PM-157A, PM-155, PM-156, 

PM-157 .................................... +150'C 
PM-355A, PM-356A, PM-357 A ...........•..... -+ 100' C 

Differential Input Voltage 
PM-155A, PM-156A, PM-157A, PM-155, PM-156, PM-157, 

PM-355A, PM-356A, PM-357A ........•........ ±40V 
Input Voltage 

PM-155A, PM-156A, PM-157A, PM-155, PM-156, PM-157, 
PM-355A, PM-356A, PM-357A ..........•...... ±20V 

NOTE: 
The absolute maximum negative input voltage is equal to the negative power 
supply voltage. 

Output Short-Circuit Duration ............•.... Indefinite 
Storage Temperature Range ........... -65'C to +150'C 
Lead Temperature Range (Soldering, 60 sec) .... +300'C 

ELECTRICAL CHARACTERISTICS at ±15V:;; Vs:;; ±20V, -55'C:;; TA:;; +125'C and THIGH = +125'C for PM-155A, 
PM-156A and PM-157A, O' C:;; TA:;; +70'C and THIGH=+70'C for PM-355A, PM-356A and PM-357A, unless otherwise noted. 

PM-155A1 PM-3SSAI 
PM-1S6A1 PM-3S6A1 
PM-1S7A PM-3S7A 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Rs= 500 1.4 2.5 1.2 2.3 mV 

Input Offset Voltage Drift TCVos Rs= 500 3 5 3 5 I'VI'C 

Change In Input Offset ( aTCVos) Rs= 500 0.5 0.5 I'VI'C per mV 
Drift with Vos Adjust avos 

Input Offset Current los Tj" THIGH (Note 1 ) 4.0 10 0.4 1.0 nA 

Input Bias Current Ie Tj" THIGH (Note 1 ) ±10 ±25 ±2 ±5 nA 

Large-Signal Voltage Gain Avo 
Vs= ±15V, Vo= ±10V, 

25 75 25 75 VlmV 
RL = 2kO 

Output Voltage Swing Vo 
Vs = ±15V, RL = 10kO ±12 ±13 ±12 ±13 

V 
Vs =±15V, RL = 2kO ±10 ±12 ±10 ±12 

Input Voltage Range IVR Vs =±15V ±10.4 
+15.1 

±10.4 
+15.1 

V -12.0 -12.0 

Common-Mode Rejection 
CMRR VCM = ±IVR 85 100 85 100 dB 

Ratio 

Power Supply Rejection 
PSRR 

Ratio 
(Note 2) 10 57 10 67 I'VIV 

NOTES: 
1. PMI has a bias current compensation circuit which gives Improved bias 

current over the standard JFET input op amps.leand lOS are measured at 
VCM=O. 

2. Power supply rejection ratio Is measured for both supply magnitudes 
increasing or decreasing simultaneously, in accordance with common 
practice. 
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--------I~ PM-155A1PM-156A/PM-157A MONOLITHIC JFET-INPUT OPERATIONAL AMPLIFIERS 
II· i', 

ELECTRICAL CHARACTERISTICS at ±15V:::; VS:::; ±20V. TA = 25°C. unless otherwise noted. 

PM-155A1 PM-355A1 
PM-158A1 PM-358A1 
PM-157A PM-357A 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Inpul Olfset Voltage Vas As= 500 2 mV 

Input Olfset Current los TI = 25°C (Note I) 3 10 3 10 pA 

Input Bias Current IB TI = 25°C (Note I) ±30 ±50 ±30 ±50 pA 

Input Aeslstance A'N 10'2 10'2 a 

large-Signal Voltage Gain Avo 
Vs =±15V, Vo =±10V, 

50 200 50 200 VlmV 
AL = 2kO 

Supply Current 
PM-155 2 4 2 4 

ISY Vs= ±15V 
PM-156/PM-157 5 7 5 7 

mA 

AVCL =+1, Vs =±15V 
PM-I 55 3 5 3 5 

Slew Aate SA PM-I 56 10 12 10 12 Vlp.s 
AVCL =+5, Vs =±15V PM-I 57 40 45 40 45 ~ PM-I 55 2.5 2.5 
AVCL =+1, Vs =±15V -Gain Bandwidth Product GBW PM-I 56 4.0 4.5 4.0 4.5 MHz ~ 

AVCL = +5, Vs = ± 15V PM-157 15 20 15 20 ::l 
I=l-< 

Vs =±15V(Note2) 
PM-I 55 5.0 4.0 

~ Settling Time (to ±0.01%) ts PM-156 4.0 1.5 p.s 
Vs =±15V (Note 3) PM-I 57 4.0 1.5 

~ As = 1000, f = 100Hz 
PM-I 55 

25 25 
As = 1000, f = 1000Hz 20 20 nV/..jHZ Input Noise Voltage en As = 1000, f = 100Hz 15 15 0 
As = 1000, f = 1000Hz 

PM-156/PM-157 
12 12 -

Input Noise Current 
f= 100Hz, Vs =±15V 0.Q1 0.01 

pAl..jHZ ~ in f = 1000Hz. Vs = ± 15V 0.01 0.01 

Input Capacitance C'N 3 3 pF ~ 
NOTES: 
I. PM! has a bias current compensation circuit which gives improved bias 

current overthestandard JFET input op amps. IBand losare measured at 
VCM = O. 

2. Settling time is defined here for a unity gain inverter connection using 2kO 
resistors. It is the time required for the error voltage (the voltage at the 
Inverting input pin on the amplifier) to settle to within 0.01% of its final 
value from the time a 10V step input is applied to the inverter. See settling 
time test circuit. 

3. Settling time is defined here fora Av=-5 connection with AF=2kO.lt is 
the time required for the error voltage (the voltage at the inverting Input 
pin on the amplifier) to settle to within 0.01% of its final value from the time 
a 2V step Input is applied to the inverter. See settling time test circuit. 
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------I~ PM-155A/PM-156A1PM-157A MONOLITHIC JFET-INPUT OPERATIONAL AMPLIFIERS 

ELECTRICAL CHARACTERISTICS atTA=+25°C,±15VSVsS±20Vfor PM-155, PM-156andPM-157, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos Rs=500 

Input Offset Current los T1=25'C(Notel) 

Input Bias Current Is T1=25'C (Note 1) 

Input Resistance R'N 

large-Signal Voltage Gain Ava 
Vs =±15V, Vo=±10V, 
RL =2kO 

Supply Current ISY Vs =±15V 

Slew Rate SR 
AveL =+1, Vs=±15V 

AveL = +5, Vs= ±15V 

Gain Bandwidth Product GBW 
AveL = +1, Vs= ±15V 

AveL =+5, Vs =±15V 

Settling Time (to ±O.OI%) ts 
Vs= ±15V (Note 2) 

Vs =±15V (Note 3) 

Rs = 1000, I = 100Hz 

Input Noise Voltage 
Rs = 1000, I = 1000Hz 

en 
Rs = 1000, I = 100Hz 
R s = 1000, I = 1000Hz 

Input Noise Current in 
I = 100Hz, Vs = ± 15V 
I = 1000Hz, Vs = ± 15V 

Input CapaCitance C'N 

NOTES: 
1. PMI has a bias current compensation circuit which gives Improved bias 

currentoverthestandard JFETlnput op amps.lsand lOS are measured at 
VCM=O. 

2. Settling time 18 defined here lor a unity gain inverter connection using 2kO 
resistors. It is the time required lor the error voltage (the voltage at the 
Inverting input pin on the amplifier) to settle to within 0.01% 01 Its final 
value Irom the time a 10V step Input is applied to the inverter. See settling 
time test circuit. 

3. Settling time is defined here lor a Av= -5 connection with RF= 2kO. It is the 
time required lor the error voltage (the voltage althe Inverting Input pin on 
the amplifier) to settle to within 0.01% 01 its final value Irom the time a 2V 
step Input is applied to the Inverter. See settling tlma test circuit. 

PM-155 
PM-15S 
PM-157 

MIN TVP MAX UNITS 

3 5 mV 

3 20 pA 

±30 ±100 pA 

1012 0 

50 200 VlmV 

PM-ISS 2 4 
mA 

PM-156/PM-157 5 7 

PM-ISS 5 
PM-ISS 7.5 12 VIps 
PM-157 30 40 

PM-ISS 2.5 
PM-156 5 MHz 
PM-157 20 

PM-155 5 
PM-156 4 ps 
PM-157 4 

PM-155 
25 
20 

nVly'HZ 
15 

PM-1561PM-157 
12 

0.01 pAly'HZ 

3 pF 
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------f[fM!) PM-155A/PM-158A/PM-157A MONOLITHIC JFET-INPUT OPERATIONAL AMPLIFIERS 

ELECTRICAL CHARACTERISTICS at± 15VS VsS±20V and-55· CSTAS+ 125· Cand T HIGH= +125· C for PM-155, PM-156 
and PM-157, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Ollset Voltage Vos Rs= 500 

Input OIIset Voltage 
TCVos Rs=500 

Drllt 

Change In Input Ollset ( ~TCVos) Rs=500 
Drllt With Vos Adjust. ~Vos 

Input Ollset Current los TI'S THIGH (Note 1 ) 

Input Bias Current Ie TI'S THIGH (Note 1 ) 

large-Signal Voltage 
Avo 

Vs=±15V, Vo=±10V 
Gain RL = 2kO 

Output Voltage Swing Vo 
Vs = ± 15V. RL = 10kO 
Vs= ±15V. RL = 2kO 

Input Voltage Range IVR Vs=±15V 

Common-Mode 
CMRR VCM=±IVR 

Rejection Ratio 

Power Supply 
PSRR (Note 2) 

Rejection Ratio 

NOTES: 
1. PMI has a bias current compensation circuit which gives Improved bias 

current over the standard JFETlnputopamps.IBand lOS are measured at 
VCM=O. T)=+125'C. 

ORDERING INFORMATIONt 

PACKAGE 

TA=2S'C 8-PIN OPERATING 
Voa MAX TO-88 HERMETIC TEMPERATURE 

(mV) I-PIN DIP LCC RANGE 

PM155AJ' PM155AZ' PM155ARC/883 
2.0 PM156AJ' PM156AZ' PM156ARC/883 MIL 

PM157AJ' PM157AZ' 

PM356AJ PM355AZ 
2.0 PM356AJ PM356AZ COM 

PM357AJ PM357AZ 

PM155J' PM 155Z 
5.0 PM156J' PM156Z MIL 

PM157J' PM157Z 

'For devices processed in total compliance to M I L-STD-883. add 1883 alter 
part number. Consult lactory lor 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-In. For ordering information see 1986 Data Book. Section 2. 

5-263 

PM-155 
PM-156 
PM-157 

MIN TYP MAX UNITS 

4 7 mV 

5 ",VI'C 

0.5 
",VI'C 

permV 

8 20 nA 

±2 ±50 nA 

25 75 VlmV 

±12 ±13 
V ±10 ±12 

+15.1 
±10.4 

-12.0 V 

85 100 dB 

10 57 /AVIV 

2. Power supply rejection ratio Is measured lor both supply magnitudes 
Increasing or decreasing simultaneously. in accordance with common 
prectlce. 

PIN CONNECTIONS 

8-PIN HERMETIC DIP 
(Z-Sufflx) 

N.C. 
S 

BALe7V+ 
-IN 2 ~ SOUT 

+IN 3 5 SAL 

• v- (CASE) 

T0-99 (J-Sufflx) 

PM-155ARC/883. 
PM-156ARC/883 
20-LEAD LCC 

(RC-Sufflx) 
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-------i~ PM-155A/PM-156A1PM-157A MONOLITHIC JFET-INPUT OPERATIONAL AMPLIFIERS 

BASIC CONNECTIONS 

SETTLING-TIME TEST CIRCUIT 

2t<nO.l% 

+15V 

:oy o-_"' ... "",'O","_"_"'f. 

5kn 
0.1% 

-15V Your 

Ay '" -1 

+15V 

"400n ±O.l% FOR PM-157A 
~ -= ':" "':'" '"* lkn ±O,l% FOR PM·157A 

INPUT OFFSET VOLTAGE NULLING 

NOTE: 
FOR POTENTIOMETERS WITH A TEMPERATURE COEFFICIENT .o;;;100ppmrc. 
THE ADDEO Tevos WITH NULLING IS"" o.Sp.vrC/mV OF ADJUSTMENT. 

APPLICATIONS INFORMATION 

INPUT VOLTAGE CONSIDERATIONS 
The PM series JFET input stages can accommodate large 
input differential voltages without external clamping as long 
as neither input exceeds the negative power supply. An input 
voltage which is more negative than V- can result in a 
destroyed unit. 

If both inputs exceed the negative common-mode voltage 
limit, the amplifier will be forced to a high positive output. If 
only one input exceeds the negative common-mode voltage 
limit, a phase reversal takes place forCing the output to the 
corresponding high or low state. In either of the above 
conditions, normal operation will return when both inputs are 
returned to within the speCified common-mode voltage range. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output. However, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

POWER SUPPLY CONSIDERATIONS 
Power supply polarity reversal can result in a destroyed unit. 

DYNAMIC OPERATING CONSIDERATIONS 
As with most amplifiers, care should be taken with lead 
dress, component placement, and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close to the 
input. This minimizes "pick-up" and increases the frequency 
of the feedback pole by minimizing the capacitance from 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capacitance 
from the input of the device to AC ground sets the frequency 
of the pole. In many instances, the frequency of this pole is 
much greater than the expected 3dB frequency of the 
closed-loop gain. Consequently, the pole has negligible 
effect on stability margin. However, if the feedback pole is 
less than approximately six times the expected 3dB fre
quency, a lead capacitor should be placed from the output to 
the inverting input ofthe op amp. The capacitor value should 
be such that the RC time constant of the capacitor and 
feedback resistor is greater than, or equal to, the original 
feedback-pole time constant. 
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Prt'CISIOll MOllolithics Inc. 

FEATURES 
• Extremely High Gain ......................... 3M Typ 
• Low Offsat Voltage and Offset Current 
• Low Drift with Tempereture 
• High Common-Mode Rejection ..•......... 110dB Min 
• High Power Supply Rejection ............. 10/loV/V Max 
• Silicon-Nitride Passivation 
• Differential-Input Overvoltage Protection 

ORDERING INFORMATIONt 
PACKAGE 

HERMETIC 

TA=25°.C 
Voa MAX TO-II DIP 

(mV) 8-PlN I-PIN 

1.0 PM725J" PM725Z" 
2.5 PM725CJ PM725CZ 

PLASTIC 
DIP 

8-PIN 

PM725CP 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
COM 

"For devices processed in total compliance to MIL-STO-883, add /883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book. Section 2. 

GENERAL DESCRIPTION 
The PM-725 series of monolithic instrumentation operational 
amplifiers provide industry-standard 725 specifications. In 

SIMPLIFIED SCHEMATIC 

V+ 

V-

5-265 

PM-72S 
INSTRUMENTATION 

OPERATIONAL AMPLIFIER 

addition, Precision Monollthlcs' exclusive Silicon-Nitride 
"Triple Passivation" process minimizes "popcorn noise" and 
provides maximum reliability and long-term stability. For 
improved specifications, refer to the OP-06 series data sheet. 
For devices with internal frequency compensation, refer to 
the OP-05 instrumentation amplifier and OP-07 ultra-low offset 
voltage operational amplifier data sheets. 

PIN CONNECTIONS 

VOS{S:?'1 7V+ 
-IN 2 + 6 OUT 

+IN 3 5 COMP 

4 
V-leASE) 

TO-99 
(J-Sufflx) 

a-PIN HERMETIC DIP 
(Z-Sufflx) 

" EPOXY MINI-DIP 
(P-Sufflx) 

Rl. 

OUTPUT 

R20 
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-----------f!EMD PM·725 INSTRUMENTATION OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ................................... ±22V 
Internal Power Dissipation (see note) •••••••••••• SOOmW 
Differential Input Voltage .......................... ±30V 
Input Voltage •••••••••••••••••••••••••••• Supply Voltage 
Output Short·Clrcult Duration ••••••••••••••••• Indefinite 
Storage Temperature Range 

J and Z Packages ................... -6S·C to +1S0·C 
P Package ......................... -6S·C to +12SoC 

Operating Temperature Range 
PM·725 ............................ -SS· C to + 12S· C 

PM-72SC ............................... O· C to + 70· C 

Lead Temperature Range (Soldering, 60 sec) •••••• 300·C 

NOTE: 
1. See table for maximum ambient temperature rating and derating factor. 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

PACKAGE TYPE FOR RATING TEMPERATURE 

TO-B9 (J) sooC 7.1 mW'o C 

a·Pln Plastic DIP (P) 36°C S.6mW'oC 

6-Pln Hermetic DIP (Z) 7SoC 6.7mW'oC 

ELECTRICAL CHARACTERISTICS at Vs = ±1SV, TA = 2S·C, unless otherwise noted. 

PM-725 PM-725C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offlet Voltage Vos RsS 10kO 0.5 t.O 0.5 2.5 mV 

Input Offlet Current los 20 35 nA 

Input Blal Current Ie 42 100 42 12S nA 

fo= 10Hz IS 15 
Input Nolee Voltage en fo= 100Hz B 9 nV'.,[Hz 

fo= 1000Hz a a 

Input Reslltance RIN 1.5 1.5 MO 

Input Voltage Range IVR ±13.S ±14 ±13.5 ±14 V 

Large-Signal Voltage 
AyO RL<:2kO, Vo =±10V 1,000 3,000 250 3,000 VlmV 

Gain 

Common-Mode 
CMRR RsS 10kO, VCM = ±13.5V 110 120 94 120 dB 

Rejection Ratio 

Power Supply 
PSRR Rs S 10kO, Vs = ±5V to ± 15V 2 10 2 35 IlVN Rejection Ratio 

Output Voltage Swing Vo 
RL <: 10kO ±12.0 ±13.5 ±12.0 ±13.5 

V 
RL<:2kO ±10.0 ±13.S ±Io.o ±13.5 

Output Reliltance Ro Vo=O, 10=0 150 150 0 

Power Conlumptlon Pd No Load SO lOS SO 150 mW 
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-----------I1fM!) PM-725 INSTRUMENTATION OPERATIONAL AMPLIFIER 

COMPENSATION CIRCUIT 

RO" 

R1 C1 C2 R2 

"V-oR~""'''''rMf-.J 
GND -:.- *USE R3 .. 510 WHEN THE AMPLIFIER 

IS OPERATED WITH CAPACITIVE LOAD. 

COMPENSATION COMPONENT VALUES 

R1 C, R2 C2 
AV In) I.F) In) I.F) 

10,000 10k SOpF 
1,000 470 0.001 

100 47 0.01 

10 27 0,06 270 0.0015 
10 0,06 39 0.02 

-FOR MAXIMUM PSRR VS FREQUENCY 
COMPENSATION NETWORK SHOULD 
BE RETURNED to v-

PINOUTS FOR J, Z, AND P PACKAGES. 

OFFSET VOLTAGE NULL CIRCUIT 

PINOUTS FOR J, Z, AND P PACKAGES. 

ELECTRICAL CHARACTERISTICS at Vs=±15V, -55· Cs TAS+125·C for PM-725, O· CS TAS+70·Cfor PM-725C, unless 

otherwise noted. 

PM-725 PM-725C 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vos Rs"; 10kO 1.5 3.5 mV 

Average Input Offset 
TCVos Rs = SOO, Unnulled (Note 1) 2 5 "VloC 

Voltage Drift 

Average Input Offset 
TCVos" Rs = 500, Nulled 0.6 0.6 "VloC 

Voltage Drift 

Input Offset Current los 
TA=MAX 1.2 20 1.2 35 

nA 
TA=MIN 7.5 40 4.0 50 

Average Input Offset 
TClos (Note 1) 35 150 10 pAloC 

Curnsnt Drift 

Input Bias Current Is 
TA=MAX 20 100 30 125 

nA 
TA=MIN 80 200 100 2SO 

Large-Signal Voltage 
Avo 

RL 2:2kO, TA=MAX 1,000 125 
V/mV 

Gain RL 2:2kO, TA= MIN 250 125 

Common-Mode 
CMRR Rs"; 10kO, VCM = ± 13.5V 100 115 dB 

Rejection Ratio 

Power Supply 
PSRR Rs"; 10kO, Vs = ±5V to ± 15V 20 20 "VN Rejection Ratio 

Output Voltage Swing Vo RL 2:2kO ±10 ±10 V 

NOTE: 1. Sample tested. 

5-257 1/86, Rev. A 



PrecisIon Monolithics Inc. 

FEATURES 
• Industry Standard 741 Specifications 
• Internal Frequency Compensation 
• Continuous Short-Circuit Protection 
• SIlicon-Nitride Passivation 
• Low Noise 

ORDERING INFORMATIONt 

TA=25°C PACKAGE OPERATING 

VosMAX TO·II TEMPERATURE 
(mY) .. PIN RANGE 

5.0 PM741J MIL 
6.0 PM741CJ COM 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

SIMPLIFIED SCHEMATIC 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

PM-741 ........................................ ±22V 
PM-741C •.......•.......••••...••......•....... ±18V 

Internal Power Dissipation (Note 1) ..••.•........ SOOmW 
Differential Input Voitage •....•....•.....•........• ±30V 
Input Voltage .......•.....•....•......... Supply Voltage 
Output Short-Circuit Duration ................. Indefinite 
Storage Temperature Range ........... -6S·C to +1S0·C 
Lead Temperature Range (Soldering, 60 sec) ....•. 300· C 

PM-741 
COMPENSATED 

OPERATIONAL AMPLIFIER 

GENERAL DESCRIPTION 
The PM-741 series of internally-compensated operational 
amplifiers provide industry-standard 741 specifications. In 
addition, Precision Monolithics' exclusive Silicon-Nitride 
"Triple Passivation" process provides high reliability and 
long-term stability of parameters. For higher performance 
general purpose op amps, refer to the OP-02 data sheet. See 
the OP-04/0P-14 data sheet for duals. 

5·268 

PIN CONNECTIONS 

8 N.C. 

BAl97V+ 
-IN 2 6 OUT 

+IN 3 5 BAl 

4 v- (CASE) 

Operating Temperature Range 

TO-99 
(J-Sufflx) 

R9 
OUTPUT 

r---+--O 

R'O 

PM-741 ............................ -SS·C to +125·C 
PM-741C .....................•.....•... O·C to +70·C 

NOTE: 
I. See lable for maximum ambienllemperalure rallng and deraling faclor. 

PACKAGE TYPE 

TO-99 (J) 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

80°C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

7.lmW'oC 
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-----------I1fMi) PM-741 COMPENSATED OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at TA = 2S' C, Vs = ± 1SV, unless otherwise noted. 

PM-741 PM-741C 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vos RsS tOkO 5.0 6.0 mV 

Input Offset Current los 200 200 nA 

Input Bias Current Ie 500 500 nA 

Input Resistance RIN (Note t) 0.3 0.3 MO 

Large-Signal 
Avo RL 2:2kO, Vo=±tOV 50,000 25,000 VIV 

Voltage Gain 

Supply Current ISY VOUT= 0 2.8 2.8 mA 

ELECTRICAL CHARACTERISTICS at-SSOCS TAS+12S'Cfor PM741 , O'CSTAS+70'Cfor PM741C, Vs=±1SV, unless 
. otherwise noted. 

PM-741 PM-741C 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vos RsS 10kO 6.0 7.5 mV 

Input Offset Current los 500 300 nA 

Input Bias Current Ie 1.5 0.8 iJA 

Large-Signal 
Avo Voltage Gain 

25,000 15,000 VIV RL2:2kO, Vo=±tOV 

Output Voltage Swing Vo 
±12 ±12 

V 
±10 ±10 

Input Voltage Range IVR ±12 ±12 V 

Common-Mode 
CMRR 

Rejection Ratio 
70 70 dB 

Power Supply 
PSRR 

Rejection Ratio 
142 142 I'VIV RsS 10kO 

NOTE: 
1. Guaranteed by design. 

TYPICAL OFFSET NULLING CIRCUIT TYPICAL BURN-IN CIRCUIT 

v- -20V 
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Pr~CISIOIl M()nollthH.:~ Inc 

FEATURES 

• Dual PM-741 Internally-Compensated OperaUonal 
Amplifier 

• Internal Frequency CompensaUon 
• Low Power ConaumpUon 
• ConUnUOUI Short-CIrcuit Protection 
• Silicon-Nitride PaulvaUon 

ORDERING INFORMATIONt 

PACKAGE 

TA=25°C HERMETIC OPERATING 
VosMAX DIP TEMPERATURE 

(mV) 14-PIN RANGE 

5.0 PM747Y MIL 
6.0 PM747CY COM 

tAli commercial and Industrial temperature range parts are avaUable with 
burn-In. For ordering Information see 1986 Data Book, Section 2. 

SIMPLIFIED SCHEMATIC (1/2 of Circuit Shown) 

PM-747 
DUAL COMPENSATED 

OPERATIONAL AMPLIFIER 

GENERAL DESCRIPTION 
The PMI series of internally-compensated operational ampli
fiers provides industry-standard 747 specifications. In addition, 
Precision Monolithics' exclusive Silicon-Nitride "Triple Passiva
tion" process provides maximum reliability and long-term 
stability of parameters for lowest overall system operating cost. 

PIN CONNECTIONS 

5-270 

14-PIN DIP 
(Y-sutflx) 

·V+ IA) AND v+ tBI 
INTERNALLY CONNECTED 

RI 

,--__ -+-'0-oUTPUT 

RIO 
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-----------I1fMD PM-747 DUAL COMPENSATED OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

PM-747 •••••••••••••••••••••••••••••••••••••••• ±22V 

PM-747C ....................................... ±18V 

Internal Power Dissipation (Note 1) 
V Package ••••••••••••••••••••••••••••••••••• 670mW 

Differential Input Voltage .......................... ±30V 

Input Voltage .......................... " Supply Voltage 

Output Short-Circuit Duration ••••••••••••••••• Indefinite 

Storage Temperature Range ••••••••• " -65· C to + 150· C 

Lead Temperature Range (Soldering, 60 sec) •••••• 300·C 

Operating Temperature Range 

PM-747 •••••••••••••••••••••••••••• -55·C to +125·C 

PM-747C ••••••••••••••••••••••••••••••• O·C to +70·C 

NOTE: 
1. See table lor maximum amblenl temperalure rating and derating factor. 

MAXIMUM AMBIENT 
TEMPERATURE 

PACKAGE TYPE FOR RATING 

14-Pln Hermel/c DIP (Y) 83"C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

10.0mW/"C 

ELECTRICAL CHARACTERISTICS at TA = 25· C, Vs = ± 15V, unless otherwise noted. 

PM-747 PM-747C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Ollset Voltage Vos RsS20kCl 1.0 5.0 1.0 6.0 mV 

Input Ollset Current los 20 200 20 200 nA 

Input Bias Current Is 80 500 80 500 nA 

Input Resistance RIN (Nota I) 0.22 2.0 0.3 2.0 MCI 

Input Capacitance C1N 1.4 1.4 pF 

Olls.t Voltage 
Adjustment Range 

±15 ±15 mV 

Large-Signal 
Avo RL~2kCl, Vo =±10V 50 200 25 200 VlmV Voltage Gain 

Output Voltage Swing Vo 
RL~ 10kCl ±12 ±14 ±12 ±14 

V 
RL<!:2kCl ±10 ±13 ±10 ±13 

Output Reslltanoe Ro 75 75 CI 

Output Short-Circuit 
Current Isc 25 25 mA 

Supply Current lay Per Amplifier, No Load 1.7 2.8 1.7 2.8 mA 

Input Voltage Range IVR ±12 ±13 ±12 ±13 V 

Common-Mode 
CMRR Rs S 20kCl, VCM = ± 10V 70 90 70 90 dB 

Rejection Ratio 

Power Supply 
PSRR 

Va = ±5V to ±20V 30 150 
"VIV Rejection Ratio Vs= ±5V to ±18V 30 150 

Power Consumption Pd Per Amplifier, No Load 50 85 50 85 mW 

Transient Response, Rlaetlma V1N = 20mV, RL = 2kCl 0.3 0.3 "I 
Unity Gain Overshoot CLS loopF 5 5 % 

Slew Rate SR RL~2kCl 0.7 0.7 VI"s 

Channel Separation CS 120 120 dB 

NOTE: 
1. Guaranteed by Input bias current. 
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IfMi) PM-747 DUAL COMPENSATED OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs=± 15V, -55·C STAS + 125· Cfor PM-747, O·CSTAS+70·Cfor PM-747C, unless 

otherwise noted. 

PM-747 PM-747C 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITB 

Input Offset Voltage Vos RsS 20kO 1.0 6.0 1.0 7.5 mV 

Input Offset Current los 
TA=MAX 7 200 7 200 
TA=MIN 85 500 30 300 

nA 

Input Bias Current Is 
TA=MAX 0.03 0.5 0.03 0.5 
TA=MIN 0.3 1.5 0.10 0.8 ".A 

Output Voltage Swing Vo 
RL~ 10kO ±12 ±14 ±12 ±14 

V 
RL~2kO ±10 ±13 ±10 ±13 

Large-Signal 
AyO RL~2kO, Vo=±10V 25 50 15 25 VlmV 

Voltage Gain 

Input Voltage Range IVR ±12 ±13 ±12 ±13 V 

Common-Mode 
CMRR Rs S 20kO, VCM = ± 10V 70 90 70 90 dB 

Rejection Ratio 

Power Supply 
PSRR RsS 20kO 

Vs = ±5V to ±20V 30 150 
p.VN 

Rejection Ratio Vs = ±5V to ±18V 30 150 

Supply Current ISY 
TA = MAX Per Amplifier, 1.5 2.5 1.5 2.5 

mA 
TA = MIN No Load 2.0 3.3 2.0 3.3 

Power Consumption Pd 
TA = MAX Per Ampliller, 45 75 45 75 
TA = MIN No Load 60 100 60 100 

mW 

Channel Separation CS 120 120 dB 

BURN-IN CIRCUIT TYPICAL OFFSET NULLING CIRCUIT 

-20V -20V v- v-

TYPICAL APPLICATION 

HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER 

90kn 10kn IOkn 

10 OUTPUT 
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JM38510/10104 
JAN SINGLE LOW-INPUT-CURRENT 

OPERATIONAL AMPLIFIER (EXTERNALLY COMPENSATED) 
PreCiSH)ll MOIlOltthlCS Inc 

GENERAL DESCRIPTION 
This data sheet covers the electrical requirements for a 
monolithic, low input-current, externally-compensated 
operational amplifier as specified in MIL-M-38510/101 for 
device type 04. Devices supplied to this data sheet are 
manufactured and tested at PMl's MIL-M-38510 certified 
facility and are listed in QPL-38510. 

Complete device requirements will be found in MIL-M-38510 
and MIL-M-38510/101 for Class B processed devices. 

GENERIC CROSS·REFERENCE INFORMATION 
This cross-reference information is presented for the con
venience of the user. The generic-industry types listed may 
not have identical operational performance characteristics 
across the military temperature range or reliability factors 
equivalent to the MIL-M-38510 device. 

MIlitary Device Type 
04 

CASE OUTLINE 

Generic-Industry Type 
LM108A 

Per MIL-M-38510, Appendix C, Case Outline A-1 (8 Lead 
Can). Package Type Designator "G". 

SIMPLIFIED SCHEMATIC 

PIN CONNECTIONS AND ORDERING INFORMATION 

COMP 

COM~p8 7V+ 

-IN 2 8 OUT To·ee (J·SuHlx) 

+IN 3 + 5 N.C. 

• 
V-ICASEI 

Jan Device PMI Device Type 
JM38510/10104BGC PM108AJ1/38510 

NOTE: Lead Finish: Gold Plale. 
Check wilh faclory for other qualified lead finishea. 

POWER AND THERMAL CHARACTERISTICS 

Package Caea ouOlne Maximum allowable Maximum Maximum 

8 Lead can 
(TO-99) 

G 

power d .... pellon 9J-C 9J-A 

330mW al TA= 125°C 40°CIW 150°C/W 

ALL RESISTANCE AND CAPACITANCE VALUES ARE NOMINAL. 

(7)+Vcc 

R18 A' 
66n 14.311.(1 

'----+-+--oe'bUT 
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-------f[fMD JM38510/10104 JAN SINGLE LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at 5V S ±VCcS 20V and -55°C S TAS +125°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS MIN MAX UNITS 

Inpul Offset Voltage VIO 
(Note 2) TA=2SoC -O.S +o.S 

mV 
Rs=SOO -SsoCSTAS 12SoC -1.0 +1.0 

Input Offset Voltage AVIO AT A from -SSoC to +2SoC -S.O +S.O 
"VloC 

Temperature Sensitivity AT ATA from +2SoC to +125°C -S.O +5.0 

Input Offset Current 110 (Note 2) 
TA=2SoC -0.2 +0.2 

nA 
-SsoCSTAS12SoC -0.4 +0.4 

Input Offset Current AI IO ATA from -S5°C to +2SoC -2.S +2.5 
pAloC 

Temperature Sensitivity ~ ATA from +25°C to +125°C -2.5 +2.5 

+IIB (Note 2) 
25°CSTAS 12SoC -0.1 +2.0 

nA 
Input Bias Current 

-55°C S TA S +2SoC -0.1 +3.0 

-liB (Note 2) 
25°CSTAS12SoC -0.1 +2.0 

nA 
-SSoC S TA S +25°C -0.1 +3.0 

Power Supply Rejection Ratio +PSRR 
+Vee= 10V _ TA=2SoC -16 +16 

"VN -Vee = 20V Rs-SOO -SsoCSTAS 12SoC -16 +1e 

Power Supply Rejection Ratio -PSRR +Vce = 20V Rs = son TA=2SoC -16 +16 
"VN -Vee=-10V -SSoc S TA S 125°C -18 +18 

Input Voltage ±Vee= 20V 

Common-Mode Rejection 
CMR VIN=t1SV 96 dB 

Rs=500 

Adjustment For VIO tVee = 20V 
No External 

mV 
Input Offset Voltage ADJ (+) Adjustment 

Adjustment For VIO ±Vee= 20V 
No External 

mV 
Input Offaet Voltage ADJ (-) Adjuatment 

Output Short-Circuit Current 
lOS 1+1 

±Vee= 1SV t S25ma 
1S mA 

(For Poaltlve Output) (Note 3) 

Output Short-Circuit Current 
lOS 1-) 

±Vee. 1SV ts25ms 
15 mA 

(For Negative Output) (Note 3) 

TA=-SSoC 0.8 
Supply Current Icc ±Vee= 1SV TA=+2SoC o.e mA 

TA=+12SoC o.e 

Output Voltage Swing 
VOP 

tVee = 20V. RL = 10kO ±1e 
V 

(Maximum) ±Vee = 20V, RL = 2kO 

Open-Loop Voltage Gain 
tVee= 20V 

TA=25°C eo 
(Single Ended) (Note 1) AvS I±) RL = 10kO 

-5soCSTAS 12SoC 40 
VlmV 

VouT =±15V 

Open-Loop Voltage Gain 
tVee= SV 

(Single Ended) (Note 1) Avs RL = 10kO 20 VlmV 

VOUT=t2V 

Transient Response Rise Time TRltri CF= 10pF 1000 nsec 

Transient Response Overshoot TRIOS) CF= 10pF 50 lib 

Noise (Referred to Input) 
NI(BB) 

Vee=20V 
TA =2SoC 15 "Vrms Broadband Bandwidth = SkHz 

Noise (Referred to Input) 
NI(PC) 

±Vee= 20V TA=2SoC 40 "V peak Popcorn Bandwidth = SkHz 

NOTES: 
1. Note that gain Is notapeclfied at VIO IADJ) extremes. Some gain reduction 

Is usually seen at VIO IADJ) extremes. For closed-loop applications 
(closed-loop gain less than 1.000). the open-loop tests (Avs) prescribed 
herein should guarantee a positive. reasonably linear. transfer character
Istlc. They do not. however, guarantee that the open-loop gain Is linear, or 
even positive, over the operating range. If either of these requirements 

exist (positive open-loop gain or open-loop gain linearity). they should be 
specified In the Individual procurement document as additional require
ments. 

2. Tests at common-mode VeM = 0, VeM = -1SV. and VeM = +1SV. 
3. Continuous short-cIrcuit limits will be considerably less than the Indicated 

test limits. Continuous los at TA S 7So C will cause TI to exceed the maxi
mum of 17SoC. 
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-------I~ JM38510110104 JAN SINGLE LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at 5V :S ±VCc:S 20V and -550 C :S TA:S +1250 C, unless otherwise noted. (Continued) 

PARAMETER SYMBOL CONDITIONS MIN MAX UNITS 

Slew Rate SR (+1 
Av=l -5soC:5 TA:5 2SoC 0.05 

V/p.sec 
VIN=+SV TA= 12SoC O.OS 

Slew Rate SR (-I 
Av=l -55DC:S:TA~25°C 0.05 

V/p.sec 
VIN=±SV TA = 12SoC 0.05 

NOTES: 
1. Note that gain Is not specified at VIO iADJI extremes. Some gain reduction 

Is usually seen at VIO IADJI extremes. For closed-loop applications 
(closed-loop gain less than 1.0001. the open-loop tests (Avsl prescribed 
herein should guarantee a positive. reasonably linear. transfer character
Istic. They do not, however. guarantee that the open-loop gain Is linear. or 
even positive. over the operating range. If either of these requirements 
exist (positive open-loop gain or open-loop gain linearity), they should be 

BURN-IN CIRCUIT 

RI 

5-275 

specified in the individual procurement document as additional require
ments. 

2. Tests at common-mode VCM = O. VCM =-lSV. and VCM = +lSV. 
3. Continuous short-circuit limits will be considerably less than the indicated 

test limits. Continuous los at TA:5 7SoC will cause TI to exceed the maxi
mum of 17SoC. 

For Oth.r T.at Circuit Dlagrama, S •• MIL-M-385101101 
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JM38S10/10106 
JAN DUAL LOW-INPUT-CURRENT 

OPERATIONAL AMPLIFIER (EXTERNALLY COMPENSATED) 
Pr'-·(.:IS10Jl MOllollthICS Inc. 

GENERAL DESCRIPTION 
This data sheet covers the electrical requirements for a dual 
low input-current, externally-compensated operational 
amplifier as specified in MIL-M-38510/101 for device type 06. 

Devices supplied to this data sheet are manufactured and 
tested at PMl's MIL-M-38510 certified facility and are listed 
in QPL-38510. 

Complete device requirements will be found in MIL-M-38510 
and MIL-M-38510/101 for Class B processed devices. 

GENERIC CROSS-REFERENCE INFORMATION 
This cross-reference information is presented for the con
venience of the user. The generic industry types listed may 
not have identical operational performance characteristics 
across the military temperature range or reliability factors 
equivalent to the MIL-M-38510 device. 

Military Device Type 
06 

CASE OUTLINE 

Generic Industry Type 
LM2108A 

Per MIL-M-38510, Appendix C, Case Outline D-2 (16-pin 
DIP). Package Type Designator "En. 

SIMPLIFIED SCHEMATIC (Each Amplifier) 

RIO -

PIN CONNECTIONS AND ORDERING INFORMATION 

V+(A) 1 

OUT COMP IAI 2 

IN COMP(A) 3 

-IN (A) 4 

10 OUT COMP IB) 

16-PIN HERMETIC DIP 
(Q-Sufflx) 

Jan Device Type 
JM38510/10106BEB 

PMI Device Type 
PM2108AQ2/38510 

NOTE: Lead finish: Acid Tin Plate 
Check with factory for other qualified lead finishes. 

POWER AND THERMAL CHARACTERISTICS 

Packalle ea .. ouiline Maximum allowable Maximum Maximum 
power dlaalpaUon 8J-C 8J-A 

Dual-In-line E 400mW at TA = 125'0 35°C/W 1200 0/W 
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______ --IMJM38510/10106 JAN DUAL LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at 5V:5 ±VCC:5 20V and -55°C:5 TA:5 +125°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS MIN MAX UNITS 

Input Offset Voltage V,O 
(Note 2) TA=25°C -0.5 +0.5 

mV 
Rs=500 -55°C:>TA:> 125°C -1.0 +1.0 

Input Offset Voltage !lV,O !lTA from -55°C to +25°C -5.0 +5.0 ",VloC 
Temperature Sensitivity ;rr !lTA Irom +25°C to +125°C -5.0 +5.0 

Input Offset Current 1,0 (Note 2) 
TA= 25°C -0.2 +0.2 

nA 
-55°CS TAS 125°C -0.4 +0.4 

Input Offset Current !ll,o !lTA from -55°C to +25°C -2.5 +2.5 
pArC 

Temperature Sensitivity AT !lTAfrom +25°Cto+125°C -2.5 +2.5 

(Note 2) 
25°CSTAS 125°C -0.1 +2.0 

+I,B -55°CSTAS+25°C -0.1 +3.0 
nA 

Input Bias Current 
25°CSTAS 125°C -0.1 +2.0 

-l'B (Note 2) 
-55°CSTAS+25°C -0.1 +3.0 

nA 

Power Supply Rejection Ratio +PSRR +Vcc = 10V Rs = 500 TA=25°C -16 +16 
-Vcc=-20V -55°CSTASI25°C -16 +16 

",VIV 

Power Supply Rejection Ratio -PSRR +Vcc=20V Rs=500 TA=25°C -16 +16 
",VIV 

-Vcc=-10V -55°CSTAS125°C -16 +16 

Input Voltage 
±Vcc=20V 

Common-Mode Rejection 
CMR V,N =±15V 96 dB 

Rs=500 

Adjustment For V,O No External 

Input Offset Voltage ADJ (+) 
±Vcc= 20V Adjustment mV 

Adjustment For V,O No External 

Input Offset Voltage ADJ (-) 
±Vcc= 20V Adjustment mV 

Output Short-Circuit Current 
105 (+) 

±Vcc= 15V tS 25ms 
15 

(For Positive Output) (Note 3) mA 

Output Short-Circuit Current 
105 (-) 

±Vcc= 15V tS25ms 
15 (For Negative Output) (Note 3) mA 

TA=-55°C 0.8 
Supply Current Icc ±Vcc= 15V TA=+25°C 0.6 mA 

TA=+125°C 0.6 

Output Voltage Swing 
VOP 

±Vcc=20V, RL = 10kO ±16 
(Maximum) ±Vcc=20V, RL =2kO 

V 

Open-Loop Voltage Gain 
±Vcc=20V 

TA= 25°C 80 
(Si ngle Ended) (Note 1) AVSI±) RL = 10kO 

-55°CSTAS 125°C 40 
VlmV 

VouT =±15V 

Open-Loop Voltage Gain ±Vcc=5V 

(Single Ended) (Note 1) Avs RL = IOkO 20 VlmV 
VouT =±2V 

Transient Response Rise Time TRI1r) CF= 10pF 1000 nsec 

Transient Response Overshoot TRIOS) CF= 10pF 50 % 

Noise (Referred to Input) 
N,(BB) 

Vcc= 20V 
TA=25°C 15 ",Vrms 

Broadband Bandwidth = 5kHz 

Noise (Referred to Input) 
N,(PC) 

±Vcc= 20V 
TA=25°C 40 ",V peak Popcorn Bandwidth = 5kHz 

NOTES: 
1. Note that gain is not specified at V,O IADJ) extremes. Some gain reduction 

Is usually seen at V,O IADJ) extremes. For closed-loop applications 
(closed-loop gain less than 1,000), the open-loop tests (Avs) prescribed 
herein should guarantee a positive, reasonably linear, transfer character
istiC. They do not, however, guarantee that the open-loop gain Is linear, or 
even positive, over the operating range. If either of these requirements 
exist (positive open-loop gain or open-loop gain linearity), they should be 
specified in the individual procurement document as additional 
requirements. 

2. Tests at common-mode VCM = O. VCM = -15V, and VCM = + 15V. 

5-277 

3. Continuous short-circuit limits will be considerably less than the Indicated 
test limits. Continuous lOS at TAS 75°C will cause Tj to exceed the maxi
mum of 175°C. For dual devices, los is measured one channel at a time. 
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~ _____ -I~ JM38510/10106 JAN DUAL LOW-INPUT-CURRENT OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at 5V :;; ±VCC:;; 20V and -550 C :;; T A:;; + 1250 C, unless otherwise noted. (Continued) 

PARAMETER SYMBOL CONDITIONS MIN MAX UNITS 

Slew Rate SR 1+) 
Av=1 -55'C" TA" 25'C 0.05 

0.05 
V1p.sec 

V,N = +5V TA= 125'C 

Slew Rate SR 1-) 
Av= 1 -55'C"TA,,25'C 0.05 

0.05 
V1p.s8C 

V,N =±5V TA = 125'C 

TA=25'C 
tsl+) 

Settling Time -55'C" TA" 125'C 
TA= 25'C 

tsl-) 
-55'C" TA" 125'C 

Channel Separation CS 
±Vcc= 20V 
TA = 25'C 

NOTES: 
1. Note that gain Is not specified at V,O (ADJ) extrsmeS. Some gain reduction 

Is usually seen at V,O (ADJ) exlremes. For closed-loop applications 
(closed-loop gain is less than 1,000), the open-loop tests (Avs) prsscrlbed 
hersln should guarantee a positive, rsasonably linear, transfer character
Istic. They do nOl, however, guarantee that the open-loop gain Is linear, or 
even positive, over Ihe operating range. II either of Ihese requlrsments 
exlsl I positive open-loop gain or open-loop gain linearity), they should be 

BURN·IN CIRCUIT 

\ 
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ns 

ns 

80 dB 

specified In Ihe Individual procurement documenl as additional 
rsqulrsmenls. 

2. Tesls al common-mode VOM m 0, VOM = -15V, and VOM = +ISV. 
3. Continuousshort-circullllmita will be considerably I •• ethan Ihe Indlcaled 

I"tllmlts. Continuous los at TA:!O 75'.C will causa TIIO exceed the maxi
mum of 17S'C. For dual devices, los I. mea.ured one channel al a time. 

For other Telt Circuit Dlagrlml, 8M MIL-M-385101101 
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PI't~Ci~l()n MOllohthics Inc 

FEATURES 

• Low Broadband Noise .. . .. .. . .. . .. .. .. ... 5tlVrms Max 
• RM-4136 Direct Replacement 
• SlIIcon·Nltrlde Passivation 
• Low Crossover Distortion 
• Continuous Short· Circuit Protection 
• MIL·M·38510 Processed 

ORDERING INFORMATION 

JAN SLASH SHEET PMIOEVICE 

JM38510/11004BCB PM-4136Y2/38510 

GENERAL DESCRIPTION 
The PM-4136Y2/38510 provides four matched 741·type opera
tional amplifiers in a 14-pln hermetic dual-in-line package. The 
device Is manufactured to meet or exceed all terms and 
conditions of the MIL-M-38510/110A slash sheet, under the 
requirements of the MIL-M-38510 general microcircuit speci
fications. Complete device specifications, test configurations, 
and manufacturing requirements are found in the slash sheet 
and general specifications. 

GENERIC CROSS·REFERENCE INFORMATION 
The PM-4136Y2/38510 Is PMI's product name for the JM385101 
11004BCB. The PM-4136Y2/38510 is a 38510-processed version 
of the Industry-standard RM4136. 

SIMPLIFIED SCHEMATIC (One of Four Amplifiers Is Shown) 

v+ 

1-1 IN 

1+1 IN 0--1-------+---1 

v-
NOTE: BIAS CIRCUIT SHOWN IN DASHED BOX IS COMMON TO ALL DEVICES. 

5·279 

JM38510/11004 
JAN QUAD 741-TYPE 

OPERATIONAL AMPLIFIER 

The generic industry device may not have identical operational 
performance characteristics across the Military temperature 
range, or reliability factors equivalent to the 38510 device. 

For an 883-processed device with improved electrical specifica
tions, review the OP-09 data sheet. 

PIN CONNECTIONS 

JAN Device 
JM38510/11004BCB 

14-PIN HERMETIC DIP 
TIN REFLOW LEAD TYPE 

(Y2 Suffix) 

PMI Device Type 
PM-4136Y2I38510 

POWER AND THERMAL CHARACTERISTICS 

Ca .. Maximum Allowable Maximum Maximum 
Ouiline Packalle Power OI .. lpalion BJC BJA 

Y Dual-In-Llne 400mW@TA = 125'C 35'C/W 120'C/W 

L--HI---+---t-:-o OUTPUT 
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----------I~ JM-38510/11004 JAN QUAD 741-TVPE OPERATIONAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage Range (Note 1) ....................... ±22V 

Input Voltage Range (Note 2) ....•••..•.•.•..••..••.. ±22V 

Differential Input Voltage Range (Note 3) •....•...••.•. ±30V 

Input Current Range •••••••••..••••••••....••. 10 to 0.1 mA 

Storage Temperature Range ••...••...•... -65°C to +150°C 
Output Short-Circuit Duration (Note 4) ........... Unlimited 

Lead Temperature (Soldering, 60 sec) •••..•.•.•..•... 300°C 

Junction Temperature (lj) (Note 5) ••.•...•••.•..•.•• 175°C 

NOTES: 
1. Voltages in excess of these may be applied for short-term tests if voltage 

difference does not exceed 44 volts. 
2. For supply voltages less than ±20V. the absolute maximum input voltage is 

equal to the supply voltage. 

3. The differential Input voltage range shall not exceed the supply voltage 
range. 

4. Short circuit may be to ground or either supply. Rating applies to +125°C 
case temperature or +75° C ambient temperature. 

5. For short-term test (in the specific burn-in and life-test configuration 
where required and up to 168 hours maximum) lj = 275°C. 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage Range ••••••••.•.•••••.•••..•• ±5V to ±20V 

Ambient Temperature Range ••.•..•.•••••••• -55° to +125° C 

ELECTRICAL CHARACTERISTICS at ±5V :5Vcc :5±20V and -55°C:5 TA :5125°C, Rs = 50n, unless otherwise noted. 

04 LIMITS 
. PARAMETER SYMBOL CONDITIONS MIN MAX UNITS 

TA = 25°C 
-5 5 

Input Offset Voltage V,o -55°C:5 TA :5125°C 
-6 6 

mV 
(Note 1) 

Input Offset Voltage 
LlV,o/LlT -55°C:5 TA :5125°C -25 25 /1V1°C 

Temperature Sensitivity 

25°C:5 TA :5125°C. Rs = 20kll 
-75 75 

(Note 1) 
Input Offset Current 1'0 nA 

TA = -55°C, Rs = 20kll 
-150 150 

(Note 1) 

Input Offset Current -55°C:5 TA :5 25°C -1000 1000 

Temperature Sensitivity 
LlI,o/LlT pArc 

25°C:5 TA :5125°C -500 500 

Rs = 20kO, 

+118 
25°C:5 TA :5125°C -250 -1 
TA = -55°C -400 -1 

(Note 1) 
Input Bias Current nA 

Rs = 20kO, 
25°C:5 TA :5125°C -250 -1 

-I'B TA = -55°C -400 -1 
(Note 1) 

Power Supply Rejection +PSRR +Vee = 10V, -Vee = -20V -100 100 

Ratio 
/1VIV 

-PSRR +Vee = 20V, -Vee = -10V -100 100 

Input Voltage Common-Mode 
CMR 

Common-Mode Range = 30V 
76 dB 

Rejection (Note 2) 

Output Short Circuit 
105(+) 

±Vee = ±15V, 25°C:5 TA :5125°C -80 
Current (Note 3) 

mA 
Output Short Circuit 

10SI_1 
±Vee = ±15V, TA = -55°C 80 

Current (Note 3) 

Vee = ±15V 
TA = -55°C 13 

Supply Current lee TA = 25°C 11 mA 
(Note 4) 

TA = 125°C 11 

+Vop 
_ RL = 10kO +16 

Output Voltage Swing 
Vee - ±20V, RL = 2kO +15 

(Maximum) 
V 

_ RL = 10kO -16 
-Vop Vee - ±20V, RL = 2kll -15 
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_________ ~~ JM-38510/11004 JAN QUAD 741-TYPE OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS at ±5V :5VCC :5±20V and -55° C :5TA :5125°C, Rs = 50n, unless otherwise noted. (Continued) 

PARAMETER 

Open-Loop Voltage Gain 

(Single Ended) 

Transient Response 

Rise Time 

Transient Aesponse 

Overshoot 

Slew Rate 

Noise 
(Broadband) 

Noise 
(Popcorn) 

Channel Separation 

NOTES: 

SYMBOL 

A V5{+) 

AvS(_! 

Avs 

TA( •• ! 

TA(OS! 

SA(+) 

N,(BB) 

N,(PC) 

CS 

CONDITIONS 

AL = 10kO, ±Vo = ±15V, 

TA = 25'C 
-55'C :5TA :5125'C 

AL = 2kn, ±Vo = ±15V. 
TA =25'C 
-55'C :5TA :5125'C 

AL = 10kn, TA = 25' C 
AL = 2kn, ±Vcc = ±5V, 
-55'C :5TA :5125'C 

±Vcc = ±20V, Av = 1 

±Vcc = ±20V 

±Vcc = ±20V, Av = 1 

TA = 25'C, ±Vcc = ±20V, 

As = son 

TA = 25'C, ±Vcc = ±20V, 
As = 20kn 

TA = 25'C 

1, Tested at VCM = 0, +15V and -15V with ±Vcc = ±20V; and at VCM = OV and 
-2,5V with ±Vcc = ±5V, 

2, CMA is determined by measuring input offset voltage as follows: 

OFFSET VOLTAGE 
CONDITION 

2 

BURN-IN CIRCUIT 

8800 

680n 

+Vee -Vee 

35V -5V 15V 

5V -35V -15V 

04 LIMITS 
MIN MAX UNITS 

50 
25 

50 VlmV 

25 

10 
10 

0,3 

50 

0,6 VII's 

5 tNrms 

50 

80 dB 

3. Only one amplifier shorted to ground atone time, 0 :5 t :5 25ms. Continuous 
limits will be considerably lower and apply for -55' C :5 TA :5 25'C, 

4. Icc limits are the total for all four amplifiers at no load, connected as 
followers with the non inverting inputs grounded. 

Io.,.F 3DOO 

-IV 

680n: 100 Io.,.F 
+15V 

3000 

1_ O.I.Fr-,O-O-...... --1.: _____ ~~~~~~~f'-----....J 
1_ O.1IlF NOTES: 

+1.0V 
1. RESISTORS ARE ±6% 
2. VOLTAGE TOLERANCE: -av, +1.6V 

-16V 
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J~38510/11401/11402/11403/ 
11404/11405/11406 

Prt"cision MOJ)nJithics Inc. 

GENERAL DESCRIPTION 
This data sheet covers the electrical requirements for a 
monolithic, low-power, internally-compensated JFET-Input 
operational amplifier as specified In MIL-M-38510/114 for 
device types 01 to 06. Devices supplied to this data sheet are 
manufactured and tested at PMI's MIL-M-38510 certified 
facility and are listed In QPL-38510. 

Complete device requirements will be found in MIL-M-38510 
and MIL-M-38510/114 for Class B processed devices. 

GENERIC CROSS-REFERENCE INFORMATION 
This cross-reference Information is presented for the con
venience of the user. The generic-industry types listed may 

SIMPLIFIED SCHEMATIC 

JAN JFET-INPUT 
OPERATIONAL AMPLIFIERS 

not have identical operational performance characteristics 
across the military temperature range or reliability factors 
equivalent to the MIL-M-3851O device. 

Military Device Type Generic-Industry Type 

01 LF-155 
04 LF-155A 
02 LF-156 
05 LF-156A 
03 LF-157 
06 LF-157A 

(21 cr--I+-r-4-II-II-:-::==+==~:t:t==:::-1 (-l 

NOTE: For valu •• of C1. C2. RS. RS •• e th. 
0104 following table: 
0205 0306 

C1 7pF 1.7pF 

C2 7pF 1.7pF 

AS 7.2kO 3.6kO 

RS 7.2kO 3.6kO 

5-282 1/86, Rev. A 



-----IlfMD JM38S10/11401/11402111403/11404/1140SI11408 JAN JFET-INPUT OPERATIONAL AMPLIFIERS 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage Range ............................ ±22V 
Input Voltage Range (Note 1) ...................... ±20V 
Differential Input Voltage Range ................... ±40V 
Lead Temperature (Soldering, 60 sec) ............. 300°C 
Junction Temperature .•..•......••.. Tj = 175°C (Note 3) 
Storage Temperature Range ........... -65°C to +150°C 
Output Short-Circuit Duration ........ Unlimited (Note 2) 

NOTES: 
1. The absolute maximum negative Input voltage Is equal to the negative 

power supply voltage. 

2. Short circuit may be to ground to either supply. Rating applies to +125°C 
case temperature or + 75° C ambient temperature. 

3. For short-term test (in the specific burn-In and life test configuration when 
required and up to 168 hours maximum). Tj = 275°C. 

RECOMMENDED OPERATING CONDITIONS 
Supply Voltage Range ................... ±5 to ±20 VDC 
Ambient Temperature Range ........•. -55°C to +125°C 

ELECTRICAL CHARACTERISTICS at Vcc from ±5V to ±20V; source resistance = 50 ohm; ambient temperature range = 
-55°C to +125°C and figure 1, unless otherwise noted. 

01 LIMITS 04 LIMITS 
PARAMETER SYMBOL CONDITIONS MIN MAX MIN MAX UNITS 

±Vcc=±SV. VCM=OV -s S -2 2 
TA=2SoC 

Input Offset 
Voltage 

V,o ±Vcc= ±20V mV 
VCM = ± ISV, OV 

-7 -2.5 2.S 
-S5°CSTAS+12SoC 

Input Offset Voltage ~V,o ±Vcc=±20V -30 30 -10 10 /IoVloC 
Temperature Sensitivity AT VCM=OV 

±VCC = ±20V. VCM = OV. 
Input Offset Current 1'0 Tj=2SoC -20 20 -20 20 pA 

T,= 125°C -20 20 -20 20 nA 

±VCC = ±20V. VCM = +15V 
Tj =2SoC -100 3SOO -100 3S00 pA 

tS 2Sms Tj= 12SoC -10 60 -10 60 nA 

+I'B ±Vcc = ±ISV. VCM = +10V 
Input Bias Current Tj =2SoC -100 300 -100 300 pA 
(Note 1) -I'B tS 2Sms Tj= 12SoC -10 SO -10 SO nA 
{Note 2) ±VCC = ±20V. -ISV S VCM S OV 
{Note 3) Tj= 25°C -100 100 -100 100 pA 

tS 25ms T,= 125°C -10 SO -10 50 nA 

Power Supply +PSRR +Vcc= 10V. -VCC= -20V 
85 85 dB 

Rejection Ratio -PSRR +Vcc = 20V. -Vee = -10V 

Input Voltage Common-Mode 
CMR 

±Vcc= ±20V 
85 8S dB 

Rejection (Note 4) V'N=±15V 

Adjustment for V,oADJ{+) ±Vcc =±20V +8 +8 
mV 

Input Offset Voltage V,oADJ{-) ±Vcc =±20V -8 -8 

Output Short-Circuit Current 
±Vcc =±ISV 

(for Positive Output) (Note 5) 10SI+1 t S25ms -50 -so mA 
(Short Circuit to Ground) 

Output Short-Circuit Current ±VCC= ±ISV 
(for Negative Output) 1081-1 ts 2Sms 50 so mA 
(NoteS) (Short Circuit to Ground) 

TA=-S5°C 6 6 
Supply Current Icc ±Vcc=±ISV. TA=+2SoC 4 4 mA 

TA=+125°C 4 4 

Output Voltage Swing 
VoP 

±VCC = ±20V. RL = 10kO ±16 ±16 
V 

(Maximum) ±Vcc = ±20V. RL = 2kO ±15 ±15 

Open-Loop I(oltage Gain 
±VCC = ±20V. VOUT = ±15V 

(Single Ended) (Note 6) AVSI+I RL = 2kO. TA = 25°C 50 50 
VlmV 

AVSI- I -SsoCSTAS+125°C 25 25 

Open-Loop Voltage Gain 
±Vcc =±5V 

(Single Ended) (Note 6) Avs RL =2kO 10 10 VlmV 
VouT =±2V 
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-----'l1fMD JM38510/11401/11402111403111404/11405/11406 JAN JFET-INPUT OPERATIONAL AMPLIFIERS 

ELECTRICAL CHARACTERISTICS at Vcc from ±5V to ±20V; source resistance = 50 ohm; ambient temperature range = 
-55°C to +125°C and figure 1, unless otherwise noted. (Continued) 

01 LIMITS 04 LIMITS 
PARAMETER SYMBOL CONDITIONS MIN MAX MIN MAX UNITS 

Transient Response 
±Vcc = ±15V. RL = 2kO, Av = 1 

Rise Time TRIIri CL = l00pF, See Figure 2 150 150 ns 
VIN= 50mV 

Transient Response 
±Vcc = ±15V, RL = 2kO, Av = 1 

Overshoot TRIOS) CL = l00pF, See Figure 2 
V1N = 50mV 

SR(+} 
V1N = ±5V, ±Vcc =±15V 

Slew Rate and 
Av = 1, See Figure 2 

SR(-} 
TA=25'C 
TA =-55'C, +125'0 

ts(+} ±Vcc = ±15V (0.1% error) 
Settling Time and TA = 25'C, Av =-1 

ts(-} See Figure 3 

Noise (Referred to Input) 
NI(BB} 

±Vcc =±20V, TA=25'O 
Broadband Bandwidth = 5kHz 

Noise (Referred to Input) 
NI(PC} 

±Vcc = ±20V, TA = 25'C 
Popcorn Bandwidth = 5kHz 

NOTES: 
1. Bias currents are actually junction leakage currents which double 

(approximately) for each 10'C increase in junction temperature Ti. 
Measurement of bias current is specified at TI rather than TA• since normal 
warm-up thermal transients will affect the bias currents. The measurements 
for bias currents must be made within 25m. or 5100p time constants after 
power Is first applied to the device for test. Measurement at TA = -55'C is 
not necessary since expected values are too small for typical test systems. 

2. Bias current is sensitive to power supply voltage, common-mode voltage 
and temperature as shown by the following typical curves: 

"BlpA) 

400 

200 

±Vcc = ±2OV 

-,~=~---""~=~:'--'-'---_ V ... IV) 
-15/-10 -5 10 1& 

CASE OUTLINE 
Per MIL-M-38510, Appendix C, Case Outline A-1 (8 Lead 
Can). Package Type DeSignator "G". 

PIN CONNECTIONS AND ORDERING INFORMATION 

N.C. 
B 

0:~~~6+::T 
+'N~~~t~ET 

• -Vee 

(PIN 4 CONNECTED TO CASE) 

5-284 

40 40 % 

2 3 
V1p.a 

1.5 

4000 4000 ns 

10 10 p.V rma 

80 80 I'Vpk 

____ --'_-'-'_~_l..l.ln_A_) -'-/_-'-, _-", __ ,'-___ • TAI'c) 

-60 -25 26 50 75 100 

3. Negative I'B minimum limits reflect the characteristics of device with bias 
current compensation. 

4. CMR i. calculated from V,a measurements at VCM = +15V and -15V. 
5. Continuous limits shall be considerably lower. Protection for shorts to 

either supply exists providing that TJ(max},; 175'0. 
6. Because of thermal feedback effects from output to input. open-loop gain 

is not guaranteed to be linear or positive over the operating range. These 
'equirements, if needed, should be specified by the user In additional 
procurement documents. 

POWER AND THERMAL CHARACTERISTICS 

Package case outline Maximum allowable Maximum Maximum 

8 Lead Can 
(TO-99) 

G 

Jan Device 
JM38510/11401BGC 
JM38510/11404BGC 
JM38510/11402BGC 
JM38510/11405BGC 
JM38510/11403BGC 
JM38510/11406BGC 

NOTE: Lead Finlsh~Gold Plate. 

power dlulpatlon 6J-C 6J-A 

330mW at TA = 125'0 40'C/W 150'O/W 

PMI Device Type 
PM155J1/38510 
PM155AJ1/38510 
PM156J1I38510 
PM156AJ1/38510 
PM157J1I38510 
PM157AJ1/38510 

Check with factory for other qualified lead finishes. 
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------i~ JM38510/11401111402l11403111404/11405/11406 JAN JFET-INPUT OPERATIONAL AMPLIFIERS 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage Range ••••.•••••••••.••••.•.•••••. ±22V 

Input Voltage Range (Note 1) .•.•••••..••••••••••.. ±20V 

Differential Input Voltage Range ••••••..•.••••••••• ±40V 

Lead Temperature (Soldering, 60 sec) •••••••.••••• 300°C 
Junction Temperature .•••••••••••••• Tj = 175°C (Note 3) 

Storage Temperature Range ••.••••.••• -65°C to +150°C 

Output Short-Circuit Duration •••••.•• Unlimited (Note 2) 

NOTES: 
1. The absolute maximum negative input voltage is equal to the negative 

power supply voltage. 

2. Short circuit may be to ground to either supply. Rating applies to +125'C 
case temperature or + 75° C ambient temperature. 

3. For short-term test (In the specific burn-in and life test configuration when 
required and up to 168 hours maximum), Tj = 275'C. 

RECOMMENDED OPERATING CONDITIONS 
Supply Voltage Range •••.••••••••••••••• ±5 to ±20 VDC 

Ambient Temperature Range •••••••••• -55°C to +125°C 

ELECTRICAL CHARACTERISTICS at VCC from ±5V to ±20V; source resistance = 50 ohm; ambient temperature range = 
-55°C to +125°C and figure 1, unless otherwise noted. 

02 LIMITS 05 LIMITS 
PARAMETER SYMBOL CONDITIONS MIN MAX MIN MAX UNITS 

±vcc = ±5V, VCM = OV 
-5 5 -2 2 

Input Offset 
TA = 25'C 

V'O ±Vcc= ±20V mV Voltage 
VCM = ±15V. OV 
-55'C,;TA ';+125'C 

-7 -2.5 2.5 

Input Offset Voltage ~ ±Vcc= ±20V 
Temperature Sensitivity ,n VCM = OV 

-30 30 -10 10 I'VI'C 

±Vcc = ±20V, VCM = OV, 
Input Offset CUrrent 1'0 Tj= 25'C -20 20 -20 20 pA 

Tj = 125'C -20 20 -20 20 nA 

±Vcc =±20V, VcM =+15V 
Tj= 25'C -100 3500 -100 3500 pA 

tS;25ms Tj= 125'C -10 60 -10 60 nA 

+I'B ±Vcc = ±15V, VCM = +10V 
Input Bias Current Tj = 25'C -100 300 -100 300 pA 
(Note 1) -I'B t';25ms Tj = 125'C -10 50 -10 50 nA 
(Note 2) ±VCC = ±20V, -15V'; VCM '; OV 
(Note 3) Tj=25'C -100 100 -100 100 pA 

t';25ms Tj =125'C -10 50 -10 50 nA 

Power Supply +PSRR +VCC = 10V, -VCC =-20V 
85 85 

Rejection Ratio -PSRR +Vcc = 20V, -Vcc = -10V 
dB 

Input Voltage Common-Mode 
CMR 

±Vcc= ±20V 
85 85 dB Rejection (Note 4) V'N= ±15V 

Adj ustment for V,oADJ(+) ±Vcc= ±20V +8 +8 
I nput Offset Voltage V,oADJ(-) ±Vcc= ±20V -8 -8 

mV 

Output Short-Circuit Current 
±Vcc= ±15V 

(for Positive' Output) (Note 5) 10SI+, t';25ms -50 -50 mA 
(Short Circuit to Ground) 

Output Short-Circuit Current ±Vcc =±15V 
(for Negative Output) 10SI-1 t,;25ms 50 50 mA 
(Note 5) (Short Circuit to Ground) 

TA =-55'C 11 11 
Supply Current Icc ±Vcc= ±15V. TA=+25'C 7 7 mA 

TA =+125'C 7 

Output Voltage Swing 
VOP 

±Vcc = ±20V. Rl = 10kn ±16 ±16 
V 

(Maximum) ±Vcc = ±20V. Rl = 2kn ±15 ±15 

Open-Loop Voltage Gain 
±Vcc =±20V, Vour =±15V 

AVS<+l Rl =2kn, TA =25'C 50 50 
(Single Ended) (Note 6) 

AVSI - I -55'C';TA ';+125'C 25 25 
VlmV 

Open-Loop Voltage Gain 
±Vcc =±5V 

(Single Ended) (Note 6) Avs Rl = 2kn 10 10 V/mV 
Vour =±2V 
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-----I~ JM38510/11401/11402l11403/11404111405111406 JAN JFET-INPUT OPERATIONAL AMPLIFIERS 

ELECTRICAL CHARACTERISTICS at Vcc from ±5V to ±20V; source resistance = 50 ohm; ambient temperature range = 
-55°C to +125°C and figure 1, unless otherwise noted. (Continued) 

02 LIMITS 05 LIMITS 
PARAMETER SYMBOL CONDITIONS MIN MAX MIN MAX UNITS 

Transient Response 
±Vcc= ±15V. RL = 2kO. Ay = 1 

Rise Time 
TRltr} CL = 100pF, See Figure 2 

V'N= SOmV 
100 ns 100 

Transient Response 
±Vcc= ±15V, RL = 2kO, Ay = 1 

Overshoot TRIOS) CL = 100pF. See Figure 2 

V'N= 50mV 

SR(+) 
V'N = ±SV, ±Vcc= ±ISV 

Slew Rate and 
Av = 1, See Figure 2 

SR(-I 
TA= 25°C 

TA =-55°C, +125°C 

ts(+1 ±Vcc= ±ISV (0.1% errorl 
Settling Time and TA=2soC,Av =-1 

ts(-I See Figure 3 

Noise (Referred to Inputl 
N,(BBI 

±Vcc = ±20V, TA = 2So C 
Broadband Bandwidth = 5kHz 

Noise (Referred to Inputl 
N,(PCI 

±Vcc =±20V, TA=2SoC 

Popcorn Bandwidth = 5kHz 

NOTES: 
1. Bias currents are actually junction leakage currents which double 

(approximately) for each 100 e increase in junction temperature Tj. 
Measurement of bias current is specified at Tj ratherthan TA• since normal 
warm-up thermal transients will affect the bias currents. The measurements 
for bias currents must be made within 25ms or Sloop time constants after 
power is first applied to the device for test. Measurement at TA = -55°C is 
not necessary since expected values are too small for typical test systems. 

2. Bias current is sensitive to power supply voltage, common-mode voltage 
and temperature as shown by the following typical curves: 

IIB(pAl 

400 

200 

±Vcc = ±20V 

-"'=~"""--""""";""=~--'---_ V,mIV) 
-15/-10 -5 10 15 

5-286 

7.S 

5 

40 

IS00 

10 

80 

10 

40 % 

Vlp.s 

1500 ns 

10 p.V rms 

80 p.Vpk 

_____ -'--_L'_::_"t-LI"_A_I-L. /_--',_--L,_--',L-__ --l.~ TAI'CI 

-50 -25 25 50 75 100 

3. Negative 118 minimum limits reflect the characteristics of device with bias 
current compensation. 

4. CMR is calculated from V,o measurements at VCM = + ISV and -15V. 
5. Continuous limits shall be considerably lower. Protection for shorts to 

either supply exists providing that Tj(maxi :5 17So C. 
6. Because of thermal feedback effects from output to input, open-lOOp gain 

is not guaranteed to be linear or positive over the operating range. These 
requirements, jf needed, should be specified by the user in additional 
procurement documents. 
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____ ---1mJM38510/11401/11402/11403/11404/11405/11408 JAN JFET-INPUT OPERATIONAL AMPLIFIERS 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage Range ............................ ±22V 

Input Voltage Range (Note 1) ...................... ±20V 

Differential Input Voltage Range ••••••••••••.•.•••• ±40V 

Lead Temperature (Soldering, 60 sec) •••••••.••••• 300°C 
Junction Temperature ••••••.•.••••.• Tj = 175°C (Note 3) 

Storage Temperature Range ••..••••••• -65°C to +150°C 

Output Short-Circuit Duration.. .••••• Unlimited (Note 2) 

NOTES: 
1. The absolute maximum negative Input voltage Is equal to the negative 

power supply voltage. 

2. Short circuil may be 10 ground 10 ellher supply. Rating applies 10 + 12SoC 
case lemperature or + 7So C ambient temperature. 

3. For short-term test (in the specific burn-in and life test configuration when 
required and up to 168 hours maximum), T) = 27SoC. 

RECOMMENDED OPERATING CONDITIONS 
Supply Voltage Range ................... ±5 to ±20 VDC 

Ambient Temperature Range •••••••••• -55°C to +125°C 

ELECTRICAL CHARACTERISTICS at Vccfrom ±5V to ±20V; source resistance = 50 ohm; ambient temperature range = 
-55°C to +125°C and figure 1, unless otherwise noted. 

03 LIMITS 06 LIMITS 
PARAMETER SYMBOL CONDITIONS MIN MAX MtN MAX UNtTS 

±VCC = ±SV, VCM = OV -S S -2 
Input Offset 

TA= 2SoC 

Via ±Vcc= ±20V mV 
Voltage 

VCM = ±ISV, OV 
-SsoC S TAS +12SoC 

-7 -2.S 2.S 

Input Offset Voltage ~VIO ±VCC= ±20V -30 30 -10 10 I'V/oC 
Temperature Sensitivity -;rr- VCM = OV 

±Vcc =±20V, VCM = OV, 
Input Offset Current 110 T) = 2SoC -20 20 -20 20 pA 

TI = 12SoC -20 20 -20 20 nA 

±Vcc=±20V. VCM =+ISV 
Tj =2SoC -100 3S00 -100 3S00 pA 

tS2Sms Tj = 12SoC -10 60 -10 60 nA 
+IIB ±Vcc = ±ISV, VCM = +10V 

Input Bias Current T) = 2SoC -100 300 -100 300 pA 
(Note 1) -liB tS2Sms Tj = 12SoC -10 SO -10 SO nA 
(Note 2) ±Vcc = ±20V, -ISV S VCM S OV 
(Note 3) T) = 2SoC -100 100 -100 100 pA 

tS2Sms T1= 12SoC -10 SO -10 SO nA 

Power Supply +PSRR +Vcc= 10V,-Vcc =-20V 
8S 8S dB 

Rejection Ratio -PSRR +Vcc = 20V, -Vcc = -10V 

Input Voltage Common-Made 
CMR 

±Vcc= ±20V 
8S 8S dB 

Rejection (Note 4) VIN = ±ISV 

Adjustment for VloADJ(+) ±Vcc= ±20V +8 +8 
Input Offset Voltage VloADJ(-) ±Vcc= ±20V -8 -8 mV 

Output Short-Circuit Current 
±Vcc= ±ISV 

(for Positive Output) (Note S) 1051+1 tS2Sms -SO -SO mA 
(Short Circuit to Ground) 

Output Short-Circuit Current ±Vcc =±ISV 
(for Negative Output) 10SI-1 tS2Sms SO SO mA 
(NoteS) (Short Circuit to Ground) 

TA=-SSoC 11 11 
Supply Current Icc ±Vcc = ±ISV, TA = +2SoC 7 mA 

TA = +12SoC 

Output Voltage Swing ±Vcc = ±20V, RL = 10k!l ±16 ±16 
(Maximum) VOP ±Vcc = ±20V, RL = 2k!l ±IS ±IS 

V 

Open-Loop Voltage Gain 
±Vcc = ±20V, VOUT = ±15V 

(Single Ended) (Note 6) AvS (+) RL=2k!l,TA=2SoC SO SO 
VlmV 

AVSI - I -SsoCSTAS+12SoC 25 25 

Open-Loop Voltage Gain 
±VCC= ±SV 

(Single Ended) (Note 6) Avs RL = 2k!l 10 10 V/mV 
VOUT= ±2V 
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____ -I~JM38510/11401111402/11403/11404/11405/11408 JAN JFET-INPUT OPERATIONAL AMPLIFIERS 

ELECTRICAL CHARACTERISTICS at Voc from ±5V to ±20V; source resistance = 50 ohm; ambient temperature range = 
-55°C to +125°C and figure 1. unless otherwise noted. (Continued) 

03 LIMITS 06 LIMITS 
PARAMETER SYMBOL CONDITIONS MIN MAX MIN MAX UNITS 

Transient Response 
±Vcc= ±15V. Rl = 2kn. Av= 5 

Rise Time 
TR(tr) Cl = l00pF, See Figure 2 450 450 ns 

VIN=50mV 

Transient Response 
±Vcc= ±15V, Rl = 2kn, Av= 5 

Overshoot TR(oa) Cl = l00pF, See Figure 2 
VIN =50mV 

SR{+) 
VIN =±1V, ±Vcc= ±15V 

Slew Rate and 
Av = 5, See Figure 2 

SR{-) 
TA=25'C 
TA =-55'C, +125'0 

ts{+) ±Vcc =±15V (O.I% error) 
Settling Time and TA=2S'C,Av =-5 

ts{-) See Figure 3 

Noise (Referred to Input) 
NI{BB) 

±Vcc= ±20V, TA = 2S'C 
Broadband Bandwidth = SkHz 

Noise (Referred to Input) 
NI{PC) 

±Vcc= ±20V, TA = 2S'O 
Popcorn Bandwidth = SkHz 

NOTES: 
1. Bias currents are actually junction leakage currents which double 

(approximately) for each 10'C increase In junction temperature TI. 
Measurement of bias current Is specified at Tj rather than TA, since normal 
warm-up thermal transients will affect the bias currents. The measurements 
for bias currents must be made within 25ms orSloop time constants after 
power Is first applied to the device for test. Measurement at TA =-5S'C Is 
not necessary since expected values are too small for typical test systems. 

2. Bias current Is sensitive to power supply voltage, common-mode voltage 
and temperature as shown by the following typical curves: 

IIS(pA} 

400 

200 

±Vcc .. ±2OV 

... f"'!'~;:=---""~=~::""'-'---- Vom(V} 
-15/-10 -5 10 15 

5-288 

25 25 % 

30 40 
VI",s 

20 25 

BOO 800 ns 

10 10 p.Vrms 

80 80 ",Vpk 

____ --'_--L'_~_I..l.(n_A_}_',_=/'__L' _..l.'_..J'L... ____ TAI'C) 

-50 -25 25 50 75 100 

3. Negative ' 18 minimum limits reflect the characteristics of device with bias 
current compensation. 

4. CMR is calculated from VIO measurements at VCM = +ISV and -15V. 
S. Continuous limits shall be considerably lower. Protection for shorts to 

either supply exists providing that Tjlmax) S 175'C . 
6. Because of thermal feedback effects from output to input, open-loop gain 

is not guaranteed to be linear or positive over the operating range. These 
requirements. if needed. should be specified by the user in additional 
procurement documents. 
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------t1fMD JM38510111401/11402/11403111404/11405/11406 JAN JFET-INPUT OPERATIONAL AMPLIFIERS 

(SEE NOTE 3) 1SOpF 
-- -If- - K6. 

680pF K5a 

NOTES: 

NO 
CONNECTION 

(SEE NOTE 1) 
49.90 

... "" 

f--4 

49.9kO 

(SEE NOTE 3) 

--If----

102kn 

4.99M.o 

4.99MO 

102kn 

(SEE NOTE 3) =* 
I 
I 
I 

-:;-

1. All resistors are ±O.l% tolerance and all capacitors are ±10% 
tolerance. unless otherwise specified. 

2. Precautions shall be taken to prevent damage to the D.U.T. during 
Insertion into socket and change 01 state 01 relays (i.e. disable 
voltage supplies. current limit ±Vcc. etc.). 

3. Compensation capacitors should be added as required lor test 
circuit stability. Two general methods lor stability compensation 
exist. One method is with a capacitor lor nulling amp leedback. The 
other method Is with a capacitor in parallel with the 49.9kO closed
loop leedback resistor. Both methods should not be used simul
taneously. Proper wiring procedures shall be lollowed to prevent 
unwanted coupling and oscillations. etc. Loop response and 

Figure 1. Test Circuit for Static Tests 

5-289 

49.9kn 
±1% 

settling time shall be consistent with the test rate such that any 
value has settled lor at least live loop time constants belore the 
value is measured. 

4. Adequate settling time should be allowed such that each parameter 
has settled to within 5% olltslinal value. 

5. All relays are shown in the normal de-energized state. 
6. The nulling amplifier shall be a M38510/10101 XXX. Saturation olthe 

nulling amplifier is not allowed on tests where the E (Pin 5) value is 
measured. 

7. The load resistors 20500 and 11.1 kO yield effective load resistances 
01 2kO and 10kCl respectively. 

8. Any oscillation greater than 300mV In amplitude (peak-to-peak) 
shall be cause lor device lailure. 
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----m JM38510/11401/11402/11403/11404/11405/11408 JAN JFET-INPUT OPERATIONAL AMPLIFIERS 

DEVICE TYPES 
03,06 

NOTES: 
1. Reslslo,s a,e ± 1.0% lolerance and capacilors are ± 10% tolerance. 
2. This capacitance includes the actual measured value with stray and 

wire capacitance. 
3. Precautions shall betaken to prevent damage tothe D.U.T. during 

Insertion Into socket and In applying power. 

INPUT PULSE 
PARAMETER DEYICE SIGNAL AT 

SYMBOL TYPE t, 50 Ion. 

TR 11,1 ALL +50mV 

TRIOSI ALL HOmV 

i 
w 

'" ;! 
g 
>-
~ 
5 

SR 1+1 
01, 02, 04, 05 -5V 10 +5V STEP 

03,06 -1Vto+1VSTEP 

SR I-I 
01,02,04,05 +5V 10 -5V STEP 

03,06 -tV 10 +tV STEP 

Figure 2. Test Circuit for Transient Response and Slew Rate. 

5-290 

260 -
225-

25-

a.....,===,.,..------~TIME (nsl 

'----...,W"A"'V:::E:::FO"'R"'M:-2;:-----L---:W"'A"'V:::."'FO"R"'M"'3,---·TIME bill 
(POSITIVE SLEW RATE) (NEGATIVE SLEW RATE) 

OUTPUT 
PULSE 

SIGNAL EQUATION 

WAVEFORM I TR II,I=AI 

WAVEFORM I TR 10SI = 100 IAVONOI % 

WAVEFORM 2 
SR 1+1 = AVOI+I/AII+I 

WAVEFORM 2 

WAVEFORM 3 
SR I-I = AVOI-I/AII-I 

WAVEFORM 3 
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------I1fMi) JM38510/11401/11402/11403/11404/11405/11406 JAN JFET-INPUT OPERATIONAL AMPLIFIERS 

Figure 3. Test Circuit for Settling Time 

BURN-IN 

NOTES: 
1. Resistors are ± 1.0% and capacitors are ± 10%, unless otherwise 

specified. 
2. Precaution shall be taken to prevent damage to the D.U.T. during 

insertion into socket and in applying power. 
3. FordevicetypesOl,02,04 and 05, 51 isopen,Av=-l and V,N= 10V. 
4. For device types 03 and 06, 51 is closed, Av=-5 and V'N= 2V. 
5. Settling time, ts measured on Pin 5,Is the interval during which the 

summing node is not nulled within the specified accuracy referred 
to the output. 

Devices supplied by PMI have been subjected to burn-in per 
Method 1015 of MIL-STD-883 using test condition C with 
circuit shown on Figure 4 or test condition F using circuit 
shown on Figure 5. 

+40V 

41kn 

+20. 120n 

NOTE: 

OPEN 

47kn 
ALL RESISTORS ARE ±20% 

Figure 4. Test Circuli. Bum-In (Steady-Stele Power and Figure S. Accelerated Burn-In and Life Test Clrcuil 
Rever .. Bias) and OperaUng Life Tesl 
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Precision Mono1ithics Inc. 

FEATURES 
• Low VOS . • . • . . • . . • . . • . • • . • • . • . . • • • • . • • • • • • •. 251'V 
• Low Vos Drift ..••.•.••••••••.••.••.••••.•• O.6I'VloC 
• Low Noise .•..••.•••••••••••••••.•••••.••• O.6I'Vp_p 
• Wide Supply Voltage Range ••••.•..•.••. ±4.5V to ±20V 

ORDERING INFORMATION 

JAN SLASH SHEET 

JM38510113501 BPB 
JM38510/13502BPB 

JM38510/13501BGC 
JM38510/13501 BGA 

JM38510/13502BGC 

GENERAL DESCRIPTION 

PMI DEVICE 

OP07 AZ2/38510 
OP07Z2I38510 

OP07 AJ1/38510 
OP07 AJ3/3851 0 

OP07 J1/38510 

This data sheet covers the electrical requirements for a mono
lithic, low offset voltage, internally-compensated operational 
amplifier as specified in MIL-M-38510/135 for device type 01 and 
02. Devices supplied to this data sheet are manufactured and 
tested at PMl's MIL-M-38510 certified facility and are listed in 
QPL-38510. 

Complete device requirements will be found in MIL-M-38510 
and MIL-M-38510/135 for Class B processed devices. 

GENERIC CROSS-REFERENCE INFORMATION 

This cross-reference information is presented for the con
venience of the user. The generic-industry types listed may not 
have identical operational performance characteristics across 
the military temperature range or reliability factors equivalent to 
the MIL-M-38510 device. 

SIMPLIFIED SCHEMATIC 

J~38510/13501/13502 
ULTRA-LOW OFFSET VOLTAGE 

OPERATIONAL AMPLIFIERS 

MILITARY DEVICE TYPE GENERIC-INDUSTRY TYPE 

01 OP07A 

02 OP07 

For an 833-processed device with improved electrical speci
fications. review the OP-07 data sheet. 

PIN CONNECTIONS 

8-PIN HERMETIC DIP 
TIN-REFLOW LEAD TYPE 

(Z2-Sufflx) 

Vos TRIM08 Ves :R~: 
-IN 2 60ur 

+IN 3 5 N.C, 

4 v- (CASE) 

TO-99 
GOLD·PLATE LEAD TYPE 

(J1·Sufflx) 

SOLDER-DIPPED LEAD TYPE 
(J3·Sufflx) 

POWER AND THERMAL CHARACTERISTICS 

Case 
Outline 

P 

G 

Maximum Allowable. Maximum Maximum 
Package Power Dissipation 

Dual-In-Line 208mW @ TA = 125°C 50°C/W 120°C/W 

8-Lead CAN 167mW @ TA = 125°C 60°C/W 150°C/W 

V+O---~~--------'-----------~------'-~~----,------,------,-~ __ ~ __ -, 
7 

-NOTE: 
R2A AND R2B ARE 
ELECTRONICALLY 
ADJUSTED ON CHIP 
AT FACTORY. 

NON
INVERTING 
INPUT 

:~~~~TING O-.W ....... ~--_----+-~~-----C 

R7 

R8 

R9 
OUTPUT 

6 

R10 

4 v-o-__ ~ ____________________ ~~~~ __ ~ __ -+ ________ -+ __ ~ __ -J 
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--------I~ JM38510/13501/13502 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 

ABSOLUTE MAXIMUM RATINGS RECOMMENDED OPERATING CONDITIONS 

Supply Voltage (Vee) ............................ ±22V Supply Voltage Range .................... ±4.5V to ±20V 
Input Voltage Range (VIN ) •••••••••••••••••••••••• ±Vee 
Differential Input Voltage Range .•.....•.•......... ±30V 
Output Short-Circuit Duration (Note 1) 

Ambient Temperature Range ............ -55°C to +125°C 

Lead Temperature (Soldering, 60 sec) ........•... +300°C 
Storage Temperature Range ............. -65°C to +150°C 
Junction Temperature (TJ ) .••••.•• , •••••.••••••• +150°C 
Maximum Power Dissipation (PD) (Note 2) ......•. 500mW 

NOTES: 
1. Output may be shorted to ground indefinitely at Vs = ±15V. TA = 25"e. 

Temperature andlor supply voltages must be limited to ensure dissipation 
rating is not exceeded. 

2. Maximum power dissipation versus ambient temperature. 

ELECTRICAL CHARACTERISTICS at ±4.5V"; Vee"; ±20V and -55°C"; TA ,.; 125°C, Rs = 500 unnulled, unless otherwise noted. 

01 LIMITS 02 LIMITS 
PARAMETER SYMBOL CONDITIONS MIN MAX MIN MAX UNITS 

Input Offset Voltage 
TA = 25"e -25 25 -75 75 

p.V V,o (Notes 1. 21 
-60 60 -200 200 

Input Offset Voltage 
.w,o/·n -0.6 0.6 -1.3 1.3 p.v/"e 

Temperature Sensitivity 

TA = 25"e -2 -3 3 
+1'8 (Note 11 

-4 4 -6 6 
Input Bias Current nA 

-1'8 
TA = 25"e 

(Note 11 
-2 -3 3 
-4 -6 6 

Input Offset Current 
TA = 25"e -2 -2.8 2.8 

nA 1'0 (Note 11 
-4 -5.6 5.6 

+PSRR 
+Vee = 20V to 5V. -Vee = -15V 

10 10 
TA = 25"e 

-PSRR 
+Vee = 15V, -Vee = -20V to -5V 

TA = 25"e 
10 10 

Power Supply Rejection Ratio +PSRR +Vee = 20V to 5V, -Vee = -15V 20 20 p.VIV 

-PSRR +Vee = 15V, -Vee = -20V to -5V 20 20 

Vee = ±4.5V to ±20V 
10 10 

PSRR TA = 25"e 

Vee = ±4.5V to ±20V 20 20 

NOTES: 
1. Tested at VeM = 0, Vee = ±15V. 
2. Due to the inherent warm-up drift, testing shall occur no sooner than three (3) minutes after application of power. 
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-------I~ JM38510/13501/13502 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 

ELECTRICAL CHARACTERISTICS at ±4.5V~ Vcc~±20V and -55°C~ TA~ 125°C. Rs =500 unnulled. unless otherwise noted. 
(Continued) 

01 LIMITS 02 LIMITS 
PARAMETER SYMBOL CONDITIONS MIN MAX MIN MAX UNITS 

VCM = ±13V. TA = 25°C. VCC = ±15V 110 110 
Common-Mode Rejection Ratio CMRR dB 

VCM = ±13V 106 106 

Via Adj (+1 TA = 25°C I~ote 11 0.5 0.5 
Adjustment for Input Offset mV 

Via Adj (-) TA = 25°C (Note 11 -0.5 -0.5 

10SI+1 t S 25ms (Note 1. 31 -65 -65 
Output Short-Circuit Current mA 

10SI-1 tS 25ms (Note 1. 3) 65 65 

Supply Current Icc 
TA = 25°C 

(Note 11 
4 

mA 
5 

RL = lkll. (Note 11 -10 10 -10 10 
Output Voltage Swing (Minimum) VOP V 

RL = 2kll. (Note 1 ) -12 12 -12 12 

Open Loop Voltage Gain TA = 25°C 
I Note 2) 

300 200 
V/mV 

(Single-Ended) Avs 200 150 

Slew Rate SR(+). SR(-) V,N = 10V. TA = 25°C. I Note 11 .08 .08 V/p.S 

fo = 10Hz 18 18 
Input Noise Voltage Density en fa = 100Hz TA = 25°C. (Note 11 14 14 nV/,fHz 

fa = 1kHz 12 12 

Low Frequency Input Noise 

Voltage 
8 np_p f = O.IHz to 10Hz. TA = 25°C. rNote 11 0.6 0.6 ~Vp.p 

NOTES: 
1. Tested at VCM = O. VCC = ±15V. 
2. VOUT = 0 to +IOV for Avs (+) and VOUT = 0 to -10V for Avsr-I. RL = 2.000ll. 
3. Continuous short-circuit limits are considerably less than the indicated test limits, since maximum power dissipation cannot be exceeded. 
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JPMI) 

Precision Monolithics Inc. 

FEATURES 
• Low VoS .................................... 25!'V 
• Low Vos Drift ....•........................ 0.6!,V1°C 
• High Speed ............................... 1.7V/!,s 
• Low Noise ............................... 0.18!'Vp_p 
• High Gain .............................. 1.0 Million 
• Wide Supply Voltage Range ...•........ ±4.5V to ± 18V 

ORDERING INFORMATION 

JAN SLASH SHEET PMI DEVICE 

JM38510/13503BPC OP27AZ2/3851 0 

JM38510/13S03BGC OP27AJ1/38510 

GENERAL DESCRIPTION 

This data sheet covers the electrical requirements for a mono
lithic, low offset voltage, internally-compensated operational 
amplifier as specified in MIL-M-38510/135 for device type 03. 
Devices supplied to this data sheet are manufactured and 
tested at PMI's MIL-M-38510 certified facility and are listed in 
QPL-38510. 

Complete device requirements will be found in MIL-M-38510 
and MIL-M-38510/135 for Class B processed devices. 

GENERIC CROSS-REFERENCE INFORMATION 

This cross-reference information is presented for the con
venience of the user. The generic-industry types listed may not 
have identical operational performance characteristics across 
the military temperature range or reliability factors equivalent to 
the MIL-M-38510 device. 

SIMPLIFIED SCHEMATIC 

JM38S10/13S03 
LOW-NOISE PRECISION 

OPERATIONAL AMPLIFIER 

MILITARY DEVICE TYPE GENERIC-INDUSTRY TYPE 

03 OP27A 

For an 833-processed device with improved electrical speci
fications, review the OP-27 data sheet. 

PIN CONNECTIONS 

8-PIN HERMETIC DIP 
TIN REFLOW LEAD TYPE 

(Z2-Suffix) 

Vas TRI~M. Vas ::: 

-IN 2 6 our 

+IN 3 5 N.C. 

4 v- (CASE) 

TO-99 
GOLD PLATE LEAD TYPE 

(J1-Suffix) 

POWER AND THERMAL CHARACTERISTICS 

Case Maximum Allowable Maximum Maximum 
Outline Package Power Dissipation °JC OJA 

P Dual-ln-L1ne 20BmW @ TA ~ 12SD C SO·C/W 120D C/W 

G 8-Lead CAN 167mW @ TA ~ 12SD C 60D C/W 150°C/W 

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

NON
INVERTING 
INPUT (+) 

R3 

~+-~~~--~--~ 

INVERTING 

R4 

OUTPUT 

INPUTo-'-c.' ........... __ ... +-______ -+ ________ --l 

.. R1 & R2 ARE PERMANENTLY ADJUSTED 
AT WAFER TEST, 

~--------------~----~------~----------~-+--~~~~V-

5-295 1/86, Rev. A 
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ABSOLUTE MAXIMUM RATINGS RECOMMENDED OPERATING CONDITIONS 

Supply Voltage (Vee) .. " .•.•.•.....•..•.•••.•••• ±22V 
Input Voltage Range (VIN ) •••••••••••••••••••••••• ±Vee 
Differential Input Voltage Range •••..••••••..••.••. ±0.7V 
Output Short-Circuit Duration (Note 1) 

Supply Voltage Range •••••••••••••.••••.• ±4.5V to ±18V 
Ambient Temperature Range •..••.•••••• -55°C to +125°C 

Lead Temperature (Soldering, 60 sec) .•.••..••••• +300°C 
Storage Temperature Range ............. -65°C to +150°C 
Junction Temperature (TJ ) •.•••.••.•.••......•.• +150°C 
Maximum Power Dissipation (Po) (Note 2) .••..... 500mW 

NOTES: 
1. Output may be shorted to ground indefinitely at Vs = ±15V, TA = 25'C. 

Temperature andlor supply voltages must be limited to ensure dissipation 
rating is not exceeded. 

2. Maximum power dissipation versus ambient temperature. 

ELECTRICAL CHARACTERISTICS at ±4.5V:S Vcc:S ±20V and -55°C:s TA:S 125°C, Rs = 50n unnulled, unless otherwise noted. 

PARAMETER 

Input Offset Voltage 

Input Offset Voltage 
Temperature Sensitivity 

Input Bias Current 

Input Offset Current 

Power Supply Reiection Ratio 

NOTES: 
1. Tested at VeM = 0, Vee = ±15V. 

SYMBOL 

+PSRR 

-PSRR 

+PSRR 

-PSRR 

PSRR 

CONDITIONS 

INotes 1, 2) 

TA = 25'C 
(Note 1) 

TA = 25'C 
I Note 1) 

TA = 25'C (Note 1) 

+Vee = 18V to 5V, -Vee = -15V 
TA = 25'C 

+Vee = 15V, -Vee = -18V to -5V 
TA = 25'C 

+Vee = 18V to 5V, -Vee = -15V 

+Vee = 15V, -Vee = -18V to -5V 

Vee = ±4.5V to ±18V 
TA = 25'C 

Vee = ±4.5V to ±18V 

2. Due to the inherent warm-up drift, testing shall occur no sooner than three (3) minutes after application of power. 

5-296 

03 LIMITS 
MIN MAX UNITS 

-25 25 
-60 60 

p.V 

-0.6 0.6 p.V('C 

-40 40 
-60 60 

nA 
-40 40 
-60 60 

-35 35 
-50 50 

nA 

10 

10 

16 p.VN 

16 

10 

16 

1/86, Rev. A 
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ELECTRICAL CHARACTERISTICSat±4.5V:SVcc:S±20Vand -55°C:STA :S 125°C, Rs=50n unnulled, unless otherwise noted. 
(Continued) 

03 LIMITS 
PARAMETER SYMBOL CONDITIONS MIN MAX UNITS 

VCM = ±11V. TA = 25°C, Vcc = ±15V 114 
Common-Mode Rejection Ratio CMRR dB 

VeM = ±11V, Vee = ±15V 108 

V,O Adj (+1 TA = 25°C, (Note 11 0.5 
Adjustment for Input Offset mV 

V,O Adj (-) TA = 25°C, (Note 1) -0.5 

los!+! t,; 25ms, (Note 1,3) -60 
Output Short-Circuit Current rnA 

10 $(-1 t,; 25ms, (Note 1,31 70 

Supply Current Icc 
TA = 25°C 

(Note 11 rnA 

RL = 60011, (Note 1 ) -10 10 
Output Voltage Swing (Minimum) VOP V 

RL = 2kll, (Note 1) -11.5 11.5 

Open Loop Voltage Gain 
Avs 

TA = 25°C 
(Note 2) 

1000 
(Single-Ended) 600 

V/mV 

Slew Rate SR(+), SR(-) V,N = 10V, TA = 25°C, (Note 1) 1.7 V/~s 

fo = 10Hz 5.5 
Input Noise Voltage Density en fo = 100Hz TA = 25°C, (Note 1) 4.0 nV/JHZ 

fo = 1kHz 3.8 

Low Frequency Input Noise f=0.1Hzto 10Hz 
0.18 

Voltage 
Bnp_p 

TA = 25°C, (Note 1) ~Vp.p 

10 = 10Hz 4.0 
Input Noise Current Density in fO = 100Hz TA = 25°C, I Note 11 1.5 pA/JHZ 

fo = 1kHz 0.8 

NOTES: 
1. Tested at VCM = 0, Vee = ±15V. 
2. VOUT = 0 to +10V for Avs(+1 and VOUT = 0 to -10V for Avs(-I. RL = 2,0001l. 
3. Continuous short-circuit limits are considerably less than the indicated test limits, since maximum power dissipation cannot be exceeded. 

5-297 1/86, Rev. A 
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INTRODUCTION 
An instrumentation amplifier is a committed 
gain block that amplifies a differential input vol
tage by a precisely set gain. Voltages common 
to both inputs are rejected. Differential gain is 
set by one or two external resistors, usually over 
a range of 1 to 1000. Instrumentation amplifiers 
are designed to have very high input impedance; 
this assures that the gain will not be affected by 
signal-source impedances (Rs). Input bias cur
rent must be low to minimize input offset vol
tages due to 18 X Rs. In the output stage, low 
output impedance keeps the output voltage from 
being affected by the load impedance. Instru
mentation amplifiers employ heavy negative 
feedback which provides excellent gain linearity 
even at high gains. 

Most instrumentation amplifiers have an output 
sense pin (SENSE) and a reference input pin 
(REFERENCE). As shown in Figure 1, the load is 
usually connected between SENSE and REFER
ENCE points. The amplifier will make VOUT = 
GVIN despite voltage drops between OUTPUT 
and LOAD, or from REFERENCE to GROUND. 
The SENSE and REFERENCE inputs are particu
larly useful for driving remote loads with high 
currents. The essential characteristics of 
instrumentation amplifiers-high input impe
dance, low output impedance, low offset, high 
linearity, stable gain, and ability to reject 
common-mode inputs-make them very useful 
for amplifying low-level transducer outputs. 
Transducers such as thermocouples, strain
gage bridges, biological probes, and current 
shunts produce small differential signals super
imposed on common-mode bias voltages. In 
addition, common-mode ground noise is usually 
prevelant. Instrumentation amplifiers are gain 
blocks that have been optimized for preamplify
ing low-level transducer signals in the presence 
of common-mode noise. 

The PMI AMP-01 instrumentation amplifier has 
all the features needed for use in high-accuracy 
data-acquisition systems and high-performance 
instruments: 

• Wide Gain Range (0.1 ~ G ~ 10,000) 
• High Input Impedance 

INSTRUMENTATION 
AMPLIFIER 
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• Low Input Bias Current 
• Low Offsets 
• Excellent Linearity 

Unlike conventional instrumentation amplifiers, 
the AMP-01 has high output drive capability; it 
can supply ±10V at ±SOmA. This enhanced out
put drive capability enables the AMP-01 to drive 
unusually large capacitive loads without en
countering stability problems. 

Gain of the AMP-01 is set by the ratio of two 
external resistors according to: 

V - (20 X RSCALE) V 
OUT - RGAIN IN 

Output sense and reference points are provided. 
The AMP-01 is unusually versatile, and can be 
connected as a precision current source or 
high-performance op amp as well as a conven
tional instrumentation amplifier. 

The AMP-OS JFET instrumentation amplifier 
supports high-speed applications, such as 
analog-multiplexed data acquisition and fast 
analog signal processing. The design offers a 
10~s maximum settling-time to 12 bits at gains 
up to 1000, and with 14-bit linearity. The AMP-OS 
also provides on-board circuits for guard 
driving, which maximizes input signal speed, 
and a precision current source for transducer or 
reference excitation. 
AMP-OS features include: 
• Input bias current, 2SpA max. 
• High gain-bandwidth product, 200M Hz 
• 6V/~s output slew-rate with a 1000pF load 
• High common-mode rejection, 110dB min. 

DEFINITIONS 
Voltage Offsets - Offset at the output of an 
instrumentation amplifier consists of two terms, 
a gain-dependent input-offset-voltage and a 
gain-independent output-offset-voltage. Total 
offset is the sum of the unity-gain-output-offset 
(Voos) plus input-offset (VIOS) multiplied by the 
gain (Output Offset = Voos + GVIOS). At high 
gain, the input offset term dominates. For the 
AMP-01 and AMP-OS, both input and output 
offsets can be trimmed externally if desired . 
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Power Supply Rejection - Offset changes with 
variations in the power supply voltages. The 
ability of the instrumentation amplifier to reject 
fluctuations in power supply voltage is referred 
to as "power supply rejection". It varies with 
gain and is different for the positive and nega
tive supplies. The offset change referred-to
input (RTI) is usually specified in dB form. For 
example, a PSR of 100dB at a gain of 1000 would 
imply an input-offset-voltage change of lOJ.lV
per-volt of power supply change. The output 
offset change-per-volt of power-supply change 
would be 10mV. PSR in the specification tables 
is measured at DC. 

Input Bias Current - The input bias currents 
are currents flowing into (or out of) the two 
inputs of the amplifier. The value given in the 
specification table is the maximum current into 
either input. Input offset current is the differ
ence between the two input bias currents. 

Input Voltage Range - The linear operating 
range of the amplifier is referred to as the "input 
voltage range". When operating at high gains 
with small differential inputs, this input range is 
the common-mode input voltage range. 

Common-Mode Rejection - Common-mode 
rejection (CMR) specifies the amplifiers ability 

INSTRUMENTATION 
AMPLIFIER 

to reject common-mode inputs. The ratio of 
change in output voltage to a change in 
common-mode input voltage is the common
mode gain (AVo/ AVCM). The ratio of differen
tial gain (G) to common-mode gain (ACM) is 
defined as common-mode rejection ratio 
(CMRR). The CMR is conventionally specified in 
log form; CMR = 20 log10 CMRR. 

Since instrumentation amplifiers are deSigned to 
amplify differential signals while rejecting 
common-mode inputs, common-mode gain 
stays essentially independent of gain setting. 
Therefore, CMRR increases almost directly with 
the gain setting. 

As an example, consider a CMR of 120dB at a 
gain of 1000 with a common-mode input range 
of ±10V. The 120dB of CMR implies a CMRR of 
1000/ ACM = 1,000,000, or a common-mode gain 
of 1/1000. A ± 10V common-mode input will 
cause an output change of ± 10mV for this 
example (CMR = 120dB, G = 1000). 

Gain Equation Accuracy - Differential gain is 
given as a function of the two external resistors. 
For the AMP-01 and AMP-05, the relationship is 
ideally 20 x Rs/RG. The specified accuracy 
limits indicate the accuracy of the amplifier 
given an exact ratio of Rs/RG. 

INSTRUMENTATION AMPLIFIER FUNCTIONAL DIAGRAM 

SIGNAL SOURCE 

VCM 

":" GROUND 

6·4 

RSCALE 

SENSE 

I 

OUTPUT 
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FEATURES 
• Low Offset Voltage ......................... 50l'V Max 
• Very Low Offset Voltage Drift ........... 0.31'V/oC Max 
• Low Noise .................. 0.12I'Vp_p (0.1 Hz to 10Hz) 
• Excellent Output Drlva ............... ± 10V at ± 50mA 
• Capacitive Load Stability ...................... to 11'F 
• Gain Range ............................ 0.1 to 10,000 
• Excellent Linearity ................. 16-Bit at G = 1000 
• High CMR ...................... 125dB Min (G = 1000) 
• Low Bias Current ........................... 3nA Max 
• May be Configured as a Precision Op-Amp 
• Output-Stage Thermal Shutdown 

ORDERING INFORMATIONt 

PACKAGE 

CERDIP 
18-PIN LCC 

AMP01AX' 
AMP01BX' AMP01BTC/883 
AMP01EX 
AMP01FX 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
MIL 
IND 
IND 

• For devices processed in total compliance to MIL-STD-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book. Section 2. 

SIMPLIFIED SCHEMATIC 

AMP-Ol 
LOW-NOISE 

PRECISION INSTRUMENTATION AMPLIFIER 

PIN CONNECTIONS 

18-PIN HERMETIC DIP 
(X-Suffix) 

·Make no electrical connection to these pins. 

AMP-01BTC/883 
28-LEAD LCC 

(TC-Suffix) 

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

-IN O----'VI/'v----------+------------t------, 

+IN O----'VI/'v---..------t. 

,---------O+VoP 

:>----0 OUTPUT 

'----------0 -vOP 

R3 
47.5kn 

/------1'---'lN\i----<> SENSE 

R4 
2.5kn 

~--------------~----------~~------------~~------_ov-

Manufactured underthe following U.S. patents: 4,471,321 and 4,503,381. 

6-5 1/86, Rev. A 
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GENERAL DESCRIPTION 
The AMP-01 is a monolithic instrumentation amplifier 
designed for high-precision data acquisition and instrumen
tation applications. The design combines the conventional 
features of an instrumentation amplifier with a high-current 
output stage. The output remains stable with high capaci
tance loads (1"F), a unique ability for an instrumentation 
amplifier. Consequently, the AMP-01 can amplify low-level 
signals for transmission through long cables without requir
ing an output buffer. The output stage may be configured as a 
voltage or current generator. 

Input offset voltage is very low (20"V) which generally 
eliminates the external null potentiometer. Temperature 
changes have minimal effect on offset; TCVlos is typically 
0.15"VloC. Excellent low-frequency noise performance is 
achieved with a minimal compromise on input protection. 
Bias current is very low, less than 10nA over the military 
temperature range. High common-mode rejection of 130dB, 
16-bit linearity at a gain of 1000, and SOmA peak output 
current are achievable simultaneously. This combination 
takes the instrumentation amplifier one step further towards 
the ideal amplifier. 

AC performance complements the superb DC specifications. 
The AMP-01 slews at 4.5V1"s into capacitive loads of up to 
15nF, settles in 50"s to 0.01% at a gain of 1000, and boasts a 
healthy 26M Hz gain-bandwidth product. These features 
make the AMP-01 ideal for high-speed data-acquisition 
systems. 

Gain is set by the ratio of two external resistors over a range 
of 0.1 to 10,000. A very low gain-temperature-coefficient of 
10ppm/oC is achievable over the whole gain range. Output 
voltage swing is guaranteed with three load resistances; 500, 
5000, and 2kO. Loaded with 5000, the output delivers± 13.0V 
minimum. A thermal shutdown circuit prevents destruction 
of the output transistors during overload conditions. 

The AMP-01 can also be configured as a high-performance 
operational amplifier. In many applications, the AMP-01 can 
be used in place of op-amp/power-buffer combinations. 

THEORY OF OPERATION 
An instrumentation amplifier, unlike an op amp, requires 
precise internal feedback. The two techniques presently in 
use are resistive and current feedback. 

The AMP-01 employs the current feedback approach which 
has significant advantages over resistive feedback. Advan
tages of current-feedback are: 

a. The technique yields a very high common-mode rejec
tion ratio. The AMP-01 CMR is in excess of 130dB at a 
gain of 1000. 

b. The gain of the current feedback design is set by the 
ratio of two external resistors. Using external resistors 
allows any practical gain to be set with high precision 
and very low gain temperature coefficient. 

6·6 

c. The current-feedback design is immune to CMR degra
dation when series resistance is added to the reference 
input. A small (trimmable) offset change results from 
added resistance, e.g. a printed circuit track. 

The AMP-01 utilizes low-drift thin-film resistors to minimize 
output offset temperature drift. A feedback voltage-to-current 
converter is employed having high linearity and low noise, 
particularly at low frequencies. Parameter shifts during 
packaging are eliminated by a post-assembly trimming 
technique which electronically adjusts the output offset 
voltage. 

The AMP-01 input transistors 01 and 02 feed active loads, 
yielding stage gain in excess of 4000 (see simplified 
schematic) The output amplifier, A 1, is a two-stage design 
having a gain of about 50,000 driving a 1000 load. Overall 
gain of 2 x 108 yields excellent linearity, even at high 
closed-loop gains. 

Low bias current is achieved by using lon-implanted super
beta transistors combined with a new bias-current cancella
tion system, patents applied for. Input bias current remains 
below 10nA over the military temperature range, -55°C 
to+125°C. 

Superbeta transistors use a new transistor geometry result
ing in an input noise of only 5nVl,j"HZ at G = 1000. Noise 
includes contributions from the gain-setting resistor and 
internal overload-protection resistor. The input stage 
aChieves an offset voltage drift of less than 0.3"VloC 
(E Grade). 

The AMP-01 uses a unique two-pole compensation scheme 
where the load capacitance is incorporated into the dominate 
pole. Stable operation results even with high capacitance 
loads. The high output current capability (90mA peak) allows 
the 4.5V1 "s slew-rate to be maintained with load capacitance 
as high as 15nF. 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Supply Voltage ......•.•....•...•................. ± 18V 
Internal Power Dissipation (Note 1) .............. 500mW 
Common-Mode Input Voltage ..••...•.... Supply Voltage 
Differential Input Voltage, RG2:: 2kO ................ ±20V 

RG < 2kO ................ ±10V 
Output Short-Circuit Duration .•.......•....... Indefinite 
Storage Temperature Range ....•...... -65°C to +150°C 
Operating Temperature Range 

AMP-01A,B .•.•.•.....•............ -55°Cto+125°C 
AMP-01E,F .•...•..•.•.............. -25°Cto+85°C 

Lead Temperature (Soldering, 60 sec) ......•..••.. 300°C 
DICE Junction Temperature (Ti) ....... -65° C to + 150° C 

MAXIMUM AMBIENT 
TEMPERATURE FOR 

PACKAGE TYPE RATING 

18-Pin Hermetic DIP (X) 100· C 

NOTES: 

OERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

10mWrC 

1. See table for maximum ambient temperature rating and derating factor. 
2. Absolute ratings apply to both DICE and packaged parts, unless otherwise 

noted. 

1/86, Rev. A 
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II 
I, 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, Rs= 10kO, RL = 2kO, TA = 25°C, unless otherwise noted. II 
AMP-01A AMP-01B 

I 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

OFFSET VOLTAGE 

Input Offset Voltage V,OS 
TA =25'C 20 50 40 100 
-55'C 5 TA 5 +125'C 40 80 60 150 p.V 

Input Offset Voltage Drift TCV,os -55'C 5 TA5 +125'C 0.15 0.3 0.3 1.0 p.V/'C 
'I 

Output Offset Voltage Voos 
TA=25'C 1 3 2 6 

mV I; 
-55'C 5 TA5 +125'C 3 6 6 10 I' 

I 

Output Offset Voltage Drift TCVoos 
RG = ~ (Note 3) 

20 50 50 120 p.V/'C 
-55°C:S: TA.s; + 125°C 

G = 1000 120 130 110 120 
G=100 110 130 100 120 
G=10 95 110 90 100 

dB 

Offset Referred to Input G=l 75 90 70 80 
PSR 

vs. Positive Supply -55'C5 TA5 +125'C 
V+=+5Vto+15V G = 1000 120 130 110 120 

G=l00 110 130 100 120 
G=10 95 110 90 100 

dB 

G=l 75 90 70 60 

ffi G = 1000 110 125 105 115 
G=100 95 105 60 95 

...... 
~ 

G=10 75 85 70 75 
dB :::s 

Offset Referred to Input G=l 55 65 50 60 p.. 
PSR 

~ vs. Negative Supply -55'C5TA5+125'C 
V- = -5V to -15V G= 1000 110 125 105 115 

G=loo 95 105 90 95 
dB Z 

G=10 75 85 70 75 0 
G=l 55 65 50 60 

~ Input Offset Voltage Trim Vs = ±4.5V to ± 18V 
±6 ±6 mV 

Range (Note 1) ~ Output Offset Voltage Trim Vs= ±4.5V to ±18V 
±100 ±100 mV 

Range (Note 1) :E 
INPUT CURRENT ~ 
Input Bias Current Ie 

TA=25'C 3 6 
~ -55'C5 TA5 +125'C 4 10 6 15 

nA 

Input Bias Current Drift TCl e -55'C 5 TA5 +125'C 40 50 pAl'C 
Z ...... 

Input Offset Current 
TA= 25'C 0.2 1.0 0.5 2.0 

nA los -55'C 5 TA5 +125'C 0.5 3.0 1.0 6.0 

Input Offset Current Drift TClos -55'C5TA5+125'C 3 5 pAl'C 

INPUT 

Differential. G = 1000 
Input Resistance R'N Differential, G 5 100 10 10 Gn 

Common-Mode. G = 1000 20 20 

Input Voltage Range IVR 
TA = 25'C (Note 2) ±10.5 ±10.5 

V 
-55'C 5 TA 5 + 125'C ±10.0 ±10.0 

Vel< = ±10V.lkn 
source imbalance 

G =1000 125 130 115 125 

G=100 120 130 110 125 
dB 

G=10 100 120 95 110 

Common-Mode, 
G=l 85 100 75 90 

CMR 
Rejection -55'C 5 TA5 +125'C 

G=looo 120 125 110 120 
G=loo 115 125 105 120 
G=10 95 115 90 105 

dB 

G=l 80 95 75 90 

NOTES: 2. Refer to section on common-mode rejection. 
1. Vias and Voos nulling has minimal affect on TCV,os and TCVoos. 3. AMP-01 AX specification changed from loop.V /' C to 50p.V/' C, effective 

respectively. January. 1985. 
1/86, Rev. A 6-7 
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ELECTRICAL CHARACTERISTICS at Vs= ±15V. Rs= 10kO. RL = 2kO. TA = 25'C. unless otherwise noted. 

AMP·01E AMP·01F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

OFFSET VOLTAGE 

V,OS 
TA =25'C 20 50 40 100 

p.V Input Offset Voltage 
-25'CSTAS+85'C 40 80 60 150 

Input Offset Voltage Drift TCV,os -25'CSTAS+85'C. (Note 21 0.15 0.3 0.3 1.0 p.VI'C 

Output Offset Voltage Voos 
TA= 25'C 3 2 6 

mV 
-25'CSTAS+85'C 6 6 10 

Output Offset Voltage Drift TCVoos 
RG=~. (Note 21 

20 100 50 120 p.VI'C 
-25'CSTAS+85'C 

G = 1000 120 130 110 120 
G=100 110 130 100 120 
G=10 95 110 90 100 

dB 

Offset Referred to Input G=1 75 90 70 80 

vs. Positive Supply PSR 
-25'CSTAS+85'C 

V+=+5Vto+15V G = 1000 120 130 110 120 
G=100 110 130 100 120 
G=10 95 110 90 100 

dB 

G=1 75 90 70 60 

G=1000 110 125 105 115 
G= 100 95 105 90 95 
G=10 75 85 70 75 

dB 

Offset Referred to Input G=1 55 65 50 60 

vs. Negative Supply PSR 
-25'CSTAS+85'C 

V- = -5V to -15V G = 1000 110 125 105 115 
G=I00 95 105 90 95 
G= 10 75 85 70 75 

dB 

G=1 55 65 50 60 

Input Offset Voltage Trim Vs = ±4.5V to ± 18V 
±6 ±6 mV 

Range (Note 11 

Output Offset Voltage Trim Vs= ±4.5V to ±18V 
±100 ±100 mV 

Range (Note 1) 

INPUT CURRENT 

Input Bias Current 
TA=25'C 3 2 6 

Is 
-25'CSTAS+85'C 4 10 6 15 

nA 

Input Bias Current Drift TCls -25'CSTAS+85'C 40 50 pN'C 

Input Offset Current los 
TA=25'C 0.2 1.0 0.5 2.0 
-25'CSTAS+85'C 0.5 3.0 1.0 6.0 

nA 

Input Offset Current Drift TClos -25'CSTAS+85'C 3 5 pN'C 

INPUT 

Differential. G = 1000 1 
Input Resistance R'N Differential. G S 100 10 10 Gil 

Common-Mode. G = 1000 20 20 

Input Voltage Range IVR TA = 25'C (Note 31 ±10.5 ±10.5 
V 

-25'C S TA S + 85'C ±10.0 ±10.0 

VCM = ±10V. lkll 
source imbalance 

G = 1000 125 130 115 125 
G=I00 120 130 110 125 
G=10 100 120 95 110 

dB 

Common-Mode CMR 
G=1 85 100 75 90 

Rejection -25'CSTAS+85'C 
G = 1000 120 125 110 120 
G=I00 115 125 105 120 

G=10 95 115 90 105 
dB 

G=1 60 95 75 90 

NOTES: 
1. V,OS and Voos nulling has minimal affect on TCV,os and TCVoos. 2. Sample tested. 

respectively. 3. Refer to section on common-mode rejection. 
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IEMDAMP-01 LOW-NOISE PRECISION INSTRUMENTATION AMPLIFIER If I 
I 
I~ 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, Rs= 10kO, RL = 2kO, TA = 25°C, unless otherwise noted. I! II 
AMP-01A1E AMP-G1B/F 

PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

GAIN 

Gain Equation 
G= 2OXRs 

RG 0.3 0.6 0.5 0.8 % 
Accuracy Accuracy Measured 

II from G = 1 to 1000 
I 

Gain Range G 0.1 10k 0.1 10k v/v II 
G = 1000 0.0007 0.005 0.0007 0.005 Ii 

Nonlinearity 
G= 100 0.005 0.005 ii G=10 (Note 11 0.005 0.007 

% 

G=l 0.010 0.015 I 
II 

Temperature Coefficient GTe 
1 5G5 1000 

10 5 15 ppm/oC 

-
(Notes I, 21 

OUTPUT RATING 

RL = 2kn ±13.0 ±13.8 ±13.0 ±13.8 

Output Voltage 
RL = soon ±13.0 ±13.5 ±13.0 ±13.5 V 

Swing 
VOUT RL = 50n ±2.5 ±4.0 ±2.5 ±4.0 

~ 
! 

RL =2kn Over Temp. ±12.0 ±13.8 ±12.0 ±13.8 
V ~ 

RL =500n (Note 3) ±12.0 ±13.5 ±12.0 ±13.5 ...... 
~ 

Positive Current Limit Output-to-Ground Short 60 100 120 60 100 120 mA ...... 
....:I 

Negative Current Limit Output-to-Ground Short 60 90 120 60 90 120 mA 
p., 

Capacitive Load Stability 
1 5G5 1000 

0.1 0.1 "F ~ No Oscillations, (Note 11 

Thermal Shutdown Z 
Junction Temperature 165 165 °C 0 Temperature 

~ NOISE 

fo= 1kHz i G = 1000 5 
Voltage Density, RTI en G=100 10 10 nV/,[Hz 

G= 10 59 59 

~ G=1 540 540 

Noise Current Density, RTI in fo= 1kHz, G = 1000 0.15 0.15 pAl,[Hz ~ 
0.1Hz to 10Hz Z 
G= 1000 0.12 0.12 ...... 

Input Noise Voltage e np_p G=100 0.16 0.16 "Vp_p 
G=10 1.4 1.4 
G=l 13 13 

Input Noise Current ine-e 0.1Hz to 10Hz, G = 1000 2 2 pAp_p 

DYNAMIC RESPONSE 

G=l 570 570 
Small-Signal G=10 100 100 
Bandwidth (-3dB) 

BW 
G= 100 82 82 

kHz 

G= 1000 26 26 

Slew Rate SR G=10 3.5 4.5 3.0 4.5 VI"s 

To 0.01%, 20V step 
G=l 12 12 

Settling Time ts G=10 13 13 
G=100 15 15 "s 

G = 1000 50 50 

NOTES: 
1. Guaranteed by design. 
2. Gain tempeo does not include the effects of gain and scale resistor 

tampco match. 
3. -55°C 5TA5+ 125°C for AlB grades. -25°C5TA 5 +85°Cfor ElF grades. 
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~AMP~ LOW-NOISE PRECISION INSTRUMENTATION AMPLIFIER 

ELECTRICAL CHARACTERISTICS at Vs= ±15V. Rs= 10kfi. RL = 2kfi. TA = 25°C. unless otherwise noted. 

AMP-01A1E AMP-01B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

SENSE INPUT 

Input Resistance RIN 35 50 65 35 50 65 kfl 

Input Current liN Referenced to V- 280 280 I'A 

Voltage Range (Note 1) -10.5 +15 -10.5 +15 V 

REFERENCE INPUT 

Input Resistance RIN 35 50 65 35 50 65 kfl 

Input Current liN Referenced to V- 280 280 I'A 

Voltage Range (Note 1) -10.5 +15 -10.5 +15 V 

Gain to Output V/V 

POWER SUPPLY -25°C:5 TA:5 +65°C for ElF Grades. -55°C S TAS+125°C for AlB Grades 

Supply Voltage Range Vs 
+V linked to +Vop 

±4.5 ±18 ±4.5 ±18 V 
-V linked to -Vop 

Quiescent Current 
+V linked to +Vop 3.0 4.8 3.0 4.8 rnA IQ -V linked to -Vop 3.4 4.8 3.4 4.8 

NOTE: 
1. Guaranteed by design. 
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---------I~ AMP-01 LOW·NOISE PRECISION INSTRUMENTATION AMPLIFIER 

DICE CHARACTERISTICS 

DIE SIZE 0.110 X 0.148 Inch, 16,280 sq. mils 
(2.79 X 3.76 mm, 10.50 sq. mm) 

1. RG 10. V- (OUTPUT) 
2. RG 11. V-
3. -INPUT 12. V+ 
4. VoosNULL 13. V+ (OUTPUT) 

5. VoosNULL 14. Rs 
6. TESTPIN* 15. Rs 
7. SENSE 16. V lOS NULL 
8. REFERENCE 17. VIOS NULL 
9. OUTPUT 18. +INPUT 

* Make no electrical connection 

For additional DICE information reler 10 
1986 Dala Book, Seclion 2. 

WAFER TEST LIMITS at Vs = ± 15V, As = 10kO, AL = 2kO, TA = 25° C, unless otherwise noted. 

AMP-01NBC AMP-01GBC 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT 

Input Offset Voltage VIOS 60 120 

Output Offset Voltage Voos 4 8 

V+ = +5V to +15V 
G= 1000 120 110 

Offset Referred to Input 
PSR G=l00 110 100 

vs. Positive Supply 
G=10 95 90 

G=l 75 70 

V- = -5V to -15V 

Offset Referred to Inpul 
G = 1000 110 105 

PSR G= 100 95 90 
vs. Negative Supply 

G=10 75 70 
G=l 55 50 

Input Bias Current 18 4 8 

Input Offset Current los 3 

Input Voltage Range IVR Guaranteed by CMR Tests ±10 ±10 

Vc.,= ±10V 

Common-Mode 
G = 1000 125 115 

Rejection 
CMR G=l00 120 110 

G=10 100 95 
G=l 85 75 

Gain Equation G= 20X Rs 0.6 0.8 
Accuracy RG 

RL = 2kn ±13 ±13 
Output Voltage Swing VOUT RL = 500n ±13 ±13 

RL =50n ±2.5 ±2.5 

Output-Current Limit Output-to-Ground Short ±60 ±60 

Output-Current Limit Output-to-Ground Short ±120 ±120 

Quiescent Current 10 
+ V Linked to + VOP 

4.8 4.8 
-V Linked to -Vop 

NOTE: 

UNITS 

p.VMAX 

mVMAX 

dB MIN 

dB MIN 

nAMAX 

nAMAX 

VMIN 

dBMIN 

% MAX 

VMIN 

mAMIN 

rnA MAX 

rnA MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed lor standard product dice. Consult factory to negotiate specificalions based on dice lot qualification through sample lot assembly and testing. 
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~AMP..(J1 LOW-NOISE PRECISION INSTRUMENTATION AMPLIFIER 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs= ±15V, Rs= 10kn, RL = 2kn, TA = 25°C, unless otherwise noted. 

AMP-G1NBC AMP-G1GBC 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

Input Offset 
TCV,os 0.15 0.30 /lVioC 

Voltage Drift 

Output Offset 
TCVoos RG=ao 20 50 /lVioC 

Voltage Drift 

Input Bias 
TCl s 40 50 pAloC 

Current Drift 

Input Offset 
TClos 3 5 pAloC 

Current Drift 

Nonlinearity G = 1000 0.0007 0.0007 % 

Voltage Noise Density 
G= 1000 

5 5 nVl.jHZ en 
10= 1kHz 

Current Noise Density in 
G = 1000 

0.15 0.15 pAl.jHZ 
10= 1kHz 

Voltage Noise 
G= 1000 

0.12 0.12 ,..Vp_p enp~p O.lHz to 10Hz 

Current Noise inp•p 
G=1000 

2 2 pAp_p 
O.IHz to 10Hz 

Small-Signal 
BW G= 1000 26 26 kHz 

Bandwidth (-3d B) 

Slew Rate SR G=10 4.5 4.5 VII's 

Settling Time ts 
To 0.01%, 20V Step 
G = 1000 

50 50 p.s 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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---------I1fMD AMP·el1 LOW·NOISE PRECISION INSTRUMENTATION AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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-----------1m AMP·01 LOW·NOISE PRECISION INSTRUMENTATION AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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-----------IIEMD AMP-01 LOW-NOISE PRECISION INSTRUMENTATION AMPLIFIER 

INPUT AND OUTPUT OFFSET VOLTAGES 
Instrumentation amplifiers have independent offset voltages 
associated with the input and output stages. While the initial 
offsets may be adjusted to zero, temperature variations will 
cause shifts in offsets. Systems with auto-zero can correct 
for offset errors, so initial adjustment would be unnecessary. 
However, many high-gain applications don't have auto zero. 
For these applications, both offsets can be nulled, which has 
minimal effect on TCV\OS and TCVoos. 

The input offset component is directly multiplied by the 
amplifier gain, whereas output offset is independent of gain. 
Therefore, at low gain, output-offset-errors dominate, while 
at high gain, input-offset-errors dominate. Overall offset 
voltage, Vos, referred to the output (RTO) is calculated as 
follows; 

Vos(RTO) = (V\OSX G) + Voos .... ··· .... ············ .. · .. ·· .. ······· .... · .. · .. · (1) 

where V\OS and Voos are the input and output offset voltage 
specifications and G is the amplifier gain. Input offset nulling 
alone is recommended with amplifiers having fixed gain 
above 50. Output offset nulling alone is recommended when 
gain is fixed at 50 or below. 

In applications requiring both initial offsets to be nulled, the 
input offset is nulled first by short-circuiting RG, then the 
output offset is nulled with the short removed. 

The overall offset voltage drift TCVos, referred to the output, 
is a combination of input and output drift specifications. 
Input offset voltage drift is multiplied by the amplifier gain, G, 
and summed with the output offset drift; 

TCVos(RTO)= (TCV\OSX G) + TCVoos ............ ·· .. · .............. · (2) 

where TCV\OS is the input offset voltage drift, and TCVoos is 
the output offset voltage specification. Frequently, the 
amplifierdrift is referred back to the input (RTI) which is then 
equivalent to an input signal change; 

TCVos(RTI)=TCV\os+ TCVoos ............................................ (3) 
G 

For example, the maximum input-referred drift of an 
AMP-01 EX set to G = 1000 becomes; 

TCVos (RTI) = 0.3p.V/oC + 100p.V/oC = O.4p.V/oC max. 
1000 

INPUT BIAS AND OFFSET CURRENTS 
Input transistor bias currents are additional error sources 
which can degrade the input signal. Bias currents flowing 
through the signal source resistance appear as an additional 
offset voltage. Equal source resistance on both inputs of an 
IA will minimize offset changes due to bias current variations 
with signal voltage and temperature. However, the difference 
between the two bias currents, the input offset current, 
produces a non-trimmable error. The magnitude of the error 
is the offset current times the source resistance. 

A current path must always be provided between the differen
tial inputs and analog ground to ensure correct amplifier 
operation. Floating inputs, such as thermocouples, should 
be grounded close to the signal source for best common
mode rejection. 

6-16 

GAIN 
The AMP-01 uses two external resistors for setting voltage 
gain over the range 0.1 to 10,000. The magnitudes of the 
scale resistor, Rs, and gain-set resistor, RG, are related by the 
formula: G = 20 X Rs/RG, where G is the selected voltage gain 
(Refer to Figure 1). 

V+ 

+IN 

-IN 

(2., RS) 
VOLTAGE GAIN, G'" ~ 

v-

Figure 1. Basic AMP-01 connections for gains 0.1 to 10,000. 

The magnitude of Rs affects linearity and output referred 
errors. Circuit performance is characterized using Rs = 10kO 
when operating on ±15 volt supplies and driving a ±10 volt 
output. Rs may be reduced to 5kO in many applications 
particularly when operating on ±5 volt supplies or if the 
output voltage swing is limited to ±5 volts. Bandwidth is 
improved with Rs = 5kO and this also increases common
mode rejection by approximately 6dB at low gain. Lowering 
the value below 5kO can cause instability in some circuit 
configurations and usually has no advantage. High voltage 
gains between two and ten thousand would require very low 
values of RG. For Rs = 10kO and Av = 2000 we get RG = 1000; 
this value is the practical lower limit for RG. Below 1000, 
mismatch of wirebond and resistor temperature coefficients 
will introduce significant gain tempco errors. Therefore, for 
gains above 2,000, RG should be kept constant at 1000 and 
Rs increased. The maximum gain of 10,000 is obtained with 
Rs set to 50kO. 

Metal-film or wirewound resistors are recommended for best 
results. The absolute values and TC's are not too important, 
only the ratiometric parameters. 

AC amplifiers require good gain stability with temperature 
and time, but DC performance is unimportant. Therefore, low 
cost metal-film types with TC's of 50ppm/o C are usually 
adequate for Rs and RG. Realizing the full potential of the 
AMP-01 's offset voltage and gain stability requires precision 
metal-film or wirewound resistors. Achieving a 15ppm/oC 
gain tempco at all gains requires Rs and RG temperature 
coefficient matching to 5ppm/o C or better. 
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lM,,~ 

10 

RG AND Rs SELECTION 

100 

VOLTAGE GAIN 

1k 10k 

Gain accuracy is determined by the ratio accuracy of Rs and 
RG combined with the gain equation error of the AMP-01 
(0.6% max for AlE grades). 

All instrumentation amplifiers require attention to layout so 
thermocouple effects are minimized. Thermocouples formed 
between copper and dissimilar metals can easily destroy the 
TCVos performance of the AMP-01 which is typically 
0.15/LV/o C. Resistors themselves can generate thermoelectric 
EMF's when mounted parallel to a thermal gradient. "Vishay" 
resistors are recommended because a maximum value for 
thermoelectric generation is specified. However, where 
thermal gradients are low and gain TC's of 20-50ppm are 
sufficient, general-purpose metal-film resistors can be used 
for RG and Rs. 

COMMON-MODE REJECTION 
Ideally, an instrumentation amplifier responds only to the 
difference between the two input signals and rejects 
common-mode voltages and noise. In practice, there is a 
small change in output voltage when both inputs experience 
the same common-mode voltage change; the ratio of these 
voltages is called the common-mode gain. Common-mode 
rejection (CMR) is the logarithm of the ratio of differential
mode gain to common-mode gain, expressed in dB. CMR 
specifications are normally measured with a full-range input 
voltage change and a specified source resistance unbalance. 

The current-feedback design used in the AMP-01 inherently 
yields high common-mode rejection. Unlike resistive feed
back designs, typified by thethree-op-amp lA, the CMR is not 
degraded by small resistances in series with the reference 
input. A slight, but trimmable, output offset voltage change 
results from resistance in series with the reference input. 

The common-mode input voltage range, CMVR, for linear 
operation may be calculated from the formula: 

CMVR = ± (,VR _IV~~TI) ..... (4) 

IVR is the data sheet speCification for input voltage range; 
VOUT is the maximum output signal; and G is the chosen 
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VOltage gain. For example, at 25° C, IVR is specified as ±10.5 
volt minimum with ±15 volt supplies. Using a ±10 volt 
maximum swing output and substituting the figures in (4) 
simplifies the formula to: 

CMVR=± (1O.5-~) ..... (5) 
For all gains greater than or equal to 10, CMVR is ±10 volt 
minimum; at gains below 10, CMVR is reduced. 

ACTIVE GUARD DRIVE 
Rejection of common-mode noise and line pick-up can be 
improved by using shielded cable between the signal source 
and the IA. Shielding reduces pick-up, but increases input 
capacitance, which in turn degrades the settling-time for 
signal changes. Further, any imbalance in the source resis
tance between the inverting and noninverting inputs, when 
capacitively loaded, converts the common-mode voltage into 
a differential voltage. This effect reduces the benefits of 
shielding. AC common-mode rejection is improved by"boot
strapping" the input cable capacitance to the input Signal, a 
technique called "guard driving". This technique effectively 
reduces the input capacitance. A single guard-driving signal 
is adequate at gains above 100 and should be the average 
value of the two inputs. The value of external gain resistor RG 
is split between two resistors RG1 and RG2; the center tap 
provides the required signal to drive the buffer amplifier 
(Figure 2). 

GROUNDING 
The majority of instruments and data acquisition systems 
have separate grounds for analog and digital signals. Analog 
ground may also be divided into two or more grounds which 
will be tied together at one pOint, usually the analog power
supply ground. In addition, the digital and analog grounds 
may be joined, normally at the analog ground pin on the 
A-to-D converter. Following this basic grounding practice is 
essential for good circuit performance (Figure 3). 

Mixing grounds causes interactions between digital circuits 
and the analog signals. Since the ground returns have finite 
resistance and inductance, hundreds of millivolts can be 
developed between the system ground and the data acquisi
tion components. Using separate ground returns minimizes 
the current flow in the sensitive analog return path to the 
system ground point. Consequently, noisy ground currents 
from logic gates do not interact with the analog signals. 

Inevitably, two or more circuits will be joined together with 
their grounds at differential potentials. In these situations, 
the differential input of an instrumentation amplifier, with its 
high CMR, can accurately transfer analog information from 
one circuit to another. 

SENSE AND REFERENCE TERMINALS 
The sense terminal completes the feedback path for the 
instrumentation amplifier output stage and is normally 
connected directly to the output. The output signal is 
specified with respect to the reference terminal, which is 
normally connected to analog ground. 
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VOLTAGE GAIN, G" ( 20XRS) 
RG1 

AV :; 500 WITH COMPONENTS SHOWN 

+INo_.---------------"'1 

+15V 

-15V 

RG1 
400n 

-IN o-t---------..,...-------'-t 

R2 
1M!! 

Rl 
lMU 

RS·10kH 

17 

.r-lC3 -= O.047~F 

* 

R4 

N.C. 

VRl 
100kU 

* 

R3 

-t15V 

Cl 10
.
047

." 

+ C5 

T'0~F 

,---------.-_.-_+-0 SENSE 
I 
I 
I 

~ 

I 
I 
I 

*~ 
I 
I 
I 

.::::~..,....JVYv--t--<lI--""'~""-o OUTPUT 

*SOlDER LINK 

'---------.~_.-_+_o REFERENCE 

I 
I 
I 

~ 

I 
I 
I 

*~ 
I 
I 
I 

G~g~~~o-~-------~---------~----~--~----+----+-----~-~-~~GROUND 

Figure 2. AMP-G1 evaluation circuit showing guard-drive connection. 

Figure 3. B.slc grounding practice. 

ANALOG 
POWER SUPPL V 
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---------I~ AMP-Q1 LOW-NOISE PRECISION INSTRUMENTATION AMPLIFIER 

If heavy output currents are expected and the load is situated 
some distance from the amplifier, voltage drops due to track 
or wire resistance will cause errors. Voltage drops are partic
ularly troublesome when driving son loads. Under these 
conditions, the sense and reference terminals can be used to 
"remote sense" the load as shown in Figure 4. This method of 
connection puts the IXR drops inside the feedback loop and 
virtually eliminates the error. An unbalance in the lead 
resistances from the sense and reference pins does not 
degrade CMR, but will change the output offset voltage. For 
example, a large unbalance of 3n will change the output 
offset by only 1 mV. 

DRIVING 50n LOADS 
Output currents of SOmA are guaranteed into loads of up to 
son and 26mA into soon. In addition, the output is stable and 
free from oscillation even with a high load capacitance. The 
combination of these unique features In an instrumentation 
amplifier allows low-level transducer signals to be condi-

V+ 

+INo-----'''I 

-IN 0-----''-1 

V-

Figure 4. Remote load sensing. 

tioned and directly transmitted through long cables in 
voltage or current form. Increased output current brings 
increased internal dissipation, especially with son loads. For 
this reason, the power-supply connections are split into two 
pairs; pins 10 and 13 connect to the output stage only and 
pins 11 and 12 provide power to the input and following 
stages. Dual supply pins allow dropper resistors to be 
connected in series with the output stage so excess power is 
diSSipated outside the package. Additional decoupling is 
necessary between pins 10 and 13 to ground to maintain 
stability when dropper resistors are used. Figure 5 shows a 
complete circuit for driving son loads. 

HEATSINKING 
To maintain high reliability, the die temperature of any IC 
should be kept as low as practicable, preferably below 
100· C. Although most AMP-Ql application circuits will 
produce very little internal heat - little more than the 
quiescent dissipation of 90mW - some circuits will raise that 

*IN4148 DIODES ARE OPTIONAL. DIODES LIMIT THE OUTPUT 
VOL lAGE EXCURSION IF SENSE AND/OR REFERENCE LINES 
BECOME DISCONNECTED FROM THE LOAD. 

'-"-'::3 x 
'-""-' 

TWISTED REMOTE 
PAIRS LOAD 

..... -, .... -, 
x 

'-""-' 

POWER BANDWIDTH, G '" 100, 130KHz 

POWER BANDWIDTH, G = 10, 200KHz 
T.H.D ......... O.D4%@ 1KHz, 2Vr.m.s. 

r-------------~----O+15V 

+INo------"'I 

-IN 0--------"1 

(
20 x RS) 

VOLTAGE GAIN, G= ~ 

RESISTORS At AND R2 REDUCE Ie DISSIPATION. 

Figure 5. Driving son loads. 

RS·5kn ", 
130n lW 

C, 
IO,047/J.F 

~-=---------_QVOUT. ±3VMAX. 

50n 
LOAD 

'------------;l..-------_O-'5V 
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----------100 AMP-01 LOW-NOISE PRECISION INSTRUMENTATION AMPLIFIER 

to several hundred milliwatts (for example, the 4-20mA 
current transmitter application, Figure 8). Excessive dissipa
tion will cause thermal shutdown of the output stage thus 
protecting the device from damage. A heatsink is recom
mended in power applications to reduce the die temperature. 

Several appropriate heatsinks are available; the Thermalloy 
6010B is especially easy to use and is inexpensive. Intended 
for dual-in-line packages, the heatsink may be attached with 
a cyanoacrylate adhesive. This heatsink reduces the thermal 
resistance between the junction and ambient environment to 
approximately 80' C/W. Junction (die) temperature can then 
be calculated by using the relationship: 

Tj-Ta 
Pd= ---

IIja 

where Tj and Ta are the junction and ambient temperatures 
respectively, IIja is the thermal resistance from junction to 
ambient, and Pd is the device's internal dissipation. 

OVERVOLTAGE PROTECTION 
Instrumentation amplifiers invariably sit at the front end of 
instrumentation systems where there is a high probability of 
exposure to overloads. Voltage transients, failure of a trans
ducer, or removal of the amplifier power supply while the 
signal source is connected may destroy or degrade the 
performance of an unprotected amplifier. Although it is 
impractical to protect an IC internally against connection to 
power lines, it is relatively easy to provide protection against 
typical system overloads. 

The AMP-Q1 is internally protected against overloads for 
gains of up to 100. At higher gains, the protection is reduced 
and some external measures may be required. Limited 
internal overload protection is used so that noise perfor
mance would not be significantly degraded. 

AMP-01 noise level approaches the theoretical noise floor of 
the input stage which would be 4nV/v"HZat 1 kHz when the 
gain is set at 1000. Noise is the result of shot noise in the input 
devices and Johnson noise in the resistors. Resistor noise is 
calculated from the val ues of RG (2000 at a gain of 1000) and 
the input protection resistors (2500). Active loads for the 
input transistors contribute less than 1 nV/v"HZ of noise. The 
measured noise level is typically 5nVlv"HZ. 

Diodes across the input tljl1sistor's base-emitter junctions, 
combined with 2500 input resistors and RG, protect against 
differential inpuls of up to ±20V for gains of up to 100. The 
diodes also prevent avalanche breakdown that would degrade 
the IBand los specifications. Decreasing the value of RG for 
gains above 100 limits the maximum input overload protec
tion to ± 10V. External series resistors could be added to 
guard against higher voltage levels at the input, but resistors 
alone increase the input noise and degrade the signal-to
noise ratio, especially at high gains. 

6-20 

Protection can also be achieved by connecting back-to-back 
9.1V zener diodes across the differential inputs. This tech
nique does not affect the input noise level and can be used 
down to a gain of 2 with minimal increase in input current. 
Although voltage-clamping elements look like short circuits 
at the limiting voltage, the majority of signal sources provide 
less than 50mA, producing power levels that are easily 
handled by low-power zeners. 

Simultaneous connection of the differential inputs to a low
impedance signal above 10V during normal circuit operation 
is unlikely. However, additional protection involves adding 
1000 current-limiting resistors in each signal path prior to the 
voltage clamp; the resistors increase the input noise level to 
just 5.4nVlv"HZ (refer to Figure 6). 

Input components, be they multiplexers or resistors, should 
be carefully selected to prevent the formation of thermo
couple junctions which would degrade the input signal. 

*OPTIONAL PROTECTION 
RESISTORS, SEE TEXT. 

100n 1W* 
+INo-'VV'~---l 

loon lW* 
-IND-'vv.. .. ---i 

-15V 

LINEAR INPUT RANGE, 
±5V MAXIMUM 

DIFFERENTIAL PROTECTION 
TO ±30V 

Figure 6. Input overvoltage protection for gains 2 to 10,000. 

POWER SUPPLY CONSIDERATIONS 
Achieving the rated performance of preCision amplifiers in a 
practical circuit requires careful attention to external influ
ences. Forexample, supply noise and changes in the nominal 
voltage directly affect the input offset voltage. A PSR of 80dB 
means that a change of 100mV on the supply, not an 
uncommon value, will produce a 10~V input offset change. 
Consequently, care should be taken in choosing a power unit 
that has a low output noise level, good line and load 
regulation, and good temperature stability. 
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APPLICATIONS INFORMATION 

AG 
2kU 

-INO------''-! 

+15V 

-15V 

COMPLIANCE, TYPICALL V !:10V 

LINEARITY - 0.01% 

OUTPUT RESISTANCE AT 20rnA - 5MH 

POWER BANDWIDTH (-3dB) - 60kHz 
INTO 500n LOAD 

~~----+-'\.;v.or-_----O! lOUT 

(20 x RS) 
lOUT'" V1N RG x R1 

A, = lOOH FOR 'OUT'" ±20mA 

VIN = ±lDDmV FOR i20mA FULL SCALE 

Figure 7. Hlgh-compliance bipolar current source with 13-bit linearity. 

ALL RESISTORS 1% METAL FILM 

.'N 0------"'-1 

AG 

2.75kn 

-IN 0-------''1 

RS,2.0kU 

AMP-01 

r-------.------------------~-----o~~~ov 

v

" 
'0 

rO,047p.F 

A, 
loon 

RS- 2.21kH 

ROUT TRIM 

ZERO TRIM 
A, 
loon 

REF-02 

L---------------4--------~~~620mA 

L-____________________________ __O-5V 

COMPLIANCE OF lOUT, +20V WITH +30V SUPPLY (OUTPUT w.r.t. DV) 

DIFFERENTIAL INPUT OF lOOmV FOR 16mASPAN. 

OUTPUT RESISTANCE - 5Mn AT lOUT = 20mA. 

LINEARITY 0.01% OF SPAN. 

Figure 8. 13-bit linear 4-20mA transmitter constructed by adding a voltage reference. Thermocouple signals can be accepted 
without preampllflcatlon. 
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________ -I~AMP-01 LOW-NOISE PRECISION INSTRUMENTATION AMPLIFIER 

'Ok" 

+IN<>------'1 

2k" 

-IN 0-----"" 

VOL rAGE GAIN, G = 100 
POWER BANDWIDTH (-3dBI. 60KHz 

QUIESCENT CURRENT, 4mA 

L/NEARITY-O.D1%@ FULL 
OUTPUT INTO 1012 

,-----_op-_______ -.-_____ -<>+'5V 

~.;:...-+_~V'OOV"\r--~------4'----o~~l~~ INTO 10m 

'------~-------~-------o-'5V 

Figure 9. Adding two transistors Increases output current to ± 1 A without affecting the quiescent current of 4mA. Po_r band
width Is 60kHz. 

200kn 20kn 2k" 
47kn 

+15V<>-----<l>-"'27"'k"'''_t--...:.'0=t-_--t ___ + ___ +-_--' 
5 7 

2.7kn 
G,o 

TTL COMPATIBLE INPUTS 

RS_ lOkn 

+15V 

-

-15V 

LlNEARITY-O.OOS%, G = 10 & 100 
-0.02%, G '" 1 & 1000 

GAIN ACCURACY, UNTRIMMEO-O.5% 

SETTLING TIME TO 0.01%, ALL GAINS, 
LESS THAN 75ps 

GAIN SWITCHING TIME, LESS THAN lOOps 

Figure 10. The AMP-01 makes an excellent programmable-gain Instrumentation amplifier. Combined gain-switching and 
settling time to 13-blts falls below 1001's. Linearity is better than 12-blts over a gain range 1 to 1000. 
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r----4~--------------------------------------_+--------------------O+15V 

RS_ lOkn 

+fNo--------"~ 

-IN 0--------''-1 

TO.047}AF 

~ov 

TO,047,1.1F 

~OV 

*MATCHEO TO 0.1% 

SENSE 1.Skn 

*Skn 

REFERENCE 

(20, AS) 
VOLTAGE GAIN, G'" ~ L---------------------~------4_------+_------~--------------------O-'5V 

MAXIMUM OUTPUT. 20Vp-p INTO Goon 

T.H.D. 0.01%@lKHz,20Vp-pINT0600n, G = 10 
OUTPUT 

DIFFERENTIAL COMMON-MODE 
OUTPUT REFERENCE 

(±SV MAX.) 

FIgure 11. A dIfferential Input InstrumentatIon amplifier wIth differential output replaces a transformer In many applicatIons. The 
output will drive a 600n load at low dIstortIon, (0.01%). 

V,N 

1 A, 
390n 

N.C. N.C. 

CLOSED·lOOP VOLTAGE GAIN MUST BE 
GREATER THAN 50 FOR STABLE OPERATION 

+15V 

'3 

-15V 

+ I 10JJ.F 

POWER BANDWIDTH {-3dBJ-150KHz 

TOTAL HARMONIC DISTORTIDN-O.OD6% 
@lKHz, 20Vp-p INT0500n IIl000pF 

=>~----------------~------~~------~--oVOUT 

VOLTAGE GAIN. G = (1 + ~) 

A2 
4.95kn 

A3 
50n 

FIgure 12. ConfigurIng the AMP-D1 as a nonlnverting operational amplifier provIdes exceptional performance. The output 
handles low load Impedances at very low distortion, 0.006%. 
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R - R2 
1 - GAIN IG) 

R3 = Rl" R2 

R4 = 1.skn @ G = 1 
1.2kH@G=10 
120H @G = 100 & 1000 

N.C. N.C. 

+15V -15V 

20V p-p INTO soon IIl000pF. 

TOTAL HARMONIC DISTORTION: 

<O.OOS% @ 1kHz, VOUT = 20V pop, 

G = 1 TO 1000 

Figure 13. The Inverting operational amplifier configuration has excellent linearity over the gain range 1 to 1000, typically 
0.005%. Offset voltage drift at unity gain Is Improved over the drift in the Instrumentation amplifier configuration. 

+15V 

N.C. N.C. -15V 

+ IO.047P:F I 1O/-l F 

'::' '::' POWER BANDWIDTH (-3dB)~60KHz 

TOTAL HARMONIC DISTORTION~O.OOl% 
@ 1 KHz, 20Vp-p INTO soon //1000pF 

~~----------~----~~----~--OVOUT 

"2 
4.7kn 

Figure 14. Stability with large capacitive loads combined with high output current capability make the AMP-01 Ideal for line 
driving applications. Offset voltage drift approaches the TCVIOS limit, (0.3I'Vlo C). 
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NOISE TEST CIRCUIT (O.lHz to 10Hz) 
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INSTRUMENTATION AMPLIFIER WITH AUTO-ZERO 
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Precision Monolithics Inc. 

FEATURES 

• Settling-Time to 12-Bit Accuracy, G :5 1000 .. 12 ... s Max 
• 14-Bit Gain Linearity at G :5 1000 
• On-Board Dual Guard Drivers 
• On-Board 100 ... A Precision Current Source 
• Low Bias Current ................ SOpA Max @ 2SoC 

. • . . . . . . . . . . . .. 20nA Max @ 12SOC 
• Temperature Stable CMR 

. . . . . . . . . . . . . • . .. 10SdB Min Over -SsoC to + 12SoC 
• High Slew-Rate with SOOpF Load ........... SVI ... s Min 

ORDERING INFORMATIONt 

CERDIP 
l8-PIN 

PACKAGE 

AMP05AX' 
AMP05BX' 
AMP05EX 
AMP05FX 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
MIL 
IND 
IND 

• For devices processed in total compliance to MIL·STD·883, add /883 after part 
number. Consult factory for 883 data sheel. 

t All commercial and industrial temperature range parts are available with burn·in. 
For ordering information see 1986 Data Book, Section 2. 

SIMPLIFIED SCHEMATIC 

AMP-OS 
FAST-SETTLING JFET 

INSTRUMENTATION AMPLIFIER 

PIN CONNECTIONS 

-GUARD 
DRIVE 

Voos NULL 4 

VOO8 NULL 5 

REFERENCE 8 

SENSE 9 

PRELIMINARY 

11 +IN 

'-""H "''''-.''.,'''8 +G8:.~~ 

14 Ytos NULL 

13 ign=~:T 

la-PIN HERMETIC DIP 
(X-Suffix) 

r---------------.-----.-------.-----.-----------------------~~---Ov+ 

REFERENCE '--___ --' 

2.5k!Z 

tV 

-GUARD 
DRIVE 

47.5kil 

OUT 

1---..... ---'\/V'v----+----oSENSE 

'----------------~----+-------+-----+-----------------------~~--_ov-

This preliminary productlnlormallon is based on testing 01 a limited number 01 devices. Final speCifications may vary. Please contact local sales 
olllce or distributor lor final data sheet. 
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--------tm AMP-OS FAST -SETTLING JFET INSTRUMENTATION AMPLIFIER - PRELIMINARY 

GENERAL DESCRIPTION 
The AMP-05 is a fast JFET instrumentation amplifier designed 
for high-speed analog signal-processing and analog-multi
plexed data acquisition systems. Settling-time to 12-bits is 1211S 
maximum, with better than 14-bit linearity at all gains up to 1000. 
Two functions are added to the instrumentation amplifier that re
duce external component count in many applications. On-board 
dual guard drivers maintain good settling-time and common
mode rejection performance when shielded cable connects the 
input signal to the AMP-05. A precision 100ILA current source is 
also provided for transducer excitation, powering a low-current 
voltage reference, and other functions. 

The AMP-05 employs a current-feedback technique which pro
vides a high and stable common-mode rejection, 105dB mini
mum over the military temperature range. JFET inputs reduce 
bias current to 50pA maximum at 25°C and only 20nA maximum 
at 125°C; low bias current reduces errors due to signal-source 

6-28 

resistance. Internal input protection allows a 30V differential 
overload at all gain settings. AMP-05 voltage gain is set by the 
ratio of two external resistors over the range 0.1 to 2000 and a low 
gain temperature-coefficient of 20ppm/oC is achievable in the 
range 1 to 1000. 

The AMP-05's outputs can all drive large capacitive loads without 
oscillation. The amplifier output is guaranteed stable with loads 
up to 2,000pF and the guard drivers can tolerate up to 10,000pF 
without oscillation. 

Sense and reference pins complete the output feedback-loop 
and provide an output ground reference, respectively. The refer
ence pin may be used for zeroing system offsets, where auto
zero hardware is employed. Resistance, in series with the refer
ence terminal, does not degrade common-mode rejection on 
PMI's AMP-05, which is a significant problem with instrumenta
tion amplifiers employing the three op-amp configuration. 
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VOLTAGE 
FOLLOWERS/BUFFERS 

PreCISion MOIlOitthlcs Inc. 

INTRODUCTION 
The function of a unity-gain buffer is to accu
rately reproduce the input signal under widely
varying load conditions. To do this, buffers must 
have high input impedance, wide bandwidth, 
and high output drive. Offsets and gain error 
need to be minimized. 

The buffer function can be implemented by use 
of general-purpose operational amplifiers con
nected as unity-gain voltage followers, but 
higher performance can be obtained by optimiz
ing a circuit specifically for buffering. A design 
dedicated to unity-gain buffering and using no 

7-3 

feedback can provide better frequency 
response. In addition, output current can be 
increased substantially beyond that of conven
tional Ie operational amplifiers. 

The BUF-03 is a high-speed, unity-gain Ie that 
is optimized for the buffer function. A FET input 
provides high input impedance. On-chip zener
zap trimming is used to reduce the offset volt
age. The output stage is designed to supply 
approximately 70mA of peak current. These fea
tures combine to make the BUF-03 an Ie analog 
buffer of unique capability. 



Prec1sioll MOllohthics 1l1C 

FEATURES 
• Very High Slew Rate •................. 220Vl!,sec Min 
• Wide Bandwidth ............................. 63MHz 
• Load Drive Current. . . . . . . . . . . . . . . . . . . . . .. 70mA Peak 
• Easily Drives Large Capacitive Loads Without Oscillation 
• High Input Resistance. . . . . . . . .. . . .. . . . . . . .. 5 x 10110 
• Low Output Resistance . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 
• Very Low Bias Current (Warmed-Up) ...... 400pA Max 
• Low Offset Voltage ......•.................. 6mV Max 
• Unity Gain ................................. 0.997V/V 
• Excellent Gain Linearity ....................... 0.015% 

ORDERING INFORMATIONt 

TA=2S0 C PACKAGE OPERATING 
VosMAX TO-99 TEMPERATURE 

(mV) a-PIN RANGE 

6 BUF03AJ" MIL 
6 BUF03EJ COM 

15 BUF03BJ" MIL 
15 BUF03FJ COM 

• For devices processed in total compliance to MIL-STO-883. add /883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book. Section 2. 

GENERAL DESCRIPTION 
The BUF-03 is the first very high-speed monolithic voltage 
follower. Featuring performance previously unobtainable in a 
monolithic unit, it offers a combination of both exceptional 
speed and excellent input/output specifications. Implemented 

SIMPLIFIED SCHEMATIC 

BUF-03 
HIGH -SPEED VOLTAGE 

FOLLOWERjBUFFER 

in an open-loop circuit employing source followers and 
emitter followers, the BUF-03 utilizes a quasi-quad FET input 
structure to optimize both speed and D.C. input character
istics. On-Chip zener-zap trimming is used to achieve low 
offset voltage while careful biaSing throughout results in 
excellent gain linearity over the full input voltage range. 

Applications for which the BUF-03 is well-suited include 
high-speed line drivers, Isolation amplifiers for driving 
reactive loads, and high-speed sample-hold circuits. 

PIN CONNECTIONS 
N.C • 

• NULL97V+ 
N.C. 2 6 OUTPUT TO-99 (J-Suffix) 

INPUT 3 5 NULL 

4 
V-(CASE) 

OPTIONAL OFFSET NULLING CIRCUIT 

> .. f-1>----<lv+ 

INPUT 0----''-1 >"::"'---0 OUTPUT 

r--~--~-~~--'---------'--oV+ 

OUTPUT 

INPUT 

L-----*-----~~_~ ___ ~-~__oV-
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------------I~ BUF-03 HIGH-SPEED VOLTAGE FOLLOWER/BUFFER 

ABSOLUTE MAXIMUM RATINGS (Note) 

Supply Voltage (V+ to V-) .......................... 36V 
Internal Power Dissipation (Pd ) (see curves) 

in still air, no heat sink ......................... 1.05W 
with heat sink, 0JA = 90° C/W ................... 1.40W 

Input Voltage (for Vs < ± 1BV, maximum input 
voltage is equal to supply) ...................... ±1BV 

Continuous Output Current ....................... 70mA 
Peak Output Current ............................. 100mA 
Short-Circuit Protection (Maximum Pd or Tj 

not to be exceeded) ................ Indefinite at BOmA 

Maximum Junction Temperature (Tjl .............. 175°C 
Storage Temperature Range. . . . . . . . . .. -65° C to + 175° C 
Operating Temperature Range 

BUF-03A, BUF-03B ................. -55°C to +125°C 
BUF-03E, BUF-03F ..................... 0°Cto+70°C 

Lead Temperature (Soldering, 60 sec) ............. 300°C 
DICE Junction Temperature (Tj) ....... -65° C to + 175° C 

NOTE: Absolute ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA = 25°C, TCHIP= 75°C, device fully warmed-up, unless 
otherwise noted. (Note 1) 

8UF-03A/E 8UF-038/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

AC SPECIFICATIONS 

Slew Rate SR RL" 2kO, CL = 50pF 220 250 180 250 VI,..sec 

Power Bandwidth PBW V'N= 1OV~-e' RL" 2kO 9 8 MHz 

Bandwidth BW aV'N =:S 2V~_p 63 50 MHz 

Settling Time ts To 0.1%, ±10V step 90 100 nsec 

Capacitive Load Capability CLOAD No Oscillations ,..F 

Propagation Delay td Step Input nsec 

Rise Time t, aV=0.5V 7 nsec 

Wide Band Input Noise Voltage Vn DC to 50MHz 350 400 ,..VAMS 

Input Noise Voltage Density en 1= 10kHz 50 60 nVl.,fHZ 

DC SPECIFICATIONS 

Input Offset Voltage Vos Rs:S 20kO 6 4 15 mV 

Input Bias Current Is 150 400 180 700 pA 

Input Resistance R'N _5X1011 _ 4Xl011 0 

RL210kO 0.9960 0.9975 0.9940 0.9970 
Voltage Gain (V'N = ± 10V) Avo RL22kO 0.9945 0.9960 0.9930 0.9950 V/v 

RL2 tkO 0.9925 0.9945 0.9905 0.9930 

Nonlinearity (Note 2) NL 
V'N=±10V, RL22kO 0.015 0.023 0.017 0.03 

%F.S. 
V'N=±7V, RL21kO 0.013 0.023 0.015 0.03 

V'N= +10V, OV, -10V 
Maximum Output Error OUTerror Rs= 0 to 20kO 40 60 50 85 mV 

RL;?: 2kO in all combinations 

Power Supply Rejection Ratio PSRR Vs =±6Vto±18V 0.10 0.71 0.15 1.42 mV/v 

Supply Current ISY No Load 19 25 19 25 mA 

Peak Load Current ILIPK} 70 70 mA 

Output Resistance Ro 0 

Oflset Voltage Nulling Range avos Rp "lkO ±80 ±80 mV 

Input Voltage Range 
IVR ±11.5 ±11.5 V 

(Reduced Accuracy) 

NOTES: 
1. The BUF-03 package thermal resistance, in still air, is 145'C/W (45'C/W II no heat sinking is used, the chip temperature (in still air) may exceed 

junction~to-case, 100°CIW case-to-ambient). The chip temperature of 75°C 105' C. The effect of this elevated temperature will be to increase the input 
is achieved by reducing the case-ta-ambient thermal resistance to 45° C/W. bias current by a factor of eight, increase the Vas specification by 
An inexpensive heat sink, such as the Thermalloy 2271 B or 6203, is TCVos X 30' C, and reduce device speed by 10%. 
recommended for use in this application. In addition, if the device is 2. Nonlinearity is computed using linear regression techniques with data 
operated in a forced-air environment, or is attached to a PC board which from five points (e.g., -10V, -5V. OV, +5V, and +10V for ±10V full-scale 
has good thermal conductivity, the chip temperature may be lurther linearity). 
reduced. 
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IfMD BUF·03 HIGH·SPEED VOLTAGE FOLLOWER/BUFFER 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, -55· C:5 TA:5 + 125· C, T CHIP( MAX) = + 165· C, device fully warmed·up, 
unless otherwise noted. (Note 1) 

aUF-03A aUF-03B 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Slew Rate SR RL", 2kfi. CL = 50pF 220 220 W"sec 

Input Offset Voltage Vos Rs ,,2kfi 6 20 10 35 mV 

Average Input Offset 
TCVos Rs" 2kfi, (Note 21 50 100 90 170 "W'C Voltage Drift 

Input Bias Current Ie TA =+125'C 25 75 30 90 nA 

Voltage Gain Avo RL ",2kfi, V,N =±10V 0.9920 0.9955 0.9902 0.9942 V/v 

Gain Drift with Temperature 5 8 ppm/'C 

Power Supply Rejection Ratio PSRR Vs = ±7V to ±15V 0.15 1.26 0.20 2.24 mV/v 

Supply Current ISY TA=+125'C 18 24 18 24 mA 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, O· C:5 TA:5 + 70· C, T CHIP( MAX) = + 120· C, device fully warmed-up, unless 
otherwise noted. 

aUF-03E aUF-03F 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX UNITS 

Slew Rate SR RL", 2kn 240 240 W"sec 

Input Offset Vollage Vos Rs" 2kfi. CL = 50pF 4 14 7 28 mV 

Average Input Offset 
TCVos Rs ,,2kn, (Note 21 40 90 80 150 "W'C Voltage Drift 

Input Bias Current Ie TA=+70'C 1.5 5 1.8 8 nA 

Voltage Gain (V ,N = ± 10VI Avo RL ",2kfi 0.9935 0.9958 0.9918 0.9946 V/V 

Gain Drift with Temperature 5 8 ppm/'C 

Power Supply Rejection Ratio PSRR Vs = ±7V to ±15V 0.12 0.16 1.78 mV/v 

Supply Current ISY TA= +70'C 19 25 19 25 mA 

NOTES: 
1. In order to operate the device at an ambient temperature of + 1250 C, more 

extensive heat sinking must be used to ensure that the chip temperature 
never exceeds the absolute maximum 01 + 175' C. The chip temperature 01 
+ 165' C is achieved by reducing the case-to-ambient thermal resistance 
to 30' C/W (e.g., Thermalloy 22271. 

2. Guaranteed by design. 

7-6 1/86, Rev. A 



------------l~ BUF-03 HIGH-SPEED VOLTAGE FOLLOWER/BUFFER 

DICE CHARACTERISTICS 

DIE SIZE 0.070 X 0.048 Inch, 3360 sq. mils 
(1.78 X 1.22 mm, 2.17 sq. mm) 

WAFER TEST LIMITS at Vs= :!: 15V, Tj = 25"C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offsel Voltage Vos Rs " 20kO 

Slew Rate (Note 1) SR RL;;' 2kO. CL = 50pF 

Voltage Gai n Avo RL;;' 10kO. V,N = ±10V 

Power Supply Rejection Ratio PSRR Vs = ±6V to ±laV 

Supply Current ISY No Load 

NOTE: 

1. NULL 
3. INPUT 
4. NEGATIVE SUPPLY 
5. NULL 
6. OUTPUT 
7. POSITIVE SUPPLY 

For addilional DICE information refer to 
1986 Data Book, Section 2. 

BUF-03N BUF-03G 
LIMIT LIMIT 

6 15 

220 180 

0.9960 0.9940 

0.71 1.42 

25 25 

UNITS 

mVMAX 

Vlp.sec MIN 

VIV MIN 

mVIVMAX 

mAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss. yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, Tj = 25° C. unless otherwise noted. 

BUF-03N BUF-03G 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

Peak Load Cu rrent IL(PK) 70 70 mA 

I nput Bias Current Ie 40 60 pA 

Input Resistance R'N 5X 1011 5X 1011 0 

Output Resistance Ro 2 0 

Offset Voltage Nulling Range AVos Rp ;;' lkO ±80 ±ao mV 

Input Voltage Range 
IVR ±11.5 ±11.5 V 

(Reduced Accuracy) 

Power Bandwidth PBW V,N = 10Vp_p• RL;;' 2kO 9 a MHz 

Bandwidth BW AV,N ,,2Vp_p 63 55 MHz 

Settling Time ts To 0.1 %. ± 10V step 90 100 ns 

Capacitive Load Capacity CLOAD No Oscillations p.F 

Propagation Delay td Step Input 7 ns 

Rise Time t, AV,N = 0.5V 7 ns 

Wide Band Input Noise Voltage Vn DC to 50MHz 350 400 I'VRMS 

Input Noise Voltage Density en f= 10kHz 50 60 nVlVHZ 

NOTE: 
1. Sample tested. 
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-------------1~ BUF-03 HIGH-SPEED VOLTAGE FOLLOWER/BUFFER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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-------------1~ BUF-03 HIGH-SPEED VOLTAGE FOLLOWER/BUFFER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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-----------t[fMD BUF-03 HIGH-SPEED VOLTAGE FOLLOWER/BUFFER 

APPLICATIONS INFORMATION 

OPERATING THE BUF-03 AT REDUCED 
POWER SUPPLIES 

In most video applications the signal levels are significantly 
lower than the 20V peak-to-peak capability of the BUF"()3. 
This suggests operating the BUF"()3 at reduced power 
supplies; for example, at ±6V supplies ±2V signals can be 
handled. The obvious advantage of reduced supplies is the 
accompanying decrease in power dissipation: from a typical 
540mW (=30VX 18mA) to 195mW (= 12VX 16.2mA)at±6V.At 
lower supply voltages heat sinking is no longer necessary. 
However, as shown on the slew rate vs supply voltage curve, 
slew rate does degrade at lower supplies. This occurs 
because of higher internal node capacitances at lower 
voltages and because of the slightly decreased operating 
current. 

HIGH-SPEED SAMPLE/HOLD AMPLIFIER 

HIGH-SPEED 6-BIT AID BUFFER 
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Precision Monohthics Inc. 

8-3 Introduction 

8-3 Definitions 

8-6 CMP-Ol 
Fast Precision Comparator 

8-14 CMP-02 
Low-Input-Current 
Precision Comparator 

8-22 CMP-04 
Quad Low-Power Precision Comparator 

8-30 CMP-OS 
High-Speed Precision Comparator 

8-2 

8-37 

8-40 

8-48 

8-54 

8-56 

VOLTAGE 
COMPARATORS 

CMP-07 
Very High-Speed Comparator 

CMP-404 
Quad Low-Power Precision Comparator 

PM-ll1/PM-211 
Precision Voltage Comparators 

PM-119/PM-2.19/PM-319 
Dual Comparators 

PM-139IPM-139A/PM-339A 
Quad Low-Power Voltage Comparators 
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INTRODUCTION 
A comparator provides a logic output indicating 
the amplitude relationship between two analog 
signal inputs. 

When selecting a comparator, certain device 
parameters must be considered for proper 
design and application. These parameters are: 

Vas (Input Offset Voltage) 
Response Time 
Slew Rate 
PSRR (Power Supply Rejection Ratio) 
Is (Input Bias Current) 
CMVR (Common-Mode Voltage Range) 
Output Configuration 
Voltage Gain 

The input offset voltage (Vas) for a comparator 
should be as small as possible because in a high 
gain circuit it is the dominating factor that deter
mines the exact threshold level. For this reason, 
comparators should be nulled or a Precision 
Comparator used so that the input differential 
voltage is as close to zero as practical when the 
output is at the logic switching threshold. 

The voltage gain (Av) determines the sensitivity 
and threshold accuracy of a comparator. For the 
ideal comparator, the gain could be considered 
infinite; and an extremely small voltage applied 
between the two inputs will cause a change in 
the output. In practice, some minimum voltage 
variation will be required at the input to effect a 
change in the output state. This minimum sensi
tivity will be determined from the voltage gain of 
the comparator. The relationship is as follows: 

AVIN(MIN) = AVO 
Av 

The quantity AVo which is the difference between 
the high and low state of the output is generally 
chosen to be 2.SV to insure the matching of the 
comparator with the TTL load. 

Precision Monolithics' comparator product line 
now spans high precision, low power and high 
speed comparators. 

The CMP-01 is a fast precision comparator with 
low offset voltage. The CMP-02 offers the CMP-
01 's offset voltage performance along with lower 
input bias currents. 
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The quad CMP-04 offers both low power and 
low offset voltages. Existing "139" type applica
tions can be upgraded by the pin compatible 
CMP-04. For very low power applications the 
CMP-404 drops into the "139" pinout, imme
diately reducing power consumption to 1.S 
milliwatts. The PM-139/239/339 devices provide 
equal performance to "139/239/339" type 
comparators. 

The CMP-OS brings together superior input 
specifications with very fast response times. This 
combination makes the CMP-OS the ideal choice 
in high-accuracy 10 and 12-bit data systems. 

The latest addition to the PMI comparator line is 
the very high speed ECl output CMP-07 which 
offers S nanosecond response time in the 
industry standard "68S" pinout. 

DEFINITIONS 
Average Offset Current Drift (TClos) - The 
ratio of the change in the input offset current to 
the change in temperature producing it. 

Average Offset Voltage Drift (TCVos) - The 
ratio of the change in the input offset voltage to 
the change in temperature producing it. 

Average Offset Voltage Drift With External 
Trimming (TCVOSN) - The ratio of the change 
in the input offset voltage to the change in 
temperature producing it, with the input offset 
voltage trimmed to zero at room temperature. 

Common-Mode Rejection Ratio (CMRR) - The 
ratio of differential voltage gain to common
mode voltage gain, expressed in dB. CMRR is 
measured as the ratio of the change in common
mode voltage divided by the change in input 
offset voltage. 

CMRR = 20 log (AV(OIFF)) = 20 log (ACMV) 
AV(CM) AVOS 

Common-Mode Voltage Range (CMVR) - The 
range of common-mode voltage on the input 
terminals for which operation within specifica
tions is assured. 

II 

I 
1 
I 
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Differential Input Resistance (RIN) - The resist
ance looking into either input terminal with the 
other grounded. 

Differential Input Voltage - The range of vol
tage between the input terminals for which 
operation within specifications is assured. 

Input Bias Current (IB) - The average of the 
two input currents, with the inputs tied together. 

Input Offset Current (los) - The difference 
between the currents into the two input termi
nals when the output is within a specified voltage 
range. 

Input Offset Voltage (Vos) - The voltage app
lied between the input terminals to obtain a 
specified output voltage range. 

Input Slew Rate - The maximum rate of change 
in differential and/or common-mode input vol
tage which the input stage can follow. 

Input To Output High Propagation Delay (tpd +) 
- The time measured between the input signal's 
Vos crossing and the output voltage's 50% low
to-high transition point. Specified for a given 
input voltage step size and overdrive. 

Input To Output Low Propagation Delay (tpd-) 
- The time measured between the input signal's 
Vos crOSSing and the output voltage's 50% high
to-low transition pOint. Specified for a given 
input voltage step size and overdrive. 

Latch Disable Propagation Delay (tLPO) - The 
time measured between the 50% transition 
points of the latch enable signal and the output 
signal transition pOint. 

Latch Hold Time (th) - The amount of time 
measured from 50% of the latch enable signal to 
the comparator-input trip-point crossing. 

Latch Pulse Width (tw) - The width of the latch 
enable pulse measured between the 50% pOints 
of the rising and falling pulse edges. 

Latch Set-Up Time (ts) - The amount of time 
measured from the comparator-input trip-point 
crOSSing to 50% of the latch enable control. 
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Switching Time Waveforms 

Offset Voltage Adjustment Range - The change 
in offset voltage that can be obtained byadjust
ing a specified external nulling potentiometer. 

Output Leakage Current (kEAK) - The current 
into the output terminal with a given output vol
tage and input drive equal to or greater than a 
specified value. 

Output Sink Current (ISINK) - The maximum 
negative current that can be delivered by the 
comparator. 

Overdrive (Voo) - The input step voltage (VIN) 
of specified size drives the comparator from 
some initial input voltage to an input level just 
barely in excess of that required to bring the 
output from its high or low state to the logic 
threshold voltage. This excess is defined as the 
voltage overdrive. 

Positive Output Voltage (VOH) - The high output 
voltage level with a given load and an input drive 
equal to a specified value. 

Power Supply Rejection Ratio (PSRR) - The 
ratio of the maximum change in input offset vol
tage to the specified change in power supply 
voltage. 

Response Time (tr) - The interval between the 
application of an input step function and the 
time when the output crosses the logic thresh-
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old voltage. Logic threshold is defined as the 
voltage at the output of the comparator at which 
the loading logic circuitry changes its digital 
state, or, as 1.4V when the loading logic circuitry 
is not used. 

Saturation Voltage (VOL) - The low output vol
tage level with a given sink current and an input 
drive equal to a specified value. 

Supply Currents - The currents required from 
the positive or negative supplies to operate the 
comparator without a load. 

Voltage Gain (Ay) - The ratio of the change in 
output voltage (over a specified range) to the 
change in differential input voltage producing it. 

8-5 
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FEATURES 
• Fast Response Time ..•........•.......... 180ns Max 
• High Input Slew Rate .......................... 92V! P.s 
• Low Offset Voltage ........• 0.3mV Typical, 0.8mV Max 
• Low Offset Current ....•...... 4nA Typical, 2SnA Max 
• Low Offset Drift ..................... 1p.V!°C, 30pAloC 
• Standard Power Supplies ...••.... +SVor ±SV to ±18V 
• Guaranteed Operation 'rom Single +SV Supply 
• No Pull-Up Resistor Required 'or TTL Drive 
• Wired OR Capability 
• Fits 111, 106, 710 Sockets 
• Easy Offset Nulling ......... Single 2kfl Potentiometer 
• Easy to Use ................... Free 'rom Oscillations 

ORDERING INFORMATIONt 
PACKAGE 

HERMETIC 

+25'C PLASTIC OPERATING 
Vos TO-" DIP DIP TEMPERATURE 

(mV) a-PIN a-PIN a-PIN RANGE 

0.8 CMP01J' CMP01Z' MIL 
0.8 CMP01EJ CMP01EZ CMP01EP COM 
2.8 CMP01CJ CMP01CZ CMP01CP COM 

'For devices processed in total compliance to MIL-STD-883. add /883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

SIMPLIFIED SCHEMATIC 

GENERAL DESCRIPTION 

CMP-Ol 
FAST PRECISION 
COMPARATOR 

The CMP-01 is a monolithic fast precision voltage compara
tor using an advanced NPN-Schottky Barrier Diode process. 
It features fast response time to both large and small input 
signals, while maintaining excellent input characteristics. 
The CMP-01 is capable of operating over a wide range of 
supply voltages including single ended 5 volt supply. The 
large output current sinking and high output voltage capa
bility assure good application flexibility, while the combina
tion of fast response, high accuracy, and freedom from 
oscillation assure performance in precision level detectors 
and 12 and 13-bit AID converters. The CMP-01 is pin
compatible to earlier 111, 106, and 710 types. For applications 
requiring lower input offset and bias currents, refer to the 
CMP-02 data sheet. 

PIN CONNECTIONS 

8-PIN HERMETIC MINI-DIP 
(Z-Sufflx) 

EPOXY MINI-DIP 
(P-Sufflx) 

v+ 

GNDe8 70UT 
+IN 2: 6 BAL 

-IN 3 5 BAL 

4 
v- (CASE) 

TO-99 
(J-Sufflx) 

~~----~----~~----~----~------+-----~----~~----~-----.------~ 

R2A R2B 

S09 
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--------------I~ CMP-01 FAST PRECISION COMPARATOR 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Total Supply Voltage, V+ to V- ..................... 36V 

Output to Ground •..•••••••••.••••••.••••• -5V to +32V 

Output to Negative Supply Voltage. • • • . • . • • • . • • • . . .. 50V 

Ground to Negative Supply Voltage .•.••.•.•••••••.• 30V 
Positive Supply Voltage to Ground .•.•.•••...•..•.• +30V 

Positive Supply Voltage to Offset Null •.••.••.•.•• 0 to 2V 

Power Dissipation (See Note 1) ••.•••••••.••••.•• 500mW 

Differential Input Voltage .••.•••••.•••••••••..•..•• ± 11 V 

Input Voltage (Vs= ±15V) ......................... ±15V 

Output Sink Current (Continuous Operation) .•••••. 75mA 
Operating Temperature Range 

CMP-01 ............................ -55° C to + 125° C 

CMP-01 E, CMP-01 C .................... 0° C to + 70° C 

DICE Junction Temperature (Tj) •••.••• -65° C to + 150° C 

Storage Temperature Range ••.•••.••• , -65° C to + 150° C 

P-Suffix ............................ -65°Cto+125°C 

Lead Temperature (Soldering, 60 sec) ••••••••••••• 300°C 

Output Short-Circuit Duration - to ground ••••• Indefinite 

to V+ •••••••••• 1 Minute 

NOTES: 
1. Maximum package power dissipation VS. ambient temperature. 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

PACKAGE TYPE FOR RATING TEMPERATURE 

TO-99 (J) 80°C 7,lmW/oC 

Epoxy Mini-DIP (P) 36°C 5.6mW/oC 

Hermetic Mini-DIP (Z) 75°C 6.7mW/oC 

2, Absolute ratings apply to both DICE and packaged parts, unless otherwise 
noted, 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, TA = 25° C, unless otherwise noted. 

CMP-01 
CMP-01E CMP-01C 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

I nput Offset Voltage Vas Rs" SkI), (Note 1) 0.3 0.8 0.4 2.8 mV 

Input Offset Current los (Note 1) 4 25 80 nA 

Input Bias Current 18 350 600 400 900 nA 

Ditferentiallnput 
R'N (Note 2) 150 300 100 200 kl) 

Resistance 

Voltage Gain Av Vo=O.4Vto 2.4V, (Notes 1, 2) 200 500 100 500 VlmV 

100mV step, SmV Overdrive 

No Load (No Pull-Up) 110 180 110 180 
SkI) to 5v (pull-Up) 110 110 

Response Ti me TTL Fan-Out = 4, No Pull-Up 110 110 
t, ns 

(Note 3) 5V Step SmV Overdrive 
No Load (No Pull-Up) 160 160 
SkI) to Sv (Pull-Up) 160 160 
TIL Fan-Out = 4, No Pull-Up 160 160 

Input Slew Rate 92 92 VII's 

Input Voltage Range CMVR ±12.S ±13 ±12.S ±13 V 

Common-Mode 
CMRR 94 110 90 110 dB 

Rejection Ratio 

Power Supply 
PSRR 

5V S Vs+::; 18V, 
80 100 74 98 dB 

Rejection Ratio -18V" Vs-" OV 

Positive Output 
Y,N e: 3mV, 10= 320IJ.A 2.4 3.2 

Voltage 
VOH Y,N e: 3mV, 10= 24OIJ.A 2.4 3.4 V 

V,N e:3mV,lo =OmA 2,4 4.8 2,4 4.8 

V,N" -10mV, Isink = OmA 0,16 0.4 0.16 0.4 
Saturation Voltage VOL V1N $ -10mV. 'sink::; 6.4rnA 0.3 O.4S 0.31 0.45 V 

V,N" -10mV, Isink" 12mA (CMP-Q1 only) 0.36 0.5 

Output Leakage Current ILEAK V'N e: 10mV, Va = +30V 0.03 2 0.05 8 IJ.A 

Positive Supply Current 1+ V'N,,-10mV S.6 8 5,6 8,5 mA 

Negative Supply Current 1- V'N,,-10mV 1.3 2,2 1,3 2.2 mA 

Power Dissipation Pd V'N,,-10mV 103 153 103 161 mW 

Offset Voltage 
Nulling Pot e: 2kl) ±5 ±5 mV 

Adjustment Range 

NOTES: 
1. These parameters are specified as the maximum values required to drive account the worst case effects of voltage gain and input impedance. 

the output between the logic levels of O.4V and 2.4V with a 1 kl) load tied to 2. Guaranteed by design. 
+SV; thus, these parameters ~efine an error band which takes into 3, Sample tested, 
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---------------l~ CMP-41 FAST PRECISION COMPARATOR 

ELECTRICAL CHARACTERISTICS at Vs+ = 5V, Vs- = OV, TA = 25° C, unless otherwise noted. 

CMP·01 
CMp·01E CMP·01C 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP 

Input Offs.t Voltage Vos RsSSkn. {Note 1) 0.4 1.S O.S 

Input Offset Current los (Notel) 3 21 4 

Input Bias Current Ie 2S0 500 300 

Voltage Gain Av Vo =0.4Vto 2.4V, (Notes 1, 2) SO SO 

100mV Step, SmV Overdrive 

Response Time 
Skn to SV (Pull-Up) lS0 lS0 

t, 
TTL Fan-Out = 4, Skn to SV lS0 lS0 

(Pull-Up) 

Input Voltage Range CMVR 1.8 1.7-3.8 3.S 1.8 1.7-3.8 

Saturation Voltage VOL Y,N S -10mV, I.'nk S 6.4mA 0.3 0.45 0.3 

Positive Supply Current 1+ V,N S-l0mV 2.3 3.2 2.4 

Power Dissipation Pd V,N S-l0mV l1.S 16 12 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, -55°C:5 TA:5 125°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos 
RsS Skn, (Note 1) 

Vs+ = SV, Vs-= OV, (Note 1) 

Average Input Offset 
Voltage Drift 

Without External Trim TCVos 
Rs=SOn 

With External Trim TCVoSn 

Input Offset Current los 
TA = +12SoC, (Note 1) 
TA = -SsoC, (Note 1) 

Average Input Offset 
TClos 

+2S'CSTAS+12SoC 
Current Drift -55°CSTAS+2S'C 

Input Bias Current Ie 
TA=+125'C 
TA=-S5'C 

Voltage Gai n Av Vo=O.4Vto 2.4V, (Notes 1, 2) 

100mV Step, 5mV Overdrive, (Note 2) 

Response Time t, TA= + 12SoC, No Load 

TA = -5S' C. No Load 

Input Voltage Range CMVR 

Common-Mode 
CMRR 

Rejection Ratio 

Power Supply 
PSRR 5V S Vs+S 15V, -ISVS Vs_S OV 

Rejection Ratio 

Positive Output Voltage VOH V'N;:e4mV,10=200I'A 

Saturation Voltage VOL 
Y,N S -IOmV, I.ink = OmA 

V1NS -10mV, ' sink = B.4rnA 

NOTES: 
1. These parameters are specified as the maximum values required to drive 

the output between the logic levels of OAV and 2AV with a I kn load tied to 
+SV; thus, these parameters define an error band which takes into 
account the worst case effects of voltage gain and input impedance. 

2. Guaranteed by design. 

B-8 

CMP·01 
MIN TYP MAX 

100 

±12 

88 

7S 

2.4 

0.5 

0.6 

I.S 

4 

S 

12 

35 

330 
5S0 

SOO 

220 

100 

±13 

106 

98 

0.20 
0.32 

1.6 

2.8 

2S 
45 

600 
1400 

0.4 
O.S 

MAX UNITS 

3.S mV 

6S nA 

720 nA 

VlmV 

ns 

3.S V 

0.45 V 

3.8 mA 

19 mW 

UNITS 

mV 

I'VI'C 

nA 

pAl'C 

nA 

VlmV 

ns 

V 

dB 

dB 

V 

V 
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~ CMP-01 FAST PRECISION COMPARATOR 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, O·C S TAS 70·C, unless otherwise noted. 

CMP-01E CMP-01C 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vas 
Rs" SkO. (Note 1) 0.4 1.4 O.S 3.S 

mV 
Vs+ = SV. Vs- = OV. (Note 1) O.S 2.4 0.6 4.3 

Average Input Offset 

Voltage Drift 
Without External Trim TCVos 

Rs= SOO 
I.S 1.8 

"W·C With External Trim TCVoSn 1.0 1.2 

Input Offset Current los 
TA= +70·C. (Note 1) 4 2S S 80 

nA 
TA = O·C. (Note 1) 5 45 6 120 

Average Input Offset 
TClos 

+2S·C"TA,,+70·C 12 12 
pN·C 

Current Drift O·C" TAS +2S·C 3S 40 

Input Bias Current 18 
TA=+70·C 330 600 340 900 

nA 
TA=O·C 400 9S0 4S0 1200 

Voltage Gai n Av Vo= 0.4V to 2.4V. (Notes 1. 2) 100 SOO 70 SOO WmV 

100mV Step. SmV Overdrive 

Response Time t, TA= +70·C. No Load ISO ISO 

TA = O· C, No Load 100 100 
ns 

Input Voltage Range CMVR ±12.0 ±13.3 ±12.0 ±13.3 V 

Common-Mode 
CMRR 90 108 86 108 dB I Rejection Ratio 

Power Supply 
PSRR SV" Vs+"ISV. -ISV" Vs-" OV 77 98 70 88 dB 

Rejection Ratio 

Positive Output Voltage VOH V,N " 4mV. 10 = 200"A 2.4 3.2 2.4 3.2 V ge 
V,N " -10mV, Isink = 0 0.17 0.4 0.17 0.4 

Saturation Voltage VOL 
V,N " -lOmV, Isink = 6.4mA 0.3 O.S 0.31 O.S 

V 0 
NOTES: ~ 1. These parameters are specified as the maximum values required to drive 

the output between the logic levels of 0.4V and 2.4V with a 1 kO load tied to ~ +5V; thus, these parameters define an error band which takes into 
account the worst case effects of voltage gain and input impedance. ~ 

2. Guaranteed by design. 0 
U 
~ 

~ 
b 
~ 
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-------------t~ CMP-01 FAST PRECISION COMPARATOR 

DICE CHARACTERISTICS 

DIE SIZE 0.065 X 0.042 Inch, 2730 sq. mill 
(1.851 X 1.069 mm,1.781 Iq. mm) 

WAFER TEST LIMITS at Vs= ±15V, T A = 25°C. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vas Rs S5kO, (Note 1) 

Input Offset Current los (Note 1) 

Input Bias Current 18 

Differential Input Resistance R'N (Note 2) 

Input Voltage Range CMVR 

Common-Mode Rejection Ratio CMRR VcM=±CMVR 

Power Supply Rejection Ratio PSRR 
5VSVs+S 18V 
-18VSVs-SOV 

Positive Output Voltage VOH 
V'N,,3mV, 10= 320"A 

V'N"3mV, 10= 240"A 

Saturation Voltage VOL 'sink = 6.4rnA 

Output Leakage Current I LEAK V'N" 10mV, Vo=30V 

Positive Supply Current 1+ V'NS-l0mV 

Negative Supply Current 1- V'NS-l0mV 

Power Consumption Pd V'NS-l0mV 

NOTES: 
1. These parameters are specified as the maximum values required to drive 

the output between the logic levels ofO.4V and 2.4V with a 1 kO load tied to 

WAFER TEST LIMITS at V s + =5V and V s - =OV, TA=25°C. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vas RS S 5k!l, (Note 1) 

tnput Offset Current lOS 

NOTE: 

1. GROUND 
2. NONINVERTING INPUT 
3. INVERTING INPUT 
4. NEGATIVE SUPPLY (SUBSTRATE) 
5. BALANCE 
6. BALANCE 
7. OUTPUT 
8. POSITIVE SUPPLY 

For additional DICE information refer to 
1986 Data Book, Section 2. 

CMP-01N CMP-01GR 
L1MtT LIMIT 

0.8 2.8 

25 80 

600 900 

150 100 

±12.5 ±12.5 

94 90 

80 74 

2.4 

2.4 

0.45 0.45 

8 

8.0 8.5 

2.2 2.2 

153 161 

UNITS 

mVMAX 

nAMAX 

nAMAX 

kOMIN 

VMIN 

dBMIN 

dBMIN 

VMIN 

V MAX 

"A MAX 

rnA MAX 

rnA MAX 

mWMAX 

+ 5V; thus, these parameters define an error band which takes into account 
the worst case effects of voltage gain and input impedance. 

2. Guaranteed by design. 

CMP-01N 
LIMIT 

1.5 

21 

CMP-01GR 
LIMIT 

3.5 

65 

UNITS 

mVMAX 

nAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, and 25° C. 

CMP-01N CMP-01GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

Average Input Offset 
TCVos Rs=500 

Voltage Drift 
1.5 1.8 "VI"C 

Average Input Offset 
TClos 35 40 pAI"C 

Current Drift 

Response Ti me t, 
l00mV Step, 5mV Overdrive 

110 110 ns 
No Load (No Pull-Up), TA = 25°C 
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--------------I~ CMP-01 FAST PRECISION COMPARATOR 

TYPICAL PERFORMANCE CHARACTERISTICS 

~ 
~ 
W 

RESPONSE TIME, 
100mV STEP, SmV OVERDRIVE, VARIOUS LOADS 

-j-+-I--+----,,jL-j 4 ~ 
~ 

-f-+-t--j-:;,f--t--::;;I 3 W 

~ 
2 g 

>-
1 ~ 

::;::;:"+_+--+_+_+---1 0 0 

~ 
0 
2 0.10 
W 

r 
S'c 

VS"'± 
TA=2 
RS =5 on,_ 

~ 
~ 

I\!. '3)\ 
\ 

10 
~ 
rv" \.ci= .(2).. 

~ -0.05 1. BOon TO 5V 
2. TTL GATE LOAD 

FAN OUT = 4 

" ~ 0.05 
1. BOon TO 5V 
2. TTL GATE LOAD 

FANOUT=4 

~ -0.10 3. NO LOAD 
~ 
~ -0.15 

-60 60 

10 

RESPONSE TIME (nsec) 

INPUT OFFSET ERROR VB 

SOURCE RESISTANCE 

~ VS=+15V 
~TA=25eC -FWI II 

tTNSE v ..... 
1 

~ TYPICAL -j\.'J1 III 1. CMp·Ol 
CMp·01E 

2. CMp·01C 0.1 1.0 
I III 

10 
MATCHED SOURCE RESISTANCE (kn) 

INPUT BIAS CURRENT 
VB TEMPERATURE 

150 

100 

600 

115V"'~s-10 -
500 

'00 

o 
-75 

1. 
2. 

"- !J...I"'W., I 
r-... :-........ .......... VS+ '" 15V 

'(iJ. ::x>: ........ 1-

t"'---. ......... t-- VS+" 5V_ 
r-

CMP·Ol 
CMP·Q1E 
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CMP·01C 
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TEMPERATURE (OCI 

~ 
~ 
~ -0.05 
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1.0 
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W 

~ 
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~ 
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~ 
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1. 
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1 
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We TO 70"C) 
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1 

2V 
'I 

150 

I-
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~ YI 0,01 

IRS" 50n 

-50 -25 25 50 75 100 '25 
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INPUT BIAS CURRENT 
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INPUT VOLTAGE 
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700 -50 L-.J.......J....-'---'--..l.---"_'--.l.-.J.......J.......J......J 
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'0 
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INPUT OFFSET CURRENT 
vs TEMPERATURE 

I I T 
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2. 
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CMP·01e 
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TEMPERATURE (OC) 

INPUT VOLTAGE RANGE 
VB TEMPERATURE 
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-------------I~ CMP-G1 FAST PRECISION COMPARATOR 

TYPICAL PERFORMANCE CHARACTERISTICS 

~ 
~ 
w 

'" ~ -0.05 
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---------------I~ CMP-01 FAST PRECISION COMPARATOR 

APPLICATIONS INFORMATION 
The CMP-01 provides fast response times even with small 
overdrives; to achieve this performance requires very high 
gain at high frequencies. The CMP-01 is completely free of 
oscillations; however, small values of stray capacitance from 
output to input when combined with high-source resistances 
can cause an unstable condition. DC characteristics are not 
affected, but when the input is within a few microvolts of the 
transition level, certain conditions can create an oscillation 
region. The width of this oscillatory region and the size of 
source resistance where oscillations begin is a strong func
tion of the stray coupling present. The following suggestions 
are offered as a guide towards minimizing the conditions for 
oscillation: matched source resistors. minimized stray capac
itances (e.g .• a ground plane between output and input). or 
capacitive output loading (CLl. The capacitive loading tech
niques will eliminate the oscillations. but result in slower 
response time. Matched bypass capacitors across the input 
resistors also can eliminate the instability. 

and if C ~ 20 F (m~~imUm step s~ze) 
s P minimum overdrive 

the response time will approximate the response time for low 
values of Rs. It should be noted that the offset nulling 
terminals do not require bypassing for stability. As with all 

8-BIT TRACKING AID CONVERTER 

~~ 3 C 8 C 

ff.' : 1/27474 0 U/O 8284 
TYPE "0" 5 UP/DOWN 
FlIp·FLOP • COUNTER 

10 9 5 

""/47400 
24O!l 

-15V 

~ 
OUT 

C 

13 12 11 
FOR CLOCK RATE "" 3.0MHz 

3
J/ 

MSB C = 470pF 

\ 4.a8!l 

'2 
~ lN91 .... z: V 1N = 0 TO +1DV ~ .-

R1N 5!i! 4.Bk.Q. 1. 

ANALOG 
INPUT 

MAXIMUM FULL SCALE 
SINE WAVE INPUT 
IS 4000Hz. 

.1 

wideband circuits. it is recommended that the supplies be 
bypassed near the socket of the device. 

MINIMIZING OSCILLATION 

BURN-IN CIRCUIT 

V+ 

":'" V-(CASE) 

MIL.sTD·883, METHOD 1015, CONDITION B 

4 

,. 

8 C 

U/o 

~ 
• 8284 

UP/DOWN 
OUT COUNTER 

2 CARRY 3 ,. • 5 

9 8 7 

4 

• 

CL 
MAXIMUM CLOCK RATE 

OCK IN 
::3.DMHz 

+ 5V TRACK 
1 

L.J 

i'f 

i6 

J
OIGITAL 
OUTPUT 

+5 
5 • 

LSB 9 + 

1N914 I 

V 

15V 

DAC-10OCCQ3 ::s ~* 10-BIT alA CONVERTER 

" 

1
16 

2000 r 
1 FULL SCALE 

ADJUST -15V 
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Prt."clsion MonoiithlCS Inc. 

FEATURES 
• Low Offset Voltage •. . . . . . . . . .• 0.3mV Typ, 0.8mV Max 
• Low Offset Current ...•.......... 0.3nA Typ, 3nA Max 
• Low Bias Current •.............. 28nA Typ, SOnA Max 
• Low Offset Drift •.••.................. 1p.V,oC,4pAloC 
• High Gain ., ............................. 200,000 Min 
• High CMRR ..........•......... 110dB Typ, 94dB Min 
• High Input Impedance ..................••..•• 16MO 
• Fast Response Time ........... 190ns Typ, 270ns Max 
• Standard Power Supplies ......... +SV or ±SV to ±18V 
• Guaranteed Operation from Single +SV 
• No Pull-Up Resistor Required for TTL Drive 
• Wired OR Capability 
• Fits 111, 106, 710 Sockets 
• Easy Offset Nulling ......... Single 2kO Potentiometer 
• Easy to Use •.•................ Free from Oscillations 

ORDERING INFORMATIONt 
PACKAGE 

HERMETIC 

+25°C PLASTIC OPERATING 
vos TO-" DIP DIP TEMPERATURE 
(mY) a-PIN a-PIN a-PIN RANGE 

0.8 
CMP02J' CMP02Z' MIL 
CMP02EJ CMP02EZ CMP02EP COM 

2.8 CMP02CJ CMP02CZ CMP02CP COM 

• For devices processed in total compliance to MIL-STD-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts Bre available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

SIMPLIFIED SCHEMATIC 

CMP·02 
LOW-INPUTc CURRENT 

PRECISION COMPARATOR 

GENERAL DESCRIPTION 
The CMP-02 is a monolithic low input current comparator 
using an advanced NPN-Schottky Barrier Diode process. It 
features superior input characteristics with extremely low 
offset voltage, offset current, bias current and temperature 
drift. High common-mode and power supply rejection plus 
good response time contribute to excellent performance in 
the most demanding applications. The balanced offset 
nUlling, large output drive, and wired-OR capability com
bined with internal pull-up maximize application conven
ience. The CMP-02 is capable of operating over a wide range 
of supply voltages, including Single plus 5 volt supply 
operation, and is pin-compatible to earlier 111, 106, and 710 
types. Forapplications requiring faster response time, please 
refer to the CMP-01 fast precision comparator data sheef. 

PIN CONNECTIONS 

w 

GNeD' 70UT 
+IN 2: 6 BALANCE 

-IN 3 5 BALANCE 

4 
V-(CASE) 

TO-99 
(J-Suffix) 

8-PIN HERMETIC MINI-DIP 
(Z-Sufflx) 

EPOXY MINI-DIP 
(P-Sufflx) 

V+~----~----~--~r---~r-----~----~----~----~----~----, 

INPUT 

INVERTING 

SDO 

V-~ ____ ~ ____ ~ __ ~ 
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----------l~ CMP-02 LOW-INPUT-CURRENT PRECISION COMPARATOR 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Total Supply Voltage, V+ to V- ..................... 36V 

Output to Ground ......................... -5V to +32V 

Output to Negative Supply Voltage. . • • • • • • • • • . • • . • •• 50V 
Ground to Negative Supply Voltage ..••..•••••••••.• 30V 

Positive Supply Voltage to Ground •••...•••..•..••.• 30V 

Positive Supply Voltage to Offset Null .•...•..••.• 0 to 2V 

Power Dissipation (See Note 1) •..•.•••.•.••.••.• 500mW 

Differential Input Voltage .......................... ±11V 

Input Voltage (Vs = ± 15V) ......................... ± 15V 

Output Sink Current (Continuous Operation) .••••.. 75mA 
Operating Temperature Range 

CMP-02 • .. .. .... .. ... . .. .. .. .. .. • .. -55° C to + 125° C 

CMP-02E, CMP-02C •••••••••••••••••••. 0° C to + 70° C 

DICE Junction Temperature (Tj) ••••••• -65°C to +150°C 

Storage Temperature Range ••••••.•••••• -65°C to +1500 C 

P-Suffix •••••••..•••••••••••••••.•••• -65° C to + 125° C 

Lead Temperature (Soldering, 60 sec) •••••••••••••• 300°C 

Output Short-Circuit Duration - to ground ••••••• Indefinite 
to V+ ••••••••••• 1 Minute 

NOTES: 
1. Maximum package power dissipation vs. ambient temperature. 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

PACKAGE TYPE FOR RATING TEMPERATURE 

TO-99 (J) 8O'C 7.1mWI'C 

Mini-DIP (P) 36'C 5.6mWI'C 

Hermetic Mini-DIP (Z) 75'C 6.7mW/'C 

2. Absolute ratings apply to both DICE and packaged parts, unless otherwise 
noted. 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= 25°C, unless otherwise noted. 

CMP-02 
CMP-02E CMP-G2C 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas Rs" 5k!}, (Note 1 ) 0.3 0.8 0.4 2.8 mV 

Input Offset Voltage Vos Rs" 50k!}, (Note 1) 0.3 0.9 0.4 3 mV 

Input Offset Current los (Note 1) 0.3 3.0 0.4 15 nA 

Input Bias Current 18 28 50 35 100 nA 

Differential Input 
R'N (Note 2) 1.7 0.9 MO 

Resistance 

Voltage Gain Av Vo= O.4V to 2.4V, (Notes 1. 2) 200 500 100 500 VlmV 

loomV step. 5mV Overdrive 
Response Time No Load (No Pull-Up) 190 270 190 270 
(Note 3) tr 5kO to 5V (Pull-Up) 190 190 ns 

TTL Fan-Out = 4, No Pull-Up 190 190 

Input Slew Rate 15 15 VI"s 

Input Voltage Range CMVR ±12.5 ±13.0 ±12.5 ±13.0 V 

Common-Mode 
CMRR 94 110 90 110 dB 

Rejection Ratio 

Power Supply 5V" Vs+" 18V, 80 100 74 98 
Rejection Ratio 

PSRR 
-18V" Vs-" OV 

dB 

Positive Output 
V,N 203mV,lo =320"A 2.4 3.2 

Voltage 
VOH V,N 20 3mV, 10 = 24OI'A 2.4 3.4 V 

V,N 203mV,10=OmA 2.4 4.8 2.4 4.8 

V,N " -10mV, Isink = OmA 0.16 0.40 0.16 0.40 
Saturation Voltage VOL V,N " -10mV, Isink " 6.4mA 0.3 0.45 0.31 0.45 V 

V,N " -10mV, Islnk" 12mA (CMP-D2 only) 0.36 0.5 

Output Leakage Current ILEAK Y,N 20 10mV, Vo = +30V 0.03 2.0 0.05 8.0 "A 

Positive Supply Current 1+ V,N ,,-10mV 5.5 8.0 5.6 8.5 mA 

Negative Supply Current 1- V,N ,,-10mV t.l 2.2 t.2 2.2 mA 

Power Dissipation Pd V,N ,,-10mV 99 153 102 161 mW 

Offset Voltage 
Nulling Pot 20 2kO ±5 ±5 mV 

Adjustment Range 

NOTES: 
1. These Parameters are specified as the maximum values required to drive account the worst case effects of voltage gain and input impedance. 

the output between the logic levels of 0.4 V and 2.4 V with a 1 kO load tied to 2. Guaranteed by design. 
+5V; thus, these parameters define an error band which takes into 3. Sample tested. 
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----------f~ CMP-G2 LOW·INPUT·CURRENT PRECISION COMPARATOR 

ELECTRICAL CHARACTERISTICS at Vs = 5V, VS- = OV, TA = 25° C, unless otherwise noted. 

CMP·02 
CMp·02E CMP-02C 

PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP 

Input Offset Voltage Vas As" SkU, (Note 1) 0.4 I.S O.S 

Input Offset Current los (Note 1) 0.2S 3 0.3S 

Input Bias Current Ie 24 45 30 

Voltage Gai n Av Va = OAV to 2AV, (Notes I, 2) SO SO 

l00mV Step, SmV Overdrive 
250 2S0 

Aesponse Time t, SkU to SV (Pull-Up) 
TTL Fan-Out = 4, SkU to SV 250 250 

Input Voltage Aange CMVA 1.8-3.S 1,7-3.8 1,8-3.S 1.7-3.8 

Saturation Voltage VOL V'N" -3.SmV, Isink" 8,4mA 0,3 OAS 0.3 

Positive Supply Current 1+ ViN ,,-10mV 2.2 3 2.3 

Power DiSSipation Pd ViN ,,-10mV 11 IS 11.S 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, -55°C:S; TA:S; 125°C, unless otherwise noted. 

PARAMETER SVMBOL CONDITIONS 

Input Offset Voltage Vas 
As" SkU, (Note 1) 
Vs+ = SV, Vs- = OV, (Note 1) 

Average Input Offset 
Voltage Drift 
Without External Trim TCVos As=50U 
With External Trim TCVOSn As=SOU 

Input Offset Current los 
TA = +12SoC, (Note 1) 
TA = -55°C, (Note 1) 

Average Input Offset 
TClos 

+2soC"TA,,+12SoC 
Current Drift -55°C"TA,,+2SoC 

Input Bias Current Ie 
TA=+12SoC 
TA=-SSoC 

Voltage Gain Av Vo= 0.4V to 2.4V, (Notes 1, 2) 

100mV Step, SmV Overdrive 
Aesponse Time t, TA = +12SoC, No Load 

TA = -SSo C, No Load 

Input Voltage Aange CMVA 

Common-Mode 
CMAA 

Aejection Aatio 

Power Supply 
PSAA SV" Vs+" ISV, -ISV" Vs-" OV 

Aejection Aatio 

Positive Output Voltage VOH V'N,,4mV,1 0 = 2OOI'A 

Saturation Voltage VOL 
ViN " -10mV, Isink = OmA 
V'N" -10mV, Isink = 6AmA 

NOTES: 
1. These Parameters are specified as the maximum values required to drive 

the output between the logic levels of 0.4V and 2.4V with a 1 kU load tied to 
+SV; thus, these parameters define an error band which takes into 
account the worst case effects of voltage gain and input impedance. 

2. Guaranteed by design. 
3. Sample tested. 

8·16 

CMp·02 
MIN TVP MAX 

100 

±12 

88 

7S 

204 

0.4 
O.S 

I.S 
1.0 

0.3 
0.4 

2 
4 

2S 
45 

SOO 

310 

155 

±13 

106 

96 

3 

0.20 
0.32 

1.6 
2.8 

4 
12 

50 
120 

0.4 
0.5 

MAX UNITS 

3.S mV 

14 nA 

90 nA 

VlmV 

ns 

V 

0,4S V 

3.6 mA 

18 mW 

UNITS 

mV 

I'VloC 

nA 

pAl"C 

nA 

VlmV 

ns 

V 

dB 

dB 

V 

V 
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~ CMP-02 LOW-INPUT-CURRENT PRECISION COMPARATOR 

II 
ELECTRICAL CHARACTERISTICS at Vs = ± 15V, O· C ::; TA::; 70· C, unless otherwise noted. 

Ii 
II 

CMP-02E CMP-02C I 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Input Offsel Voltage Vos 
RsS 5kO, (Note 1) 0.4 1.4 0.5 3.5 

mV 
Vs+ = 5V, Vs- = OV, (Note 1) 0.5 2.4 0.6 4.3 

Average Input Offset 
Voltage Drift 
Without External Trim TCVos Rs= 500 1.5 1.8 
With External Trim TCVOSn Rs= 500 1.2 

/.IVI·C 

Input Offset Current 
TA = +70·C, (Note 1) 0.3 3 0.4 15 

los TA = O·C, (Note 1) 0.4 6 0.5 25 
nA 

Average Input Offset 
TClos 

+25·C S TA S +70·C 2 3 
pAl·C 

Current Drift 0·CSTAS+25·C 4 5 

Input Bias Current Is 
TA=+70·C 26 50 33 100 
TA=O·C 34 80 42 160 

nA 

Voltage Gain Av Vo= 0.4V to 2.4V, (Notes 1, 2) 100 500 70 500 VlmV 

100mV Step, 5mV OVerdrive 
Response Time t, TA = +70·C, No Load 225 225 

TA = O·C, No Load 180 180 
ns 

I nput Voltage Range CMVR ±12.0 ±13 ±12 ±13 V 

Common-Mode 
CMRR 90 108 86 108 dB 

II Rejection Ratio 

Power Supply 
PSRR 5V S Vs+S 15V, -15V S Vs_S OV 77 98 70 88 dB 

Rejection Ratio 

Positive Output Voltage VOH V'N'" 4mV, 10 = 200/.lA 2.4 3.2 2.4 3.2 V 

Saturation Voltage VOL 
V1N :5: -10mV, 'sink = 0 0.17 0.4 0.17 0.4 

V ~ 
V'N S -10mV, Isink = 6.4mA 0.30 0.5 0.31 0.5 0 

NOTES: 

~ 1. These Parameters are specified as the maximum values required to drive 
the output between the logic levels of O.4V and 2.4V with a 1 kO load tied to 
+5V; thus, these parameters define an error band which takes into ~ 
account the worst case effects of voltage gain and input impedance. 

~ 2. Guaranteed by design. 
3. Sample tested. 

U 
~ 

~ 
b 
~ 
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----------I1fMD CMP-G2 LOW-INPUT-CURRENT PRECISION COMPARATOR 

DICE CHARACTERISTICS 

DIE SIZE 0.065 X 0.042 Inch, 2730 sq. mils 
(1.651 X 1.069 mm, 1.761 sq. mm) 

WAFER TEST LIMITS at Vs= ±15V, TA=25°C. 

PARAMETER SYMBOL CONDtTIONS 

Rs,,5kn 
Input Offset Voltage Vos 

Rs"SOkn 

Input Offset Current los 

Input Bias Current Ie 

Differential Input Resistance RIN 

Input Voltage Range CMVR 

Common-Mode Rejection Ratio CMRR VcM=±CMVR 

Power Supply Rejection Ratio PSRR 5V" Vs+" 18V 
-18V" Vs -" OV 

VIN ", 3mV. 10 = 320"A 
Positive Output Voltage VOH 

VIN"'3mV.10= 240"A 

Saturation Voltage VOL 'sink = 6.4mA 

Output Leakage Current I LEAK VIN ", 10mV. Vo=30V 

Positive Supply Current 1+ VIN ,,-10mV 

Negative Supply Current 1- VIN ,,-10mV 

Power Consumption Pd VIN,,-10mV 

WAFER TEST LIMITS at Vs + = 5V and Vs - = av, TA = 25°C. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos Rs ,,5kn 

Input Offset Current los 

NOTE: 

1. GROUND 
2. NONINVERTING INPUT 
3. INVERTING INPUT 
4. NEGATIVE SUPPLY (SUBSTRATE) 
5. BALANCE 
6. BALANCE 
7. OUTPUT 
8. POSITIVE SUPPLY 

For additional DICE information refer to 
1986 Data Book, Section 2. 

CMP-02N CMP-02GR 
LIMIT LIMIT 

0.8 2.8 
0.9 3 

3 15 

50 100 

1.7 0.9 

±12.5 ±12.5 

94 90 

80 74 

2.4 
2.4 

0.45 0.45 

2 8 

8 8.5 

2.2 2.2 

153 161 

CMP-02N CMP-02GR 
LIMIT LIMIT 

1.5 3.5 

3 14 

UNITS 

mVMAX 

nAMAX 

nAMAX 

MnMIN 

VMIN 

dBMIN 

dBMIN 

VMIN 

V MAX 

"A MAX 

mAMAX 

mAMAX 

mWMAX 

UNITS 

mVMAX 

nAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss. yield after packaging Is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V. 

CMP-02N CMP-02GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

Average Input Offset 
TCVos Rs=son 1.5 1.8 "woC Voltage Drift 

Average Input Offset 
TClos 4 pA/oC 

Current Drift 

Response Time t, 
100mV Step. 5mV Overdrive 

190 190 ns No Load (No Pull-Up). TA=25°C 
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-----------I~ CMP-02 LOW-INPUT-CURRENT PRECISION COMPARATOR 

TYPICAL PERFORMANCE CHARACTERISTICS 

RESPONSE TIME, 
100mV STEP, 5mV OVERDRIVE, VARIOUS LOADS 

~ 
~ 
'" ~ -0.05 

~ -0.10 

~ 
~ -0.15 

,. 
2. 

+-1---+--+ Vs = ±15V 
TA=25"C 

+-1----+--+ RS = 500 
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~ 
a: 
Ii! 
ffi 10 

~ 
o 

~ z 
;:: 1.0 

~ 
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~ 
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INPUT OFFSET ERROR VB 

SOURCE RESISTANCE 

I=t CMP·02 

~2. 
CMP·02E 
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""" 2 

I i.-' 
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1111111 
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o 

Vs = ±15V 
TA = 25°C 

r-- RS = 50n 

I I 
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2 
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DIFFERENTIAL INPUT VOLTAGE (VOLTS) 
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RESPONSE TIME TEST CIRCUIT 

Cl = 12pF INCLUDING PROBE 
AND JIG CAPACITANCE 

'FALL: (Vas + OVERDRIVE) 

VIN-\. RISE: (Vos - OVERDRIVE) 

BOO 

INPUT OFFSET CURRENT 
VB TEMPERATURE 

1. CMP-02 
CMP·02E 

----: - (O°C TO 70°C) 

-75 

2. CMP·02C 

," 
'\ ."\.: ~ h:.2l V,s+ = 15V 

~-'VS+"'5V-
Q.; ..... ~ r=:::: ~~ 

VS+j'SV r-- VS+ i 5V 

-25 0 25 75 125 
TEMPERATURE (OC) 

INPUT VOLTAGE RANGE 
VB TEMPERATURE 

V+ rr=FF+==c:::rn 
V+ -0.5 I-----k::t-+--+-+--..t--+f' =1-----1 

- -t--t-- i I Vs+ = 5V 
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~ I 
w 
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V- +0.5 +5V" VS+" +15V 
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-----------1!mD CMP-G2 LOW-INPUT-CURRENT PRECISION COMPARATOR 

TYPICAL PERFORMANCE CHARACTERISTICS 

1 .• 

t. 
w 
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0 0.8 
> 
~ 
;: 

SATURATION VOLTAGE 
VI SINK CURRENT 
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MIL-8TO-883, METHOD 1015, CONDITION B 
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------------1~ CMP-02 LOW-INPUT-CURRENT PRECISION COMPARATOR 

APPLICATIONS INFORMATION 
The CMP-02 provides fast response times even with small 
overdrives; to achieve this performance requires very high 
gain at high frequencies. The CMP-02 is completely free of 
oscillations; however, small values of stray capacitance from 
outputto input when combined with high-source resistances 
can cause an unstable condition. DC characteristics are not 
affected, but when the input is within a few microvolts of the 
transition level, certain conditions can create an oscillation 
region. The width of this oscillatory region and the size of 
source resistance where oscillations begin is a strong func
tion of the stray coupling present. The following suggestions 
are offered as a guide towards minimizing the conditions for 
oscillation: matched source resistors, minimized stray capac
itances (e.g., a ground plane between output and input), or 
capacitive output loading (CLl. The capacitive loading tech
niques will eliminate the oscillations, but result in slower 

MINIMIZING OSCILLATION 
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response time. Matched bypass capacitors across the input 
resistors also can eliminate the instability, 

and if C 2: 20 F (m~~imUm step s~ze) 
s P minimum overdrive 

the response time will approximate the response time for low 
values of Rs. It should be noted that the offset nulling 
terminals do not require bypassing for stability. As with all 
wideband circuits, it is recommended that the supplies be 
bypassed near the socket of the device. 

PRECISION, DUAL LIMIT, GO/NO GO TESTER 

+15V 

INPUT 
OUTl'UT 
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PrecIsion Monolithics Inc. 

FEATURES 
• High Gain ............................. 200VlmV Typ 
• Single or Dual Supply Operation 
• Input Voltage Range Includes Ground 
• Low Power Consumption (1.5mW/Comparator) 
• Low Input Bias Current .................... 100nA Max 
• Low Input Offset Current ................... 10nA Max 
• Low Offset Voltage ......................... 1mV Max 
• Low Output Saturation Voltage ........ 250mV @ 4mA 
• Logic Output Compatible with TTL, DTL, ECL, MOS and 

CMOS 
• Directly Replaces LM139/239/339 Comparators 

ORDERING INFORMATIONt 

25°C DIP PACKAGE OPERATING 
Yos HERMETIC PLASTIC TEMPERATURE 
(mY) 14-PIN 14-PIN RANGE 

CMP04BY' MIL 
CMP04FY INO 

CMP04FP COM 

'For devices processed In total compliance to MIL-STD-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

SIMPLIFIED SCHEMATIC (1/4 CMP-04) 

Y' 

OUTPUT 

-r-..... -j--.-<)-INPUT 

*SUBSTRATE DIODES 
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CMP-04 
QUAD LOW-POWER 

PRECISION COMPARATOR 

GENERAL DESCRIPTION 
Four precision independent comparators comprise the CMP-
04. Performance highlights include a very low offset voltage, 
low output saturation voltage and high gain in a single supply 
design. The input voltage range includes ground for single 
supply operation and V- for split supplies. A low power 
supply current of 2mA, which is independent of supply 
voltage, makes this the preferred comparator for preCision 
applications requiring minimal power consumption. Maxi
mum logic interface flexibility is offered by the open-collector 
TTL output. 

PIN CONNECTIONS 

TYPICAL INTERFACE 

14-PIN HERMETIC DIP 
(Y-Sufflx) 

14-PIN EPOXY DIP 
(P-Sufflx) 

Driving CMOS 

5.0 

100ka 

Driving TTL 

5.0 

1/86, Rev. A 



----------I~ CMP-04 QUAD LOW-POWER PRECISION COMPARATOR 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Supply Voltage ............................ 36V or ± 18V 
Differential Input Voltage ......................... 36VDC 
Input Voltage ............................. -0.3V to +36V 
Power Dissipation (Note 1) ...................... 500mW 
Operating Temperature Range 

CMP-04FY .......................... -25 0 C to +850 C 
CMP-04BY ......................... -550 C to + 1250 C 
CMP-04FP ............................. 00 C to + 700 C 

DICE Junction Temperature (Tj ) .•.•••. -650 C to + 1500 C 
Storage Temperature Range. . . . .. . . ... -650 C to + 1500 C 

P-Suffix . . .. . . .. . .. .. .. . . . .. .. .. .... -650 C to + 1250 C 

Input Current (VIN < -3.0V) ........................ SOmA 
Output Short-Circuit to GND .....•....••.••. Continuous 
lead Temperature (Soldering, 60 sec) ..•.•.••.••.. 300°C 
NOTES: 
1. See table for maximum ambient temperature rating lind derating factor. 
2. Absolute maximum ratings apply to both packaged parts and DICE, unless 

otherwise noted. 

PACKAGE TYPE 

Hermetic DIP (V) 

Plastic DIP (P) 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

100·C 

SO·C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

10mW/·C 

SmW/·C 

ELECTRICAL CHARACTERISTICS at V+ = +5V, TA = 250 C, unless otherwise noted. 

CMP-04B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vas 
Rs=OO, RL = S.lkO 

004 mV 
Va = IAV. (Note I) 

I'N(+) -I'N(-) 
Input Oflset Current los RL = S.lkO 10 nA 

Vo= 1.4V 

Input Bias Current 18 I'N(+) or I'N(-) 2S 100 nA 

Voltage Gain Av RL", ISkO. V+ = ISV, (Note S) 80 200 VlmV 

V'N = TTL Logic Swing 
Large-Signal Response Time t, VREF = I.4V, (Note 4) 300 ns 

VRL =SV. RL =S.lkO 

V'N = 100mV Step. (Note 4) 
Small-Signal Response Time t, 5mV Overdrive 1.3 "s 

VRL = SV, RL = S.lkO 

Input Voltage Range CMVR (Note 2) 0 V+-I.S V 

Common-Mode Rejection Ratio CMRR (Notes 3. 5) SO 100 dB 

Power Supply Rejection Ratio PSRR V+ = +SV to ISV. (Note S) SO 100 dB 

Saturation Voltage VOL 
V'N(-) '" tV, V'N(+) = 0, 250 400 mV 
ISINK :54mA 

Output Sink Current IS'NK 
V'N(-) '" tV, 6 16 rnA 
V'N(+) = O. Vo$I.SV 

Output Leakage Current ILEAK 
V'N(+) '" IV. 0.1 100 nA 
V'N(-) = O. Va = 30V 

Supply Current 1+ 
RL = ~, All Camps 

O.S 2.0 rnA 
V+ = 30V 

NOTES: 
I. At output switch pOint, Vo= I.4V, Rs= 00 with V+lrom SV; and over the 

lull input common-mode range (OV to V+ -I.SV). 
2. The input common-mode voltage oreither input signal voltage should not 

be allowed to go negative by more than 0.3V. The upper end 01 the 
common-mode voltage range is V+-I.SV, buteitheror both inputs can go 
to +30V without damage. 

3. RL ", ISkO, V+ = ISV, VCM = I.SV to 13.SV. 
4. Sample tested. 
S. Guaranteed by design. 
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------------/lfMD CMP'()4 QUAD LOW-POWER PRECISION COMPARATOR 

ELECTRICAL CHARACTERISTICS at V+ = +5V. For CMP-04BY, -55' C:5 TA:5125·C. For CMP-04FY, -25'C:5 TA:5 85·C. 
For CMP-04FP, O'C:5 TA:5 70'C, unless otherwise noted. 

CMP-04B/F 
(Note 3) 

PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNITS 

Input Offset Voltage Vos 
Rs=OO. RL =S.lkO 

2 mV 
Vo= 1.4V, (Note 1) 

I'N(+) -I'N(-) 
Input Offset Current los RL = S.lkO 4 20 nA 

Vo= l.4V 

Input Bias Current Is I'N(+) or I'N(-) 40 200 nA 

Voltage Gain Av RL" lSkO. V+ = lSV, (Note S) 70 125 VlmV 

V'N = TIL Lagle Swing 
Large-Signal Response Time tr VREF = 1.4V, (Note 4) 300 ns 

VRL = SV, RL = S.lkO 

V'N = 100m V Step, (Note 4) 
Small-Signal Response Time tr 5mV Overdrive 1.3 "s 

VRL = 5V, RL = 5.1kO 

Input Voltage Range CMVR (Note 2) 0 V+-l.5 V 

Common-Mode Rejection Ratio CMRR (Notes 3,5) 60 100 dB 

Power Supply Rejection Ratio PSRR V+ = +5V to lev 60 100 dB 

Saturation Voltage VOL 
V'N(-)" W, V'N(+) = 0, 

250 700 mV 
IS'NK';4mA 

Output Sink Current IS'NK 
V'N(-)" W, 5 16 mA 
V'N(+) =0. Vo'; 1.5V 

Output Leakage Current ILEAK 
V'N(+)" W, 
V'N(-) = 0, Vo = 30V 

0.1 200 nA 

Supply Current 1+ 
RL = c, All Camps 

1.2 3.0 mA 
V+= 30V 

NOTES: 
1. At output Switch paint, Vo= 1.4V, Rs=OO with V+ from 5V; and overthe full 

input common-mode range (OV to V+-l.SV). 
2. The input common-mode voltage or either Input signal voltage should not 

be allowed to go negative by more than 0.3V. The upper end of the 
common-mode voltage range is V+-l.SV, but either or both inputs can go 
to +3OV without damage. 

3. RL" 15kO. V+ = 15V, VCM = 1.5V to 13.5V. 
4. Sample tested. 
5. Guaranteed by design. 
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-----------I1fMD CMP-04 QUAD LOW-POWER PRECISION COMPARATOR 

DICE CHARACTERISTICS 

1. OUTPUT (2) 
2. OUTPUT (1) 
3. POSITIVE SUPPLY 
4. INVERTING INPUT (1) 
5. NONINVERTING INPUT (1) 
8. INVERTING INPUT (2) 
7. NON INVERTING INPUT (2) 

8. INVERTING INPUT (3) 
9. NONINVERTING INPUT (3) 

10. INVERTING INPUT (4) 
11. NONINVERTING INPUT (4) 
12. GROUND (SUBSTRATE) 
13. OUTPUT (4) 
14. OUTPUT (3) 

For additional DICE Information refer to 
1986 Data Book, Section 2. 

DIE SIZE 0.052 x 0.056 Inch, 2912 sq. mils 
(1.32 x 1A2 mm, 1.86 sq. mm) 

WAFER TEST LIMITS at V+ = +5V, TA = 25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos 
Rs= 00, RL = 5.1kO 
Vo= 1.4V, (Note 1) 

I'N(+) -I'N(-) 
Input Offset Current los RL = 5.1kO 

Vo= 1.4V 

I nput Bias Current Ie 
I'N(+)or 
I'N(-)' (Note 1) 

Voltage Gain Av RL ~ 15kO, V+ = 15V, (Note 3) 

Input Voltage Range CMVR (Notes 2, 3) 

Common-Mode Rejection Ratio CMRR (Note 4) 

Power Supply Rejection Ratio PSRR V+ = 5V to +18V 

Saturation Voltage VOL 
V'NH ~ 1V, V'N(+) = 0, 
IS,NK 54mA 

V'N(-) ~ 1V, 
Output Sink Current IS'NK V'N(+) = 0, V0 51.5V 

Output Leakage Current 'LEAK 
V'N(+) ~ 1V, 
V'N(-) = 0, Vo = 30V 

Supply Current 1+ 
RL = ~, All Camps 
V+=30V 

NOTE: 

CMP-04N CMP-04G 
LIMIT LIMIT 

2 

10 25 

100 100 

80 50 

V+-1.5 V+-1.5 

80 80 

80 80 

400 400 

6 6 

100 100 

2 2 

UNITS 

mVMAX 

nAMAX 

nAMAX 

V/mVMIN 

V MAX 

dBMIN 

dBMIN 

mVMAX 

mAMIN 

nAMAX 

mAMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at V+ = +5V, unless otherwise noted. 

CMP-04N CMP-04G 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

V'N = TTL Logic Swing 
Large-Signal Response Time t, VREF = 1.4V, (Note 5) 600 600 ns 

VRL = 5V, RL = 5.1 kO 

V'N = 100mV Step, (Note 5) 
Smail-Signal Response Time t, 5mV Overdrive 

VRL = 5V, RL = 5.1kO 

NOTES: 
1. At output switch point, Vo= 1.4V, Rs=OO with V+from 5V; and overthe 

full input common-mode range (OV to V+ -1.5V). 
2. The Input common-mode voltage oreither input signal voltage should not 

be allowed to go negative by more than 0.3V. The upper end of the 

8-25 

1.3 1.3 "s 

common-mode voltage range is V+-1.5V, but either or both inputs can go 
to +30V without damage. 

3. Guaranteed by design. 
4. RL ~ 15kO. VCM = 1.5V to 13.5V. 
5. Sample tested. 
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-----------IlfMD CMP-04 QUAD LOW-POWER PRECISION COMPARATOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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-----------I~ CMP-04 QUAD LOW-POWER PRECISION COMPARATOR 

TYPICAL APPLICATIONS 

OUTPUT STROBING 

*OR LOGIC WITHOUT 
PULLUP RESISTOR 

LIMIT COMPARATOR 

V+ 

+VREF HI o---.N'V'---I 

+VREF LOW o---.N'V'---I 

LED 

NONINVERTING COMPARATOR WITH HYSTERESIS 

V+ 

3kll 
+VREF 0-------1 

10krt 
+VIN o-~NV'--_--I Vo 

8-27 

INVERTING COMPARATOR WITH HYSTERESIS 

V+ 

3k1l 
+VIN 0--------1 

1MIl 
V+ O---../V\I'---~.._-I Vo 

1MIl 

1MIl 

SQUAREWAVE OSCILLATOR 

V+ 

4.3kn 

100kn 

f = 186kHz 

Vo 

100kn 

~ o 

~ p.; 

~ 
U 
~ 

~ COMPARING INPUT VOLTAGES OF OPPOSITE POLARITY b 

v+ ~ 
100kn 

V'N1 0---""'1'-----. 5.1kn 

100kn 
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-----------I~ CMP-04 QUAD LOW-POWER PRECISION COMPARATOR 

ONE-SHOT MULTIVIBRATOR 

V+l 

0-
to 

lDOpF 
1M" 

+VIN o---j I-...--~--+---i 

lN914 lMn 

AND GATE 

lOOk" 

"0" "'" l00kn 

V+ 

10"" 

Vo 

V+ 

lkn 

+O.375V 

lkn lkn 

ONE-SHOT MULTIVIBRATOR WITH INPUT LOCK OUT 

1E+4V 

~ 15 

o 

1M" lMn 

10Ok.Q 
+VIN o--v""'-..--~---j--l 

10OkO 

PULSE GENERATOR 

01 
Rl lN914 

1M" 

OR GATE 

100kn 

l00kn 

"0" "'" 100kn 

V+ 

1OMs} 560kn 15"" 

lOMn 

240." 

62'" 
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V+ 

15k" 

to '1 12 

FOR LARGE RATIOS Of R1/R2 
01 CAN BE OMITTED. 

V+ 

200kn 

+O.075V 

lkO lkO 

3kn 

l=A+B+C 

Vo 
:::rt:=V+ 

-T 
o 

to '1 

T = O.3mSEC 
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------------tIEMD CMP-04 QUAD LOW-POWER PRECISION COMPARATOR 

TYPICAL APPLICATIONS 

TIME DELAY GENERATOR 

'Ok" 15kO 

w ----------~~---

Ve, 
I 

V:TL 
to f4 

INPUT GATING SIGNAL -= 

10kn e, J O.OO'"F 

BURN-IN CIRCUIT 

~~o-~-------------.--~-----.--------~-o?~~ 

+-~~-4~~--~-----r----~---t----o+~V 

470k 

MIL-STO-883, METHOD 1015, CONDITION B 
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Precision Monohthics Inc. 

FEATURES 
• Precision Input Stage 

Input Offset Voltage ......................... 1SO!'V 
Input Offset Current ......................... 1SnA 

• Fast Response Time (SmV Overdrive) •........... 38ns 
• High Voltage Gain ......................... 16,OOOV/V 
• Latch Function with TTL Compatible Input 
• TTL Compatible Output 
• Available in Hermetic Mini-DIP Package 

ORDERING INFORMATIONt 

PACKAGE 

2S·C 
HI!RMI!TIC 

vos TO-99 DIP 
(IlV) a-PIN 8-PIN 

600 'CMP05BJ' CMP05BZ' 

600 CMP05FJ CMP05FZ 

1000 CMP05CJ' CMP05CZ' 
1000 CMP05GJ CMP05GZ 

PLASTIC 

DIP 

8-PIN 

OPERATING 
TI!MPI!RATURI! 

RANGE 

MIL 
INO 

MIL 
INO 

1000 CMP05GP COM 

• For devices processed in total compliance to MIL-STO-883, add /883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The CMP-05's very high speed and precision inputspecifica
tions make it the ideal comparator in systems needing 12-bit 

SIMPLIFIED SCHEMATIC DIAGRAM 

8-30 

CMP-05 
HIGH-SPEED PRECISION COMPARATOR 

(WITH LATCH CIRCUIT) 

accuracy along with high speed, An exceptionally fast 
response time of 60nsec is possible with only 1/2 LSB 
overdrive (12-bit, 10-volt system). 

The CMP-05 design makes itthe ideal component in systems 
requiring high speed with excellent low-level analog signal 
resolution. High-speed 12-bit successive approximation AID 
converters, zero crossing detectors and logic threshold 
detectors are typical system applications. 

PIN CONNECTIONS 

DIGITAL 
GROUND 

HN 

8-PIN HERMETIC MINI-DIP 
(Z-Sufflx) 

EPOXY MINI-DIP 
(P-Suffix) 

LOGIC TABLE 

LATCH ENABLE 

o or NC 

1 

Vs+ 

• 
DIGITAL@.7 OUT GROUND 

+ 

+IN 2 - 6 ~!i~E 
-IN 3. ,5 N.C, 

OUT 

• Vs- (CASE) 

TO-99 
(J-Sufflx) 

Comparing 

Latched 

OUT 
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--------------11fMD CMP·OS HIGH·SPEEO PRECISION COMPARATOR 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Positive Supply Voltage ............................. +6V 

Negative Supply Voltage ........................... -18V 

Power Dissipation (Note 1) ...................... 500mW 

Differential Input Voltage ........................... ±5V 

Latch Enable Input Voltage ••••••••••• -0.5V to V+ Supply 

Operating Temperature Range 

CMP-05B/C (J or Z Package) 

(Note 3) ............................ -55°C to +125°C 

CMP-05F/G (J or Z Package) •••.•••••• -25°C to +85°C 

CMP-05G (P Package) .................. O°C to +70°C 

DICE Junction Temperature (Tj) ..•..••.• -65° C to + 150° C 

Storage Temperature Range •••••••••••• -65°C to +150°C 

P-Suffix ............................. -65°C to +125°C 

Lead Temperature (Soldering, 60 sec) ••••••••••••• 300°C 

Output Short-Circuit Duration - to ground •••• Indefinite 

- to V+ = 5.0V ••• 1 Minute 

PACKAGE TYPE 

TO-99 (J) 

Epoxy Mini-DIP (p) 

Hermetic Mini-DIP (Z) 

NOTES: 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

80°C 

36°C 

75°C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

7.1mW/oC 

5.6mWI"C 

6.7mW/oC 

1. See table for maximum ambient temperature rating and derating factor. 
2. Absolute maximum ratings apply to both packaged parts and DICE, unless 

otherwise noted. 
3. Latch is functional for -550 C :5 TA :5 +850 C. 

ELECTRICAL CHARACTERISTICS at Vs+ = 5.0V, VS- = -5.0V, TA = 25° C and Latch Enable grounded, unless otherwise 

noted. 

CMP-05B/F CMP-05C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vas Rs= 50n 150 600 400 1000 p.V 

Input Offset Current los 15 80 30 150 nA 

Input Bias Current I. 0.6 1.2 0.8 1.8 p.A 

Voltage Gai n Ava (Note 1) 8 16 14 V/mV 

Input Voltage Range CMVR (Note 1) ±3.0 ±3.3 ±3.0 ±3.3 V 

Common-Mode Rejection 
CMRR VCM = ±3.0V. (Note 1) 86 91 84 89 dB 

Ratio 

Vs = ±4.75V to Vs = ±5.25V 51 126 64 126 
Power Supply Rejection 

PSRR 
P Package 120 360 

"VIV Ratio Vs+ = 5V. Vs- = -5V to -15V 15 51 18 63 
P Package 36 180 

V,N " 10mV. 10 = Op.A 2.4 2.9 2.4 2.9 
Output High Voltage VOH V,N " 10mV, 10 = 320"A 2.4 2.9 V 

V,N " 10mV, 10 = 2OOl'A 2.4 2.9 

V 1N ~ -10mV, 'SINK = OmA 0.13 0.40 0.13 0.40 
Saturation Voltage VSAT Y,N 5 -10mV. ISINK = 8mA 0.28 0.40 V 

Y,N 5 -10mV. ISINK = 12.8mA 0.32 0.40 

Va 5 2.4V. (Note 1) 7.5 11 8.0 12 
Positive Supply Current Is+ 

Va 5 0.4V 10 15 11 16 
rnA 

Negative Supply Current Is- Va 5 0.4V 11 16 12 18 rnA 

Power Dissipation Pd V050.4V 105 155 115 170 mW 

Latch Input Voltage 
Logic 1 

VLH 
OVer Operating Temp. Range 

2.0 2.0 
Latch Enabled. (Note 1) 

V 
Log/cO 

VLL 
Over Operating Temp. Range 

0.8 0.8 
Latch Disabled. (Note 1) 

Latch Input Curre"t 
Logic 1 ILH VLH = 3.0V. (Note 1) 10 45 10 45 
Logic 0 ILL VLL = 0.8V, (Note 1) 6 25 6 25 

I'A 

Input to Output High Voo = 1.2mV, (Note 2) 60 60 
Response Time tpd+ Voo = 5.0mV, (Notes 2, 4) 41 55 41 55 

ns 

Input to Output Low 
tpd-

Voo = 1.2mV, (Note 2) 60 60 
Response Time Voo = 5.0mV. (Notes 2.4) 37 55 37 55 

ns 

Latch Disable Time tLPO (Notes 3. 4) 50 65 50 65 ns 

NOTES: 
1- Guaranteed by design. 3. See switching time waveforms. 
2. Times are for 100mV step inputs. See switching time waveforms. 4. Sample tested. 
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-----------I1fMD CMP-OS HIGH-SPEED PRECISION COMPARATOR 

ELECTRICAL CHARACTERISTICS at Vs+= 5.0V, Vs-=-5.0V, and Latch Enable grounded. ForCMP-058/C, -55°C :5TA:5 
125°C. For CMP-05F/G, -25°C:5 TA:5 85°C (J, Z Packages) and O°C:5 TA:5 70°C (P Package), unless otherwise noted. 

PARAMETER 

Input Offset Voltage 

Input Offset Voltage Drift 

Input Offset Current 

Input Bias Current 

Voltage Gain 

Input Voltage Range 

Common-Mode Rejection 

Ratio 

Power Supply Rejection 
Ratio 

Output High Voltage 

Saturation Voltage 

Positive Supply Current 

Negative Supply Current 

Power Dissipation 

Latch Input CUrrent 

Logic 1 
Logic 0 

Input to Output High 
Response Time 

Input to Output Low 

Response Time 

Latch Disable Ti me 

NOTES: 
1. Guaranteed by design. 

SYMBOL 

Vos 

TCVos 

los 

18 

Avo 

CMVR 

CMRR 

PSRR 

VOH 

VSAT 

Is+ 

Is-

Pd 

ILH 
ILL 

tpd+ 

tpd-

tLPo+ 

tLPo-

CONDITIONS 

Rs= 50n 

(Note 1) 

(Note 1) 

VCM = ±2.9V, (Note 1) 

±4.75V S Vs S ±5.25V 
P Package 

V,N ;' 10mV, 10 = OpA 

V,N ;, 10mV. 10 = 240"A 
V,N ;, 10mV, 10 = 16010A 

Y,N S -10mV, ISINK = OmA 
Y,N S -10mV, ISINK = 9.SmA 

Y,N S -10mV, ISINK = S.4mA 

VOSO.4V 

VoSO.4V 

VLH = 3V. (Notes 1. 4) 
VLL = 0.8V. (Notes 1,4) 

Voo= 1.2mV. (Notes 1, 2) 
Voo = 5.0mV, (Notes 2, 5) 

Voo = 1.2mV, (Notes 1, 2) 

Voo = 5.0mV, (Notes 2, 5) 

(Notes 2,4.5) 

2. Times are for 100mV step inputs. See switching time waveforms. 
3. A high on the latch enable input will cause the latch to assume the state 

SWITCHING TIME WAVEFORMS 

3V 
LATCH 

~~:~~ 1.4V - - - - - - -- - -- --· -r:1r ~~::j 
O'FF,~~~~T'AL vost.~ _____ ~ ________ _ 

VOLTAGE Y,N {I V~o \ -

L tLPO_~ 

OUTPUT :.::-- ____ ~pd~ __ t,..----------------- _\l __ 
VSAT -------',-\.. 

CMP-05B/F 
MIN TYP MAX 

0.3 1.5 

1.5 7.5 

40 250 

1.1 2.5 

6 11 

±2.9 ±3.2 

83 90 

83 178 

2.4 
2.4 

0.18 0.40 

0.2 0.40 

11 16 

12 17 

115 165 

18 90 
10 50 

125 
92 

115 

88 

56 

30 

CMP-05C/G 
MIN TYP MAX 

0.55 

2.5 

70 

1.5 

5 10 

±2.9 ±3.2 

80 88 

80 
150 

2.4 

2.4 

0.20 

0.30 

12 

13 

125 

18 

10 

125 
92 

115 

88 

56 
30 

2.0 

15 

400 

3.8 

252 
400 

0.40 

0.40 

17 

19 

180 

90 
50 

of the comparator and not follow subsequent inputs. 
4. Latch is functional for -55'C S TA S +85'C, 
5. Sample tested. 

Minimum Input Timing Requirements· 

Parameter 

ts Setup Time 
th Hold Time 
tw Latch Pulse Width 

Minimum 
Limit 

35 
10 
25 

'ts, th' tware tested with V,N = 100mV and Voo= 5mV. 

UNITS 

mV 

"V/'C 

nA 

V/mV 

v 

dB 

"V/V 

v 

v 

mA 

mA 

mW 

ns 

ns 

ns 

Units 

ns 
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-------------1~ CMP-G5 HIGH-SPEED PRECISION COMPARATOR 

DICE CHARACTERISTICS 

DIE SIZE 0.051 X 0.045 Inch, 2295 sq. mils 
(1.295 X 1.143mm, 1.481 sq. mm) 

1. DIGITAL GROUND 
2. NONINVERTING INPUT 
3. INVERTING INPUT 
4. NEGATIVE SUPPLY (SUBSTRATE) 
6. LATCH ENABLE 
7. OUTPUT 
8. POSITIVE SUPPLY 

For additional DICE information refer to 
1984 Data Book, Section 2. 

WAFER TEST LIMITS at Vs = ±5V, TA = 25°C, unless otherwise noted. 

CMP-05G 
PARAMETER SYMBOL CONDITIONS LIMIT 

Input Offset Voltage Vos Rs = 50n 1000 

Input Offset Current los 150 

Input Bias Current Ie 1.8 

Voltage Gai n Avo (Note 1) 

Input Voltage Range CMVR (Note 1) ±3.0 

Common-Mode Rejection 
CMRR 

VCM = ±2.9V 
80 

Ratio (Note1) 

±4.75 " Vs " ±5.25 178 
Power Supply Rejection Ratio PSRR 

Vs+ = 5V, Vs- = -5V to -15V 63 

Positive Output Voltage VOH V'N'" 10mV, 10 = 0p.A 2.4 

Saturation Voltage VSAT V'N" 10mV, 10 = Op.A 0.4 

Positive Supply Current 1+ Vo "O.4V 16 

Negative Supply Current 1- Vo ,,0.4V 18 

Negative Supply Current 1- V-=-15V, Vo ,,0.4V 20 

Latch Input Voltage 

Logic 1 VLH Latch Enabled 2.0 
Logic 0 VLL Latch Disabled 0.8 

Latch I n put Cu rrent 

Logic 1 ILH VLH = 3.0V, (Notes 1, 4) 45 
Logic 0 ILL VLL = O.BV. (Notes 1, 4) 25 

Input to Output High 
tpd+ Voo = 5.0mV, (Notes 1, 2) 60 

Response Time 

Input to Output Low 
tpd- Voo = 5.0mV, (Notes 1, 2) 60 

Response Time 

NOTE: 

UNITS 

p.VMAX 

nAMAX 

p.A MAX 

VlmV MIN 

VMIN 

dBMIN 

p.v/V MAX 

VMIN 

V MAX 

mAMAX 

mAMAX 

mAMAX 

VMIN 
V MAX 

p.AMAX 

ns MAX 

ns MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±5V, TA = 25°C, un jess otherwise noted. 

PARAMETER SYMBOL 

Input to Output High 
tpd+ Response Time 

Input to Output Low 
tpd-Response Time 

Latch Disable Time t LPO 

NOTES: 
1. Guaranteed by design. 
2. Times are for 100mV step inputs. 

CONDITIONS 

Voo = 1.2mV, (Note 2) 

Voo = 1.2mV, (Note 2) 

(Notes 3, 4) 

8-33 

CMP-05G 
TYPICAL 

41 

37 

50 

3. See switching time waveforms. 
4. Latch is functional for -55'C" TA" 85·C. 

UNITS 

ns 

ns 

ns 
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------------I~ CMP-05 HIGH-SPEED PRECISION COMPARATOR 

TYPICAL PERFORMANCE CHARACTERISTICS 

100 

90 

,80 
~ 10 

w 
~6D 
g 
> .. 

40 

30 
0.1 

1200 

1000 

200 

VOLTAGE GAIN 
vs FREQUENCY 

1 10 
FREQUENCY (MHz) 

vsl• !5~1 
TA = 25°C , 

INPUT CURRENTS vs 
TEMPERATURE 

Vs = ±5V 

1'\ 
1\ "'\ 

"'<::1'· 

1'\ -
"- ,.....'os 

'-l 

100 

eo 

50 

40 

30 

20 

10 

o 0 
-75 -60 -25 0 25 50 15 100 125 

TEMPERATURE (OC) 

INPUT BIAS CURRENT 
vs DIFFERENTIAL 
INPUT VOLTAGE 

1200 .... _0:--.,---,----,---=_--. 

10001--1--*"-+-,P--oc::-:-:-'----; 

800 i---'-t---r--\--hf--;---'-'---'-;--j 

600 

4001--1--+-~+\-~--+-~ 

200 I--I----,-Y--+--'~---+--j 

-1~ 100 

120 

110 

100 

DIFFERENTIAL INPUT VOLTAGE (mV) 

RESPONSE TIME vs 
TEMPERATURE 

I- v~= '5VI I 

100mV INPUT STEP / 
! 90 

V 
/ J ~ 80 

/ I ;:: 

~ 
0 

~ 
a: 

70 

60 .. 
40 

30 

r- 1.2mV OVERDRI/ 
/ 

'" / 
v / 

I--" -", 5mV OVERDRIVE 

20 ~-
-50 -25 0 25 50 15 100 125 

TEMPERATURE (OC) 

0.500 

0.450 

0.400 

~ 0.350 

~ 0.300 

-' 
~ 0.250 

0.200 

0.150 

0.100 

VSAT VB LOAD CURRENT 

". 

~ ~ 
V" 
o 2 

TA" +25CC~~ ~ ~ 
TA - +125"C ?-" 
~ ~ ~ 

10' 

~ ~ ....... TA = -56"C 

~ ,..~ OUTI'UT T" ILOAD 

"=' ~U.T. VOL 

6 8 10 12 14 16 18 20 

'LOAD (mAl 

RESPONSE TIME vs BALANCED 
SOURCE RESISTANCE 

200 

176 

_160 
! 
w 
::i 125 ;:: 
III 
~ 100 

a: 75 

50 

26 

Vs'" ±5V I I TA'" 25°C 

- 100r 'NPUi STEP II V 
- Lv OLDR'VV~ / V 

V Vsmv OVERDRIVE 

./ V ....... V 
:---
o 

BALANCED SOURCE RESISTANCE (kn) 

RESPONSE PHOTOGRAPH 
TEST SET-UP 

RESPONSE TO 25MHz 
SINE WAVE 

INPUT 

+3V 

. I 1 I 

'. 1- f 
I 1 1 I 

I I j - J I +2V 

OUTPUT I I +lV 

ov 

tOns/DIV 
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-----------l1EMD CMP-05 HIGH-SPEED PRECISION COMPARATOR 

TYPICAL PERFORMANCE CHARACTERISTICS 

INPUT 

OUTPUT 

+100 

-100 

-17 

-,. 
-13 

-1 1 

-9 

-7 

-5 

-3 

o 

RESPONSE TO 10MHz 
SINE WAVE 

20ns!DIV 

tpd+ RESPONSE TIME 

_ Joo'25mv, 

50mV, ~ r 
l00mV ~ / 
1.' 

Vos 

---~1 Iff VJ~ '\:-k- --- --
I 'III 5m,)-1'fmv 

10my 

~ INPUT OVERDRIVE (Vaol 

t 

10 20 30 40 50 60 70 

RESPONSE TIME (ns) 

CMP-05 NEGATIVE COMMON
MODE INPUT RANGE V5 

NEGATIVE SUPPLY 

CMP-OS 
v+ '" +5.0V 
TA = 25°C 

),1' 

/ 
/V 

/,1' 

o ~ ~ ~ ~ ~ _ ~ _ 

NEGATIVE SUPPLY VOLTAGE (VOLTS) 

+10mV 

+10mV 

+3V 

+2V 

+1V 

OV 

INPUT 

8-35 

w 

" ;:! 
5~ 
>~ 
.. 0 
~~ 

1.4 .. 
::> 
0 1 

+100 

:; 
E 

-100 

100 

80 

60 

40 

20 

RESPONSE TIME 
TO 5mV AND 1.2mV 

(= 1/2 LSB) OVERDRIVES 

--

Vos 

J 

10ns/DIV 

tpd_RESPONSE TIME 

I ;--10\""V -VOD J. :t-
1,...50mV -v=_'Omv 
v-2~mv r l5mV 

'\ ~ 1\ '1./ r,·2mV 

--- -\-1+' -h ~{-,V- --- ---

\ \ \ \ \ 

t INPUT OV~RDRIVE (Vool 

t 

10 20 3D 40 50 60 70 

RESPONSE TIME (nsl 

RESPONSE TIME V5 

OVERDRIVE VOLTAGE 

V'N=100mV+VOD 
TA = 25°C 

::::::: ~ 
,... 

7 10 

VOO (mV) 

'pd+ 

'T 
30 70100 

1.2mV 
OVERDRIVE 

OUTPUT 
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__________ ~~CMP-05 HIGH-SPEED PRECISION COMPARATOR 

APPLICATION INFORMATION 
The CMP-05 is a very accurate device providing fast response 
time even with small-Microvolt level-overdrives. To achieve 
this performance requires high gain at high frequencies. As 
shown in the voltage gain versus frequency curve, the gain
bandwidth product of the CMP-05 is 1.5 x 1011 Hz. It main
tains its full gain to approximately8MHzand rolls off at a very 
fast rate beyond thatfrequency due to the factthat five poles 
occur in the 30 to 60MHz range. At 30MHz the gain of the 
comparator is still 2000. Therefore, in the transition region 
small values of source lead inductance and stray feedback 
capacitance can cause an oscillatory condition. 

For example (in the figure below) with L=0.1IlH, Cs=0.15pF, 
the closed-loop gain of the circuit at 30MHz is: 

A __ 1_- 1 880 
v- LCgw2-10 7XO.15X10-12 X(2".X30X106)2 1 

POTENTIAL FEEDBACK SOURCES 

Cs 

VOUT 

With the open-loop gain at 2000 oscillation will occur since 
the phase shift exceeds 180·C. To minimize these problems 
power supplies should be decoupled, lead lengths should be 
kept as short as possible, and a ground plane should be used 
to reduce the stray feedback capacitance. In addition, a 
ground plane substantially diminishes the possibility of the 
output current spike coupling back to the inputs through the 
ground lead. Keeping a separate digital ground (pin 1) and 
analog ground (to which the inputs are referenced) also 
reduces the magnitude of the problem. 

12-BIT FAST AID CONVERTER 

CLOCK 

+16V 

REF-Ol 

NOTE: 

SERIAL 
DATA OUT 

LSB 

DEVICEIS) CONNECTED TO ANALOG INPUT MUST BE CAPABLE OF SOURCING 4.OmA. 
A BUFFER leg. BUF·03! MAY BE REQUIRED. 

8-36 

Fortunately, in high-speed circuitry. the comparator inputs 
will be driven at a fast rate, in which case no transition region 
oscillations will occur. As the minimum slew rate versus 
source resistance curve indicates, if the input is driven at a 
rate exceeding 6mV/llsec, no oscillations will occur with 
source resistors of less than 1 kO. Examples of "clean"transi
tions can be observed in the photographs of the response 
time with 5mV and 1.2mVoverdrives, and the response to the 
10 and 25MHz input signals. 

In order to not degrade its speed the CMP-05's inputs are not 
internally clamped. If large differential voltages are present it 
is recommended that the inputs be clamped with high speed, 
low capacitance diodes such as the H.P. 5082-2835, which is 
a Schottky Diode. 

As in all high-speed devices, it is to the user's advantage to 
keep the source impedances low and matched. 

LATCH 
The CMP-05 has a latch feature which functions over-55· C 
to +85· C. When the latch is enabled, the output stays in its 
existing logic state regardless of the input signal. The input 
timing requirements of the latch are presented in the Switch
ing Time Waveforms. The latch opens up a broader applica
tions area at no sacrifice in total system speed. Effectively, 
the latch allows high speed sampling of comparison deci
sions. This is important in automatic test equipment limit 
comparators, in measuring pods used in logic analyzers and 
other similar synchronous measurement circuitry needing 
fast clocking frequencies. The latch pulse width tw allows 
sampling of input signals to take place in 25nsec. 

The latch prevents self oscillation (due to positive feedback) 
from taking place when slowly-moving high-source
impedance signals pass thru the linear amplification region 
of the comparator. This is successfully accomplished by 
rapidly strobing the comparator near its minimum tw time 
which prevents self oscillation from making a complete cycle 
since tw is shorter than the total response time tpd through 
the comparator. 

1.25 

1.00 

! 0.76 
> 
~ 

~ OM 

025 

0.00 

r--

CONVERSION TIME vs ACCURACV 

\ \ 
\ (WOF\ST CASEI\ 

DAC-312 
CMP-05 

DAC1~ \ 
CM .... 

(TVr '\ 
100 200 300 400 600 6DO 700 800 

CONVERSION TIME PER TRIAL. !I'll) 

CONVERSION WORST 
TIME (ns) TYP CASE 
SAR 33 55 

CMP-05 92 125 

TOTAL 376n8 6BOns 

Xl' 4.9/A 8.81'8 
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Precision Monolithics Inc. 

FEATURES 

• Input-to-Output Propagation 
Delay at 5mV Overdrive ............... 6.5ns Max 

• Latch-to-Output Propagation 
Delay at 5mV Overdrive ••......•••..•. 5.5ns Max 

• latch Pulse Width ...•........•........... 2ns Min 
• low Power Dissipation •......•......... 200mW Max 
• ECl Compatible Complementary Outputs and Latch Input 
• 50 Ohm Line Driving Capability 
• Pin Compatible with Am685 

ORDERING INFORMATIONt 

TO-l00 

CMP07BK* 
CMP07FK 

PACKAGE 

DIP 

CMP07BQ* 
CMP07FQ 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
INO 

• For devices processed in total compliance to Mll·STD·883, add 1883 after part 
number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with burn·in. 
For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The CMP-07 is a very high-speed comparator with complemen
tary ECl output logic compatibility. It offers the same propagation 
delay specifications as the Am68S, at 66% of the Am68S's power 
consumption, reducing heat generation and improving reliability. 

BLOCK DIAGRAM 

INPUT 2NDSTAGEI 
STAGE LATCH 

+IN 

-IN 

~ Q 
D 

10- > ii I--- V- a 
LE Li 

LATCH ENABLE 
BUFFER 

LE ~ 

> IV 

CMP-07 
VERY HIGH-SPEED COMPARATOR 

(WITH LATCH CIRCUIT) 

PRELIMINARY 
latch timing is also faster than the Am68S, resulting in less uncer
tainty when used as a sampling comparator. 

The CMP-07 is specified for operation with a standard -S.2V ECl 
power supply and a +6V supply. The circuit operates with a +SV 
supply with some reduction in input voltage range. The output 
stage directly drives son transmission lines. 

The CMP-07 electrical characteristics are ideally suited for use in 
data conversion systems, logic analyzer probes, automatic test 
equipment, pulse detectors, and simple flash converters. 

PIN CONNECTIONS 

16-PIN CERDIP 
(Q-Suffix) 

TO-100 
(K-Suffix) 

GND1 

+IN2 + SCOUT 

V@.' 10 9 GND2 

BIAS 
CIRCUIT 

-IN 3 - 7QOUT 

lE 4 6 N.C. 

NOTE: 

S 
v-

Pin 5 Is connected fo package. 

LOGIC TABLE 

LATCH ENABLE OUT 

_--=lO"-W'-'--_ . ...0TCHED 

_---'"H"'IG:::H.:..._-'C""O::::MPARING 

LEVEL SHIFT I 
OUTPUT STAGE 

~ 

> 
V 

RL 

Yr 

ro GND1 ro GND2 

ro V+ ro v-

RL 

a 

This preliminary product Information Is based on testing of a limited number of devices. Final specifications may vary. Please conlacllocal sales 
office or distributor for final data sheet. 
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-----------I~ CMP-07 VERY HIGH-SPEED COMPARATOR - PRELIMINARY 

ABSOLUTE MAXIMUM RATINGS 
Positive Supply Voltage .•••.•.•.•..•.•....•...•.• + 7V 

Negative Supply Voltage •....•••.•.•......•...•... -7V 

Power Dissipation .....•......•........•.•.... SOOmW 

Input Voltage .......•...•....•.•......•.•...... ±4V 

Differential Input Voltage ......................... ±6V 

Latch Enable Input Voltage •....•.•.•.•. V- Supply to + 1 V 

Operating Temperature Range 

CMP-07F .••..................••... -30°C to +8SoC 

CMP-07B ..•.•.•....•............• -SSOCto + 12SoC 

Storage Temperature Range ...•........ -6SoC to + 1S0°C 

Lead Temperature (Soldering, 60 sec) .••...•....••• 300°C 

Minimum Operating Voltage (V+ to V-) .•........•.. +9.7V 

ELECTRICAL CHARACTERISTICS at V+ = 6V, V- = -S.2V, VT = -2V, RL = SOO; -SsoC :S TA :S + 12SoC for CMP-07B, 

-30°C:s TA:s +8SoC for CMP-07F, unless otherwise noted. 

CMP-07F CMP-078 
PARAMETER SYMBOL CONDITIONS (Notes 1. 2) MIN MAX MIN MAX UNITS 

Input Offset Voltage Vos 
Rs "lOOn. TA ~ 25°C -2.0 +2.0 -2.0 +2.0 

mV 
Rs" loon, TMIN < TA < TMAX -2.5 +2.5 ~.o +3.0 

Average Temperature Coefficient 
TCVos Rs" loon -10 +10 -10 +10 ",woc 

of Input Offset Voltage 

Input Offset Current los 
TA ~25°C -1.0 +1.0 -1.0 +1.0 

I'A 
TM1N<TA <TMAX -1.3 +1.3 -1.6 +1.6 

Input Bias Current 18 
TA ~25°C 10 10 

~ 
TMIN<TA<TMAX 13 16 

Input Voltage Range VCMA TM1N<TA <TMAX. -2.7 +3.4 -2.7 +3.4 V 

Common-Mode 
CMRR Rs" lOon 80 80 dB 

Rejection Ratio 

Power Supply 
PSRR Rs" lOon. /J.vs ~ ±5% 70 70 dB 

Reiection Ratio 

TA ~25°C -0.960 -0.810 -0.960 -0.810 
Output High Voltage VOH TA ~TMIN -1.060 -0.890 -1.100 -0.920 V 

TA~TMAX -0.890 -0.700 -0.850 -0.620 

TA~25°C -1.850 -1.650 -1.850 -1.650 
Output Low Voltage VOL TA ~TMIN -1.890 -1.675 -1.910 -1.690 V 

TA~TMAX -1.825 -1.625 -1.810 -1.575 

Positive Supply Current 1+ TMIN <TA <TMAX 12 12 mA 

Negative Supply Current 1- TMIN<TA<TMAX 23 23 mA 

Power Dissipation Pd TMIN < TA < TMAX 200 200 mW 

SWITCHING CHARACTERISTICS 
(Note 3) 

Propagation Delay '00+. tpd-
TM1N<TA <25°C 4.5 6.5 4.5 6.5 

TA ~TMAX 5.0 9.5 5.5 12 
ns 

Latch Enable 'oo+(E). TM1N<TA <25°C 4.0 5.5 4.0 5.5 
Propagation Delay tpd_(E) TA~TMAX 5.0 9.0 5.5 10.0 

ns 

Setup Time 
TMIN <TA< 25°C 4.0 4.0 

ts 
TA ~TMAX 6.0 6.5 

ns 

Hold Time th TMIN <TA <TMAX 1.0 1.0 ns 

Latch Enable 
tpw(E) 

TMIN <TA < 25°C 2.0 2.0 
PulseWidih TA ~TMAX 4.0 4.5 

ns 

NOTES: 

1. The speCifications for Vos. los. 18, CMRR. PSRR. tpd+' and t"d- apply over 
the full VeMA range and for ±5% supply voltages. 

2. The CMP-07 is designed to meet all the above specifications after thermal 
equilibrium has been established wijh a transverse airflow of 500 LFPM or more. 

3. All speed/switching characteristics are for a loomV step with 5mV overdrive 
beyond the input switching threshold. 
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-----------I~ CMP-07 VERY HIGH-SPEED COMPARATOR - PRELIMINARY 

DEFINITION OF SWITCHING TERMS 

INPUT TO OUTPUT HIGH DELAY (tpd+) -- The propagation 
delay measured from the time the input signal crosses the input 
switching threshold, to the 50% point of the output LOW to 
HIGH transition. 

INPUT TO OUTPUT LOW DELAY (tPd-) -- The propagation 
delay measured from the time the input signal crosses the input 
switching threshold, to the 50% point of the output HIGH to 
LOW transition. 

LATCH ENABLE TO OUTPUT HIGH DELAY (tpd+(Ell -- The 
propagation delay measured from the 50% point of the Latch 
Enable LOW to HIGH transition, to the 50% point of the output 
LOW to HIGH transition. 

LATCH ENABLE TO OUTPUT LOW DELAY (tpd_(Ell -- The 
propagation delay measured from the 50% point of the Latch 
Enable LOW to HIGH transition, to the 50% point of the output 
HIGH to LOW transition. 

MINIMUM SETUP TIME (ts) -- The minimum time before the 
Latch Enable falling-edge 50% point that an input signal change 
must be present to be acquired and held at the outputs. 

MINIMUM HOLD TIME (th) -- The minimum time after the Latch 
Enable falling-edge 50% point that the input signal must remain 
unchanged to be acquired and held at the outputs. 

TIMING DIAGRAM 

MINIMUM LATCH-ENABLE PULSE WIDTH (tpw(Ell-- The mini
mum time that the Latch Enable input must remain HIGH to ac
quire and hold an input signal change. Measured between the 
50% point of the Latch Enable rising-edge and the 50% point of 
the Latch Enable falling-edge. 

APPLICATIONS INFORMATION 

As with any high speed circuit, proper layout, impedance match
ing, ground planes, and bypassing must be used. A parallel 
combination of a 1fLF tantalum and a 0.01fLF ceramic capacitor, 
located close to the device's power supply pins, provides good 
supply bypassing. If latch operation is not required, the Latch 
Enable (LE) input should be tied to digital ground. 

The GND1 pin is internally connected to_the collectors of the 
emitter-follower output transistors (Q and Q). GND2 is internally 
connected to the rest of the comparator circuitry. 

Grounding of the CMP-07 requires good R.F. layout practice. 
Use of a double-sided P.C. board is recommended; one side of 
the board should be a solid ground plane, with GND1 and GND2 
connected directly to the ground plane. The CMP-07 should be 
soldered in place (avoid using a socket). All N.C. pins should be 
tied to ground to increase pin-to-pin isolation. 

LATCH ..L. COMPARjE 
ENABLE ~ _'--___ --I~-------.., 

Is th--

DIFFERENTIAL -.,....--... 1 
INPUT 

VOUAGE' --~~-1~~~~------------------~F=====~======~ 
DIFFERENTIAL 
SWITCHING 
THRESHOLD (Vos) 

Q 
OUTPUT 

Q 
OUTPUT 

FIGURE 1: 30ns One Shot 

R2 

2.49k 

RI 

1.24k 

-"d-

!po+)-__ -~----~l~2-------~--

TIMING - tpw, tpd+ (E), tpd_(E) 

FIGURE 2: High-Speed Window Detector 

C 

10pF 

+VAEF o-~-----i 

INPUT 5O1l 

TRIGGER IN - 10pF 4.7k 
"'r-----+---1-<) OUTPUT 

(1'Ail:~ o--j 1--<.-----"/ 
5O1l 

-2V 

-S.2V 

(PINS SHOWN FOR DUAL-IN-LiNE PACKAGE) 

OUTPUT PULSEWIDTH ... 0.75 C (R1 + R2) 

4.7k 

501l 5O1l 

-2.0V 
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Precision M0l101ithics Inc. 

FEATURES 
• Very Low Power Consumption .............. 1.SmWMax 
• Low Input Offset Voltage ..................... 1 mV Max 
• Very Low Drift ............................ 3/LV/oC Typ 
• High Output-Drive Current .................. 2SmA Typ 
• Single or Dual Supply Operation 
• Ideal for CMOS Logic Interface 
• LM139 Pinout 

ORDERING INFORMATIONt 

OPERATING 
25°C HERMETIC TEMPERATURE 

Vos(mV) DIP PACKAGE RANGE 

1 CMP404AY' MIL 
2 CMP404BY' MIL 
1 CMP404EY INO 
2 CMP404FY INO 

• For devices processed in total compliance to MIL-STO-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
Four precision-input comparators provide excellent speed 
with low power consumption through use of a novel Schottky
clamped design. These open-collector output comparators 
only consume 365 microwatts each, yet they make accurate 
5mV decisions in only four microseconds. In addition, they 
can drive load currents of 25mA. This output stage is ideal for 
driving relays, lamps, and LEOs. 

SIMPLIFIED SCHEMATIC (1/4 OF CMP-404) 

+INPUT 

V+ 

CMP-404 
QUAD LOW-POWER 

PRECISION COMPARATOR 

The low input-offset-voltage makes the CMP-404 an ideal 
companion to CMOS logic when the stability and accuracy of 
a bipolar technology is needed along with low power con
sumption. The open-collector outputs with pull-up resistors 
provide CMOS interface with excellent noise immunity. 
Improved isolation between comparators was achieved by 
use of an independent bias circuit for each comparator, This 
is especially important when one comparator is detecting 
low-level signals while an adjacent comparator is being 
driven by a high-level signal. In single-supply operation, the 
inputs can operate at ground. The CMP-404 can operate from 
5 to 30 volts single supply or ±2.5 to ±15 volts dual supply. 

Window comparators, limit comparators, multivibrators, one 
shots, voltage-controlled oscillators, and set-pOint detectors 
are common applications. 

PIN CONNECTIONS 

14-PIN HERMETIC DIP 
(Y-Sufflx) 

t--E---f:>I--DII--...... -o OUT 

-INPUT o--.,--+----I-+-----+-......J 

*SUBSTRATE DIODES 
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------------t~ CMP-404 QUAD LOW-POWER PRECISION COMPARATOR 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ............................ 36V or ± 18V 

Input Voltage ............................... -O.3V to V+ 

Output Voltage ............................ -O.3V to 36V 

Power Dissipation •••••••••••••••••••••••••••••• SOOmW 

Derate Above 100·C by ....................... 10mW/·C 
Thermal Resistance (IJJA) ••••••••••••••••••••••• 100·C/W 
Operating Temperature Range 

CMP-404EY/FY ....................... -2S·C to + 8S·C 

CMP-404AY/BY ...................... -SS·C to + 12S·C 

DICE Junction Temperature (Tj) ......... -6S·Cto + 1SO·C 

Storage Temperature Range ............. -6S·Cto+ 1SO·C 

Input Current (Note 2) ............................. 20m A 

Output Short-Circuit to V+ (Note 3) ••••••••••••••••• SOmA 

Lead Temperature (Soldering, 60 sec) •••••••••••••• 300·C 

NOTE: 
1. Absolute maximum ratings apply to both packaged parts and DICE, unless 

otherwise noted. 
2. Limit for input current that flows when input voltage signals exceed V+ or 

GND forward biasing internal junctions. 
3. Short circuits to V+ can cause excessive heating and eventual destruction. 

The maximum output current is SOmA. 

ELECTRICAL CHARACTERISTICS at V+=SV, RL = S.1 kO and -SS·C ~TA~ 12S·C forCMP-404AY/BY; -2S·C~TA~8S· C 

for CMP-404 EY/FY, unless otherwise noted. 

CMP-404A1E CMP-404B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 
Rs =501l, TA=25°C mV 

Rs = 5011, Full Temp mV 

Average Input Offset 
TCVos Rs= SOil 3 "vrc Voltage Drift 

Input Offset Current los 
'iN 1+1- liN 1-1' TA = 25°C 3 10 25 nA 

liN 1+) - liN 1-)' Full Temp 50 100 nA 

Input Bias Current I. 
'iN 1+) or 'iN 1-)' TA = 25°C 10 50 10 100 nA 

'iN 1+) or 'iN 1_)' Full Temp 100 200 nA 

Voltage Gain Av RL = 15kll 50 400 50 400 V/mV 

Small-Signal 
t, 

VoD =5mV, VSTEP = 100mV 
3.5 5 3.5 

Response Time RL =5.1kll, TA=25°C(Note4) "s 

Large-Signal 
t, 

Y,N = TTL Logic Swing 
0.8 0.8 

Response Time VREF = I.4V, RL = 5.1k!l "s 

Input Voltage Range CMVR 
TA =25°C 0 V+ -1.5 V+ -1.5 V 

TA = Full Temp 0 V+ -2 0 V+ -2 V 

Common-Mode 
CMRR RL = 15kll, (Note 6) 75 85 75 85 dB 

Rejection Ratio 

Saturation Voltage VOL 
TA = 25°C, (Note 2) 0.32 0.4 0.32 0.4 V 

Full Temp, (Note 2) 0.5 0.5 V 

Output Sink 
'SINK 

Y,N 1_)= tv 10 25 10 25 mA 
Current Y,N I+)=OV, Vo=2V, (Note 5) 

Output Leakage Current 'LEAK 
TA = 25° C, (Note 3) 0.01 0.1 0.01 0.1 "A 

Full Temp, (Note 3) 0.4 0.4 "A 

Power Supply 
PSRR V+ = 5V to 30V, RL = 15kll 75 100 65 100 dB 

Rejection Ratio 

Supply Current 1+ RL =«1 220 300 220 350 "A 

NOTES: 
1. Typical values are reported for TA = 25° C. 
2. ISINK = lmA, Y,N 1_) = IV, Y,N 1+) = OV 
3. Y,N (_) = OV, Y,N (+) = tv, Vo = 30V 
4. Guaranteed by design. See response-time test circuit. 
5. Output Sink Current should be limited to SOmA by external resistance. 
6. Applies over the CMVR range. 
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-----------t1£MD CMP-404 QUAD LOW-POWER PRECISION COMPARATOR 

DICE CHARACTERISTICS 

1. OUTPUT (2) 8. INVERTING INPUT (3) 
2. OUTPUT (1) 9. NONINVERTING INPUT (3) 
3. POSITIVE SUPPLY 10. INVERTING INPUT (4) 
4. INVERTING INPUT (1) 11. NONINVERTING INPUT (4) 
5. NONINVERTING INPUT (1) 12. GROUND 
6. INVERTING INPUT (2) 13. OUTPUT (4) 
7. NONINVERTING INPUT (2) 14. OUTPUT (3) 

For additional DICE information refer to 
1986 Data Book, Section 2. 

DIE SIZE 0.068 X 0.076 Inch, 5168 sq. mils 
(1.727 X 1.93 mm, 3.33 sq. mm) 

WAFER TEST LIMITS at v+ = SV, RL = S.1kO. TA = 2SoC, unless otherwise noted. 

PARAMElER SYMBOL CONDITIONS 

Input Offset Voltage Vos Rs= 5011 

Input Offset Current los I'N(+) -liN (-) 

Input Bias Current 18 I'N(+) or I'N(-) 

Voltage Gain A v RL = 15k!! 

Input Voltage Range CMVR 

Common~Mode Rejection Ratio CMRR RL = 15kll 

Power Supply Rejection Ratio PSRR V+ = 5V to 30V. RL = 15kll 

Saturation Voltage VOL ISINK = lmA 

Output Sink Current 'SINK 
V,N (_) = IV 

V,N (+) = OV. Vo = 2V 

Output Leakage Current ILEAK 
V,N (_)=OV 

V,N (+) = IV, Vo = 30V 

Supply Current 1+ RL =co 

NOTE: 

CMP-404G 
LIMIT UNITS 

2 mVMAX 

25 nAMAX 

100 nAMAX 

50 V/mV MIN 

V+ -1.5 VMAX 

75 dBMIN 

65 dBMIN 

0.4 V MAX 

10 mAMIN 

0.1 "A MAX 

300 "A MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at V+ = SV, unless otherwise noted. 

CMp·404G 
PARAMElER SYMBOL CONDITIONS TYPICAL UNITS 

Large-Signal 
tr 

V,N = TTL Logic Swing 
0.8 

Response Time VREF = I.4V. RL =5.1kll ". 
Small-Signal 

tr 
VOD = 5mV, VSTEP = 100mV 

3.5 
Response Time RL=5.1kll ", 
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-----------IlfMD CMP·404 QUAD LOW·POWER PRECISION COMPARATOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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-----------f[fMV CMP-404 QUAD LOW-POWER PRECISION COMPARATOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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----------f1£MD CMP-404 QUAD LOW-POWER PRECISION COMPARATOR 

APPLICATIONS INFORMATION 
The use of non-saturated switching within the CMP-404 
design results in optimized response time. The high-gain 
output stage drives large load currents with a minimum satu
ration voltage (VoLl. This provides excellent noise margin 
when driving LSTTL loads. An independent bias network for 
each comparator inside the CMP-404 minimizes crosstalk 
between comparators. This proves especially important 
when one comparator is detecting low-level signals while 
adjacent comparators are making transitions. 

Input signals should be confined to between the power 
supply rails. Input signals exceeding either V+ or GNO will 
forward-bias internal junctions. Input current during forward 
bias should be limited to 20mA. 

CMOS INTERFACING 

r-----~--------oVDD 

LIMIT DETECTOR (WINDOW COMPARATOR) 

SETTING UP HYSTERESIS 

10k" 

Exceeding the positive end of the common-mode input
voltage-range will cause the comparator output transistor to 
turn on, thus resulting in a continuous logic-low output state. 

The open-collector output stage can be easily wire-OR-ed to 
make window comparators. The open-collector output also 
simplifies shifting of logic levels between different supply 
levels. The output transistors easily drive high-current loads, 
which is especially useful in fault-detector circuits fordriving 
high-level enunciators (piezo horns, relays, lamps, or red 
LEOs). 

TTL INTERFACING 

LED 

L.EO TURNS ON WHEN 
VS>VH OR VS<VL 

,--..._--< Vee = 6V 

510n 

7tl 
~ 
VTRIPH VTR1P (+) 

VTRIP(+) - VTRIPH :l; IRG/IRG + RF) x 5/ -IRG/(RG + RFI x (-5)1 
~ RG/IRG + RFI x 10 WHERE RF» lOkn 
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_________ ---/~ CMP-404 QUAD LOW-POWER PRECISION COMPARATOR 

TTL-COMPATIBLE ANALOG SWITCH 

TTL 
CONTROL 0---+-1 

OUTPUT STROBING 

STROBE 
INPUT 

INPUT 

4.3kn 

Vee = 5V 

OPEN COLLECTOR 
TTL INVERTER 

4.7kO 

ZERO-CROSSING DETECTOR CIRCUITS 

DUAL SUPPLY 

+12V 

-15V 

Voo =5V 

406" 
CMOS INVERTER 

LEVEl SHIFTER 
SWITCH DRIVER 

2N4391 

LOW-FREQUENCY OPERATIONAL AMPLIFIER 

8-46 

AV = 1000VIV 

+5V +5V 

1Skil 

>-~ ..... --o VaUT 

240ft 

-5V 
240kn 

SINGLE SUPPL V 

rO.01 .u F 

r--~--""'---1~V+ 
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-----------I!EMD CMP-404 QUAD LOW-POWER PRECISION COMPARATOR 

PULSE GENERATOR 

82pF 

r 

REGULATED DC-TO-DC CONVERTER 

15kn 

>-,-""--0 Va 

V+= 5V 

FOR LARGE RATIOS 
OF R2/R1, 02 MAY 
BE OMITTED 

~~~o-~-~------~------t-~' 
Va 

r-~-rr.YJ::'-~-4>-O'5V 
@25mA 

101<" 

15kO 

12kn 

NOTE: 
OPERATING FREOUENCY OF 2.4kHz IS DETERMINED PRIMARILY BY VALUE 
OF L. THE INDUCTOR MUST HAVE A SATURATION CURRENT HIGHER THAN 
ITS PEAK OPERATING CURRENT. 
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Pr("CISJOIl MOIlOlitlllCS Inc. 

FEATURES 
• High Output Drive .•••••••.•••••••••••....•... SOmA 
• Low Input Bias Current. . . . . • . • . . . • . • . . . • .. SOnA Max 
• Low Offset VOltage •..•..•.•.•.•.•.•.•.•.•. 3mV Max 
• Differential Input VOltage Range. . • • • • • • • . • . • • • .• ±30V 
• logic Outputs Compatible with Bipolar and CMOS 
• Fully-Specified at All Temperatures 

ORDERING INFORMATIONt 

PACKAGE 

HERMETIC HERMETIC OPERATING 
VosMAX TO-99 DIP DIP LCC TEMPERATURE 

(mV) a-PIN 14-PIN a-PIN 20-PIN RANGE 

3.0 PM111J' PM111Y' PM111Z' PM111RC/883 MIL 
3.0 PM211J PM211Y PM211Z INO 

'For devices processed in total compliance to MIL-STO-883, add 1883 after 
part number. Consult factory for 883 dat" sheet. 

tAli commercial and industrial temperature range parts are available with 
burn~in. For ordering information see 1984 Data Book, Section 2. 

GENERAL DESCRIPTION 

The PM-111/PM-211 are voltage comparators featuring low 
input bias and offset currents, high-differential voltage ranges, 
and wide-supply voltage ranges. The inputs and outputs can be 
isolated from system ground, and the output can drive loads 
referred to ground or either supply voltage. Strobing and offset 
balancing are available and the outputs can be wire OR'ed. 

SIMPLIFIED SCHEMATIC 

BALANCEI 
STROBE BALANCE 

R3 A4 
300n soon 

8-48 

ItlVl-lll/ItlVl-211 

PIN CONNECTIONS 

HERMETIC MINI-DIP 
(Z-Sufflx) 

v+ 

GNDe8 7 OUT 
+ IN 2 ~ 6 BAUSTROBE 

-IN 3 5 BAL 

4 
V-(CASE) 

TO-99 
(J-Sufflx) 

PRECISION VOLTAGE 
COMPARATORS 

14-PIN HERMETIC DIP 
(V-Suffix) 

PM-111 RC/883 
LCC 

(RC-Sufflx) 

:J-+-,...oOUTPUT 

R13 
411 

'-----+-OGROUND 
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__________ ~~ PM-111/PM-211 PRECISION VOLTAGE COMPARATOR 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Total Supply Voltage, V+ to V- ......................... 36V 
Output to Negative Supply Voltage .................... 50V 
Ground to Negative Supply Voltage .................... 30V 
Strobe Pin Voltage ................................ V+ -5V 
Differential Input Voltage ............................ ±30V 
Input Voltage (Note 2) ............................... ±15V 
Power Dissipation (Note 3) ........................ 500mW 
Output Short-Circuit Duration ......................... 10s 
Operating Temperature Range 

PM-111 ............................ -55°C to +125°C 
PM-211 ............................. -25°C to +85°C 

DICE Junction Temperature (Ti ) ........... -65°C to +150°C 
Storage Temperature Range .............. -65°C to +150°C 
Lead Temperature Range (Soldering, 10 sec) ......... 300°C 

NOTES: 
1. Absolute Maximum Aatings apply to both packaged parts and DICE, 

unless otherwise noted. 
2. Rating applies to Vs = ±1SV. The positive input-voltage limit is 30V above 

the negative supply. The negative input-voltage limit is equal to the negative 
supply or 30V below the positive supply, whichever is less. 

3. Maximum package power-dissipation VB. ambient temperature. 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

PACKAGE TYPE FOR RATING TEMPERATURE 

TO-99 (J) 75°C 6.8mW/oC 
Hermetic DIP (Z) 75°C 6.7mW/oC 
Hermetic DIP (V) 95°C 9.0mW;oC 
LCC (AC) 88°C 8.1mW/oC 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, ground pin at ground and TA = 25°C, unless otherwise noted. 

PM-111/PM-211 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset 
Vos (Note 1) 0.75 3.0 mV 

Voltage 

Input Offset 
los (Note 1) 0.3 5.0 nA 

Current 

Input Bias 
Ie (Note 1) 25 50 nA 

Current 

Voltage Gain 
(Emitter) AVE (Note 2) 75 VlmV 

Voltage Gain 
Ave 200 VlmV 

(Collector) 

Response Time t, 
AL = soon (tied to V+) 

180 ns 
VOD = 5mV (Note 3) 

Saturation V,N '; -5mV 

Voltage VOL 
lOUT = SOmA 

0.68 1.0 V 

Output Leakage 
'CEX 

Y'N 2: +5mV 
15 nA 

Current VOUT = 50V 

Positive Supply 
ISY+ 3.3 mA 

Current 

Negative Supply 
Isv- 2.4 4 mA 

Current 

NOTES: 
1. The offset voltage, offset current, and bias current given are the maximum values required to drive the collector output to within 1V of the supplies with a 

7.5k!l load. These parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 
2. Average of Av+ and Ay- over a ±10V output range measured at the emitter. 
3. The response time specified is for a 100mV input step with a 5mV overdrive and is the time required for the slowest edge. The slowest response occurs at 

the highest temperature of operation. 
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------------I~ PM-111/PM-211 PRECISION VOLTAGE COMPARATOR 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, ground pin at ground and -25°C ~ TA ~ +85°C, unless otherwise noted. 

PM-211 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset 
Vas (Note 11 

Voltage 
0.8 3.0 mV 

Input Offset 
los (Note 11 0.3 nA 

Current 

Input Bias 
la (Note 11 25 100 nA 

Current 

Voltage Gain 
AVE (Note 21 35 VlmV 

(Emitter) 

Response Time tr 
RL = 500n (tied to V+) 

240 ns 
Voe = 5mV (Note 3) 

Saturation 
VOL 

V,N $-5mV 
0.8 1.5 V 

Voltage lOUT = 50mA 

Output Leakage 
leEX 

V,N :::::+5mV 
10 100 nA 

Current VOUT = 50V 

Positive Supply 
Isv' CUrrent 

4 6 mA 

Negative Supply 
Isy- 2.8 5 mA 

Current 

Input Voltage 
IVR ±13 ±14 V 

Range 

ELECTRICAL CHARACTERISTICS at Vs = ±15\1, ground pin at ground and -55°C ~ TA ~ +125°C, unless otherwise noted. 

PM-111 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset 
Vas (Note 1) 

Voltage 
0.8 3.0 mV 

Input Offset 
los (Note 1) 

Current 
0.3 10 nA 

Input Bias 
la (Note 1) 

Current 
25 100 nA 

Voltage Gain 
AVE (Note 2) 

(Emitter) 
20 VlmV 

Response Time tr 
RL = soon (tied to V+) 
VOD = 5mV (Note 3) 

420 ns 

Saturation 
VOL 

V,N $-5mV 

Voltage lOUT = SOmA 
0.62 1.5 V 

Output Leakage 
leEX 

V,N ",+SmV 

Current VOUT = 50V 
145 SOO nA 

Positive Supply 
Isv' Current 

4.2 6 mA 

Negative Supply 
Isy-

Current 
3 S mA 

Input Voltage 
IVR 

Range 
±13 ±14 V 

NOTES: 
1. The offset voltage, offset current,and bias current given are the maximum values required to drive thecollectoroutputto within 1Vofthe supplies with a 7.Skfl 

load. These parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 
2. Average of Av+ and Av- over a ±10V output range measured at the emitter. 
3. The response time specified is for a 100mV input step with a 5mV overdrive and is the time required for the slowest edge. The slowest response occurs at the 

highest temperature of operation. 
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-------------I~ PM-111/PM-211 PRECISION VOLTAGE COMPARATOR 

DICE CHARACTERISTICS 

1. GROUND 
2. +IN 
3. -IN 
4. V-
5. BALANCE 
6. BALANCE/STROBE 
7. OUTPUT 
8. V+ 

DIE SIZE 0.066 x 0.050 inch, 3300 sq. mils 
(1.68 x 1.27min, 2.13 sq. mm) 

For additional DICE information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs = ±15\1, TA = 25°C and ground pin at ground for PM-111GBC, TA = 125°C for PM-111GTBC, unless 
otherwise noted. 

PM-111GTBC PM-111GBC 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT UNITS 

Input Offset Voltage Vas (Note 1) 3 3 mV 

Input Offset Current los (Note 1) 10 nA 

Input Bias Current I. (Note 1) 100 50 nA 

Saturation Voltage VOL 1.5 1.0 V 

Output Leakage Current 'CEX 
V1N ;:: +5mV 

500 15 nA 
VOUT = 50V 

Input Voltage Range IVR ±13 V 

Positive Supply Current 18Y+ 6 mA 

Negative Supply Current ISY- mA 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS atVs =±15V, TA = 25°C and ground pin at ground for PM-111GBC, TA = 125°C 
for PM-111GTBC, unless otherwise noted. 

PARAMETER 

Voltage Gain 
(Emitter) 

Response Time 

NOTES: 

SYMBOL CONDITIONS 

(Note 2) 

t, (Note 3) 

1. The offset voltage, offset current, and bias current given are the maximum 
values required to drive the collector output to within 1V of the supplies 
with a 7.5kn load. These parameters define an error band and take into 
account the worst case effects of voltage gain and input impedance. 

8-51 

PM-111GTBC PM-111GBC 
TYPICAL TYPICAL UNITS 

20 75 VlmV 

420 180 ns 

2. Average of Av+ and Av-over a ± 10V output range measured at the emitter. 
3. The response time specified is for a 100mV input step with a 5mVoverdrive 

and is the time required forthe slowest edge. The slowest response occurs 
at the highest temperature of operation. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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----------------1\fMD PM-lll/PM-211 PRECISION VOLTAGE COMPARATOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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I-lVl-119/I-lVl-219/I-lVl-319 
DUAL 

COMPARATORS 

ADVANCEPRODUCTINFO~TION 
FEATURES 
• Fast Response Time ..................... 80ns lYP 
• High Output Drive Current •..•••.•..•.••.••.. 2SmA 
• Single or Dual Supply Operation ...•.•.. + SV to ± 1SV 
• Open Collector Outputs ••...•..•••..•.. Up to + 3SV 
• Inputs and Outputs Can Be Isolated from System Ground 
• TWo Independent Comparators 

ORDERING INFORMATIONt 

PACKAGE 

TO-l00 
HERMETIC EPOXY OPERATING 

10-PIN DIP DIP TEMPERATURE 
14-PIN 14-PIN RANGE 

PM119K* PM119Y* MIL 
PM219K PM219Y INO 

PM319Y PM319P COM 

• For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with burn-in. 
For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The PM-119 is a dual high-speed voltage comparator designed to 
operate from a single +5V supply up to ±15V dual supplies. 
Open-collector outputs are provided for logic interface flexibility, 

SIMPLIFIED SCHEMATIC (Each Comparator) 

allowing output swings of up to +35V. High output drive capabil
ity facilitates RTL, DTL, and TTL interfacing, as well as relay and 
lamp driving at currents up to 25mA. Typical response time of 
80ns with ±15V power supplies makes the PM-119 ideal for 
application in fast AID converters, level shifters, oscillators, 
and multivibrators. 

PIN CONNECTIONS 

y+ 

OUTA~'0 9 -INB 

OND A 2 A _ 8 +IN B 

+ -
+INA 3 B 7 GNDB 

-INA 4 6 OUTB 

• y-
NOTE, 
Pin 6 (V-) 18 connected to case. 

TO-100 
(K-Sufflx) 

14-PIN EPOXV DIP 
(P-Sufflx) 

14-PIN HERMETIC DIP 
(V-Suffix) 

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

-IN 0---+--;:: 
+IN 

012 
13kn 

~-+-----JI---<r-<>OUTPUT 

V-

C17 

016 
.. on 

017 
3n 

L.---~-o GND 

This advance producl information describes a produclln development allhe lime oflhis printing. Final speciticatlons may vary. Please contact 
local sales office or distributor for IInal data sheet. 
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---------f~ PM-119/PM-219/PM-319 DUAL COMPARATOR - ADVANCE INFORMATION 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, ground pin at ground and TA = 25°C, unless otherwise noted. 

PM-119/PM-219 PM-319 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
Vos Rs" 5kO (Note 1) 0.7 4.0 2.0 8.0 mV 

Voltage 

Input Offset 
los (Note 1) 30 75 80 200 nA 

Current 

Input Bias 
IB (Note 1) 150 SOO 250 1000 nA 

Current 

Voltage Gain 
Ave (Note 2) 10 40 8 40 V/mV 

(Collector) 

Response Time t, 
Y'N ~ 100mV Step 

80 80 ns 
VOD ~ SmV (Note 3) 

Positive Supply 
ISY Vs ~ +5V.OV 4.3 4.3 mA 

Current 

Positive Supply 
ISY+ Vs~ ±15V 11.5 11.5 mA 

CUrrent 

Negative Supply 
ISY- Vs ~ ±15V 3 4.S 3 4.S mA 

Current 

NOTES: 
1. The offset voltage, offset current, and bias current given are the maximum values 

required to drive the collector output to within 1 V of the supplies w~h a 7.SkO 

load. These parameters define an error band and take into account the worst 

case effects of voltage gain and input impedance. 

2. Average of Av+ and Av- over a ± 10V output range measured at the emitter. II 
3. The response time specified is for a 100mV input step with a SmV overdrive and 

is the time required for the slowest edge. 
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I»1Vl-139/I»1Vl-139)l/I»1Vl-339)l 

PreCISIon MOllolithics Inc. 

FEATURES 

• Single or Dual Supply Operation 
• Input Voltage Range Includes Ground 
• Low Power Consumption (2mW/Comparator) 
• Low Input Bias Current • . . . . . . . . . . . . . . . . . . . . . . .. 2SnA 
• Low Input Offset Current ....................... ±SnA 
• Low Offset Voltage ..•.......•................. ±2mV 
• Low Output Saturation Voltage (250mV @ 4mA) 
• Logic Outputs Compatible with TTL, DTL, ECL, MOS 

and CMOS 
• Directly replaces LM139 and LM139A/339A Comparators 

ORDERING INFORMATIONt 

+25°C PACKAGE OPERATING 
Vos l4-PIN TEMPERATURE 
(mV) HERMETIC DIP LCC RANGE 

±2' PM139AY' PM139ARC/883 MIL 
±S' PM139Y' MIL 
±2 PM339AY COM 

'For devices processed in total compliance to MIL-STD-883. add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 

The PM-139 has four independent voltage comparators, each 
with precision DC specifications. Low offset voltage, bias 
current, power consumption and output saturation voltage 

SIMPLIFIED SCHEMATIC (ONE COMPARATOR) 

I 
I 
I 
I 

** I 

-4=' 

v+ 

* SUBSTRATE DIODES 

OUTPUT 

"]--_+-_.--o_INPUT 

I 
I 
I 
I 

~* 
I 

"*" 

8-56 

QUAD LOW-POWER 
VOLTAGE COMPARATORS 

are offered in a design that features single power supply 
operation. The input voltage range includes ground for 
convenient single supply operation. The 2mA power supply 
current, independent of supply voltage - coupled with the 
single supply operation, makes this comparator ideal for low 
power applications. Open collector outputs allow maximum 
applications flexibility. 

PIN CONNECTIONS 

14-PIN HERMETIC DIP 
(Y-Sufflx) 

TYPICAL INTERFACE 

DRIVING CMOS 

100k.Q; 

DRIVING TTL 

5.0V 

PM-139ARC/883 
LCC PACKAGE 

(RC-Sufflx) 

5.0V 
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--------l~ PM·139/PM·139A1PM-339A QUAD LOW·POWER VOLTAGE COMPARATORS 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, V+ ........................ 36V or ± 18V Input Current (VIN < -0.3V) ........................ 50mA 
Differential Input Voltage. . . . . . . . . . . . . . . . . . . . . . . . . .. 36V Operating Temperature Range 
Input Voltage ............................. -0.3V to +36V PM·339A ............................... O°C to +70°C 
Power Dissipation Hermetic DIP ................. 500mW PM·139A1139/139ARC ................ -55°C to +125°C 
Derate Above 100° C .......................... 10mW/o C Storage Temperature Range ........... -65°C to +150°C 
Output Short·Circuit to Ground ............. Continuous Lead Temperature (Soldering, 60 sec) ............. 300°C 

ELECTRICAL CHARACTERISTICS at V+ = +5V, TA = 25°C, unless otherwise noted. 

PM·139A PM·339A PM·139 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage 

Input Bias Current 

Input Offset Current 

Input Common-Mode 
Voltage Range 

Supply Current 

Voltage Gai n 

Large-Signal 

Response Time 

Response Time 

Output Sink Current 

Saturation Voltage 

Output Leakage 

Current 

Vas 

los 

CMVR 

Is 

Ava 

t, 

t, 

'SINK 

(Note 1) 

I'N(+I or I'N(-I with 
Output in Linear Range 

(Notes 2.5.61 

RL = co on all Comparators 
V+= 30V 

RL", 15kfl. V+ = 15V 

(to support large 

Voswing) (Note 51 

V'N = TTL Logic Swing. 
VREF = I.4V. VRL = 5V. 
RL = 5.1kfl, (Note 41 

VRL = 5V, RL = 5.1kfl 
(Notes 3, 41 

V'N(-I '" tV, V,N(+I = 0, 
VaS 1.5V 

V'N(-I '" tV, V,N(+I = 0, 
'SINK$; 4mA 

V'N(+I'" tV, V'N(-I = 0, 
Vo= 30V 

o 

50 

25 

3 

0.8 

200 

300 

1.3 

16 

250 

0.1 

mV 

100 25 250 25 100 nA 

25 50 3 25 nA 

3.5 o 3.5 o 3.5 V 

0.8 0.8 mA 

50 200 50 200 V/mV 

300 300 ns 

1.3 1.3 I'S 

6 16 16 mA 

400 250 400 250 400 mV 

0.1 0.1 nA 

ELECTRICAL CHARACTERISTICS at V+ = +5V, -55°C::; TA ::; +125°C for PM·139/139A and O°C::; TA ::; +70°C for 
PM·339A, unless otherwise noted. 

PM·139A PM·339A PM·139 
PARAMETER SYMBOL CONDITIONS MIN 

Input Offset Voltage Vas (Note 11 

Input Offset Current los I'N(+I or I'N(-I 

Input Bias Current 18 
I'NI+I OR I'NI-I with 
Output in Unear Range 

Input Common-Mode 
CMVR (Notes 3, 51 

Voltage Range 
o 

Saturation Voltage VOL 
V'NI-I '" tV, V,N(+I = 0, 
'SINK:54mA 

Output Leakage 
'LEAK 

V,N(+I2: tV, V'NI-I = 0, 
Current Vo= 30V 

Differential Input 
Keep All V'N's'" OV Voltage 

NOTES: 
1. At output switch point, Vo= I.4V, Rs=Oflwith V+from5V,andoverthefull 

input common-mode range (OV to V+ -1.5VI. 
2. The input common-mode voltage oreither input voltage Signal should not 

be allowed to go negative by more than 0.3V. The upper end of the 
common·mode voltage range is V+-1.5V, but either or both inputs can go 
to +30V without damage. 

TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

8·57 

4 9 mV 

100 150 100 nA 

300 400 300 nA 

V+-2 o V+-2 o V+-2 V 

700 700 700 mV 

36 36 36 V 

3. The response time specified is for a 100mV input step with 5mV overdrive. 
For larger overdrive signals 300ns can be obtained. See characteristics 
section. 

4. Sample tested. 
5. Guaranteed by design. 
6. Positive CMVR limit equals V+ -1.5V fa, supply voltages other than 5V. 
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--------I1fMD PM·139/PM·139A1PM-339A QUAD LOW·POWER VOLTAGE COMPARATORS 

TYPICAL APPLICATIONS 

OR GATE 

V+ 

lOOk!! 

+O.075V 3k!! 

lOOkS} 
A 

-::-
l00kn 

100kn 
e Ik!! 1=A+B+C v:=r -= 

"0" "'" 

TIME DELAY GENERATOR 

lQk.Q 

w ----------;~~ __ 

Ve, 
I 

-t_ 

V
o
+-II 
--.J L- 10kn 

to to 

INPUT GATING SIGNAL ":'" +VIN 

AND GATE 

+O.375V 

100kn 
AO--JVlt.---, 

'5k!! 

e, J O.OO1pF 

8·58 

"0" "'" 

200kn 

10kn 

V3 

51kn 

'Ok!! 

51kn 

10kn 

51k.Q 

lOOk!! 

lOOk!! 

V+ 

tOMS} 

'OM!! 

V+ 
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3k!! 

'k!! 

1=A+B+C 
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--------ilfM!) PM-139/PM-139A1PM-339A QUAD LOW-POWER VOLTAGE COMPARATORS 

TYPICAL APPLICATIONS 

ONE-SHOT MULTIVIBRATOR WITH INPUT LOCK-OUT 

V+ 

1MO 1Mfl 10Mn 560k!l t5kn 

l00k1l 

:::IE~+ 
>--~-{)Vo to t1 

T = O.3mSEC 
100kn 

10Mn 

100pF 

62kn I 
240kn 

ONE-SHOT MULTIVIBRATOR 

V+ 

BURN-IN CIRCUIT 

II 
V+l 
0- 100pF 

lMIl 

to 0---11-<,---+--1 
+VIN 

+-~~~~~ __ ~--+---~-+---o+~ 

470kn 

MIL-STD-8B3. METHOD 1015, CONDITION B 
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MATCHED 
TRANSISTOR ARRAYS 

Precision Monolithics Inc. 

INTRODUCTION 
Monolithic dual and quad transistor arrays 
feature inherently close matching of electrical 
parameters and very low thermal differentials. In 
addition, PMI arrays are specifically designed 
for low offset voltage, low offset voltage drift, 
low noise, and high gain, specified over a wide 
range of collector currents. Monolithic duals are 
optimized for amplifier input use and provide the 
best possible input stage performance. The dual 
and quad transistors are excellent for use in 
high-performance audio systems, high-gain 
instrumentation amplifiers, and precision current 
mirrors. 

Both the dual and quad transistors are also 
designed for minimal base-to-emitter resistance 
which makes log conformity excellent. For an 
ideal transistor, the base-to-emitter voltage is 
equal to (kT/q) In (Ie/ls). An added term, Ie rSE, 
causes departure from this idealized logarithmic 
relationship. The MAT-02 and new MAT-04 have 
very low rSE over a wide range of collector 
current. Circuits for squaring, RMS-to-DC 
conversion, and logarithmic amplification can be 
accurately implemented through use of these 
10w-rSE products. The MAT-04 preliminary data 
sheet is shown in the Advanced Products 
Section. 

The well-defined relationship between VSE and 
collector current can also be used for temper
ature sensing or for generating bandgap
reference voltages. The low noise, low offsets, 
and high gain combined with a wide operating 
range for collector current make these mono
lithic arrays very useful for a diverse range of 
applications. 

DEFINITIONS 
Average Offset Current Drift (TClos) - The 
ratio of the change in los to the change in tem
perature producing it. 

Average Offset Voltage Drift (TCVos) - The ratio 
of the change in Vos to the change in temper
ature producing it. 

Bias Current (Ie) - The average of the base 
currents at a specified collector voltage and 
current. 

9-3 

Broadband Noise Voltage (enRMS) - The root
mean-square noise voltage referred to the input 
over a specified bandwidth at a specified collector 
voltage and current. 

Current Gain Match (.1hFE) - The difference in 
hFE between the transistors at a specified voltage 
and current, expressed as a percentage of the 
lower of the two h FE'S. 

( 1 - h FE1 ) X 100 
hFE2 

Excess Emitter Resistance (ree) - The 
effective resistance between the base and 
emitter terminals of each transistor. 

Noise Voltage (enp-p) - The peak-to-peak noise 
voltage referred to the input over a specified 
bandwidth at a specified collector voltage and 
current. 

Noise Voltage Density (en) - The rms noise II 
voltage referred to the input in a 1 Hz band 
surrounding a specified frequency, measured 
at a specified collector voltage and current. en 

Offset Current (los) - The difference between ~ 
the base currents at a specified collector voltage f-t 

and current. ~~f-t""" 
Offset Current Change (.1los/.1Vce) - The ratio 
of the change in offset current to the change in 
collector-base voltage producing it. 

Offset Voltage (Vos) - The difference between @ 
the base-emitter voltages (VSE1-VSE2) at a :I: 
specified collector voltage and current. U 

~ 



JPMI) MATCHED 
TRANSISTOR ARRAYS 

P["t.'cisioll MOllolithlCS Inc 

Parameter Comparison Table (Ie = 10#lA) for MAT-02 

BVCEO Vos TCVos los TClos 
Min Max Max ~FE Max Max 

Device (V) (mV) (p.V/oC) Min (nA) (pAloC) 

MAT-02A1E** 40 .05 0.3 400 0.5 90 
MAT-02B/F** 40 .15 1 300 1.3 150 
LM194 40 .05 0.3 300 0.7 N.C. 
LM394 40 . 15 1 200 2.0 N.C . 
MAT-01AH 45 0.1 0.5 500 0.6 90 
MAT-01GH 45 0.5 1.8 250 3.2 150 
LM114A 45 0.5 2.0 500 2.0 
LM114 45 2.0 10 250 10 
LM115A 60 0.5 2.0 250 2.0 
LM115 60 2.0 10 250 10 
AD810* 35 3.0 15 100 2.0 600 
AD811" 45 1.5 7.5 200 10 300 
AD812" 35 1.0 5.0 400 2.5 300 
AD813* 45 0.5 2.5 200 5 300 
AD818" 20 1.0 5.0 200 10 300 

* Discontinued 
**Temperature range for A-grade and B-grade is -55° C to + 125° C; temperature range for 

E-grade and F-grade is -25° C to + 85° C. 

Parameter Comparison Table (Ie= 10#lA) for MAT-01 to 2N-Types 

BVCEO Vos TCVos %hFE los TClos 
Min Max Max hFE Match Max Max 

Device (V) (mV) (p.V/oC) Min Max (nA) (pAl°C) 

MAT-01GH 45 0.5 1.8 250 8 3.2 150 
2N2639 45 5.0 10 50 10 20 1000 
2N2640 45 10 20 50 20 40 2000 
2N2642 45 5.0 10 100 10 10 500 
2N2643 45 10 20 100 20 20 375 
2N2915 45 3.0 10 60 10 17 600 
2N2915A 45 2.0 5.0 60 15 26 900 
2N2916 45 5.0 10 150 10 7 N.C. 
2N2916A 45 2.0 5.0 150 15 10 300 
2N2917 45 10 20 60 20 17 1450 
2N2918 45 5.0 20 150 20 7 750 
2N2919 60 3.0 10 60 10 17 600 
2N2919A 60 1.5 5.0 60 10 17 600 
2N2920 60 3.0 10 150 10 7 N.C. 
2N2920A 60 1.5 5.0 150 10 7 300 
2N2060 60 5.0 10 25 10 40 N.C. 
2N2060A 60 3.0 5.0 25 10 40 N.C. 
2N2060B 60 1.5 5.0 25 10 40 N.C. 

Notes: 1. TClos Max and los Max calculated from published data. 
2. N.C. = Insufficient published data to calculate. 
3. All of above are physically interchangeable pin-for-pin with MAT -01 and MAT-02 series. 
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Precision Monolithics Inc. 

FEATURES 
• Low Vos (VSE Match) ....................... 4OI'V Typ 

100l'V Max 
• Low TeVos ............................ 0.51'V/o e Max 
• High hFE ................•................... 500 Min 
• Excellent hFE Linearity from 10nA to 10mA 
• Low Nolle Voltage ...•..... 0.23I'Vp-p - 0.1Hz to 10Hz 
• High Breakdown ............................ 45V Min 

ORDERING INFORMATIONt 

TA=25°C 
VosMAX 

(mV) 

0.1 
0.5 

PACKAGE 

MAT01AH" 
MAT01GH" 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
MIL 

• For devices processed in total compliance to MIL-STD-883. add 1883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The MAT-Ol is a monolithic dual NPN transistor. An exclu
sive Silicon Nitride "Triple-Passivation" process provides 
excellent stability of critical parameters over both tempera
ture and time. Matching characteristics include offset voltage 
of 40l'V, temperature drift of 0.151'V/o C, and hFE matching of 
0.7%. Very high hFE is provided over a six decade range of 
collector current, including an exceptional hFE of 590 at a 
collector current of only 10nA. The high gain at low collector 
current makes the MAT-Ol ideal for use in low-power, 
low-level input stages. 

PIN CONNECTIONS 

(TOP VIEW) 

C@'7C2 
61 B2 

2 6 

El 3 5 E2 

NOTE: 

TO-78 
(H-Sufflx) 

Substrate is connected to case. 

9-5 

MAT-Ol 
MATCHED MONOLITHIC 

DUAL TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS (Note 4) 

COllector-Base Voltage (BVCBO) 
MAT-01AH, GH, N ............................... 45V 

Collector-Emitter Voltage (BVCEO) 
MAT-01AH, GH, N ............................... 45V 

Collector-Collector Voltage (BVcc) 
MAT-01AH, GH, N ............................... 45V 

Emitter-Emitter Voltage (BVEE) 
MAT-01AH, GH, N ............................... 45V 

Emitter-Base Voltage (BVEBO) (Note 1) ................ 5V 
Collector Current (Ic) ............................. 25mA 
Emitter Current (IE) ............•.•..•............. 25mA 
Total Power Dissipation 

Case Temperature :5 40° C (Note 2) .............. 1.8W 
Ambient Temperature :5 70° C (Note 3) .......•. 500mW 

Operating Ambient Temperature ....... -55°C to +125°C 
Operating Junction Temperature ...... -55° C to + 150° C 
Storage Temperature ................. -65° C to + 150° C 
Lead Temperature (Soldering, 60 sec) ...•..•.....• 300°C 
DICE Junction Temperature . . .. . . . . . .. -65° C to + 150° C 

NOTES: 
1. Application of reverse bias voltages in excess of rating shown can result in 

degradation of hFE and hFE matching characteristics. Do not attempt to 
measure BVEBO greater than the 5V rating shown. 

2. Rating applies to applications using heat sinking to control case tempera
ture. Derate linearly at 16.4mW/· C for case temperatures above 40· C. 

3. Rating applies to applications not using heat sinking; device in free air only. 
Derate linearly at 6.3mWr C for ambient temperatures above 70·C. 

4. Absolute maximum ratings apply to both DICE and packaged devices. 

1/86, Rev. A 
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~ MAT-01 MATCHED MONOLITHIC DUAL TRANSISTOR 

ELECTRICAL CHARACTERISTICS at VCB = 15V, Ic = 10pA, TA = 25° C, unless otherwise noted. 

MAT-01AH MAT-01GH 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Breakdown Voltage BVCEO Ic= 100!,A 45 45 V 

Offset Voltage Vas 0.04 0.1 0.10 0.5 mV 

Offset Voltage Stability 
First Month Vas/Time (Note 1) 2.0 2.0 !,V/Mo 
Long-Term (Note 2) 0.2 0.2 

Offset Current los 0.1 0.6 0.2 3.2 nA 

Bias Current Is 13 20 18 40 nA 

Ic= 10nA 590 430 
Current Gain hFE Ic=10!'A 500 770 250 560 

Ic=10mA 640 610 

Current Gain Match AhFE 
Ic=10!'A 0.7 3.0 1.0 8.0 

% 
100nA SicS 10mA 0.8 1.2 

Low Frequency Noise 
8 np-p 0.1Hz to 10Hz (Note 3) 0.23 0.4 0.23 0.4 !'Vp_p 

Voltage 

Broadband Noise 
1Hz to 10kHz 0.60 0.60 /lVRMS Voltage 8 nRMS 

Noise Voltage 
fo= 10Hz (Note 3) 7.0 9.0 7.0 9.0 

en fo = 100Hz (Note 3) 6.1 7.6 6.1 7.6 nV/JHZ 
Density 

fo= 1000Hz (Note 3) 6.0 7.5 6.0 7.5 

Offset Voltage Change AVos/AVcs OS VcsS 30V 0.5 3.0 0.8 8.0 !,V/V 

Offset Current Change Alos/AVcs OS VcsS 30V 2 15 3 70 pAN 

Collector-Base 
ICBO 

Vcs= 3OV, IE=O 
15 50 25 

Leakage Current (Note 4) 
200 pA 

Collector-Emitler 
ICES 

VCE = 30V, VeE = 0 
50 200 90 400 

Leakage Current (Notes 4, 6) 
pA 

Collector-Collector 
Icc Vcc = 30V, (Note 6) 20 

Leakage Current 
200 30 400 pA 

Collector Saturation 
VCEISATI 

le=0.1mA.lc= 1mA 0.12 0.20 0.12 0.25 
Voltage le= 1mA, Ic= 10mA 0.8 0.8 

V 

Gain-Bandwidth Product fT VCE = 10V, Ic= 10mA 450 450 MHz 

Output Capacitance Cob Vce = 15V, IE = 0 2.8 2.8 pF 

Collector-Collector 
Ccc Vcc=O 8.5 8.5 pF 

Capacitance 

ELECTRICAL CHARACTERISTICS at VCB= 15V, IC= 10pA, -55°C $ TA$ +125°C, unless otherwise noted. 

MAT-01AH MAT-01GH 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Offset Voltage Vas 0.06 0.15 0.14 0.70 mV 

Average Offset 
TCVos (Note 7) 0.15 0.50 0.35 1.8 /lV/oC 

Voltage Orilt 

Offset Current los 0.9 8.0 1.5 15.0 nA 

Average Offset 
TClos (NoteS) 10 90 15 150 pAloC 

Current Orilt 

Bias Current Ie 28 60 36 130 nA 

Current Gain hFE 167 400 77 300 

Collector-Base 
ICBO 

TA= 125°C, VcB =30V, 
15 80 25 200 nA 

Leakage Current IE = 0 (Note 4) 

Collector-Emitter 
ICES 

TA = 125°C, VCE = 30V, 
50 300 90 400 nA 

Leakage Current VBE = 0 (Notes 4,6) 

Collector-Collector 
Icc 

TA = 125°C, VCC = 30V 
30 200 50 400 nA 

Leakage Current (Note 6) 
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-----------l!W MAT-01 MATCHED MONOLITHIC DUAL TRANSISTOR 

DICE CHARACTERISTICS 

DIE SIZE 0.035 X 0.025 Inch, 875 8q. mils 
(0.89 X 0.64 mm, 0.58 sq. mm) 

1. COLLECTOR (1) 
2. BASE (1) 
3. EMITTER (1) 
5. EMITTER (2) 
6. BASE (2) 
7. COLLECTOR (2) 

For additional DICE Informalion refer 10 
1986 Data Book, Seclion 2. 

WAFER TEST LIMITS at VCB = 15V and Ic= 10I'A, TA= 25°C, unless otherwise noted. 

MAT-01N 
PARAMETER SYMBOL CONDITIONS LIMITS 

Breakdown Voltage BVOEO 10= 100l'A 45 

Offset Voltage Vos 0.5 

Offset Current los 3.2 

Bias Current 'B 40 

Current Gain hFE 250 

Current Gain Match ~hFE 8.0 

Offset Voltage Change ~VOS/~VOB 0" voe " 30V 8.0 

Offset Current Change ~IOS/~VOB 0" voe " 30V 70 

Collector Saturation Voltage VOEISATI 'B=O.lmA.IO= 1mA 0.25 

NOTE: 

UNITS 

VMIN 

mVMAX 

nAMAX 

nAMAX 

MIN 

% MAX 

I'VIV MAX 

pAIVMAX 

V MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assambly methods and normal yield loss. yield after packaging I. not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at VCB = 15V and Ic = 1O~A, TA = 25° C, unless otherwise noted. 

MAT-01N 
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS 

Average Offsat Voltage Drift TCVos 0.35 I'V/oC 

Average Offset Current Drift TClos 15 pArC 

Collector-Emitter-Leakage Current 'OES VOE = 30V. VeE = 0 90 pA 

Collector-Base-Leakage Current 'OBO Voe= 30V.IE= 0 25 pA 

Gain Bandwidth Product fT VOE = 10V. 10= 10mA 450 MHz 

Offset Voltage Stability ~Vos/T 
First Month (Note 1) 2.0 

I'ViMo 
Long-Term (Note 2) 0.2 

NOTES: 
1. Exclude first hour of operation to allow for stabilization. 5. Guaranteed by los test limits over temperature. 
2. Parameter describes long-term average drift after first month of operation. 
3. Sample tested. 
4. The collector-base (lOBO) and collector-emitter (lOES) leakage currents 

may be red uced by a factor of two to ten ti mes by can necti ng the substrate 
(package) to a potential which is lower than either collector voltage. 

S. Icc and ICES Bre guaranteed by measurement of I C80' 

7. Guaranteed by Vos test (TCVos = Vos for Vos 0( VeE) T = 298°K for TA 
= 25'C. T 
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-----------I~ MAT-01 MATCHED MONOLITHIC DUAL TRANSISTOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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MAT-01 MATCHED MONOLITHIC DUAL TRANSISTOR 

MAT-01 TEST CIRCUITS 

MAT-01 MATCHING MEASUREMENT CIRCUIT 

+16.5V +16.5V 

V-

MAT-01 NOISE MEASUREMENT CIRCUIT 

+15V 

50." 

-MATCHED TO 0.01% 

50kn 50kn 

TEST 

Noise Voltage Density 
(Per Transistor) 

Noise Current Density 
(Per Transistor) 

Low Frequency Noise 
(Referred to Input) 

Your 

100kn 
1% 

100n 
1% 

SIA 

X 

0 

X 

SI. 

X 

0 

X 

9-9 

TEST SIA SI. UNITS 

Vos x x VOUTl 1 volt per mV 

lOS o o VOUT2-VOUTl 1 volt per nA 

+15V SPECTRUM 
ANALYZER 

OR 

S3A 
aUAN-TECH 

VOl Ie NOISE 
ANALYZER 
2181/2283 NOISE 

DENSITY 

-15V 

3.3kSl V02 .. " 
LOW 
FREQUENCY 
NOISE 

-= r47PF 

S2 S3 READING 

X A VOl / V2 

X A V01/(V2X 4M(1) 

0 B 
V02 PEAK-TO-PEAK 

25,000 

1/86, Rev. A 
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-------------i1fMD MAT·01 MATCHED MONOLITHIC DUAL TRANSISTOR 

ApPLICATION NOTES 
Application of reverse bias voltages to the emitter-base 
junctions in excess of ratings (5V) may result in degradation 
of hFE and hFE matching characteristics. Circuit designs 
should be checked to ensure that reverse bias voltages above 
5V cannot be applied during such transient conditions as at 
circuit turn-on and turn-off. 

Stray thermoelectric voltages generated by dissimilar metals 
at the contacts to the input terminals can prevent realization 
of the predicted drift performance. Both input terminals 
should be maintained at the same temperature, preferably 
close to the temperature of the device's package. 

TYPICAL APPLICATIONS 

PRECISION REFERENCE 

t-----------------1-----~VREF 

t-----------~---------------i(.Q2 

R1 
1.5kn 

VAEF -7.0V 
TCvREF "'10ppm/oC 
Ro -400 
R, MAY BE ADJUSTED TO MINIMIZE TCVAEF. INCREASING R, WILL 
CAUSE A POSITIVE CHANGE IN TCVAEF. 
NOTE, hFEOFQ1 WILL BE REDUCED BY OPERATION OF BREAKDOWN 

MODE. 

BASIC DIGITAL THERMOMETER READOUT IN 
DEGREES KELVIN (" K) 

SENSING 
PAIR 
MAT-OTH 

"c EO 
-ssCc = 21aoK = 2.1BV 
+25°C = 298°K = 2.98V 

+125°C = 398c K" 3.98V 

9·10 

PRECISION OPERATIONAL AMPLIFIERS 

+15V 

RL 

+15V 

RL' 

-15V 

'MATCH TOO.1% 

-15V 
"SEE TABLE FOR SPECIFIC DEVICE TYPE 

THIS CONFIGURATION CAN ALSO BE USED WITH THE LOW POWER 
OP-21 OR MICROPOWER OP-22 TO ACHIEVE A LOW NOISE AND LOW 
POWER PRECISION OP-AMP. 

MAT·01AH MAT·01AH MAT·01GH MAT-01GH 
OP·02A OP·02A OP·02 OP·02 

VOS 
0.15mV 0.27mV 0.65mV 1.2mV 

Maximum 

TeVos 0.6p.V/'e 1,.,v/'e 21'V/'e 4p.Vl'e 
Maximum 

los O.BnA 
Maximum 

O.lnA 3.2nA 0.32nA 

18 
20nA 2nA 40nA 4nA 

Maximum 

Gain 
2,000,000 2,000,000 BOO,OOO BOO,OOO 

Minimum 

Is 20p.A 2p.A 20p.A 2p.A 

RL 100kO lMO l00kO lMO 

DIGITAL THERMOMETER WITH READOUT IN·C 

1/86, Rev. A 



Precision Monolithics Inc. 

FEATURES 
• Low Offset Voltage ......................... SO"V Max 
• Low Noise Voltage at 100Hz, 1mA '" 1.0nV/y'HZ Max 
• High Gain (hFV .................. 500 Min at Ic= 1mA 

................... 300 Min at Ic= 1"A 
• Excellent Log Conformance ............... rlE = 0.30 
• Low Offset Voltage Drift ................ 0.1" Vlo C Max 
• Improved Direct Replacement for LM194/394 

ORDERING INFORMATION 

PACKAGE 

TA = 25°C OPERATING 
VosMax TO-7S TEMPERATURE 

(IlV) 6-PIN LCC RANGE 

50 MAT02AW MIL 
50 MAT02EH IND 

150 MAT02BW MAT02BRC/883 MIL 
150 MAT02FH IND 

• For devices processed in total compliance to MIL-STD-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The design of the MAT-02 series of NPN dual monolithic 
transistors is optimized for very low noise, low drift, and low 
reE. Precision Monolithics' exclusive Silicon Nitride "Triple
Passivation" process stabilizes the critical device parameters 
over wide ranges of temperature and elapsed time. Also, the 
high current gain (hFE) of the MAT-02 is maintained over a 
wide range of collector current. Exceptional characteristics 
of the MAT-02 include offset voltage of 50"V max (AlE 
grades) and 150pV max (B/F grades). Device performance is 
specified over the full military temperature range as well as 
at 25°C. 

Input protection diodes are provided across the emitter-base 
junctions to prevent degradation of the device character
istics due to reverse-biased emitter current. The substrate is 
clamped to the most negative emitter by the parasitic 
isolation junction created by the protection diodes. This 
results in complete isolation between the transistors. 

The MAT-02 should be used in any application where low 
noise is a priority. The MAT-02 can be used as an input stage 
to make an amplifier with noise voltage of less than 1.0nVlVHZ 
at 100Hz, Other applications, such as log/anti-log circuits, 
may use the excellent logging conformity of the MAT-02. 
Typical bulk resistance is only 0.30 to 0,40, The MAT-02 
electrical characteristics approach those of an ideal transistor 
when operated over a collector current range of 1"A to 10mA. 
For applications requiring multiple devices see MAT-04 Quad 
Matched Transistor data sheet. 
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MAT-02 
LOW-NOISE, MATCHED 

DUAL MONOLITHIC TRANSISTOR 

PIN CONNECTIONS 

6, 2 TO-78 
(H-Sufflx) 

MAT ·02BRC/883 
20-LEAD LCC 

(RC·Sufflx) 

NOTE: Substrate is connected to case on TO-78 package. Substrate 
is normally connected to the most negative circuit potential, 
but can be floated. 

ABSOLUTE MAXIMUM RATINGS (Note 3) 

Collector-Base Voltage (BVceo) 
MAT-02AH, BH, EH, FH ........................... 40V 

Collector-Emitter Voltage (BVCEO) 
MAT-02AH, BH, EH, FH ........................... 40V 

Collector-Collector Voltage (BVcc) 
MAT -02AH, BH, EH, FH .•..........••............. 40V 

Emitter-Emitter Voltage (BVEE) 
MAT-02AH, BH, EH, FH ........................... 40V 

Collector Current (Ic) ............................• 20mA 
Emitter Current (IE) ............................... 20mA 
Total Power Dissipation 
Case Temperature :$ 40° C (Note 1) .•............. 1.SW 
Ambient Temperature :$ 70° C (Note 2) .......... 500mW 

Operating Ambient Temperature ...... -55° C to + 125° C 
Operating Junction Temperature ...... -55° C to + 150° C 
Storage Temperature ................. -65° C to + 150° C 
Lead Temperature (Soldering, 60 sec) ...•.•.•.•.. 300°C 
DICE Junction Temperature. . . . . . . . . •. -65° C to + 150° C 
NOTES: 
1. Rating applies to applications using heat sinking 10 control casetemperature. 

Derate linearly at 16.4mW/oC for case temperature above 40°C. 
2. Rating applies to applications not using heat sinking; device In free air only. 

Derate linearly at 6.3mW/o C for ambient temperature above 70°C. 
3. Absolute maximum ratings apply to both DICE and packaged devices. 

1/86, Rev. A 
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~MAT-02 LOW NOISE, MATCHED DUAL MONOLITHIC TRANSISTOR 

ELECTRICAL CHARACTERISTICS at VCB= 15V, Ic= 1O"A. TA= 25·C, unless otherwise noted. 

MAT-02A1E MAT-D2B/F 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

le=1mA (Note 1) 500 605 400 605 

le= 1oo"A 500 590 400 590 
Current Gain hFE 

le=10"A 400 550 300 550 

le=1"A 300 485 200 485 

Current Gain Match <l.hFE 10"A:5le :51mA. (Note 2) 0.5 2 0.5 4 % 

Offset Voltage Vos 
VeB=O 
1"A:5le :51mA 

10 50 80 150 "V 

Offset Voltage 
I1VosltlNeB 

0:5 VeB :5 VMAX• (Note 6) 
10 25 10 50 "V Change vs VeB 1,.A :5le:5 1mA 

Offset Voltage Change 
I1Vos/l1le 

VeB=OV 
25 50 "V vs. Collector Current 1"A:5lc :51mA 

Offset Current 
1110S/I1VCB Change vs VCB 

0:5 Vee:5 VMAX 30 70 30 70 pAN 

Bulk Resistance rBE 10"A:5 le:5 10mA 0.3 0.5 0.3 0.5 n 
Collector-Base 

leBo Leakage Current 
VeB = VMAX 25 200 25 400 pA 

Collector-Collector 
Icc Vec = VMAX' (Notes 3.5) 35 

Leakage Current 
200 35 400 pA 

Collector-Emitter 
ICES 

VeE = VMAX.INotes 3. 5) 
35 200 

Leakage Current VBE=O 
35 400 pA 

Ie = 1mA. VeB = O. INote 4) 
fo= 10Hz 1.6 1.6 3 

Noise Voltage Density en fa = 100Hz 0.9 0.9 2 nV/,fHZ 
fo= 1kHz 0.85 0.85 2 
fa = 10kHz 0.85 0.85 

Collector Saturation 
VCE(SAT) 

le=1mA 
0.05 0.1 0.05 0.2 V 

Voltage IB= 100"A 

Input Bias Current IB Ic= 10"A 25 34 nA 

Input Offset Current los le= 1O"A 0.6 1.3 nA 

Breakdown Voltage BVCEO 40 40 V 

Gain-Bandwidth Product fT Ic = 10mA. VCE = 10V 200 200 MHz 

Output Capacitance COB VeB = 15V.IE = 0 23 23 pF 

Collector-Collector 
Capacitance Cce Vee=O 35 35 pF 

NOTES: 3. Guaranteed by design. 
1. Current gain is guaranteed with Collector-Base Voltage (VeB) swept from 4. Sample tested. 

o to VMAX at the indicated collector currents. 5. Icc and ICES are verified by measurement of ICBO. 
2. Current Gain Match (Ah FE) is defined as: 6. This is the maximum change in Vas as VCB is swept from OV to 40V. 

I1hFE = 
100 (11I B) (hFE min) 

Ic 
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ELECTRICAL CHARACTERISTICS VCB = 15V, -250 C ~ TA~ +850 C, unless otherwise noted. 

MAT-02E MAT-02F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage Vos 
VCB=O 
I"ASlc SlmA 

70 220 "V 

Average Offset 1O!'A S Ic SImA. 0 S VeBS VMAX' (Note 1) 0.08 0.3 0.08 1 
!'VI'C 

Voltage Drift 
TCVos 

Vas Trimmed to Zero. (Note 3) 0.03 0.1 0.03 0.3 

Input Offset Current los le=10!,A 13 nA 

Input Offset 
TClos 

CUrrent Drift 
Ie = 1O"A. (Note 4) 40 90 40 150 pA/'C 

Input Bias Current IB Ic= 10"A 45 50 nA 

Ie = lmA. (Note 2) 325 300 

Ic= 100!,A 275 250 
Cu rrent Gai n hFE 

Ic =10"A 225 200 

Ic=I"A 200 150 

Collector-Base 
leBo Leakage Current 

VCB = VMAX 3 nA 

Collector-Emitter 
ICES VeE=VMAx. VBE=O 

Leakage Current 
3 4 nA 

Collector-Collector 
Icc Vcc= VMAX Leakage Current 

3 4 nA 

ELECTRICAL CHARACTERISTICS VCB= 15V, -55°C~ TA~ +125°C. unless otherwise noted. 

MAT-02A MAT-02B 

II PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage Vas 
VeB=O 

80 250 "V I"ASlc SlmA 

Average Offset 
TCVos 

10!,A SicS lmA. 0 S VCBSVMAX' (Note 1) 0.08 0.3 0.08 1 Vl 
Voltage Drift Vas Trimmed to Zero. (Note 3) 0.03 0.1 0.03 0.3 "VI'C ~ 

Input Offset CUrrent los Ic= 1OI'A 15 nA 0 
Input Offset ~ 

TClos Ic = 10"A. (Note 4) 40 90 40 150 pArC ...... 
Current Drift Vl 

Input Bias Current IB Ic= 10"A 60 70 nA ~ Ic = lmA. (Note 2) 275 250 

Ic= 100 "A 225 200 f-t 
Current Gain hFE 

le=10"A 175 150 Cl 
Ic=I"A 150 100 ~ 

Collector-Base VeB = VMAX ::r:: 
ICBO 15 25 nA U 

Leakage Current TA = 125'C 

~ Collector-Emitter 
ICES 

VCE = VMAX' VBE = 0 
50 50 

Leakage Current TA = 125'C 
nA 

Collector-Collector 
Icc 

Vce = VMAX 
Leakage Current TA = 125'C 

30 40 nA 

NOTES: V 
1. Guaranteed by Vas test (TCVos = ....2§. for Vas < VBE) T = 298k for 

TA = 25·C. T 

2. Current gain is guaranteed with Collector-Base Voltage (VeB) swept from 
o to VMAX at the indicated collector currents. 

3. The initial zero offset voltage is established by adjusting the ratio of le1 to 
le2 at TA = 25·C. This ratio must be held to 0.003% over the entire 
temperature range. Measurements are taken atthe temperature extremes 
and 25·C. 

4. Guaranteed by design. 
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DICE CHARACTERISTICS 

DIE SIZE 0.060 X 0.056 Inch, 3,360 sq. mils 

(1.520 X 1.420: 216 sq. mm) 

1. COLLECTOR 1 
2. BASE 1 
3. EMITTER 1 
4. COLLECTOR 2 
5. BASE 2 
6. EMITTER 2 
7. SUBSTRATE 

For additional DICE Informalion refer 10 
1986 Dala Book, Seclion 2. 

WAFER TEST LIMITS at 25°C for VCB = 15V and Ic = 101'A, unless otherwise noted. 

MAT-02N 
PARAMETER SYMBOL CONDITIONS LIMITS 

Breakdown Voltage BVeEo 40 

Offset Voltage Vos tO~A5le5tmA 150 

Input Offset Current los 1.2 

Input Bias Current 18 VeB = OV 34 

Current Gain hFE 
le=lmA,VeB =OV 400 
Ie = 10~A, VeB = OV 300 

Current Gain Match <1hFE 10~A 51e 51mA, VCB = OV 

Offset Voltage 
<1VOS/<1VCB 

OV5 VCB 540V 
50 

Change vs V ce 10~A51c51mA 

Offset Voltage Change 
<1Vos/<1lc 

VeB=O 
50 

vs. Collector Current lO~A 51c 51mA 

Bulk Resistance reE 100~A 5 I C 5 10mA 0.5 

Collector Saturation 
VCE(SATI 

Ic=lmA 
0.2 

Voltage le= 100~A 

NOTE: 

UNITS 

VMIN 

~VMAX 

nAMAX 

nAMAX 

MIN 

%MAX 

~VMAX 

~VMAX 

OMAX 

V MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS VCB = 15V, Ic = 10!-,A, TA = 25° C, unless otherwise noted. 

MAT-02N 
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS 

Average Offset 
TCVos 

10~A51c51mA 
0.08 ~V/"C 

Voltage Drift 05 Vce5 VMAX 

Average Offset 
TClos Ic= 10~A 40 pN"C 

Current Drift 

Gain-Bandwidth 
fT VCE = 10V, Ic= 10mA 200 MHz 

Product 

Offset Current Change vs Vce <1losl<1Vce 05 Vee 540V 70 pNV 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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----------11fM!) MAT-02 LOW NOISE, MATCHED DUAL MONOLITHIC TRANSISTOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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________ -I~MAT-02 LOW NOISE, MATCHED DUAL MONOLITHIC TRANSISTOR 

LOG CONFORMANCE TEST CIRCUIT 

1V-10V 
RAMP 
GENERATOR 

Rl 
lkfl 

R2 

10kn 

LOG CONFORMANCE TESTING 
The log conformance of the MAT-02 is tested using the 
circuit shown above. The circuit employs a dual transdiode 
logarithmic converter operating at a fixed ratio of collector 
currents that are swept over a 10:1 range. The output of each 
transdiode converter is the VBE of the transistor plus an error 
term which is the product of the collector current and reE, the 
bulk emitter resistance. The difference of the VeE isamplified 
at a gain of X100 by the AMP-01 instrumentation amplifier. 
The differential emitter-base voltage (.:1VeE) consists of a 
temperature-dependent DC level plus an AC error voltage 
which is the deviation from true log conformity as the collector 
currents vary. 

The output of the transdiode logarithmic converter comes 
from the idealized intrinsic transistor equation (for silicon): 

kT Ic 
VeE = - In -I where (1) 

q s 
k = Boltzmann's Constant (1.38062 X 10-23 J/o K) 
q = Unit Electron Charge (1.60219x 10-19 C) 
T = Absolute Temperature, 0 K (= 0 C + 273.2) 
Is = Extrapolated Current for VeE-O 
Ic = Collector Current 

9-17 

An error term must be added to this equation to allow for the 
bulk resistance (reE) of the transistor. Errordue to the op amp 
input current is limited by use of the OP-15 BIFET-input op 
amp. The resulting AMP-01 input is: 

kT ICl 
.:1VBE = - In - + ICl rBEl - 1C2 rBE2 (2) 

q IC2 

A ramp function which sweeps from 1 V to 10V is converted by 
the op amps to a collector current ramp through each 
transistor. Because ICl is made equal to 10 IC2' and assuming 
TA = 250 C, the previous equation becomes: 

.:1VeE = 59mV + 0.9 ICl rBE (.:1rBE - 0) 

As viewed on an oscilloscope, the change in .:1VeE for a 10:1 
change in Ic is then displayed as shown below: 

{ 

_____ ) OVo =90'Cl'BE 

VOUT --------j 
S.9V 

COLLECTOR CURRENT I 
1mA TOmA 
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________ --\~MAT-02 LOW NOISE, MATCHED DUAL MONOLITHIC TRANSISTOR 

With the oscilloscope AC coupled, the temperature depen
dent term becomes a DC offset and the trace represents the 
deviation from true log conformity. The bulk resistance can 
be calculated from the voltage deviation avo and the change 
in collector current (SmA): 

avo 1 
rSE = SmA X 100 (3) 

This procedure finds rSEfor Side A. SWitching R1 and R2Wili 
provide the rSEfor Side B. Differential rSEis found by making 
R1 = R2. 

APPLICATIONS: NONLINEAR FUNCTIONS 
MULTIPLIER/DIVIDER CIRCUIT 
The excellent log conformity of the MAT -02 over a very wide 
range of collector current makes it ideal for use in log-antilog 
circuits. Such nonlinear functions as multiplying, dividing, 
squaring, and square-rooting are accurately and easily 
implemented with a log-antilog circuit using two MAT-02 
pairs (see Figure 1). The transistor circuit accepts three input 
currents (1 1, 12, and 13) and provides an output current 10 
according to 10= 1112/13. All four currents must be positive in 
the log-antilog circuit, but negative input voltages can be 

Figure 1. One-Quadrant Multiplier/Divider 

9-18 

easily accomodated by various offsetting techniques. Pro
tective diodes across each base-to-emitter junction would 
normally be needed, but these diodes are built into the 
MAT -02. External protection diodes are therefore not needed. 

For the circuit shown in Figure 1, the operational amplifiers 
make 11 = Vx/R1, 12 = Vy/R2, 13 = Vz/R3, and 10 = Vo/Ro. The 
output voltage for this one-quadrant, log-antilog multiplierl 
divider is ideally: 

R3 Ro Vx Vy 
Vo= R1 R2 --v;- (Vx, Vy, Vz>O) (4) 

If all the resistors (Ro, R1, R2, R3) are made equal, then Vo= 
VxVy/Vz. Resistorvalues of 50kO to 100kO are recommended 
assuming an input range of 0.1V to +10V. 

ERROR ANALYSIS 
The base-to-emitter voltage of the MAT -02 in its forward
active operation is: 

kT Ie 
VSE = - In -I +rSE Ie, Ves- 0 

q s 
(5) 

The first term comes from the idealized intrinsic transistor 
equation previously discussed (see equation (1)). 
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r-________ --," 

V,o----~~~1_----~---_r 

3kH 

Figure 2. Compensation of Bulk Resistance Error 

Extrinsic resistive terms and the Early effect cause departure 
from the ideal logarithmic relationship. For small VCB' all of 
these effects can be lumped together as a total effective bulk 
resistance rBE. The rBEIC term causes departure from the 
desired logarithmic relationship. The rBEterm for the MAT-02 
is less than 0.50 and .:lrBE between the two sides is negligible. 

Returning to the multiplier/divider circuit of Figure 1 and 
using Equation (4): 

VBE'A + VBE2A - VBE2B - VBE'B + (I, + 12 -10 -13) rBE = 0 

If the transistor pairs are held to the same temperature, then: 

kT I, 12 kT IS'A IS2A 
-In--=-In I I +(I,+12 -lo-13)rBE (6) 
q 13 10 q S'B S2B 

If all the terms on the right-hand side were zero, then we 
would have In (I, 12/13 10) equal to zero which would lead 
directly to the desired result: 

I, 12 
10 = ~ ,where I" 12, 13,10> 0 (7) 

Note that this relationship is temperature independent. The 
right-hand side of Equation (6) is near zero and the output 
current 10 will be approximately I, 12/1 3. To estimate error, 
define</> as the right-hand side terms of Equation (6): 

IS'A IS2A q 
</>=In l I +kT(I,+12- lo- 13)rBE (8) 

S'B S2B 

For the MAT-02, In (ISA/lsB) and ICrBE are very small. For 
small </>, .</> - 1 + </> and therefore: 

I, 12 
10--(1-</» 

13 

(9) 

The In (ISA/lsB) terms in </> cause a fixed gain errorof less than 
±0.6% from each pair when using the MAT-02, and this gain 
error is easily trimmed out by varying Ro. The ICrBEtermsare 
more troublesome because they vary with signal levels and 
are multiplied by absolute temperature. At 25° C, kT/q is 

9-19 

approximately 26mVand the errordue to an rBElcterm will be 
rBElcl26mV. Using an rBE of 0.40 for the MAT-02 and 
assuming a collector-current range of up to 200~A, then a 
peak error of 0.3% could be expected for an rBEIC error term 
when using the MAT-02. Total error is dependent on the 
specific application configuration (multiply, divide, square, 
etc.) and the required dynamic range. An obvious way to 
reduce IcrBE error is to reduce the maximum collector 
current, but then op amp offsets and leakage currents 
become a lim iti ng factor at low input levels. A desig n range of 
no greater than 10~A to 1 mA is generally recommended for 
most nonlinear function circuits. 

A powerful technique for reducing error due to ICrBEisshown 
in Figure 2. A small voltage equal to ICrBE is applied to the 
transistor base. For this circuit: 

(10) 

The error from rBEIC is cancelled if Rc/R2 is made equal to 
rBE/R,. Since the MAT-02 bulk resistance is approximately 
0.390, an Rc of 3.90 and R2 of 10R, will give good error 
cancellation. 

In more complex circuits, such as the circuit in Figure 1, it 
may be inconvenient to apply a compensation voltage to 
each individual base. A better approach is to sum all 
compensation to the bases of Q1. The "A" side needs a base 
voltage of (Vo/Ro+ VZ/R3) rBEand the "8" side needsa base 
voltage of (Vx/R, + Vy/R2) rBE. Linearity of better than ±0.1 % 
is readily achievable with this compensation technique. 

Operational amplifier offsets are another source of error. In 
Figure 2, the input offset voltage and input bias current will 
cause an error in collector current of (Vos/R,) + lB. A low 
offset op amp, such as the OP-07 with less than 75~V of Vos 
and IB of less than ±3nA, is recommended. The OP-22/32, a 
programmable micropower op amp, should be considered if 
low power consumption or single-supply operation is 
needed. The value of frequency-compensating capacitor 
(Co) is dependent on the op amp frequency response and 
peak collector current. Typical values for Co range from 
30pF to 300pF. 

FOUR-QUADRANT MULTIPLIER 
A simplified schematic for a four-quadrant log/antilog multi
plier is shown in Figure 3. As with the previously discussed 
one-quadrant multiplier, the circuit makes 10= I, 12/13. The 
two input currents, I, and 12, are each offset in the positive 
direction. This positive offset is then subtracted out at the 
output stage. Assuming ideal op amps, the currents are: 

(11 ) 

Vx Vy VA Vo VA 
10 = "R;""+ "R;""+R;+ Ro' 13=R; 

From 10 = I, 12/13, the output voltage will be: 

Ro R2 Vx Vy 
Vo=-- --

R,2 VA 
(12) 
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Collector-current range is the key design decision. The 
inherently low rBEofthe MAT-02 allows the use of a relatively 
high collector current. For input scaling of ± 10V full-scale 
and using a 10V reference, we have a collector-current range 
for I, and 12 of: 

( -10 +~) :S le:S (~+~) (13) 
R, R2 R, R2 

Practical values for R, and R2 would range from 50kO to 
l00kO. Choosing an R, of 82kO and R2 of 62kO provides a 
collector-current range of approximately 39~A to 283~A. An 
Ro of 108kO will then make the output scale factor 1/10 and 
Vo = Vx Vv/10. The output, as well as both inputs, are scaled 
for ± 10V full-scale. 

Linear error for this circuit is substantially improved by the 
small correction voltage applied to the base of 01 as shown 
in Figure 3. Assuming an equal bulk emitter resistance for 
each MAT -02 transistor, then the error is nulled if: 

(I, + 12-13-10) rBE+ pVo= 0 

The currents are known from the previous discussion, and 
the relationship needed is simply: 

Vo=~Vo 
Ro 

(14) 

The output voltage is attenuated by a factor of rBEIRo and 
applied to the base of 01 to cancel the summation of voltage 
drops due to rBEle terms. This will make In (I, 12/1310) more 
nearly zero which will thereby make 10 = I, 12/13 a more 
accurate relationship. Linearity of better than 0.1 % is readily 
achievable with this circuit if the MAT-02 pairs are carefully 
kept at the same temperature. 

RO=l08kn 

R1=82kn 

R20t62kil "2 

Vx 
", 

"2 
Vy ", 

"2 
"2 

Figure 3. Four-Quadrant Multiplier 

MULTIFUNCTION CONVERTER 
The multifunction converter circuit provides an accurate 
means of squaring, square rooting, and of raising ratios to 
arbitrary powers. The excellent log conformity ofthe MAT -02 
I!II0ws a wide range of exponents. The general transfer 
function is: 

(vz)m 
Vo= Vv Vx (15) 

Vx, Vv, and Vz are input voltages and the exponent u m" has a 
practical range of approximately 0.2 to 5. Inputs Vxand Vvare 
often taken from a fixed reference voltage. With a REF-Ol 
providing a preCision + 10V to both Vx and Vv, the transfer 
function would simplify to: 

( Vz)m Vo=10 10 (16) 

As with the multiplierldivider circuits, assume that the 
transistor pairs have excellent matching and are at the same 
temperature. The In ISA/lsB will then be zero. In the circuit of 
Fig u re 4, the voltage drops across the base-emitter junctions 
of 01 provide: 

(17) 

IzisVz/R, and IxisVx/R,. Similarly, the reiationshipfor02 is: 

RB kT 10 ----=--:-:--::- VA = - In -
RB + (l-K)RA q Iv 

(18) 

10 is VoiRo and Iv is Vv/R,. These equations for 01 and 02 
can then be combined. 

RB + KRA In ~ = In .!.Q... (19) 
RB + (l-K)RA Ix Iv 

+15V 
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Substituting in the voltage relationships and simplifying 
leads to: 

Ro (vz)m 
VO=R,Vy Vx ,where 

(20) 

m = Re+ KRA 
Re+ (l-K) RA 

The factor "K" is a potentiometer position and varies from 
zero to 1.0, so"m" ranges from Re/(RA+ Re) to (Re+ RA)/Re. 
Practical values are 12SO for Reand SOOO for RA; these values 
will provide an adjustment range of 0.2 to S.O. A value of 
l00kO is recommended for the R, resistors assuming a full
scale input range of 10V. As with the one-quadrant multiplier/ 
divider circuit previously discussed, the Vx, Vy,and Vzinputs 
must all be positive. 

The op amps should have the lowest possible input offsets. 
The OP-07 is recommended for most applications, although 
such programmable micropower op amps as the OP-22 or 
OP-32 offer advantages in low-power or single-supply 
circuits. The micropower op amps also have very low input
bias-current drift, an important advantage in log/antilog 
circuits. External offset nulling may be needed, particularly 
for applications requiring a wide dynamic range. Frequency
compensating capacitors, on the order of SOpF, may be 
required for A2 and A3. Amplifier Al is likely to need a larger 
capacitor, typically 0.0047j.1F, to assure stability. 

Accuracy is limited at the higher input levels by bulk emitter 
resistance, but this is much lower for the MAT-02 than for 
other transistor pairs. Accuracy at the lower signal levels 
primarily depends on the op amp offsets. Accuracies of 

Vz o----\M~-..... -I 

AA=500n 

AB=125n 

better than 1% are readily achievable with this circuit config
uration and can be better than ±0.1% overa limited operating 
range. 

FAST LOGARITHMIC AMPLIFIER 
The circuit of Figure S is a modification of a standard 
logarithmic amplifier configuration. Running the MAT-02 at 
2.SmA per side (full-scale) allows a fast response with wide 
dynamic range. The circuit has a 7 decade current range, a S' 
decade voltage range, and is capable of 2.Sj.lsec settling time 
to 1% with a 1 to 10V step. 

The output follows the equation: 

R3 + R2 kT VREF 
Vo=----In --

R2 q Vin 
(21 ) 

The output is inverted with respect to the input, and is nomi
nally-lV/decade using the component values indicated. 

LOW-NOISE x1000 AMPLIFIER 
The MAT-02 noise voltage is exceptionally low, only 
1 nV/viHZ at 10Hz when operated over a collector-current 
range of 1 to 4mA. A single-ended Xl000 amplifier that takes 
advantage of this low MAT -02 noise level is shown in Figure 6. 
In addition to low noise, the amplifier has very low drift and 
high CMRR. An OP-32 programmable low-power op amp is 
used forthe second stage to obtain good speed with minimal 
power consumption. Small-signal bandwidth is 1 MHz, slew
rate is 2.4v/j.ls, and total supply current is approximately 
2.8mA. 

>-<t-----O Vo 

AO (vz)m vo=-Vy-
A1 Vx 

A1=100kn 

Ao-1ookn 

cO-O.0047pF 

Vyo----\M~----------------------~ 

Figure 4. Multifunction Converter 

9-21 1/86, Rev. A 

II 



---------11fMD MAT-02 lOW NOISE, MATCHED DUAL MONOLITHIC TRANSISTOR 

Transistors 02 and 03 form a 2mA current source 
(0.65V/3300 - 2mA). Each collector of 01 operates at 1 mAo 
The OP-32 inputs are 3V below the positive supply voltage 
(RLIC - 3V). The OP-32's low input offset current, typically 
less than 1 nA, and low offset voltage of 1 mV cause negligible 
error when referred to the amplifier input. Input stage gain is 
gmRL' which is approximately 100 when operating at Ie of 
1 ma with RL of 3kO. Since the OP-32 has a minimum open
loop gain of 500,000, total open-loop gain for the compOSite 
amplifier is over 50 million. Even at closed-loop gain of 1000, 
the gain error due to finite open-loop gain will be negligible. 
The OP-32 features excellent symmetry of slew-rate and 
very linear gain. Signal distortion is minimal. 

Frequency compensation is very easy with this circuit; just 
vary the set-resistor Rs for the desired frequency response. 
Gain-bandwidth of the OP-32 varies directly with the supply 
current. A set resistor of 549kO was found to provide the best 
step response for this circuit. The resultant supply current is 
found from: 

(V+) - (V-) - (2VBE) I - 15 I (22) 
RSET = ISET ' SY - SET 

4kn 
VIN 

(0 to lOY) R. 

VREF 

10V 4kn 

R, 

R2 - TEL LABS Q81E (+O.35%/-CI 

-15V 

Figure 5. Fast Logarithmic Amplifier 

The ISET' using ±15V supplies and an RSET of 549kO, is 
approximately 52j.1A which will result in supply current of 
784j.1A. 

DynamiC range of this amplifier is excellent; the OP-32 has an 
output voltage swing of ± 14V with a ± 15V supply. 

9-22 

Input characteristics are outstanding. The MAT-02B/F has 
offset voltage of less than 150j.lV at 25°C and a maximum 
offset drift of 1j.1V/oC. Nulling the offset will further reduce 
offset drift. Thiscan be accomplished by slightly unbalancing 
the collector load resistors. This adjustment will reduce the 
drift to less than 0.1j.1V/oC. 

Input bias current is relatively low due to the high current 
gain of the MAT -02. The minimum p of 400 at 1 mA for the 
MAT-02B/F implies an input bias current of approximately 
2.5j.1A. This circuit should be used with signals having 
relatively low source impedance. A high source impedance 
will degrade offset and noise performance. 

This circuit configuration provides exceptionally low input 
noise voltage and low drift. Noise can be reduced even 
further by raising the collector currents from 1 mA to 3mA, 
but power consumption is then increased. 

+15V D------1rn;;=;o-;;:;-;-----, 

20kn 

20n 

+15V 

Figure 6. Low-NOise, Single-Ended X1000 Amplifier 
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Precision Monolithics Inc. 

FEATURES 

• Low Offset Voltage ...•.•............... 150fLV Max 
• High Current Gain ...••......•...•...•.... 400 Min 
• Excellent Current Gain Match ....••..•..... 2% Max 
• Low Noise Voltage at 100Hz, 1mA .•... 2.5nV/JHZMax 
• Excellent Log Conformance ........ rBE = 0.60, Max 
• Matching Guaranteed for All Transistors 

ORDERING INFORMATIONt 

PACKAGE 

TA = 25°C HERMETIC EPOXY" OPERATING 
Vas MAX DIP DIP TEMPERATURE 

(fLV) 14-PIN 14-PIN RANGE 

150ILV MAT04AY' MIL 
150ILV MAT04EY MAT04EP IND 
300ILV MAT04BY' MIL 
300ILV MAT04FY MAT04FP IND 

" For devices processed in total compliance to MIL-STD-883, add 1883 after part 
number. Consult factory for 883 data sheet. 

""Epoxy packaged devices available in 1 st Quarter, 1986. 
t All commercial and industrial temperature range parts are available with burn-in. 

For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 

The MAT-04 is a quad monolithic NPN transistor that offers 
excellent parametric matching for precision amplifier and non
linear circuit applications. Performance characteristics of the 
MAT-04 include high gain (400 minimum) over a wide range 
of collector current, low nOise (2.5nV/v'RZ maximum at 100Hz, 
Ic = 1mA) and excellent logarithmic conformance. The MAT-04 
also features a low offset voltage of 150fLV and tight current gain 
matching, to within 2%. Each transistor of the MAT-04 is 
individually tested to data sheet speCifications. For matching 
parameters (offset voltage, input offset current, and gain match), 
each of the dual transistor combinations are verified to meet 
stated limits. Device performance is guaranteed at 25°C and over 
the industrial and military temperature ranges. 

The long-term stability of matching parameters is guaranteed by 
the protection diodes across the base-emitter junction of each 
transistor. These diodes prevent degradation of beta and match
ing characteristics due to reverse bias base-emitter current. 

The superior logarithmic conformance and accurate matching 
characteristics of the MAT-04 makes it an excellent choice for use 
in log and antilog circuits. The MAT-04 is an ideal choice in 
applications where low noise and high gain are required. 

MAT-04 
MATCHED MONOLITHIC 

QUAD TRANSISTOR 

PRELIMINARY 
PIN CONNECTIONS 

14-PIN HERMETIC DIP 
(Y-Suffix) 

14-PIN EPOXY DIP 
(P-Suffix) 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Collector-Base Voltage (BVCBO) ................... 40V 
Collector-Emitter Voltage (BVCEo) . . . . . . . . . . . . . . . . .. 40V 
Collector-Collector Voltage (BVcc) ................. 40V 
Emitter-Emitter Voltage (BVEE) .................... 40V 
Collector Current .............................. 30mA 
Emitter Current ............................... 30mA 
Substrate (Pin-4 to Pin-11) Current ................ 30mA 
Total Power Dissipation (Note 2) ................ 500mW 
Operating Temperature Range 

MAT-04AY, BY ..................... -55°C to + 125°C 
MAT-04EY, FY, EP, FP ............... -25°C to +85°C 

Storage Temperature 
Y Package ........................ -65°C to + 150°C 
P Package ........................ -65°C to + 125°C 

Lead Temperature (Soldering, 60 sec) .............. 300°C 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged devices. 
2. The table below lists maximum ambient temperature ratings and derating 

factors. 

PACKAGE TVPE 

14-Pin 
Hermetic DIP (V) 

14-Pin 
Epoxy DIP (P) 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

100°C 

42°C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

10mWrC 

6mwrc 

This preliminary product information is based on testing of a limited number of devices. Final specifications may vary. Please contact local sales 
office or distributor for final data sheet. 
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m MAT·04'MATCHED MONOLITHIC QUAD TRANSISTOR - PRELIMINARY 

ELECTRICAL CHARACTERISTICS at TA = 25°C unless otherwise noted. Each transistor is individually tested. For matching 

parameters (Vos. los • .1.hFE) each dual transistor combination is verified to meet stated limits. All tests made at endpoints unless other-

wise noted. 

MAT·04A/E MAT·04B/F 
PARAMETER SYMBOL CONOInONS MIN TYP MAX MIN TYP MAX UNITS 

10.,Aslc slmA 
Current Gain hFE OVsVcB s30V 400 800 300 800 

(Note 1) 

Current Gain 
Ic= 100.,A 

Match 
ahFE OVsVcB s3OV 0.5 2 4 % 

(Note 2) 

Offset VoHage Ves 
lP.,Aslc 5 1mA 

50 150 100 300 jJoV 
OVSVcB s 30V 

Offset Voltage 
10.,Aslc s lmA 

Changevs aVos/alc 5 25 10 50 jJoV 

Collector Current 
VCB=OV 

Offset VoHage 
aVos/aVca 

10.,Aslc s lmA 
50 100 100 200 jJoV 

Change VB VCB OVsVeB s 30V 

Bulk Emitter Resistance rBE 
10jJoAsIc s lmA 

0.4 0.6 0.4 0.6 n 
VeB=OV 

Input Bias Current IB 
le=100.,A 

125 250 165 330 nA 
OVsVoB s 30V 

Input Offset Current los 
le= 100.,A 

0.6 5 2 13 nA 
VeB=OV 

Breakdown Voltage BVeEo Ic=10.,A 40 40 V 

Collector Saturation 
VCE(SAl) 

IB= l00jJoA 
0.03 0.06 0.03 0.06 V 

VoHage le=lmA 

Collector-Base 
lOBO VeB =4OV 5 5 pA 

Leakage Current 

Noise Voltage 
VeB=OV fo=10Hz 2 3 2 4 

Density en le=lmA fo= 100Hz 1.8 2.5 1.8 3 nVl$z 
(Note 3) fo= 1kHz 1.8 2.5 1.8 3 

Gain Bandwidth 
fT 

le=lmA 
300 300 MHz 

Product veE = 10V 

Output Capacitance Coao 
Vca= 15V IE=O 

10 10 pF 
f=IMHz 

Input Capacitance CEBO 
VBE=OV le=O 

40 40 pF 
f=IMHz 

NOTES: 
1. Current gain measured at Ie = 10.,A. l00.,A and 1 mAo 

2. Current gain match is defined as: ahFE = 
100 (alB) (hFE min) 

Ie 
3. Sample tested. 
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~ MAT-04 MATCHED MONOLITHIC QUAD TRANSISTOR - PRELIMINARY 

ELECTRICAL CHARACTERISTICS at -25°C :S TA :S 85°C unless otherwise noted. Each transistor is individually tested. For 

matching parameters (Vos. los) each dual transistor combination is verified to meet stated limits. All tests made at endpoints unless 

otherwise noted. 

MAT-04E MAT-04F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

10IJ.AslcslmA 
Current Gain hFE OVSVcB s 30V 225 625 200 500 

(Note 1) 

Offset Voltage Vas 
10iJ.AslcslmA 

60 210 120 420 !LV 
OVsVcB S30V 

Average Offset 
Ic= IOOIJ.A 

Voltage Drift 
TCVas Vce=OV 0.2 0.4 ",VloC 

(Note 2) 

Input Bias Current IB 
Ic= 100IJ.A 

160 
OV S VCB S 30V 

445 200 500 nA 

Input Offset Current los 
Ic= 100",A 

4 
VCB=OV 

20 8 40 nA 

Average Offset 
TClos 

Ic= 100",A 
50 100 pA/oC 

Current Drift VCB=OV 

Breakdown Voltage BVCEO Ic= 10",A 40 40 V 

Collector· Base 
ICBO VcB =4OV 0.5 0.5 nA 

Leakage Current 

Collector· Emiller 
ICES VcE =4OV 5 5 nA 

Leakage Current 

Collector·Substrate 
Ics Vcs=4OV 0.7 0.7 nA 

II Leakage Current 

ELECTRICAL CHARACTERISTICS at -55°C :S TA :S 125°C unless otherwise noted. Each transistor is individually tested. For 

matching parameters (Vos. los) each dual transistor combination is verified to meet stated limits. All tests made at endpoints unless 
Vl 

otherwise noted. ~ 

MAT-04A MAT-04B 
0 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS !;; ...... 
10iJ.AslcslmA Vl 

Current Gain hFE OVsVcB S30V 175 475 125 425 ~ (Note 1) 

Offset Voltage Vas 
10IJ.AslcslmA 

70 250 140 500 IJ.V f-< 
OV S VCB " 30V Cl 

Average Offset 
Ic= IOOIJ.A Pol 

TCVos VCB=OV 0.2 0.4 2 IJ.vrc :r: 
Voltage Drift 

(Note 2) U 

Input Bias Current IB 
Ic= IOOIJ.A 

210 570 235 600 nA ~ OVsVcB S30V 

Input Offset Current los 
Ic= 100iJ.A 

6 30 12 60 nA 
VCB=OV 

Average Offset 
TClos 

Ic=I00iJ.A 
50 100 pA/oC 

Current Drift VCB=OV 

Breakdown Voltage BVCEO Ic= IOIJ.A 40 40 V 

Collector· Base 
ICBO VcB =4OV 5 5 nA 

Leakage Current 

Collector· Emitter 
ICES VCE =40V 100 100 nA 

Leakage Current 

Collector-Substrate 
Ics Vcs = 40V 7 nA 

Leakage Current 

NOTES: 
1. Current gain measured at Ic = 10iJ.A. 100iJ.A and 1 mAo 
2. Guaranteed by Vas test (TCVos " Vos/T for Vas < < VBE) T = 298°K for 

TA = 25°C. 
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----------IIEMD MAT·04 MATCHED MONOLITHIC QUAD TRANSISTOR - PRELIMINARY 

DICE CHARACTERISTICS 

DIE SIZE 0.059 x 0.059 inch, 3481 sq. mils 
(1.50 x 1.50 mm, 2.25 sq. mm) 

1. Ql COLLECTOR 
2. Ql BASE 
3. Ql EMITIER 
4. SUBSTRATE 
5. Q2EMITIER 
6. Q2BASE 
7. Q2 COLLECTOR 
8. Q3 COLLECTOR 
9. Q3BASE 

10. Q3 EMITIER 
11. SUBSTRATE 
12. Q4 EMITTER 
13. Q4BASE 
14. Q4 COLLECTOR 

For addition.1 DICE information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at TA = 25°C unless otherwise noted. Each transistor is individually tested. For matching parameters (Vas, 
los, dhFE) each dual transistor combination is verified to meet stated limits. All tests made at endpoints unless otherwise noted. 

MAT·04N 
PARAMETER SYMBOL CONOInONS LIMITS UNITS 

CurrenlGain hFE 
le~ l00f'A 

300 MIN 
OVSVeB S30V 

Current Gain Match 4hFE Ie ~ 100f'A, VeB ~ OV 4 % MAX 

Offset Voltage Vas 
10f'As les lmA 

300 .,.VMAX 
OVsVeB "30V 

Offset Voltage 
10f'A" Ie " 1 mA Changevs 4Vos/41e 50 .,.VMAX 

Collector Current 
VeB~OV 

Offset Voltage 
4Vos/4VeB 

10f'A s le slmA 
200 .,.VMAX 

ChangevsVeB OV"VeB ,,30V 

Bulk Emiller Resistance rBE 
10f'As les lmA 

0.6 ilMAX 
VeB~OV 

Collector Saturation 
VeE(SAT) 

IB ~ 100f'A 
0.06 V MAX 

Voltage le~lmA 

Input Bias Current IB 
le~ 100.,.A 

330 nAMAX 
OV"VeB s30V 

Input Offset Current los 
Ie ~ 100f'A 

13 nAMAX 
VeB~OV 

Breakdown Voltage BVeEo le~ 1O.,.A 40 VMIN 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield aiter packaging is not guaranteed for 
standard product dice. Consutt factory to negotiate based on dice lot qualification through sample lot assembly and testing. 
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----------I~ MAT -04 MATCHED MONOLITHIC QUAD TRANSISTOR - PRELIMINARY 

TYPICAL PERFORMANCE CHARACTERISTICS 
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-------~1fMD MAT-04 MATCHED MONOLITHIC QUAD TRANSISTOR - PRELIMINARY 

TYPICAL PERFORMANCE CHARACTERISTICS 

TOTAL NOISE vs 
COLLECTOR CURRENT 
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APPLICATION NOTES 
It is recommended that one of the substrate pins (Pins 4 and 11) 
be tied to the most negative circuit potential to minimize coupling 
between devices. Pins 4 and 11 are internally connected. 

APPLICATIONS 

CURRENT SOURCES 
The MAT-04 can be used to implement a variety of high impe
dance current mirrors as shown in Figures 1 , 2, and 3. These cur
rent mirrors can be used as biasing elements and load devices for 
amplifier stages. 

FIGURE 1: Unity Gain Current Mirror, lOUT = IREF 

Q2 

04 

v-

The unity-gain current mirror of Figure 1, using a MAT-04AY, has 
an accuracy of belter than 1 % and an output impedance of over 
100M!} at 100,...A. Figures 2 and 3 show modified current mirrors 
designed for a current gain of two, and one-half respectively. The 
accuracy of these mirrors is reduced from that of the unity-gain 
source due to base current errors but is still better than 2%. 

9-28 

FIGURE 2: Current Mirror, lOUT = 2 (lREF) 

02 

v-

FIGURE 3: Current Mirror, lOUT = 1/2 (lREF) 

lOUT 

01 

Q4 

v-

Figure 4 is a temperature independent current sink that has an 
accuracy of belter than 1 % over the military temperature range at 
an output current of 100~ to 1 rnA. The Schottky diode acts as a 
clamp to insure correct circuit start-up at power on. The resistors 
used in this circuit should be 1 % metal-film type. 
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_______ ---1~ MAT-04 MATCHED MONOLITHIC QUAD TRANSISTOR - PRELIMINARY 

FIGURE 4: Temperature Independent Current Sink, lOUT = 10V IRO 
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NONLINEAR FUNCTIONS 
An application where precision matched-transistors are a power
ful tool is in the generation of nonlinear functions. These circuits 
are based on the transistor's logarithmic property which takes the 
following idealized form: 

kT Ie VSE = -In-
q Is 

The MAT-04, with its excellent logarithmic conformance, main
tains this idealized function over many decades of collector cur
rent. This, in addition to the stringent parametric matching of the 
MAT-04, enables the implementation of extremely accurate logl 
antilog circuits. 

The circuit of Figure 5 is a vector summer that adds and subtracts 
logged inputs to generate the following transfer function: 

VOUT= _1_ ../VA2+VS2 
,ff 

9-29 

-15Y 

I This circuit uses two MAT-04AYs and maintains an accuracy of 
better than 0.5% over an input range of 10mV to 10V. The layout 
of the MAT-04s reduces errors due to matching and temperature 
differences between the two precision quad matched-transistors. 

Op amps A 1 and A2 translate the input voltages into logarithmic ~ 
valued currents (IA and Is in Figure 5) that flow through transistor 0 
0 3 and 0 5. These currents are summed by transistor 04 (-! 
(Io = IA + Is = ../112 + I~) which feeds the current-to-voltage ~ 
00...- 00""'''' of op ~p". To mol""", -""'Y, 1% ~ 
metal-film resistors should be used. ~ 

@ 
::r: 
~ 
~ 
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--------l~ MAT-04 MATCHED MONOLITHIC QUAD TRANSISTOR - PRELIMINARY 

FIGURE 5: Vector Summer 
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LOW NOISE, HIGH SPEED INSTRUMENTATION AMPLIFIER 
The circuit of Figure 6 is a very low noise, high speed amplifier, 
ideal for use in precision transducer and professional audio appli
cations. The performance of the amplifier is summarized in 
Table I. Figure 7 shows the input referred spot noise over the 
0-25kHz bandwidth to be flat at 1.2nVI v'Hi. Figure 8 highlights 
the low 1 If noise corner at 2Hz. 

TABLE I: Instrumentation Amplifier Characteristics 

The circuit uses a high speed op amp, the OP-17, preceded by an 
input amplifier. This consists of a precision dual matched-transis
tor, the MAT-02, and a feedback V-to-I converter, the MAT-04. 
The arrangement of the MAT-04 is known as a "linearized cross 
quad" which performs the vOltage-to-current conversion. The 
OP-17 acts as an overall nulling amplifier to complete the feed
back loop. Resistors R1, R2, and R3, R4 form voltage dividers 
that attenuate the output voltage swing since the "cross quad" ar
rangement has a limited input range. Biasing for the input stage is 
set by zener diode Z1 . At low currents the effective zener voltage 
is about 3.3V due to the soft knee characteristic of the zener 
diode. This results in a bias current of 530 ... A per side for the input 
stage. The gain equation for this amplifier is: 

Your 
( R10 Rll ) (R4R+3R3) 

R1O+ Rll 

and for the values shown in Figure 6 this equation becomes: 

Your = 33000 
VIN RG 

9-30 

Input Noise 
VoHage Density 

Bandwidth 

Slew Rate 

Common-Mode 
Rejection 

Distortion 

Settling Time 

Power Consumption 

G = 1000 
G=100 
G=10 

G=500 
G=100 
G=10 

G= 1000 

G=100 
f = 20Hz to 20kHz 

G= 1000 

1.2nV/JHi 
3.6nV/VHZ 
30nV/v'HZ 

400kHz 
1MHz 

1.2MHz 

4OV/.,.s 

130dB 

0.03% 

10.,.s 

350mW 
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---------l~ MAT-04 MATCHED MONOLITHIC QUAD TRANSISTOR - PRELIMINARY 

FIGURE 6: Low Noise, High Speed Instrumentation Amplifier 
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RG = 33H GAIN = 1000 

>-....... ---oVOUT 

L-------~--------------~--------------------------------------------------_o-15V 

FIGURE 7: Spot Noise of the Instrumentation Amplifier from 
0-25kHz at a Gain of 1000 

NORMALIZED VERTICAL AXIS = 2.6nVlv'Hz/DIVISION 
REFERENCED TO INPUT. 
HORIZONTAL AXIS '= 0 TO 25kHz. 

9-31 

FIGURE 8: Low Frequency Noise Spectrum Showing Low 2Hz 
Noise Corner. Gain = 1000. 

HORIZONTAL AXIS = 0 TO 5Hz 
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---------I~ MAT-04 MATCHED MONOLITHIC QUAD TRANSISTOR - PRELIMINARY 

FIGURE 9: Voltage-Controlled Attenuator 
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VOLTAGE-CONTROLLED ATTENUATOR 
The voltage-controlled attenuator (VCA) of Figure 9, widely used 
in professional audio circles, can easily be implemented using a 
MAT-04. The excellent matching characteristics of the MAT-04 
enables the VCA to have a distortion level of under 0.03% over a 
wide range of control voltages. The VCA accepts a 3V RMS input 
and easily handles the full 20Hz-20kHz audio bandwidth as 
shown in Figure 10. Noise level for the VCA is more than 110dB 
below maximum output. 

In the voltage-controlled attenuator, the input signal modulates 
the stage current of each differential pair. Op amps A2 and A3 in 
conjunction with transistors 05 and 06 form voltage-to-current 
converters that transform a single input voltage into differential 
currents which form the stage currents of each differential pair. 
The control voltage shifts the current between each side of the 
two differential pairs, regulating the signal level reaching the out
put stage which consists of op amp A 1. Figure 11 shows the in
crease in signal attenuation as the control voltage becomes more 
negative. 

9-32 

The ideal transfer function for the voltage-controlled attenuator is: 

VouTlVlN = ( (2 R14 )/( kT ) ) 1 + exp (-V control) -
R13+ R14 q 

Where k = Boltzmann constant 1.38 x 10-23 J/OK 
T = temperature in OK 
q = electronic charge = 1.602 x 10-19C 

From the transfer function it can be seen that the maximum gain 
of the circuit is 2 (6dB). 

To insure best performance, resistors R2 through R7 should be 
1% metal film resistors. Since capacitor C2 can see small 
amounts of reverse bias when the control voltage is positive, it 
may be prudent to use a nonpolarized tantalum capacitor. 

1/86, Rev. A 



--------I!EMD MAT-04 MATCHED MONOLITHIC QUAD TRANSISTOR - PRELIMINARY 

FIGURE 10: Voltage-Controlled Attenuator, 
Attenuation vs Frequency 
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FIGURE 11: VOltage-Controlled Attenuator, 
Attenuation vs Control Voltage 
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Precision Monolith ics Inc. 

INTRODUCTION 
Voltage references provide a constant output 
voltage irrespective of changes in input voltage, 
output current, or temperature. References are 
needed in such diverse equipment as power 
supplies, panel meters, calibration standards, 
precision current sources, data conversion sys
tems, and control set-point circuits. 

Line regulation, load regulation (output impe
dance), and temperature coefficient specifica
tions indicate how close a reference will be to an 
ideal voltage source. Line regulation specifies 
reference-output-voltage vs. input-voltage 
changes. Output voltage changes due to load 
current variations are reflected by load regula
tion specifications. Temperature coefficient 
specifications indicate output voltage variation 
over temperature. 

PMI references use the bandgap principle which 
sums voltages with negative and positive 
temperature coefficients to yield a stable output 
voltage over temperature. A transistor base
emitter-junction voltage (VSE) exhibits a nega
tive temperature coefficient. Two transistors 
operating with unequal current densities will 
have different VSES and the difference, dVSE, 
exhibits a positive temperature coefficient. 
When dVSE is amplified and added to VSE, a 
near-zero temperature coefficient results if the 
sum equals 1.23V. The 1.23V level is then ampli
fied to provide stable output voltages of +5.00V 
or +10.00V. The bandgap technique has the 
advantages of low power consumption, low noise, 
and excellent long-term stability. 

PMI's zener-zapping technique allows for trim
ming of the dVSE amplification factor to ensure 
low output voltage temperature coefficients. 
Additional zapping trims the output's absolute 
value to within specified limits. 
The REF-01 and REF-02 are stable + 10.00V and 
+5.00V monolithic bandgap voltage references. 
Output voltages are adjustable with small effect 
on output-voltage temperature coefficients. The 
REF-02 provides an additional output voltage 
that has a linear temperature dependence. 

The REF-05 and REF-10 are premium versions 
of the REF-01 and REF-02 that have guaranteed 
long-term stability and MIL-STO-883 process-

10-3 
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ing. Extensive testing over a long period of time, 
combined with tight control of processing, has 
enabled PMI to specify limits on output change 
with time. 

DEFINITIONS 
Line Regulation - The ratio of the change in 
output voltage to the change in input (line) vol
tage producing it. It includes the effects of 
self-heating. 

Load Regulation - The ratio of the change in 
output voltage to the change in load current. It 
includes the effects of self-heating. 

~ 
Output Change With Temperature (dVod - The sa 
absolute difference between the maximum out- H 
put voltage and the minimum output voltage .... 
over the specified temperature range expressed ~ 
as a percentage of the typical output voltage. 

dVOT=IVMAX-VMINlx 100 
Vo (Typical) 

Output Temperature Coefficient (TCVo) - The 
ratio of output change with temperature varia
tion to the specified temperature range 
expressed in ppm/o C. For example, TCVo is 
defined as dVOT divided by the temperature 
range; i.e., 

TCV (O°C to +700 C) = dVOT(O°C to +70°C) 
o 700C 

and TCVo(-55°C to +125°C) = 

dVOT(-55°C to +125°C) 
180°C 

Output Turn-On Settling Time (tON) - The time 
required for the output voltage to reach its final 
value within a specified error band after applica
tion of V,N. 

Output Voltage Noise (enp_p) - The peak-to
peak output noise voltage within a specified fre
quency band. 

Quiescent Supply Current (ISY) - The current 
required from the supply to operate the device 
with no load. 

I 



Precision MonolithlcS Inc. 

FEATURES 
• 10 Volt Output ........................... ±0.3% Max 
• Adjustment Range .......................... ±3% Min 
• Excellent Temperature Stability ....... 8.5ppm/o C Max 
• Low Noise .............................. 30/LVp_p Max 
• Low Supply Current ....................... 1.4mA Max 
• Wide Input Voltage Range ................. 13V to 33V 
• High Load-Driving Capability ................... 20mA 
• No External Components 
• Short-Circuit Proof 
• MIL-STD-883 Screening Available 

ORDERING INFORMATIONt 

PACKAGE 

TA =25'C HERMETIC PLASTIC OPERATING 
AVO MAX TO-99 DIP DIP TEMPERATURE 

(mV) a-PIN a-PIN a-PIN LCC RANGE 

± 30 REF01AJ' REF01AZ' MIL 
± 30 REF01EJ REF01EZ COM 
± 50 REF01J' REF01Z' REFOI RC/883 MIL 
± 50 REF01HJ REF01HZ REF01HP COM 
±100 REF01CJ REF01CZ REF01CP COM 

'For devices processed in total compliance to MIL-STD-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering informatIon see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The REF-01 precision voltage reference provides a stable 
+10V output which can be adjusted over a ±3% range with 
minimal effect on temperature stability. Single-supply opera
tion over an input voltage range of 12V to 40V, low current 

SIMPLIFIED SCHEMATIC 

REF-Ol 
+ IOV PRECISION 

VOLTAGE REFERENCE 

drain of 1 mA, and excellenttemperature stability are achieved 
with an improved bandgap design. Low cost, low noise, and 
low power make the REF-01 an excellent choice whenever a 
stable voltage reference is required. Applications include 
D/A and AID converters, portable instrumentation, and dig
ital voltmeters. Full military temperature range devices with 
screening to MIL-STD-883 are available. For guaranteed 
long-term drift see the REF-10 data sheet. 

PIN CONNECTIONS 

N.C. 

• v,:,:,07 N.C
VOUT 

N.C. 3 5 TRIM 

• 
GROUND 

(CASEI 

TO-99 
(J-Sufflx) 

REF-01RC/883 
LCC 

(RC-Sufflx) 

EPOXY MINI-DIP 
(P-Sufflx) 

8-PIN HERMETIC DIP 
(Z-Sufflx) 

r-----~c--~---~--------~---<l'NPUT 

R3 

R5 
Q1~.NY-~~---~~~-----~~-----+----~ 

R1 

R2 

R15 

019 

2 

OUTPUT 
6 

R12 ""'6.7kn 

R9 "" 50kn 
TRIM 

5 

A1l"" 2kfl 

L-________ ~-------------~----~--~4GROUND 
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-------------I1fMD REF-01 +10V PRECISION VOLTAGE REFERENCE 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Input Voltage 
REF-01, A, E, H, RC, All DICE .................... 40V 

REF-01C .•••.••.••..••••.••••.••••••.••••.•••••• 30V 

Power Dissipation (Note 1) ...••••..••••.•.•.•••. 500mW 

Output Short-Circuit Duration 
(to Ground or VIN) ••.••.•..••••••.•••.••.••. Indefinite 

Storage Temperature Range 
J, RC, and Z Packages .•••••••.•.•.• -65° C to +150°C 

P Package •••.•..•.••.....••......• -65° C to +125°C 

Operating Temperature Range 
REF-01A, REF-Ol, REF-01RC ..•••.•. -55°C to +125°C 
REF-01 E, REF-01 H, 
REF-01C .......•.....•.•••.•.•.••.•.••• O°C to +70°C 

DICE Junction Temperature (Tj) ••••••• -65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) •••••••••••• 300·C 

NOTES: 

1. See table for maximum ambient temperature rating and derating factor. 

PACKAGE TYPE 

TO-99 (J) 
B-Pin Hermetic DIP (Z) 

8-Pin Plastic DIP (P) 
LCC(RC) 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

SO'C 
7S'C 
3S'C 
72'C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

7.lmWI'C 
6.7mW/'C 
S.SmW/'C 
7.BmW/'C 

2. Absolute maximum ratings apply to both packaged parts and DICE, unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at VIN = +15V, TA = 25·C, unless otherwise noted. 

REF-01A1E REF-01/H 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Output Voltage Vo Il =0 9.97 10.00 10.03 9.95 10.00 10.05 V 

Output Adjustment Range d,Vtrim R~ = 10kn ±3.0 ±3.3 ±3.0 ±3.3 % 

Output Voltage Noise en~_~ O.IHz to 10Hz (Note S) 20 30 20 30 IIV~_~ 

Line Regulation (Note 4) V'N = 13V to 33V O.OOS 0.010 0.006 0.010 %IV 

Load Regulation (Note 4) Il =Oto 10mA O.OOS O.OOS 0.006 0.010 %/mA 

Turn-on Settling Time ton To ±O.I% of final value 5 5 liS 

Quiescent Supply Current ISY No Load 1.0 1.4 1.0 1.4 mA 

Load Current Il 10 21 10 21 mA 

Sink Current Is -0.3 -0.5 -0.3 -0.5 mA 

Short-Circuit Current Ise Vo=O 30 30 mA 

ELECTRICAL CHARACTERISTICS at VIN = +15V, -55·C:5 TA:5 +125·C and IL = OmA, unless otherwise noted. 

PARAMETER 

Ouput Voltage Change with 
Temperature (Notes I, 2) 

Output Voltage 
Temperature Coefficient 

Change in Vo Temperature 
Coefficient with Output 
Adjustment 

Line Regulation 
(V'N = 13V to 33V) (Note 4) 

Load Regulation 
(ll = 0 to SmA) (Note 4) 

NOTES: 

SYMBOL 

TCVO 

CONDITIONS 

O'C$TA $+70'C 
-55'C$TA $+125'C 

(Note 3) 

Rp= 10kO 

O'C $ TA$ +70'C 
-55'C$TA $+125'C 

O°C~TA::;:+70°C 

-55'C$TA $+125'C 

I. .1VOT is defined as the absolute difference between the maximum 
output voltage and the minimum output voltage over the speCified 
temperature range expressed as a percentage of 10V: 

.1V =IVMAX -V,.41Nlx 100 
OT 10V 

2. .1VOT specification applies trimmed to + 10.OOOV or untrimmed. 
3. TCVo is defined as .1VOT divided by the temperature range, i.e., 

10-5 

REF-01A1E REF-01/H 
MIN TYP MAX MIN TYP MAX UNITS 

0.02 0.06 0.07 0.17 
0.06 0.15 O.IS 0.45 

% 

3.0 B.5 10.0 25.0 ppm/'C 

0.7 0.7 ppm/% 

0.007 0.012 0.007 0.012 
0.009 0.Q15 0.009 0.015 

%IV 

0.006 0.010 0.007 0.012 
%/mA 

0.007 0.012 0.009 0.015 

.1VOT (0' to +70'C) 
TCVo (0' to +70'C) = 70'C 

.1VOT (-55' to +125'C) 
and TCVo (-55' to +125'C) = ISO'C 

4. Line and Load Regulation speCifications include the effect of self heating. 
5. Guaranteed by design. 
6. Sample tested. 

1/86, Rev. A 
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__________ --IlfMDREF-01 +10V PRECISION VOLTAGE REFERENCE 

ELECTRICAL CHARACTERISTICS at VIN = +15V, TA = 25°C, unless otherwise noted. 

REF-01C 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Output Voltage IL =OmA 9.90 10.00 10.10 V 

Output Adjustment Range ~Vtrim Rp= 10kfl ±2.7 ±3.3 % 

Output Voltage Noise enp_p 0.1 Hz to 10Hz (Note' 6) 25 35 /lVp_p 

,Line Regulation (Note 4) Y,N = 13V to 30V 0.009 0,015 %N 

IL=Ot08mA 0.006 0.015 
%/mA 

IL =Ot04mA 0.006 0.D15 
Load Regulation (Note 4) 

Turn-on Settling Time tON To±0.1% offlnal value 5 /IS 

Quiescent Supply Current ISY No Load 1.0 1.6 mA 

Load Current IL 8 21 mA 

Sink Current Is -0.2 -0.5 mA 

Short-Circuit Current Ise Vo=O 30 mA 

ELECTRICAL CHARACTERISTICS at VIN = + l5V, 0° C ::; TA::; + 70° C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Ouput Voltage Change ~VOT (Notes 1 and 2) 
with Temperature 

Output Voltage 
TCVo (Note 3) 

Temperature Coefficient 

Change in Vo Temperature 
Coefficient with Output Rp= 10kfl 
Adjustment 

Line Regulation (Note 4) Y,N = 13V to 30V 

Load Regulation (Note 4) IL =Ot05mA 

NOTES: 
1. ~VOT is defined as the absolute difference between the maximum output 

voltage and the minimum output voltage over the specified temperature 
range expressed as a percentage of 10V: 

~V =IVMAX-VMINIX100 
OT 10V 

2. ~VOT specification applies trimmed to + 10.000V or untrimmed. 

OUTPUT ADJUSTMENT 

12+15V 

V ,N 

Vo • OUTPUT 

REF-01 

TRIM 
5 

10kn 

GND 

l' 
1 

The REF-Ol trim terminal can be used to adjust the output 
voltage over a 10V ±300mV range. This feature allows the 

system designer to trim system errors by setting the refer

ence to a voltage other than 10V. Of course, the output can 

10-6 

REF-01C 
MIN TYP MAX UNITS 

0.14 0.45 % 

20 65 ppml"C 

0.7 ppml% 

0.011 0.018 %IV 

0.008 0.018 %lmA 

3. TCVo is defined as ~VOT divided by the temperature range. i.e .• 

TCV = ~VOT 
o 70.C 

4. Line and Load Regulation specifications Include the effect of self 
heating. 

5. Guaranteed by design. 
6. Sample tested. 

BURN-IN CIRCUIT 

.y +18V 

V,N 

REF-01 

GND 

!-18V 

also be set to exactly 10.000V, or to 10.240V for binary 

applications. 

Adjustment of the output does not significantly affect the 

temperature performance of the device. The temperature 

coefficient change is approximately 0.7 ppm/o C for 100mVof 

output adjustment. 

1/86, Rev. A 



__________ --I~REF-01 +10V PRECISION VOLTAGE REFERENCE 

DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE) 

DIE SIZE 0.063 X 0.040 Inch, 2520 sq. mil. 
(1.60 X 1.02 mm, 1.113 .q. mm) 

2. INPUT VOLTAGE (VIN) 
4. GROUND 
5. TRIM 
6. OUTPUT VOLTAGE (VOUT) 

For additional DICE information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at VIN=+15V, TA= 25°C for REF-01N and REF-01G devices; TA= 125°C for REF-01NTand REF-01GT 
devices, unless otherwise noted. (Note 1) 

REF-01NT REF-01N REF-01GT REF-01G 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT UNITS 

Output Voltage Vo IL =0 
10.05 10.03 10.10 10.05 V MAX 
9.95 9.97 9.90 9.95 VMIN 

Output Adjustment 
Vtrim Rp= 10kO ±3.0 ±3.0 %MIN Range 

Line Regulation V,N = 13V to 33V 0.015 0.01 0.015 0.01 'IIoIVMAX 

NOTE: 
Electrical tests are performed at waler probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield alter packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at VIN = + 15V, TA = 25° C, unless otherwise noted. 

REF-01NT REF-01N REF-01GT REF-01G 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Load Regulation 
IL = Oto 10mA 

0.007 0.005 0.009 0.006 %/mA 
IL = 0 to SmA, NT, GT@+l25'C 

Output Voltage NOise ene:E 0.1 Hz to 10Hz 20 20 20 20 I'Ve-e 
Turn-On Settling To ±O.l% of Final Value 

7.5 5.0 7.5 5.0 
Time tON NT,GT@+125'C 

I'S 

Quiescent Current ISY No Load, NT, GT@+125'C 1.4 1.0 1.4 1.0 mA 

Load Current IL 21 21 21 21 mA 

Sink Current Is -0.5 -0.5 -0.5 -0.5 mA 

Short-Circuit Current Ise Vo=O 30 30 30 30 mA 

Output Voltage 
TCVo 10 10 10 10 ppm/'C Temperature Coefficient 

NOTE: 
1. For +25' C specifications of REF-Ol NT and REF-Ol GT, see REF-Ol Nand 

REF-Ol G respectively. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL APPLICATIONS 

D/A CONVERTER REFERENCE 

1aka 

+15V MSB LSB 

-= +15V -1SV 

B1 B2 B3 B4 B5 

POS. FULL-SCALE -1 LSB 

ZERO-SCALE a 0 a a 
NEG. FULL-SCALE + 1 LSB 0 0 0 0 a 
NEG. FULL-SCALE 0 a a 0 a 

PRECISION CALIBRATION STANDARD 

-"1mA 

1 12 
V ,N 

S 
Vo { 

- 9V REF·Ot 

5 1 

r9V 

TRIM 
GND 

r 

5.0kn 

-15V 

B6 B7 B8 E 

+4.960 

0 a a 0.000 

0 0 -4.960 

0 a a -5.000 

+ 

10.000 
100kn 

-

AID CONVERTER REFERENCE 

+15V 

CONVERSION TTL CLOCK 
COMPLETE INPUT 2.25MHz 

±10V REFERENCE 

+15V 

REF-Ol 
lOkS'} 

GND 10kO 

+15V 

5kU 

-15V 

ANALOG 
INPUT 
o TO +10V +15V 

CONNECT "START" TO 
"CONVERSION COMPLETE" 
FOR CONTINUOUS CON-
VERSIONS. 

+lDV 

-10V 

CURRENT SOURCE CURRENT SINK 

12+15V 
VOLTAGE COMPLIANCE: -25V TO +3V 

*~OUT 
VOLTAGE COMPLIANCE: -3V TO +25V 

V,N 

Vo~ 
V,N 

Vo~ 
REF·ot REF·Ot 

TRIM ~ R 'OUT = 1O~V +lmA TRIM ~ R tOUT = 10:V +lmA 

GND GND 

l' [' 

+ 'OUT 6-15V 

10-9 1/86, Rev. A 

II 



--------------m REF-01 +10V PRECISION VOLTAGE REFERENCE 

PRECISION CURRENT SOURCE 

A current source with 25V output compliance and excellent 
output impedance can be obtained using this circuit. REF-01 
®keeps the line voltage and power dissipation constant in 
device G); the only important error consideration at room 
temperature is the negative supply rejection of the op amp. 
The typical 3p.V/v PSRR of the OP-02E will create an 8ppm 
change (3p.V/V x 25V110V) in output current over a 25V range. 
For example, a 10mA current source can be built (R = 1kO) 
with 300MO output impedance. 

25V 
Ro=--.:....:...~-

8 X 10-6 X 10mA 

+50V 

REF-01 

® 
GNO 

Vor---------~--------~--_, 

REF-01 

GNO 

(TRIM FOR 
CALIBRATION) 

Vo = 0 
TO +25V 

IO=~V 

10-10 

REFERENCE STACK WITH EXCELLENT LINE 
REGULATION 

Three REF-01's can be stacked to yield 10.000, 20.000, and 
30.000Voutputs. An additional advantage is near-perfect line 
regulation of the 10.0V and 20.0Voutput. A 32V to 60V input 
change produces an output change which is less than the 
noise voltage of the devices. A load bypass resistor (Rs) 
provides a path for the supply current (Isy) of the 20.000V 
regulator. 
In general, any number of REF-01's can be stacked this way. 
For example, ten devices will yield outputs of 10, 20, 30 ... 
1 OOV. The line voltage can range from 105V to 130V. However, 
care must be taken to ensure that the total load currents do 
not exceed the maximum usable current (typically 21mA). 

1232Vto60V 

V,N 

Va • 
REF-01 

5 
TRIM 

GNO 

4 

2 

V,N • Va 

REF-01 

5 
TRIM 

GNO 

4 

2 

V ,N • Va 

REF-01 

TRIM 5 

GNO 

4 

10kO 

TRIMM 
OUTPU 

EO 
TS 

30. OOOV 

10k" 

20.0 OOV 

10k.Q 

10. oooV 

". 6.Bkn 
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PH."ciS1011 Monolithics Inc. 

FEATURES 
• 5 Volt Output ............................ ±O.3% Max 
• Temperature Voltage Output ................ 2.1mV/oC 
• Adjustment Range .......................... ±3% Min 
• Excellent Temperature Stability ....... 8.5ppm/o C Max 
• Low Noise ....................... . . . . . .. 151'Vp.p Max 
• Low Supply Current ....................... 1.4mA Max 
• Wide Input Voltage Range .................. 8V to 33V 
• High Load-Driving Capability ................... 20mA 
• No External Components 
• Short-Circuit Proof 
• MIL-STD-883 Screening Available 

ORDERING INFORMATIONt 

PACKAGE 

TA = 25'C HERMETIC PLASTIC OPERATING 
L1VoMAX TO·B9 DIP DIP TEMPERATURE 

(mV) a·PIN a·PIN a-PIN LCC RANGE 

±t5 REF02AJ' REF02AZ' MIL 
±15 REF02EJ REF02EZ COM 
±25 REF02J' REF02Z' REF02RC/BB3 MIL 
±25 REF02HJ REF02HZ REF02HP COM 
±50 REF02CJ REF02CZ REF02CP COM 

±tOO REF02DJ REF02DZ REF02DP COM 

• For devices processed in total compliance to MIL-STD-B83, add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The REF-02 precision voltage reference provides a stable 
+5V output which can be adjusted over a ±6% range with 

SIMPLIFIED SCHEMATIC 

REF-02 
+5V PRECISION VOLTAGE 

REFERENCEjTEMPERATURE TRANSDUCER 

minimal effect on temperature stability. Single-supply operation 
over an input voltage range of 7V to 40V, low current drain of 
1 rnA, and excellent temperature stability are achieved with an 
improved bandgap deSign. Low cost, low noise, and low 
power make the REF-02 an excellent choice whenever a 
stable voltage reference is required. Applications include 
D/A and AID converters, portable instrumentation, and 
digital voltmeters. The versatility of the REF-02 is enhanced 
by its use as a monolithic temperature transducer. For + 10V 
references, see the REF-01 and REF-10 data sheets. 

PIN CONNECTIONS 

N.C . 

• 
N,CO·7N.C. 

VIN 2 6 VOUT 

TEMP 3 5 TRIM 

4 
GROUND CASE 

TO-99 (J-Sufflx) REF-02RC/883 
LCC (RC-Sufflx) 

a-PIN HERMETIC DIP 
(Z-Sufflx) 

EPOXY MINI-DIP 
(P-Sufflx) 

,-________ ~~--~------~----------------~--~~PUT 

3 
TEMPo-...... ---------' 

R2 

R15 

019 

OUTPUT 
6 

R12 ... 6.1kn 

R9 ... 18kn 

R11.<::1 2kfl 

TRIM 
5 

~ ________________ ~ __________________________ ~--------~----~~ROUND 
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______ -l!fMDREF-02 +5V PRECISION VOLTAGE REFERENCE/TEMPERATURE TRANSDUCER 

ABSOLUTE MAXIMUM RATINGS (Note 2) Lead Temperature (Soldering, 60 sec) ••••••••••••• 300°C 

Input Voltage DICE Junction Temperature (Tj) ••••••• -65°C to +l50°C 

REF-02 A, E, H, RC, All DICE .••.••.••..•••.•.•... 40V NOTES: 
REF-02 C, D •.••••.••.••••.•.•.••.••.•.•..••••.. , 30V 1. See table for maximum ambient temperature rating and derating factor. 

Power Dissipation (Note 1) ...................... 500mW 

Output Short-Circuit Duration 

(to Ground or VIN) .......................... Indefinite 

Storage Temperature Range 

J, RC, and Z Packages .•••••.••.•.• -65°C to +150°C 
P Package ......................... -65°C to +125°C 

Operating Temperature Range 
REF-02A, REF-02, REF-02RC .•.••••• -55°C to +125°C 

REF-02E, REF-02H ..................... O°C to +70°C 
REF-02G, REF-02D ..................... OOG to +700 G 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

PACKAGE TYPE FOR RATING TEMPERATURE 

TO-99 (J) eo'c 7.1mW/'C 

B-Pin Hermetic DIP (Z) 75'C S.7mW/'C 

8-Pin Plastic DIP (P) 36'C 5.6mW/'C 

LCC(RC) 72'C 7.8mW/'C 

2. Absolute ratings apply to both DICE and packaged parts, unless otherwise 
noted. 

ELECTRICAL CHARACTERISTICS at VIN = + 15V, TA = +25°C, unless otherwise noted. 

REF-02A1E REF-02lH 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Output Voltage Vo IL =0 4.985 5.000 5.Q15 4.975 5.000 5.025 V 

Output Adjustment Range AVtrlm R~ = 10kO ±3 ±S ±3 ±6 % 

Output Voltage Noise en!:!:!:! 0.1Hz to 10Hz (Note 7) 10 15 10 15 I'VI!:~ 
Line Regulation (Note 2) V1N = 8V to 33V O.OOS 0.Q10 0.006 0.010 %N 

Load Regulation (Note 2) IL =Oto lOmA 0.005 0.010 0.006 0.010 %/mA 

TurnoOn Settling Time tON To ±O.l% of final value 5 I'S 

Quiescent Supply Current Isv No Load 1.0 1.4 1.0 1.4 mA 

Load Current IL 10 21 10 21 rnA 

Sink Current Is -0.3 -0.5 -0.3 -0.5 rnA 

Short-Circuit Current Ise Vo=O 30 30 mA 

Temperature Voltage Output VT (Note 3) 630 630 mV 

ELECTRICAL CHARACTERISTICS at VIN = + 15V, -55° C :5 TA:5 ± 125° C for REF-02A and REF-02, 0° C:5 TA:5 + 70° C for 
REF-02E and REF-02H, IL = OmA, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Ouput Voltage Change with 
AVOT 

O'CSTAS+70'C 
Temperature (Notes 4, 5) -55'CSTAS+125'C 

Output Voltage 
TCVo (Note 6) 

Temparature Coefficient 

Change In Vo Temperature 
Coefficient with Output Rp= 10kO 
Adjustment 

Line Regulation O'C S TAS +70'C 
(V1N = 8 to 33V) (Nota 2) -55'C S TAS +125'C 

Load Regulation O'C S TAS +70'C 
(lL = 0 to BmA) (Note 2) -55'C S TAS +125'C 

Temperature Voltage Output 
TCVT (Note 3) 

Tempe,ature Coefficient 

NOTES: 
1. Guaranteed by design. 
2. Line and Load Ragulatlon specifications Include the effect of self 

heating. 
3. Limit current In or out of pin 3 to 50nA and capacitance on pin 3 to 3OpF. 
4. AVOT Is defined as the absolute difference between the maximum output 

voltage and the minimum output voltage over the specified temperature 
range expressed as a percentage of 5V. 

AVOT = r-MI\~ VMlN Ix 100 

5. 
6. 

7. 

10-12 

REF-02A1E REF-02/H 
MIN TYP MAX MIN TYP MAX UNITS 

0.02 0.06 0.07 0.17 
% 

0.06 0.15 0.18 0.45 

3 8.5 10 25 ppm/'C 

0.7 0.7 ppm/% 

0.007 0.012 0.007 0.012 
0.009 0.015 0.009 0.015 

%N 

0.006 0.010 0.007 0.012 
0.007 0.012 0.009 0.Q15 

%/mA 

2.1 2.1 mV/,C 

AVOT specification applies trimmed to +5.000V or untrimmed. 
TCVo is defined as AVOTdivided by the temperature range,l.e., 

AVOT 
TCVo= 70'C 

Semple Tested. 
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-------IlfMD REF-02 +5V PRECISION VOLTAGE REFERENCE/TEMPERATURE TRANSDUCER 

ELECTRICAL CHARACTERISTICS at VIN = +15V, TA = 25·C, unless otherwise noted. 

REF-02C REF-02D 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Output Voltage Vo IL =OmA 4.950 5.000 5.050 4.900 5.000 5.100 V 

Output Adjustment Range .!1Vtrim Re= 10kO ±2.7 ±6.0 ±2.0 ±6.0 % 

Output Voltage Noise en~_p 0.1 Hz to 10Hz (Note 7) 12 18 12 I'VE-E 

Line Regulation (Note 2) Y,N = 8V to 30V 0.009 0.015 0.010 0.04 %IV 

Load Regulation (Note 2) 
IL=Ot08mA 0.006 0.Q15 

%lmA 
IL=Ot04mA 0.Q15 0.04 

Turn-on Settling Time tON To ±0.1% of final value 5 I'S 

Quiescent Supply Current Isv No Load 1.0 1.6 1.0 2.0 mA 

Load Current IL 21 21 mA 

Sink Current Is -0.2 -0.5 -0.2 -0.5 mA 

Short-Circuit Current Ise Vo=O 30 30 mA 

Temperature Voltage Output VT (Note 3) 630 630 mV 

ELECTRICAL CHARACTERISTICS at VIN = + 15V, D· C ~ TA ~ + 70· C and I L = OmA, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Ouput Voltage Change with 
AVOT (Notes 4 and 5) 

Temperature 

Output Voltage 
TCVo (Note 6) 

Temperature Coefficient 

Change in Vo Temperature 
Coefficient With Output Rp= 10kO 
Adjustment 

Line Regulation (Note 2) Y,N = 8V to 30V 

Load Regulation (Note 2) IL=Ot05mA 

Temperature Voltage Output 
TCVT (Note 3) 

Temperature Coefficient 

NOTES: 
1. Guaranteed by design. 
2. Line and Load Regulation specifications include the effect of self 

heating. 
3. Limit current in or out of pin 3 to 50nA and capacitance on pin 3 to 30pF. 
4. AVOT is defined as the absolute difference between the maximum output 

voltage and the minimum output voltage over the specified temperature 
range expressed as a percentage of 5V. 

AVOT=I~lx 100 

5. AVOT specification applies trimmed to +5.000V or untrimmed. 
6. TCVo is defined as AVOT divided by the temperature range, i.e., 

AVOT 

TCVo= 70'C 

7. Sample Tested. 

MIN 

10-13 

REF-02C REF-02D 
TYP MAX MIN TYP MAX UNITS 

0.14 0.45 0.49 1.7 % 

20 65 70 250 ppml"C 

0.7 0.7 ppm/% 

0.011 0.018 0.012 0.05 %IV 

0.008 0.018 0.016 0.05 %/mA 

2.1 2.1 mV/'C 
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-------I\fMD REF-G2 +5V PRECISION VOLTAGE REFERENCE/TEMPERATURE TRANSDUCER 

DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE) 

DIE SIZE 0.063 X 0.040 inch, 2520 sq. mils 
(1.60 X 1.02 mm,1.63 sq. mm) 

2. INPUT VOLTAGE (V,N) 
3. TEMPERATURE TRANSDUCER 

OUTPUT VOLTAGE (TEMP) 
4. GROUND 
5. TRIM 
6. OUTPUT VOLTAGE (VOUT) 

For additional DICE information refer to 
1966 Data Book, Section 2. 

WAFER TEST LIMITS at VIN= + 15V, TA = 250 C for REF-02N and REF-02G devices; TA = 1250 C for REF-02NT and REF-02GT 
devices, unless otherwise noted. (Note 3) 

REF-02NT REF-02N REF-02GT REF-02G 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT UNITS 

Output Voltage Vo IL =0 
4.975 4.985 4.950 4.975 VMIN 
5.025 5.015 5.050 5.025 V MAX 

Output Adiustment 
Vtrim Rp= 10kll ±3 ±3 %MIN 

Range 

Line Ragulatlon Y,N = 8V to 33V 0.015 0.01 0.015 0.01 %/VMAX 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging Is nol 
guaranteed for standard product dice. Consult factory to negollate specifications based on dice 101 qualification through sample lot assembly and tesling. 

TYPICAL ELECTRICAL CHARACTERISTICS at VIN = +15V, TA = +250 C, unless otherwise noted. 

REF-02NT REF-02N REF-02GT REF-02G 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Temp. Voltage Output v T (Nole. 1, 2) 630 630 630 630 mV 

Temp. VOltage Output 
TCVT (Noles 1, 2) 2.1 2.1 2.1 2.1 mVrC 

Temp. Coefficient 

Output Voltage 
TCVo 10 10 10 10 ppm/oC 

Temp. Coefficient 

Load Regulation 
'L =Oto 10mA 0.007 0.005 0.009 0.006 %/mA 
'L = 0 to 8mA, NT, GT@+125°C 

Output Voltage Noise enE-I:! 0.1Hz to 10Hz 10 10 10 10 jJV~_~ 

Turn-On Settling 
tON 

To ±0.1% affinal 
7.5 5.0 7.5 5.0 

Time value, NT, GT@+125°C 
jJ. 

Quiescent Supply Current ISY No Load, NT, GT@+125°C 1.4 1.0 1.4 1.0 mA 

Load Current IL 21 21 21 21 mA 

Sink Current Is -0.5 -0.5 -0.5 -0.5 mA 

Short-Circuit Current Ise Vo=O 30 30 30 30 mA 

NOTES: 
1. See AN-18 for detailed REF-02thermometer applications information. 
2. Limit current in or out of pin 3to 50nAand capacitance on pin 3to 30pF. 
3. For+2So C specifications of REF-02NT and REF-02GT, see REF-02N and 

REF-02G respectively. 
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--------l~ REF-02 +5V PRECISION VOLTAGE REFERENCE/TEMPERATURE TRANSDUCER 

OUTPUT ADJUSTMENT 
The REF-02 trim terminal can be used to adjust the output 
voltage over a SV ±300mV range. This feature allows the 
system designer to trim system errors by setting the refer
ence to a voltage other than SV. Of course, the output can also 
be set to exactly S.OOOV or to S.12V for binary applications. 

OUTPUT ADJUSTMENT CIRCUIT 

i:'5V 
V,N 

VA 6 
OUTPUT 

REF-02 

0---2 TEMP TRIM 5 10kfl 

GND 

l' 
J. 

TYPICAL PERFORMANCE CHARACTERISTICS 

Adjustment of the output does not significantly affect the 
temperature performance of the device. Typically, the tem
perature coefficent change is O. 7ppm'o C for 100mVof output 
adjustment. 

BURN-IN CIRCUIT 

i:'8V 
V,N 

REF-02 

GND 

l'-'8V 

OUTPUT WIDEBAND NOISE 
VI BANDWIDTH (0.1 Hz 

TO FREQUENCY INDICATED) 
LINE REGULATION 

vs FREQUENCY 
OUTPUT CHANGE DUE TO 

THERMAL SHOCK 

'0.000 __ 

FREQUENCY (Hz) 

7. .. 
.. 
46 

3. 

26 

'6 

6 
'0 

Vs = 15V 
TA = +25°C 

LWlIL 

111111111111 
'00 

1\ 

,. 10k 100k 
FREaUENCY (Hz) 

10-15 

0.0031 

0.01 'S' 
o 

0.031 .l 
0.' 

0.31 

'.0 

3., 

10.0 
1M 

0.'" 
0.030 

V1N1• '5) 
0.025 

TA = TA = 

2"C 7"C 
0,020 - -

V -0.D15 

/ 
II 

0.010 

0.005 r/ DEVICE IMMERSED 
IN 7SOC Oil BATH 

-,. 10 20 30 40 50 60 

TIME (SEC) 
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-------I~ REF·02 +5V PRECISION VOLTAGE REFERENCE/TEMPERATURE TRANSDUCER 

TYPICAL PERFORMANCE CHARACTERISTICS 

35 

30 

0.03 

~ 
'2 0.02 
o 

~ 
ffi 
~ 0,01 
z 
::; 

0.0 

MAXIMUM LOAD CURRENT 
VI INPUT VOLTAGE 

SHORT CIRCUIT PROTECTION 

/' 5OOmwL~ 
V DISSIPATION 

/ 
/ 

I TA"'25°C 

\ 

10 15 20 
INPUT VOLTAGE (VOLTS) 

LINE REGULATION 
vs SUPPLY VOLTAGE 

TAJ5'C 

\ 
""-I"---.. 

10 15 20 25 

INPUT VOLTAGE (VOLTS) 

25 

-
30 

TYPICAL APPLICATIONS 

±5V REFERENCE 

+15V 

V,N 

Vo • 
REF-02 

TRIM 5 
10k!! 

GND 

5k" 

10kn 

1.4 

1.3 

u 
~ 1.2 

" ~ 1.1 

!i1 
9 1.0 

E S 0.9 
II: 

~ 0.8 
9 

0.7 

0 •• 

NORMALIZED LOAD 
.REGULATION (.<lIL = 10mA) 

VI TEMPERATURE 

./ 
/ 

/ 
V 

V VIN= 15V 

" 
-60 -40 -20 0 20 40 60 80 100 120 140 

TEMPERATURE fe) 

o 

MAXIMUM LOAD CURRENT 
vs TEMPERATURE 

.... ....... 
........ 

I'-... 
....... 

........ 

VIN = 15V '" 
-60-40 -20 0 20 40 60 80 100 120 140 

TEMPERATURE (OCI 

±2.5V REFERENCE 

5V 

+5V 

REF·OZ 

-5V 

1.' 

1.3 

1.2 

1.1 

1.0 

0 .• 

NORMALIZED 
LINE REGULATION 
vs TEMPERATURE 

/ 

/ 
/' 

V 

V 
/' 

-; 

0 .• 

0.7 

0 .• 
-80 -40 -20 0 2P 40 60 80 100 120 140 

TEMPERATURE I"C) 

1.3 

1.2 

1.1 

QUIESCENT CURRENT 
vs TEMPERATURE 

y 
,/ 

V 

V- I--"" 
/' 1.0 

,,""-
0 .• 

0 .• 

VIN" 15V 

0.7 I I 
-80 -40 -20 0 20 40 80 80 100 120 140 

TEMPERATURE (OC) 

V~ 
+2.SV 

Rl 
S.6kn 

R2 
6.6kn 

Vo 
-2.SV 

v~ = R,:'R2(VREF), v~ = R,:2R2 (VREF) 
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-------I~ REF-02 +5V PRECISION VOLTAGE REFERENCE/TEMPERATURE TRANSDUCER 

PRECISION TEMPERATURE TRANSDUCER WITH REMOTE SENSOR 

TRIM r------t--+--'-< 
REF·02 Rs 

1.5k 15% 

TEMPf-~Y--+--+--+---+-~ 
GNO 

* UP TO 10 FEET OF SHIELDED 
-«:ONDUCTOR CABLE. 

TYPICAL TEMPERATURE VOLTAGE 
OUTPUT vs TEMPERATURE (REF-02A) 

880 

830 

~780 

~ 730 

5 880 

~ 630 

~ ... 
~ 

~ 530 ... 
430 

VIN = 15V V 
V 

/ 
V 

V 

-60 -40 -20 0 20 40 60 80 100 120 140 

TEMPERATURE (oCI 

TEMPERATURE CONTROLLER 

V+ (12 TO 32V) 

+lSV 

-15V 

,..----t---------_ - --, 

r-----------, 

I Rl 
(9.2ku) 

~---- ---
<. R6 

~ I VIN 61 
I HEATING vol--'-cl-""''Ir-~f-1 
I ElEMENT REF·02 3 I 1.~~n 
I GNO T r--:-l--'I>M.--~ 

I ' I 
L ___ ~S~~T':"'1) ___ .J 

R5 
2.2kn 

NOTES: 

1. REF-02 SHOULD BE THERMALL V CONNECTED 
TO SUBSTANCE BEING HEATED. 

2. NUMBERS IN PARENTHESES ARE FOR A 
SETPOINT TEMPERATURE OF 60"C. 

3. R3'" Rl11R211R6 

R2 
1.5kn 

R' 
2.7kil 

.. I,. R7 

~.l7kSJ 

RESISTOR VALUES 

TCVOUTSLOPE (S) 10mVl'C 1OOmVl'C lOmVI'F 

TEMPERATURE -55'Clo -55'C 10 -67'F 10 
RANGE +125'C +125'C +257'C 

OUTPUT VOLTAGE -0.55Vlo -5.5Vlo -0.67V to 
RANGE +1.25V +12.5V' +2.57V 

ZERO-SCALE OV@O'C OV@O'C OV@O'F 

R. (± 1 % resistor) 9.091<0 15kO 7.5kO 

Rbl (± 1% resistor) 1.5kO 1.82kO 1.21kO 

Rbp (Potentiometer) 2000 5000 2000 

Rc (±I% resistor) 5.11kO 84.5kO 8.25kO 

'For 125'C operation, the op amp output must be able to swing to +12.5V, 
increase VIN to +18V from +15V if this is a problem. 

10-17 

REFERENCE STACK WITH EXCELLENT LINE 
REGULATION 
Two REF-01 's and one I'IEF-02 can be stacked to yield 5.000V, 
15.000V and 25.000Voutputs. An additional advantage of this 
circuit is near-perfect line regulation of the 5.0V and 15.0V 
outputs. A 27V to 55V input change produces an output 
change which is less than the noise voltage of the devices. A 
load bypass resistor (Re) provides a path for the supply 
current (Isy) of the 15.000V regulator. 
In general, any number of REF-01 's and REF-02's can be 
stacked this way. For example, ten devices will yield ten 
outputs in 5Vor 10V steps. The line voltage can range from 100V 
to 130V. However, care must be taken to ensure that the total 
load currents do not exceed the maximum usable current 
(typically 21mA). 

1227V TO 55V 

VIN 
6 25. 

Va 
OOOV 

REF-01 

5 
TRIM 10kn 

GNO 
4 

2 

VIN 6 
15.0 

Va 
oov 

REF-Ot 

TRIM 5 10kn 
2 GNO 

OOV VIN 6 
4 5.0 

Vo 

REF-02 

TRIM 
5 

10kn 
RS 
6.8k!! 

GNO 
4 
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-------I~ REF-G2 +SV PRECISION VOLTAGE REFERENCE/TEMPERATURE TRANSDUCER 

PRECISION CURRENT SOURCE 
A current source with 35V output compliance and excellent 
output impedance can be obtained using this circuit. REF-02 
®keeps the line voltage and power dissipation constant in 
device CD ; the only important error consideration at room 
temperature is the negative supply rejection of the op amp. 
The typical 3p.V/V PSRR of the OP-02E will create a 20ppm 
change (3p.VN x 35V/5V) in output current over a 35V range. 
For example, a 5mA current source can be built (R = lkO) 
with 350MO output impedance. 

+50V 

35V 
.-------'''I vo Ro = 20 X 10-6 X 5mA 

REF-02 

OND 

Vo~----~----~~-, 

REF-02 

OND 

CURRENT SOURCE 

IZ+15V 

V,N 
Vo r!-----

REF-02 
3 

~ TRIM 

OND 

i' 
t lOUT 

VOL rAGE COMPLIANCE: -25V TO +BV 

R 

R 
(TRIM FOR 
CALIBRATION) 

VO =OT035V 

lOUT = 5.~V +1mA 

CURRENT SINK 

l:oUT 

V,N 

rL--Vo 

REF-02 
3 

~ V' TRIM 

OND 

l' 
J-16V 

VOL rAGE COMPLIANCE: -SV TO 25V 

D/A CONVERTER REFERENCE 

5.0kn 

+15V MSB 

±3V REFERENCE 

+7.SV (±10%1 

2 

VIN 

LSB 

+7.6V 

R lOUT = 5.~ +1mA 

S.Dkn 

VOUTr-----.-----+----<> vO(+) .. +3.DV 

REF·02HJ 

OND 

10-18 

Rl 
20kn 

R2 
13.311:0 

>-----<~---<> VDH = -3.OV 
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FEATURES 

• 2.S Volt Output ............................... ±O.3% 
• Adjustment Range .............................. ± 3% 
• Excellent Temperature Stability .•........... 3ppm/oC 
• Low Noise .................................... S/LVp_p 
• Low Supply Current ....................... 1.4mA Max 
• Excellent In Single +SV Systems 
• Wide Input Voltage Range ................ 4.SV to 33V 
• High Load-Driving Capability ................... 20m A 
• No External Components 
• Short-Circuit Proof 

ORDERING INFORMATIONt 

PACKAGE 

HERMETIC PLASTIC OPERATING 
TO-99 DIP DIP TEMPERATURE 
8-PIN 8-PIN 8-PIN RANGE 

REF03AJ" REF03AZ" MIL 
REF03EJ REF03EZ REF03EP IND 
REF03BJ" REF03BZ" MIL 
REF03FJ REF03FZ REF03FP IND 

"For devices processed in total compliance to MIL-STD-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

tAil commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

SIMPLIFIED SCHEMATIC 

GENERAL DESCRIPTION 

REF-03 
+2.SV PRECISION 

VOLTAGE REFERENCE 

PRELIMINARY 

The REF-03 precisiDn voltage reference provides a stable 
+2.SV output which can be adjusted over a ±3% range with 
minimal effect on temperature stability. Single-supply opera
tion over an input voltage range of 4.SV to 33V, low current 
drain of 1 mA, and excellent temperature stability are achieved 
with an improved bandgap design. Low cost, low noise, and 
low power make the REF-03 an excellent choice whenever a 
stable voltage reference is required. Applications include DIA 
and AID converters, portable instrumentation, and digital 
voltmeters. Full military temperature range devices with 
screening to MIL-STD-883 are available. 

PIN CONNECTIONS 

N.C. 

• 

VI:~CO'7 N.CVOUT 
N.C. 3 5 TRIM 

4 
GROUND 

(CASE) 

TO-99 
(J-Sufflx) 

8-PIN EPOXY MINI-DIP 
(P-Sufflx) 

8-PIN HERMETIC DIP 
(Z-Suffix) 

,---------~--~'""""""------....-----------------~----<> INPUT 

R3 

R5 

R15 

019 

2 

OUTPUT 

• 
R12::::s2kn 

R9'" 6kn 

alA-~~~~------~~~--------~~~----------~------~ 

Rl 

Rll "" 2kn 

R2 
4 

~----------------~--------------------------~--------~----~GROUND 

This preliminary product Information is based on testing of a limited number of devices. Final specifications may vary. Please contact local sales 
ollice or distributor for final data sheet. 
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-----------1~ REF-03 +2.SV PRECISION VOLTAGE REFERENCE - PRELIMINARY 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Input Volt!lge 

REF-03 ••••••••••••••••••••••••••••••••••••••••• 40V 

Power Dissipation (Note 1) ...................... 500mW 

Output Short-Circuit Duration 

(to Ground or V,N) •••••••.•••••••••••••••.•. Indefinite 

Storage Temperature Range 

J, and Z Packages •••••..••••••••••• -65°C to +150°C 

P Package ......................... -65°C to +125°C 

Operating Temperature Range 

REF-03A, REF-03B ••••••••••••••••. -55°C to +125°C 

REF-03E, REF-03F ••••••••••••••••••• -25°C to +85°C 

DICE Junction Temperature (Tj) ••••••• -65° C to +150° C 

Lead Temperature (Soldering, 60 sec.) •••••••••••• 300°C 

NOTES: 

1. See table for maximum ambient temperature rating and derating factor. 

MAXIMUM AMBIENT 
PACKAGE TVPE TEMPERATURE 

FOR RATING 

TO-99 (JI 80'C 
8-Pin Hermetic DIP (ZI 75'C 
8-Pin Plastic DIP (PI 36'C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

7.1mW/'C 
6.7mW/'C 
5.6mW/'C 

2. Absolute maximum ratings apply to both packaged parts and DICE, unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at V,N = +15V, TA = 25°C, unless otherwise noted. 

REF-03A/E REF-03B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Output Voltage Va 'l ~ 0 2.493 2.500 2.508 2.485 2.500 2.515 V 

Output Adjustment Range ~Vtrim R~ ~ 10k!! ±3.0 ±3.3 ±3.0 ±3.3 % 

Output Voltage Noise enE!~e 0.1Hz to 10Hz (Note 5) 5 7.5 5 7.5 I'Vp_~ 

Line Regulation (Note 4) V,N ~ 4.5V to 33V 0.006 0.010 0.006 0.010 %IV 

Load Regulation (Note 4) 'l ~Oto 10mA 0.005 0.008 0.006 0.010 %/mA 

Turn-on Settling Time ton To ±O.1% of Final Value 5 I'S 

Quiescent Supply Current ISY No Load 1.0 1.4 1.0 1.4 rnA 

Load Current 'l 10 21 10 21 rnA 

Sink Current Is -0.3 -0.5 -0.3 -0.5 rnA 

Short-Circuit Current Ise Va ~O 30 30 rnA 

ELECTRICAL CHARACTERISTICS at V,N = + 15V, -55 0 C ::; TA ::; + 1250 C and IL = OmA, unless otherwise noted. 

PARAMETER 

Ouput Voltage Change with 
Temperature (Notes 1, 2) 

Output Voltage 
Temperature Coefficient 

Change in Va Temperature 
Coefficient with Output 
Adjustment 

Line Regulation 
(V,N ~ 4.5V to 33V) (Note 4) 

Load Regulation 
(ll ~ 0 to 8mA) (Note 4) 

NOTES: 

SYMBOL CONDITIONS 

-25°C::5TAS;+85°C 
-55'CSTA S+125'C 

TCVo (Note 3) 

Rp ~ 10k!! 

-25(1C:::; lAS; +85°C 

-55'CSTA S+125'C 

-25'CSTA S+85'C 
-55'C S TA S +125'C 

1. aVOT is defined as the absolute difference between the maximum 
output voltage and the minimum output voltage over the specified 
temperature range expressed as a percentage of 2.5V: 

av ~IVMAX-VMINI x 100 
aT 2.5V 

2. IlVOT specification applies trimmed to +2.S00V or untrimmed. 
3. TCVo is defined as aVor divided by the temperature range, i.e., 

10-20 

REF-03A/E 
MIN TYP MAX 

0.03 0.09 
0.06 0.15 

3.0 8.5 

0.7 

0.007 0.012 
0.009 0.015 

0.006 0.010 
0.007 0.012 

REF-03B/F 
MIN TVP MAX 

0.11 0.28 
0.18 0.45 

10.0 25.0 

0.7 

0.007 0.012 
0.009 0.D15 

0.007 0.012 
0.009 0.D15 

.1VOT (-25' to +85'C) 
110'C 

UNITS 

% 

ppm/'C 

ppm/% 

%IV 

%/mA 

.1VOT (-55' to +125'C) 
and TCVa (-55' to +125'CI ~ 180'C 

4. Line and Load Regulation specifications include the effect of self-heating. 
5. Sample tested. 

1/86, Rev. A 
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FEATURES 

• 5 Volt Output 
• Guaranteed Long-Term Stability 

............... 100ppm/1000 Hrs Max 
• Excellent Temperature Stability ....... 8.5ppm/o C Max 
• Low Noise .............................. 15/Np_p Max 
• Low Supply Current ................. , ., .. 1.4mA Max 
• Wide Input Voltage Range .................. 8V to 33V 
• High Load-Driving Capability ................... 20mA 
• Short-Circuit Proof 
• Processed Per MIL-STD-883 

GENERAL DESCRIPTION 
The REF-05 precision voltage reference provides a stable +5V 
output which can be adjusted over a ±6% range with minimal 

LONG-TERM DRIFT PLOT (Average of 20 Devices) 

~ -6 

0 

! 
0 

0 , 

:1\ 
'f.../ 

0 

0 

0 

0 

1'-. I REF-05 

........ 1---. r--

o • w m m = ~ ~ _ ~ 
DAYS ELAPSED 

SIMPLIFIED SCHEMATIC 

REF-OS 
+5V PRECISION VOLTAGE REFERENCE 

(GUARANTEED LONG-TERM STABILITYI 

effect on temperature stability. Long-term drift is guaranteed 
at 100ppm/1000 hrs. maximum. Single-supply operation over 
an input voltage range of 7V to 40V, low current drain of 1 mA, 
and excellent temperature stability are achieved with an 
improved bandgap design. Low cost, low noise, and low power 
make the REF-05 an excellent choice whenever a stable 
voltage reference is required. Applications include D/A and 
AID converters, portable instrumentation, and digital volt
meters. The versatility of the REF-05 is enhanced by its use as 
a monolithic temperature transducer. For +10V Precision 
Voltage References see the REF-10 data sheet. 

ELECTRICAL CHARACTERISTICS/ 
ABSOLUTE MAXIMUM RATINGS 
Contact factory for 883 data sheet with full electrical spec
ifications. Typical performance characteristics and applica
tions information are provided in the REF-02 data sheet. 

PIN CONNECTIONS & ORDERING INFORMATION 

N.C. 

• 
N,C·O'N.C. 

VIN 2 6 Your 

TEMP 3 5 TRIM 

4 
GROUND 

CASE 

TO-99 (J-Sufflx) 
REF-05AJ/883 
REF-058J/883 

,--____ ~---.----_--------..----<> ~NPUT 

R3 

R5 

Rl 
3 

TEMPo--+--_.....J 

R2 

R15 

Q19 

OUTPUT 
6 

R12=6.1kH 

R9 = 18kH TRIM 

5 

Rl1 = 2kH 

L-_______ ~~------------4_---~~-~~ROUNO 
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FEATURES 
• 10 Volt Output 
• Guaranteed Long-Term Stability 

• . . . . . . . . . . . . . . . . . . . . . .. SOppm/1000 Hrs Max 
• Excellent Temperature Stability ....... 8.5ppm/oC Max 
• Low Noise . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30",Vp•p Max 
• Low Supply Current...................... 1.4mA Max 
• Wide Input Voltage Range ................. 13V to 40V 
• High Load-Driving Capability .....•............. 20mA 
• Short-Circuit Proof 
• Processed Per MIL-STD-883 

LONG-TERM DRIFT PLOT (Average of 20 Devices) 

40 

20 

-20 

t;: 
-40 i< 

c 

~ -~ ""- REF-l0 

~ -60 r-~ 
-80 

-100 

-120 

-140 
o 20 40 60 80 100 120 140 160 180 

DAYS ELAPSED 

SIMPLIFIED SCHEMATIC 

REF-to 
+ lOV PRECISION VOLTAGE REFERENCE 

(GUARANTEED LONG-TERM STABILITY) 

GENERAL DESCRIPTION 
The REF-10 precision voltage reference provides a stable 
+10V output that can be adjusted over a ±3% range with 
minimal effect on temperature stability. Long-term drift is 
guaranteed at 50ppm/1000 hrs. maximum. Single-supply 
operation over an input voltage range of 13V to 40V, low 
current drain of 1 mA, and excellent temperature stability are 
achieved with an improved bandgap design. Low cost, low 
noise, and low power make the REF-10 an excellent choice 
whenever a stable voltage reference is required. Applications 
include DIA and AID converters, portable instrumentation, 
and digital voltmeters. For+5V preCision voltage references, 
see the REF-Q5 data sheet. 

ELECTRICAL CHARACTERISTICSI 
ABSOLUTE MAXIMUM RATINGS 
Contact factory for 883 data sheet with full electrical spec
ifications. Typical performance characteristics and applica
tions information are provided in the REF-01 data sheet. 

PIN CONNECTIONS & ORDERING INFORMATION 

N.C. 
8 

N,CO·7N.C. 
VIN 2 6 VOUT 

N.C. 3 5 TRIM 

4 
GROUND 

(CASE) 

TO-99 (J-Sufflx) 
REF-10AJ/883 
REF-10SJ/883 

,..-____ ....... _..-___ ..-________ --o~NPUT 

.2 

.,6 

Q19 

OUTPUT 
6 

R12 .... 16.7kn 

R9 .... SOIen 
TRIM 

• 

Rl1 .... 2kn 

'--_______ --4-_____________ ---_---Q~.OUND 
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lO-Bit High-Speed Multiplying 
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11-50 DAC-86 
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DjA Converter 
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11-116 
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11-131 
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11-140 
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DAC-2.08 
9-Bit Voltage-Output Dj A Converter 

DAC-2.1O 
11-Bit Voltage-Output OjA Converter 

DAC-312. 
12-Bit High-Speed Multiplying 
Dj A Converter 

DAC-888 
BYTEDAC@ 8-Bit High-Speed 
"Microprocessor Compatible" 
Multiplying Dj A Converter 

DAC-1508A/1408A 
8-Bit Multiplying Dj A Converters 

DAC-8012. 
CMOS 12-Bit Multiplying Dj A 
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Oual12-Bit Buffered Multiplying 
CMOS OjA Converter 

DAC-8408 
Quad 8-Bit Multiplying CMOS OJ A 
Converter With Memory 

PM-562. 
12-Bit Multiplying Current-Output 
OJ A Converter 

PM-565A 
Complete High-Speed 12-Bit 
Monolithic Dj A Converter 

PM-72.2.6 
Quad 8-Bit CMOS DjA Converter 
With Voltage Output 
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11-150 PM-7S24 
CMOS 8-Bit Buffered Multiplying 
D/A Converter 

11-159 PM-7S28 
Dual8-Bit Buffered Multiplying CMOS 
D/A Converter 

11-175 PM-7S33 
CMOS Low Cost lO-Bit Multiplying 
D/A Converter 

11-185 PM-7S41 
CMOS 12-Bit Monolithic Multiplying 
D/A Converter 

11-195 PM-7S42 
12-Bit Multiplying CMOS 
D/A Converter 
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11-196 PM-7S43 
12-Bit Serial-Input Multiplying CMOS 
D/A Converter 
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12-Bit Multiplying CMOS 
D/ A Converter 

ll- 209 JM38S10/11301/11302 
JAN 8-Bit Multiplying D/ A Converters 
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INTRODUCTION 
A D/A converter accepts a digital input and 
produces an analog output. The basic DAC 
consists of a voltage or current reference, binary
weighted precision resistors, a set of electronic 
switches, and a means of summing the weighted 
currents. 
Three important criteria for selecting a good 
DAC are resolution, accuracy, and speed. Other 
essential requirements to be considered are 
temperature stability, input coding, output 
format, reference requirements, and power 
consumption. 
Since introducing the first monolithic D/A 
converter in 1970, PMI has continually 
improved and updated its DAC product line. 
Using both bipolar and CMOS technologies, 
PMI offers complete selections of parametric 
trade-offs available from these technologies. 
Very high speed, internal references and 
amplifiers are key features of the bipolar 
technology DACs. The CMOS technology DACs 
offer a much higher degree of logic interface 
function, while maintaining absolute minimums 
in power dissipation. A wide offering of 
microprocessor-interfaceable DACs simplify 
connection to 4, 8, and 16-bit microprocessor 
systems. The DAC with "memory" is another 
first offered by PMI to simplify system self
diagnosis of data path integrity. 
The selection guides following the definitions 
will aid you in quickly locating the appropriate 
DAC for your application. 

DEFINITIONS -
LINEAR DIGITAL-TO-ANALOG 
CONVERTERS 
Absolute Accuracy - The absolute accuracy of 
a DAC is the difference between the actual 
unadjusted analog output and the ideal output 
that is expected when a given digital code is 
applied. Sources of error include full-scale error 
(gain error), zero-scale error (offset error), 
nonlinearity errors, and the drift of all of these. 
Therefore, absolute accuracy includes all 
deviations from the ideal. (See Figure 11.1) 
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Figure 11.1 Gain and Offset Error Defined 
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~/ 

OFFSET // 
ERRORo~/ _____ _ To DIGITAL INPUT DIGITAL INPUT 

A.C. Feedthrough - The ratio of the amplitude 
of signal at the DAC output to the reference 
input with all DAC switches off. This parameter 
is expressed in dBs. 
BCD - The abbreviation BCD stands for binary
coded decimal. It is a binary code used to 
represent decimal numbers in which the digits 0 
through 9 are coded, using the 4-bit binary 
8-4-2-1 code. 
Binary - A positive-weighted code in which a 
number is represented by: 

N = a020 + a121 + a222 + ... + an2n 
where each coefficient "ai" has a value of zero 
or one. Data converters use this code in its 
fractional form where: 

N = a12-1 + a22-2 + a32-3 + ... + an2-n 

and N has a fractional value between zero 
and one. 
Bit - The unit of binary information. It can have 
the value of zero or one. 
Bipolar Output - When the analog signal range 
includes both positive and negative values, the 
output is said to be bipolar. The transfer 
characteristic of an ideal 2-quadrant bipolar
output DAC is shown in Figure 11.2. 
Differential Nonlinearity (DNL) - Differential 
nonlinearity is the worst case deviation of any 
adjacent analog outputs from the ideal 1 LSB 
step size. The deviation of the actual "step size" 
from the ideal step size of 1 LSB is called 
differential nonlinearity error or DNl. DACs 
with DNL greater than ±1 LSB may be 
non monotonic. Maximum DNL error is less than or 
equal to twice the maximum INl. (See Figure 11.3) 
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Figure 11.2 Bipolar Output Converter 
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Figure 11.3 Nonlinearity (NL) and Differential 
Nonlinearity (DNL) 
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Dynamic Range (DR) - The dynamic range of a 
DAC is the ratio of the largest output to the 
smallest output (excluding zero) expressed in 
decibels (dB). For linear DACs, this ratio is 2n, 
where n = number of bits of resolution. 
DR (in dB) = 20 Log 102n ::= 6n for linear DACs; 
(COMDACs@ are 66 or 72dB.) 
Endpoint Linearity - See Integral Nonlinearity. 
Functional Compliance - The functional 
compliance of a DAC is the voltage range over 
which the current output can be driven and for 
which the DAC output current will maintain the 
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same relative accuracy (the output can change 
absolutely). 
Full Scale (FS) - The full-scale output of a 
DAC is its maximum voltage or current. For a 
binary DAC, the full-scale output occurs when 
the digital inputs are all ones. The full-scale 
value is one LSB less than the reference value. 

Full-Scale Gain Error (GFSE) - See Gain Error. 
Full-Scale Range (FSR) - The difference 
between the maximum analog output and the 
minimum analog output of a DAC. 
Gain Drift (TCGFS) - The variation of the full
scale value (voltage or current) measured over 
the operating temperature range is called gain 
drift. This parameter has units of %FS, ppmFS, 
or LSB. It may also be expressed % of FS/oC, 
ppmFS/oC, etc. 
Gain Error (GFSE) - The difference between the 
actual and the ideal analog output range, 
expressed as a percent of full-scale or in terms 
of LSB value (see Figure 11.1). It is the deviation 
in slope of the DAC transfer characteristic from 
ideal. 
Glitch - A glitch is a switching transient 
appearing in the output during a code transition. 
Its value is expressed as a product of voltage 
(V x ns) or current (mA X ns) and time duration or 
charge transferred (in Picocoulombs). 
Integral Nonlinearity (INL) or Nonlinearity (NL) 
- This is the single most important DAC 
specification. PMI measures INL as the 
maximum deviation of the analog output (from 
the ideal) from a straight line drawn between the 
end points, expressed as a percent of full-scale 
range or in terms of LSBs. (See Figure 11.5) 
For DACs, a specification of ±1/2 LSB INL 
guarantees monotonicity and ±1 LSB maximum 
differential nonlinearity. 
Least Significant Bit (LSB) - The analog value 
of the LSB is the smallest change that can occur 
in the output of a DAC. It corresponds to a one
bit change in the binary input. The analog value 
will be either a voltage or current. 

FSR 
LSB (Analog Value) = --

2n 

where FSR = Full-Scale Range 
n = number of bits 

I 
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Most Significant Bit (MSB) - The analog value 
of the MSB is the largest incremental output 
change obtainable by switching a single input 
bit. The analog value will be either a voltage or 
current. 

FSR 
MSB (Analog Value) = -2 -

Monotoniclty - A DAC is monotonic if the 
analog output either increases or remains the 
same for an increasing digial input code. If the 
DNL is less than or equal to ±1 LSB, 
monotonicity is guaranteed. (See Figure 11.3) 

Figure 11.4 DAC Transfer Curves 

QUADRANT II 

ANALOG 
OUTPUT 

QUADRANT I 

Multiplying DACs - The DAC multiplies an 
analog reference by a digital word. Some DACs 
can multiply only positive digital words by a 
positive reference. This is known as single 
quadrant operation (Quadrant I, see Figure 11.4). 
Two quadrant operation (Quadrants I and III) 
can be performed by a DAC that usually 
operates in Quadrant I by configuring the 
output for bipolar output operation. This is 
accomplished by offsetting the output by a 
negative MSB (1/2 of FSR), so that the MSB 
becomes the sign bit. CMOS DACs provide four 
quadrant operation by allowing the use of both 
positive and negative references. (Quadrants 
I, II, III, IV). 
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Figure 11.5 Nonlinearity 
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Nonlinearity (NL) - See Integral Nonlinearity. 
Offset Drift (TeVos. TClos) - The variatio"n of 
the offset (voltage or current) measured over the 
operating temperature range. The offset drift is 
divided by the temperature range over which it is 
measured, and expressed in ppm per degree 
centigrade or percent of full-scale range. This 
parameter applies to DACs operating in the 
bipolar output mode. See zero-scale drift for 
DACs operating in the unipolar output mode. 
Offset Error (VOSE. lOSE) - The offset error is 
the error at analog zero for a data converter 
operating in the bipolar mode. 
Output Resistance (Ro) - Output resistance is 
the equivalent internal resistance for a current 
output D/A converter as seen at its output. It is 
measured as the change in output current ~I 
with the change in output voltage ~V. It is a 
direct measure of the true compliance. 
Power Supply Sensitivity (Pss) - The change in 
the output of the converter due to a change in 
the power supply value. This may be expressed 
as a percent of full-scale range per one percent 
change in the power supply, or as a percent of 
full scale per volt of power supply change. 
Normally Pss is specified at DC; it is sometimes 
specified over a given frequency range. 



Precision Monolithics Inc. 

Relative Accuracy - See Integral Nonlinearity. 
Resolution (n) - The resolution of a DAC is the 
number of states (2n) that the FSR is divided (or 
resolved) into, where n is equal to the number 
of bits. 
Settling Time - Settling time is the elapsed time 
for the analog output to reach its final value 
within a specified error band after a digital input 
code change. It is usually specified for a full
scale change and measured from the 50% point 
of the logic input change to the time the output 
reaches its final value within the specified error 
band. (See Figure 11.6) 

Figure 11.6 Settling Time Measurement 
+avo 

TIME ...... SLEWING" FINAL SETTLING I DEAD -----.. 

~ SETTLING TIME TO ±l:No ---..1 

Three-State Outputs - A digital output circuit 
that can be programmed to output a logic low, 
logic high, or a high output impedance state. 
These devices are generally connected to digital 
buses. 
True Compliance - The true compliance of a 
DAC is the voltage range over which the current 
output can vary while the DAC maintains an 
absolute accuracy of ±1/2 LSB. The higher the 
DAC output impedance, the better the voltage 
compliance will be. 
Unipolar Output - A DAC operates in the 
unipolar output mode when the analog output 
starts at zero, stopping at a full-scale positive or 
negative value, while the digital inputs are 
changed from zero to all-ones code. The analog 
output occurs in one quadrant. 
Zero-Scale Error (VZSE. Izsd - The zero-scale 
error is the error at analog zero for a data 
converter operating in the unipolar mode. 

11·7 
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Zero-Scale Drift (TCVzs. TClzs) - The variation 
of zero scale measured over the operating 
temperature. It is expressed in ppmFSfOC, or 
%FS/OC, etc. 
Zero-Scale Symmetry Error (Vzss) - This 
definition applies only to sign-magnitude DACs. 
It is the change in the analog output produced 
by switching the sign bit with a zero-code input 
to the magnitude bits. It is expressed in units of 
voltage, current, or in fractions of an LSB. 

DEFINITIONS - COMPANDING DACs 
The companding (COMDAC®) DACs that PMI 
manufactures are the DAC-86, DAC-88, and the 
DAC-89. They are constructed such that the 
more significant bits of the digital input have a 
larger than binary relationship to the less 
significant bits. This decreases the resolution 
of the more significant bits, which increases the 
analog signal range. The effect of this is to 
compress more data into the more significant bits. 
Chord - The mathematical formula, describing 
the DAC transfer function, is implemented by 
performing a piecewise linear approximation of 
the function. The straight line segments used in 
the approximation are called chords. 
Chord Endpoints - The digital code corre
sponding to the maximum analog output for a 
given chord is called the chord endpoint. 

Dynamic Range (DR) - The dynamic range of a 
DAC is the ratio of the largest output to the 
smallest output (excluding zero) expressed in 
decibels (dB). For the COMDACs® this would be 
output(11 7 15) divided by output (10 1)' This is then 
converted to dB using the formula: 

DR = 20 LOg10(~) (dB) 
10, 1 

Encode Current - The encode current is the 
difference between 10E(+) and 100 (+) or the 
difference between 10E (-) and 100 (_) at any 
code. 
Full-Scale Symmetry Error - The full-scale 
symmetry error of a DAC is the difference 
between the maximum and the minimum analog 
output values. For the COMDACs® this is the 
difference between 100 (-) and 100 (+) or 10E (+) 

and 10E (-). 
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Output-Level Notation - Each output current 
level may be designated by the digital input 
code as Ie,s; where c = chord number and s = 
step number. For example, 100 = zero scale 
current; 101 = first step from zero; 1015 = 
endpoint of the first chord (Co); and'I7,15 = full
scale current. 
Steps - Each chord is divided into equal incre
ments called steps. 
Step Nonlinearity - This is the deviation of the 
actual step size from the ideal step size within a 
chord. In a linear DAC, it corresponds to 
differential nonlinearity. 

Voltage Outpul 

'" 0 

~ 
co 0 N 5 0 N :g 
'" <;> 

0 ~ 0 0 U 

~ < ~ ~ Ruolutlon C 

6-Bits • 
8-Bits • 
10-Bits • • • 
12-Bits 

Input CodIng 

BCD 

Binary 

Complementary Binary • 
Sign Magnitude • • • • 
Input Latches I'P Compatible 

Two's Complement 

Complementary Current Outputs 

Inlemal Reference • • • • • 
Logic Thruhold Control 

JAN Qualified 

Operallng Temperalure Range 

Military • • • • 
Industrial 

Commercial • • • • • 
·Companding 

'" 0 

0 
~ 

• 

• 
• 

• 
• 
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DIGITAL-TO-ANALOG CONVERTER 
SELECTION GUIDE 
PMI offers a complete line of digital-to-analog 
converters (DACs), all of which are guaranteed to 
be monotonic over their operating temperature 
ranges, and some which have become industry 
standards. The DACs have been arranged in a 
matrix, which highlights their primary 
characteristics so that the user can easily 
narrow the selection, according to specific 
requirements. More detailed specifications are 
then tabulated in each product group. 

Currenl Output 
.... 

CMOS ... E 
"- 0 

0 

~ '" 'l' 
u ::i; < Q. C '" 0 '" co 

'" a; '" co 
~ ~ 5 .... co 0 0 0 ~ '" co 

'" '" '" 0 '" '0 6 '" co co co Ie ~ ~ Ie co 
~ 0 0 0 '" ~ ~ 0 0 ~ ::i; ::i; ::i; < < < ~ ~ ::; ::; ~ ::; 

C C C C Q. Q. Q. Q. Q. Q. 

• • • • • • • 
• • • 

• • • • • 
• 

• • • • • • • • • • • • 
• • • • • 

• • • • • • • • 
• • • • • • • • 

• 
• • • • • • • • • • • • 

• • • • • • • • • • • • • • • • • • • • • • • • 
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DIGITAL-TO-ANALOG CONVERTER SELECTION GUIDE 

Six-Bit 
DAC-01 6-Bit Voltage-Output D/A 

Eight-Bit 
DAC-08* 8-Bit High-Speed Multiplying D/A 
DAC-20S 8-Bit Plus Sign Voltage-Output D/A 
DAC-8S8 8-Bit High-Speed JLP-Compatible D/A 
DAC-150SAI 8-Bit Multiplying D/A 
140SA 

PM-7524 CMOS 8-Bit Multiplying D/A with 
Latches 

PM-752S CMOS Dual 8-Bit Buffered 
Multiplying D/A 

JM385101 JAN Qualified DAC-08 
11301-11302 

Eight-Bit Companding 
DAC-S6 
DAC-S8 
DAC-89 

Companding D/A Converter 
Companding D/A Converter 
Companding D/A Converter ('A' Law) 

Ten-Bit and BCD 
DAC-021 
03/05 

DAC-06 

10-Bit-Plus-Sign Voltage-Out D/A 

Two's Complement 10-Bit Voltage-
Out D/A 

DAC-10 
DAC-20 
DAC-100 
DAC-210 
PM-7533 

10-Bit High-Speed Multiplying D/A 
2-Digit BCD High-Speed Multiplying D/A 
10-Bit Current-Output D/A 
10-Bit-Plus-Sign Voltage-Output D/A 
CMOS Low-Cost 10-Bit Multiplying D/A 

Twelve-Bit 
DAC-312 
DAC-8012 

PM-562 
PM-7541 
PM-75451 
7645 

12-Bit High-Speed Multiplying D/A 
CMOS 12-Bit Multiplying D/A with 
Memory 

12-Bit Multiplying D/A Converter 
CMOS 12-Bit Multiplying D/A 
CMOS 12-Bit Multiplying D/A with 
Latches 

'Indicates product available in lCe package (1986). 

11-9 

3JLs settling, includes ref., 250mW power dissipation 

85ns settling, 1 LSB gain error, 0.1 %INL 
Includes ref., 0.1%INL, 750ns settling 
8-bit input latch, 0.1%INL, 400ns settling 
0.19%INL, 250ns settling, 157mW power dissipation 

'AlLSB INL, 1mW power dissipation, 10ppm/oC 
gain drift 

1% matching, +5V to +15V single supply, 0.5LSB INL 

MIL-M-38510/113 device types 01 and 02 

JL255 law, meets D3 specs, encode and decode 
Improved accuracy and speed over DAC-86 
11-bit accuracy and resolution around zero 

Includes ref., ±10V out, 2JLs settling 

Includes ref., 1 LSB INL, 1.5JLs settling 

85ns settling, 10ppm/oC drift, 0.05% INL 
85ns settling, 0.25LSB gain error, 0.25LSB INL 
Includes ref., 375ns settling, 15ppm/oC drift 
Includes ref., 0.05%INL, 1.5JLs settling 
0.5LSB INL, 4-quadrant multiplying, 2mA Isy 

0.012%DNL, 0.025%INL, 250ns settling 
Data read back, 0.5LSB INL, 2ppm/oC TC 

0.25LSB INL, 1.5JLs settling, 0.5LSB DNL 
0.5LSB INL, 4-quadrant multiplying, 2mA Isy 
0.5LSB INL, 1 LSB gain error, 2mA ISY 

II 
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FEATURES 
• Fast........................... 31's Settling Time Max 
• Complete ....... Includes Reference, Ladder, Op Amp 
• Low Power Consumption •....... . . . . . . .. 250mW Max 
• 6-81t Resolution ...................... 7-81t Accuracy 
• 3 Output Options ................... +10V, ±5V, ±10V 
• Standard Power Supplies ......... . . • . .. ± 12V to ± 18V 
• TTL - Compatible Logic Levels 
• MIL-STD-883 Class 8 Processing Available From Stock 

ORDERING INFORMATIONtt 

14-PIN HERMETIC DIP 

FULL TEMP. MILITARY COMMERCIAL 
N.L. LSB TEMP. TEMP. 

±1/8 DAC01AY' 
DAC01Y' 

±1/4 DAC01BY' DAC01CY 
DAC01FY*t DAC01HYt 

±1/2 DAC01DY 

* For devices processed in total compliance to MIL-STO-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

tUnipolar only - all others unipolar or bipolar. 
ttAIl commercial and industrial temperature range parts are available with 

burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The DAC-01 is a complete monolithic S-bit digital-to-analog 
converter. The device contains current steering logic, cur
rent sources, a diffused resistor ladder network, precision 

SIMPLIFIED SCHEMATIC 

, DIGITAL lOGIC INPUTS 
MSB 

1 2 3 4 

1 1 1 1 
J J J J 

VREF 

"" ....... "" ..... 

~ 'i' ~ 'i' 

J 

'4~ FUll 
SCALE 
TRIM 

5 

DAC-Ol 
6-BIT VOLTAGE-OUTPUT 

D/A CONVERTER 

voltage reference and fast summing op amp on one chip. 
Monolithic construction provides low power consumption 
and high reliability. Wide power supply range, three output 
voltage options, and three input code options assureflexibil
ity for a wide variety of applications. A seventh bit may also be 
added for greater resolution. Introduced in 1970, the DAC-01 
is still the fastest,lowest power, most accurate S-bit complete 
monolithic DAC available. The DAC-01 is ideal for CRT 
deflection circuits, servo positioning controls, digitally pro
grammed power supplies and pulse generators, modem and 
telephone system digitizing and demodulation circuits, dig
ital filters, and S-bit AID converters. 

PIN CONNECTIONS 

, 
LSB 

• 

MSB B1 

LSB 86 6 

14 FULL-SCALE TRIM 

12 BIPOLAR/UNIPOLAR 

11 SUM NODE 

14-PIN HERMETIC DIP 
(V-Suffix) 

W SUM SCALE 
7 11 MODE 10 FACTOR 

'FS '" 2mA ----- 5.4k 

~>--I 
J 

1 -J @ @ 5.4k 

ANA LOG 
PUT 

"" 1 
..... - ....... B 

OUT 

+/ 

~ <i-

b13 BIPOLAR/ 12 9 

v- UNIPOLAR GROUND 
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-----------Im DAC.Q1 6-BIT VOLTAGE-OUTPUT DlA CONVERTER 

ABSOLUTE MAXIMUM RATINGS (See Note 3) 

Operating Temperature 
DAC-01 A, DAC-01, DAC-01 B, 

DAC-01F ......................... -55·C to +125·C 
DAC-01C, DAC-01H, DAC-01D ........•. O·C to +70·C 

DICE Junction Temperature (Tj) ....... -65·C to +150·C 
V+ Supp'ly Voltage to Ground ................. 0 to + 18V 
V- Supply Voltage to Ground .................. 0 to -18V 
Logic Input to Ground ...................... -0.7 to +6V 
Internal Power Dissipation (Note 1) .............. 500mW 

Storage Temperature •....•...•••....• -65·C to +150·C 
Lead Temperature (Soldering, 60 sec) ••......•.•.. 300·C 
Output Short-Circuit Duration (Note 2) ..•..•.. Indefinite 

NOTE6: 
I. Rating applies to ambient temperatures of 100' C. For temperatures above 

100" C. derate linearly at lOmWI' C. 
2. Short circuit may be to ground or either supply. Rating applies to + 125' C 

case temperature or + 75' C ambient temperature. 
3. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs = ± 15Vand over the rated operating temperature range, unless otherwise noted. 

PARAMETER SYMBOL DAC-G1A DAC-G1 DAC-G1B DAC-G1F DAC-G1C DAC-G1H DAC-01D UNITS 

Output Options 
Unipolar Unipolar Unipolar Unipolar Unipolar Unipolar Unipolar 

Bipolar Bipolar Bipolar Bipolar Bipolar 

Temperature Range TA -55/+125 -551+125 -55/+125 -551+125 01+70 01+70 01+70 'c 
Nonlinearity 25' CIMaximum NL ±0.20 ±0.40 ±0.40 ±0.4O ±0.4O ±0.4O ±0.78 %FS 

Nonlinearity Over 
NL ±0.30 ±0.45 ±0.45 ±0.45 ±0.45 ±0.45 ±0.78 %FS Temperature - Maximum 

Full-Scale Tempco -
Tc ±80 ±80 ±120 ±80 ±180 ±180 ±180 ppm/'C 

Maximum 

Unipolar Zero-Scale Output 
Voltage - Maximum (Notes 1, 2) Vzs 

25 25 25 40 25 40 50 mV 

ELECTRICAL CHARACTERISTICS for all DAC-01 grades, Vs = ±15V and over the rated operating temperature range 
unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Unipolar Full Range 
VFR Output Voltage (Note 3) 

2kO load, logic :5 0.8V, short pin 13 to pin 14. 
Short pin 12 to Ground and pin 10 to pin 11. 

Bipolar Output Voltage (Note 3) 2kO load, short pin 11 to pin 12. 
±5 Volt Range Short pin 13 to pin 14. short pin 10 to pin 11. 

VFR+ LogiC Inputs:5 0.8V 

VFR- LogiC Inputs" 2.0V 
± 10 Volt Range Open pin 10 

VFR+ Logic Inputs:5 0.8V 

VFA- Logic Inputs" 2.0V 

Bi polar Offset Voltage (Note 1 ) ±5 Volt Range 

±1/2 (I VFR+ I-I VFs-1 ) ±10 Volt Range 

Resolution 

Logic Input "0" V ,NL 

Logic Input "1" V,NH 

Logic Input Current, Each Input 'iN 

Power Supply Sensitivity Pss ±12V:5 Vs:5 ±18V VFS - 10.0V 

Power Consumption Pd No Load 

Supply Current 
1+ 
1-

v+=+15V 
V-=-15V Logie Inputs:5 0.8V 

Setting Time to ±1/2 LSB 
ts (Note4) 

2.0V:5 Logic Level :5 0.8V TA = 25' C 

NOTES: 

DAC-01 
MIN TVP 

+10.0 

+4.93 
-5.94 

+9.86 
-11.89 

±40 
±80 

6 

2 

±2 

±O.OI 

200 

1.5 

MAX 

+11.75 

+5.94 
-4.93 

+11.89 
-9.86 

±70 
±140 

0.8 

±8 

±0.15 

250 

7.3 
9.3 

3 

UNITS 

V 

V 

V 

mV 

Bits 

V 

V 

p.A 

mW 

mA 

p.s 

1. Zero-scale or bipolar offset voltage can be trimmed to zero volts or to the 
exact one's or two's complement condition with an external resistor 
network to pin 11. 

3. Full-scale is adjustable to precisely 10V for unipolar operation and 10V or 
20V peak-to-peak bipolar operation with an external 5000 potentiometer 
from pin 14 to V-. 

2. Logic input voltage" 2.0V. 4. Guaranteed by deSign. 

11-11 1/86, Rev. A 
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__________ ~~ DAc-G1 S-BIT VOLTAGE-OUTPUT DlA CONVERTER 

DICE CHARACTERISTICS 

DIE SIZE 0.092 X 0.054 Inch, 4968 sq. mils (2.34 x 1.37 mm, 3.21 sq. mm) 

For addlllonal DICE information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at TA = 25°C. 

PARAMETER SYMBOL CONDITIONS 

Nonlinearity NL VS=±15V 

Zero-Scale Voltage Vzs VS =±15V 

DAC-01N 
BIPOLAR AND 

UNIPOLAR 
LIMIT 

1/4 

25 

WAFER TEST LIMITS at Vs= ± 15V, TA= 25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

1. B1 (MSB) 
2. B2 
3. B3 
4. B4 
5. B5 
6. B6 (lSB) 
7. V+ 
8. ANALOG OUTPUT 
9. GROUND 

10. SCALE FACTOR 
11. SUM NODE 
12. BIPOLAR/UNIPOLAR 
13. V-
14. FUll-SCALE TRIM 

DAC·01G 
BIPOLAR AND 

UNIPOLAR 
LIMIT 

1/2 

35 

DAC·01 
LIMIT 

Unipolar Full-Scale Output 
Voltage (All Models) 

2kO Load, Logic:5 0.8V, Short V- to Full-Scale Trim, Unipolar/ 
Bipolar to Ground, and Scale Factor to Sum Node 

10.00 
11.75 

Bipolar Output Voltage 
±5 Volt Range 
± 10 Volt Range 

BI polar Offset Voltage 
±1/2 (IVFR+I-IVFR-I) 

Resolution 

VFR+ 
VFR-

Logic Input "0" V1Nl 

Logic Input "1" V1NH 

Logic Input Current. Each Input Vov 

Power Supply Rejection PSR 

Power Consumption 

NOTE: 

2kO Load, Short Sum Node to Unipolar/Bipolar. 
Short V- to Full-Scale Trim and Scale Factor to Sum Node. 
Logic Inputs :5 0.8V 
Logic Inputs 2: 2.0V 

Open-Scale Factor 
Logic Inputs:5 0.8V 

Logic Inputs 2: 2.0V 

±5 Volt Range 
±10 Volt Range 

±12V:5VS :5±18V, Vs= 10.0V 

No Load 

+4.93 
-5.94 

+9.78 

-11.89 

±1/2 

6 

0.8 

2 

±8 

0.15 

250 

UNITS 

L.S.B. MAX 

mVMAX 

UNITS 

VMIN 
V MAX 

VMIN 
V MAX 

VMIN 

V MAX 

LSBMAX 

Bits MAX 

V MAX 

VMIN 

,..AMAX 

%FSNMAX 

mWMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss. yield after packaging Is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at 25°C. 

PARAMETER SYMBOL CONDITIONS 

Settling Time ts To±1/2 LSB 

Full-Scale Tempco Vs=±15V 

11-12 

DAC·01N 
TYPICAL 

1.5 

60 

DAC·01G 
TYPICAL 

1.5 

90 

UNITS 

,..s 
ppm/OC 
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-----------l1fMD DAC-01 a-BIT VOLTAGE-OUTPUT D/A CONVERTER 

BASIC CIRCUIT CONNECTIONS 

FULL-SCALE ADJUSTMENT TECHNIQUE 

-15V 

OPTIONAL ZERO-SCALE OR 

BIPOLAR OFFSET ADJUSTMENT 

lQOkn 
v- O--~/\N~--ov+ 

470kn 

11 

I DAC-01 

ADDITION OF 7th BIT 

-15V 0---.-------, 

100kn 
IN414B 

2.7MH 

LSB 

11-13 

APPLICATIONS INFORMATION 

INPUT CODES 
The DAC-Ol uses standard complementary binary coding for 
unipolar operation (all inputs logic high produces zero out
putvoltage). One's complement coding may be implemented 
by shorting pin 11 to pin 12 and inverting the MSB (all other 
bits are not inverted). Complementary offset binary coding 
may be implemented by shorting pin 11 to pin 12, and inject
ing approximately 5p.A into pin 11 (which is at ground poten
tial) by using the "optional Zero-Scale or bipolar offset 
adjustment" circuit. Two's complement code is achieved 
when the MSB for complementary offset binary is inverted. 

FULL-SCALE ADJUST 
A 5000 pot from pin 14 to V- can be used to adjust the 
Full-Scale output voltage to exactly 10 volts in unipolar mode 
or 10 to 20 volts peak-to-peak in bipolar mode. If no pot is 
used, connect pin 14 to V-. 

SCALE FACTOR 
For+ 10 volts or±5 volt outputs, short pin 10to pin 11 (adjusts 
the feedback resistor around the output amplifier). For ± 10 
volt output. leave pin 10 open. Intermediate output voltages 
may be obtained by placing a pot between pin 10 and pin 11. 
This will, however, seriously degrade the Full-Scale tempera
ture coefficient due to the mismatch between the 
+ 1150ppm/o C tempco of the diffused resistors and the pot 
tempco. 

CAPACITIVE LOADS 
When driving capacitive loads greater than 50pF in Unipolar 
mode or 30pF in Bipolar mode a 100pF capacitor may be 
placed from pin 11 to ground for added stability. 

LOWER RESOLUTION APPLICATIONS 
When less than 6 bits of resolution is required, connect 
unused bits to a voltage level greater than +2.0 volts. The +5 
volt logic supply is adequate. 

1/86, Rev. A 



I>JlC-02/I>JlC-03/I>JlC-05 

Pr-cc. Slon MOllolithics Inc. 

FEATURES 

• Complete ...•......• Includes Reference and Op Amp 
• Compact .................. Single 18-Pln DIP Package 
• Bipolar Output . . . . . . .. (± 10V) Sign-Magnitude Coding 
• DAC-G3 - Unipolar Only; ..............• + 5V or + 10V 
• Monotonlclty Guaranteed 
• Nonlinearity ...•..................•...•••.•.• ± 1 LSB 
• Fast.............................. 2.01's Settling Time 
• Stable.................. Full-Scsle Tempco 80ppmJ° C 
• Low Power Consumption . . . . . . . . . . . . . . .• 300mW Max 
• TTL, CMOS Compatible Inputs 
• MIL-STD-883 Class B Processing Available on DAC-OS 

ORDERING INFORMATION t 
MONO- PACKAGE: 18-PIN HERMETIC DIP 

TONOCITY MILITARY 
BITS TEMP" COMMERCIAL TEMP 

10 
9 
8 
7 

DAC05AX DAC02ACX DAC03ADX DAC05EX 
DAC02BCX DAC03BDX 

DAC05CX DAC02CCX DAC03CDX DAC05GX 
DAC02DDX DAC03DDX 

• For devices processed in total compliance to MIL-STO-883, add 1883 after 
pert number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-In. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The DAG-02 and DAC-05 are complete 1Q-blt plus sign DlA 
converters on a single monolithic chip. All elements of a 
complete sign-magnitude DAC are included; precision vol-

SIMPLIFIED SCHEMATIC 

lO-BIT-PLUS-SIGN VOLTAGE-OUTPUT 
D/A CONVERTERS 

tage reference, current steering logic, current sources, R-2R 
resistor network, logic-controlled polarity switch, and high 
speed internally-compensated output op amp. Monotonicity 
guaranteed over the entire temperature range is achieved 
using an untrimmed diffused R-2R resistor network. The buf
fered reference input is capable of tracking over a wide range 
of voltages, increasing application flexibility. The wide power 
supply range, low power consumption, wide logic input 
compatibility and sign-magnitude coding assures utility in a 
wide range of applications including CRT displays, data 
acquisition systems, A/D converters, servo positioning con
trols, and audio digitizing/reconstruction systems. 

The DAC-03 is similar in construction to the DAC-02/DAC-05 
except for a unipolar only output. This device is intended for 
low cost, limited temperature range applications, with the 
same general specifications as its premium counterparts. 

PIN CONNECTIONS 

18-PINDIP 
(X-Suffix) 

,---------DIGlTALLOGICINPUTS--------~ 

_, m. .3 •• m. m. •• BIT 9 BIT 10 

11-14 

ANALOG 

>-_-+-t°'-<l~TPUT 
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-------tm DAC-42/DAC-G3/DAC-45 10-BIT-PLUS-SIGN VOLTAGE-OUTPUT DlA CONVERTER 

ABSOLUTE MAXIMUM RATINGS (Note) 

Operating Temperature Range 
DAC-OSA, C , ....................... -SS'C to +12S'C 
DAC-02 and DAC-03, All 
DAC-OSE, G ............................ O'C to +70'C 

Storage Temperature Range .......... -65'C to +1S0'C 
V+ Supply to Analog Ground ................. 0 to + 18V 
V- Supply to Analog Ground .................. 0 to -18V 
Analog Ground to Digital Ground .•.......... 0 to ±O.SV 
Logic Inputs to Digital Ground ........ -5V to (V + -0.7V) 
Internal Reference Output Current ............... 300l'A 
Reference Input Voltage ...................... 0 to + 10V 
Internal Power Dissipation ...•.................. SOOmW 

Lead Temperature (Soldering, 60 sec) ............ 300' C 
Output Short Circuit Duration ................. Indefinite 

(Short circuit may be to ground or either supply.) 
NOTE: For ambient temperatures above 100° C derate 100mW/o C. 

OUTPUT VOLTAGE RANGE SELECTION TABLE 

PRODUCT 

DAC02 
DAC03 
DAC03 
DAC05 

OUTPUT 
VOLTAGE 

RANGE 

±10V 
Oto +10V 
o to +5V 

±10V 

ADD AS 
SUFFIX TO 
PARt NO. 

1 
2 

ELECTRICAL CHARACTERISTICS at Vs = ±lSV, 0:5 TA:5 +70'C for DAC-02 and DAC-OSE & G, TA = 2S'C for DAC-03 
and -55 :5 TA :5 + 12S' C for DAC-OSA & C, unless otherwise noted. 

PARAMETER 

Monotonicity 

Nonlinearity 

Full-Scale Tempco 

Settling Time 

Full Range Output 

Voltage (Note 1) 

Zero-Scale Offset 

Zero-Scale Symmetry 

Full Range Bipolar Symmetry 

Reference Input Bias Current 

Reference Input Impedance 

Reference Input Slew Rate 

Reference Output Voltage 

SYMBOL CONDITIONS 

NL 

ts 

Vzs 

Vzss 

SR 

INT REF 

EXT REF 

To 112 LSB, 10V Step (Note 4) 

VFR+ (SB High) 
VFR- (SB Low) 
DAC-03 +10V 

+SV 

SB High. All other logic 
inputs low. TA= 2S"C 

TA = Min or Max 

(Note2) 

VFR+ -I VFR-I 
(Note3) 

TA = Min or Max 
TA = 2S"C 

DAC~2 

AC 

BC 

CC 

DAC~3 

AD 

BD 
CD 

DO DO 

AC/BC 
GC 
DO 

AClBC/CC 

DO 

ALL 

ALL 

ALL 
ALL 

ALL 

ALL 

AC/BC/CC 
DO 

AG/BC/CC 
DO 

ALL 

ALL 

ALL 

ALL 

11-15 

AD/BD 

CD 
DO 

ALL 

ALL 

ALL 

ALL 
ALL 

ALL 

N/A 

N/A 

ALL 

ALL 

ALL 

ALL 

DAC-OS 

AlE 

GIG 

AlE 

C/G 

A 

ElG 

C 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 

ALL 
ALL 

ALL 

ALL 

ElG 

AlC 

ALL 

MIN TYP MAX 

10 
9 
8 

+10 
-11.5 

+10 
+5.00 

±60 

±0.1 
±0.2 
±0.4 

±O.S 

±60 

±45 ±100 

±60 ±120 

±30 
±40 

±150 

+11.5 
-10 

+11.5 

+5.75 

±1 ±5 

±1 ±10 
±S ±10 

±2 ±10 

±1 ±S 

±1 ±10 
±4 ±10 

±30 ±60 
±30 ±80 

±20 ±70 
±10 ±50 

100 

200 

1.5 

2 

6.7 

UNITS 

Bits 

%FS 

ppm/OC 

ppm/OC 

!,s 

Volts 

mV 

mV 

mV 

mV 

mV 
mV 

nA 

MO 

VljlS 

Volts 
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--~----I1fMi) DAC-02IDAC-03IDAC-05 10-BIT-PLUS-SIGN VOLTAGE-OUTPUT DlA CONVERTER 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, 0:5 TA:5 + 70° C for DAC-02 and DAC-05E & G, T A = 25° C for DAC-03 

and -55:5 TA:5 +125°C for DAC-05A & C, unless otherwise noted. (Continued) 

PARAMETER SYMBOL CONDITIONS DAC-02 DAC-C13 DAC-OS MIN TYP MAX UNITS 

Logic Input Current liN 
Each input 

ALL ALL ALL ±1 ±10 "A -SV to (V+ - 0.7)V 

Logic Input 0 VINL ALL ALL ALL 0.8 
Volts 

Logic Input 1 VINH ALL ALL ALL 

Positive Supply Current 1+ 
SB High. All other AClBC/CC ALL +7 +10 

mA 
logic inputs low. DO ALL +7 +11.6 

SB High. All other 
AC/BC/CC ALL -9 -10 

Negative Supply Current 1- DO -9 -11.6 mA 
logic Inputs low. 

ALL -10 -11.6 

Vs= ±12 to ±18V 
AC/BC/CC -±O.OIS ±O.OS 

DO ALL -±O.OIS ±0.1 Power Supply Sensitivity Pss TA= Min to Max ALL ±O.OS ±0.1 
%VFsN 

TA=2So C ALL ±.02 ±.OS 

lOUT = 0 
AC/BC/CC 22S 300 

DO ALL 225 350 
Power Dissipation Pd 

TA=2So C ALL 200 300 
mW 

TA = Min to Max ALL 250 350 

Output Drive Current 10 Guaranteed by V FR test ALL ALL ALL 5 mA 

NOTES: 
1. Reference output terminal connected directly to reference inputtermlnal, 3. Full-scale bipolar symmetry is the magnitude of the difference between 

RL = 2kO for 10V devices, RL = lkO fo,SV devices. all logic inputs 2: 2.0V. VFR+ and IV'R-I. 
2. Zero-scale symmetry Is the change in the outpu1 voltage produced by 4. Guaranteed by design. 

switching the sign-bit with all logic bits low (VZS+ - Vzs-). 

BURN-IN TEST CIRCUIT 

+18V±0.5V -18V±0.5V 

NOTE: PINS 14. 15, & 17 MUST NOT BE CONNECTED TO 

A COMMON BUS BETWEEN DEVICES. 

11-16 
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--------i!EMD DAC.(I2/DAC.(I3/DAC.(IS10-BIT-PLUS-SIGN VOLTAGE-OUTPUT D/A CONVERTER 

DICE CHARACTERISTICS 

DIE SIZE 0.163 X 0.090 Inch; 14,670 sq. mils 
(4.14 X 2.286 mm, 9.464 sq. mm) 

1. BIT 1-MSB 10. BIT 10 
2. BIT2 11. DIGITAL GROUND 
3. BIT3 12. V-
4. BIT4 13. ANALOG GROUND 
5. BITS 14. ANALOG OUTPUT 
6. BIT6 15. REF IN 
7. BIT7 16. V+ 
8. BIT8 17. REF OUT 
9. BIT9 18. SIGN BIT 

For additional DICE inlormation reler to 
1986 Data Book, Section 2. 

NOTE: 
Voltage output range programmable by connecting 
"(10V) to analog output for 10 volt range, Jumps from 
"(5V) to analog output for5 volt range, tBits 11 & 12 (not 
normally used) 

WAFER TEST LIMITS at Vs = ± 15V, TA = 25° C and + 10V fuJi-scale output, unless otherwise noted. 

PARAMETER 

Resolution 
(Bits 11 and 12 
Not Normally Used) 

Monotonicity 

Nonlinearity 

Zero-Scale Offset 

Zero-Scale Symmetry 

Full-Scale Bipolar Symmetry 

Power Supply Reiection 

Power Dissipation 

Logic Input "0" 

Logic Input "1" 

Full Range 
Output Voltage 

NOTE: 

CONDITIONS 

Bipolar Output 
Unipolar Output 

Sign Bit High, All Other 
Inputs Low 

± 10V Full-Scale 

± 10V Full-Scale 

Vs= ±12V to ±18V 

lour= 0 

Sign-Bit 
High or Low 

DAC-D2-N 
LIMIT 

13 
12 

9 

±0,1 

±10 

±5 

±60 

0,05 

300 

0,8 

2 

±11.5 
±10 

DAC-02-G 
LIMIT UNITS 

13 
12 

Bits MAX 

8 Bits MIN 

±0,2 % FSMAX 

±10 mVMAX 

±5 mVMAX 

±60 mVMAX 

0,05 %VFslV MAX 

300 mWMAX 

0,8 V MAX 

2 VMIN 

±11,5 V MAX 
±10 VMIN 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V and + 10V fuJi-scale output, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Full-Scale Tempco Internal Reference 

Settling Time (TA = 25° C) To ± 112 LSB 10 Volt Step 

Logic Input Current 

NOTE: 
When ordering DICE in this series, use DAC-02 numbers and grades above, 

11-17 

DAC-02-N 
TYPICAL 

60 

DAC-D2-G 
TYPICAL 

60 

2 

UNITS 

ppm/OC 

I'S 
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-------i[fMD DAC-G2/DAC-G3/DAC-GS10-BIT-PLUS-SIGN VOLTAGE-OUTPUT DlA CONVERTER 

TYPICAL APpLIcATIONS 
The DAC-02's, DAC-03's and DAC-05's logic input stages 
require about 1,..A and are capable of operation with inputs 
between -5 volts and V+ less 0.7 volt. This wide input voltage 
range allows direct CMOS interfacing in most applications, 
the exception being where the CMOS logic and D/A converter 
must use the same positive power supply. 

In this special case, a diode should be placed in series with 
the CMOS driving device's Voo lead as shown in Figure 1. The 
diode limits Vo to V+ less 0.7 volt - since the output from the 
CMOS device cannot exceed this value, the DAC's maximum 
input voltage rule is satisfied. Summarizing: in all applica
tions, the DAC-02, DAC-03 and DAC-05 require either no 
interfacing components, or at most a single inexpensive 
diode for full CMOS compatibility. 

CMOS LOGIC INTERFACE CIRCUIT 

V+ v-

VOLTAGE 
OUTPUT 

INPUTS';;;; V+ LESS 
IN4148 0.7 VOLTS 

l----jvoo 
CMOS DR IVING 

DEVICE 

vss 

CONNECTION INFORMATION 

FULL-SCALE ADJUSTMENT CIRCUIT 

,---. DIGITAL INPUTS ~ 

MSB 

REF 
OUT 17 

FULL REF 

:.cD~b~T ~'Ok_no-!"'N,*-+_-r, 
POT 

62k,n* 
LOWT.C. 

ANALOG" 
GROUND 

FULL-SCALE ADJUSTMENT 

SIGN * 
LSBBIT V+ 

Full-scale output voltage may be trimmed by use of a poten
tiometer and series resistor as shown; however, best results 

11-18 

will be obtained if a low tempco resistor is used or if pot and 
resistor tempcos match. Alternatively, a single pot of :572kO 
may be used. 

REFERENCE INPUT BYPASS 
Lowest noise and fastest settling operation will be obtained 
by bypassing the reference input to analog ground with a 
0.01,..F disk capacitor. 

GROUNDING 
For optimum noise rejection, separate digital and analog 
grounds have been brought out. Best results will be obtained 
if these grounds are connected together at one point only, 
preferably near the DAC-02, DAC-03 and DAC-05 package, 
so that the large digital currents do not flow through the 
analog ground path. 

APPLICATIONS INFORMATION 
LOWER RESOLUTION APPLICATIONS 
For applications not requiring full 10-bit resolution, unused 
logic inputs should be tied to ground. 

UNIPOLAR OPERATION 
Operation as a 10-bit straight binary converter may be 
implemented by permanently tying the sign-bit to +5V (for 
positive full-scale output) or to ground (for negative full
scale output). In the DAC-03 only, Pin 18 unipolar enable is 
tied to Pin 17. 

POWER SUPPLIES 
The DAC-02, DAC-03 and DAC-05 will operate within specifi
cations for power supplies ranging from ± 12V to ± 18V. Power 
supplies should be bypassed near the package with a 0.1,..F 
disk capacitor. 

CAPACITIVE LOADING 
The output operational amplifier provides stable operation 
with capacitive loads up to 100pF. 

REFERENCE OUTPUT 
For best results, reference output current should not exceed 
100,..A. 

USE WITH EXTERNAL REFERENCES 
Positive-polarity external reference voltages referred to 
analog ground may be applied to the reference input termi
nal to improve full-scale tempco, to provide tracking to other 
system elements, or to slave a number of DAC-02's, DAC-03's 
and DAC-05's to the reference output of anyone of them. 
This reference voltage should be between +5V to +7V for 
optimum performance. 

SIGN PLUS MAGNITUDE CODING TABLE 
(DAC-02. DAC-03 and DAC-05) 

SIGN-BIT MSB LSB 

+ FULL SCALE 1 1 1 1 1 1 1 

+ HALF-SCALE 1 o 0 0 0 0 0 0 0 0 
ZERO-SCALE (+) 1 0 0 0 0 0 0 0 0 0 0 
ZERO-SCALE (-) 0 0 0 0 0 0 0 0 0 0 0 
- HALF-SCALE 0 0 0 0 0 0 0 0 0 0 
- FULL-SCALE 0 1 
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DAC-06 
TWO'S-COMPLEMENT lO-BIT VOLTAGE-OUTPUT 

D/A CONVERTER 
Precision Monolithics Inc. 

FEATURES 

• Complete ............. Includes Reference and Op Amp 
• Compact ................... Single 18-Pln DIP Package 
• Bipolar Output ............. Two's Complement Coding 
• Monotonlclty Guaranteed 
• Nonlinearity .................................. ±1 LSB 
• Fast.............................. 1.51-'s Selliing Time 
• Low Power Consumption ................. 300mW Max 
• TTL, CMOS Compatible Inputs 

ORDERING INFORMATIONt 

MONO
TONICITY 

BITS 

PACKAGE la-PIN HERMETIC DIP 

10 
9 
8 

MILITARY 
TEMP 

DAC-06BX· 
DAC-06CX· 

COMMERCIAL 
TEMP 

DAC-OSEX 
DAC-OSFX 
DAC-OSGX 

* For devices processed in total compliance to MIL-STO-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The DAC-06 is a complete 10-bit two's complement D/A 
converter on a single 90 x 163 mil monolithic chip. All ele
ments of a complete bipolar output two's complement DAC 

SIMPLIFIED SCHEMATIC 

are included - precision voltage reference, current steering 
logic, current sources, R-2R resistor network, bipolar offset 
circuit and high speed internally compensated output op 
amp. Monotonicity guaranteed over the entire operating 
temperature range is achieved using an untrimmed diffused 
R-2R resistor network. The buffered reference input is 
capable of tracking over a wide range of voltages, increasing 
application flexibility. The user may also easily implement 
one's complement, straight offset binary, or unipolar opera
tion. The ±12V to ±18V power supply range, low power 
consumption, TTL and CMOS compatibility, wide logic input 
compatibility and adaptable logic coding capability assure 
utility in a wide range of applications. 

PIN CONNECTIONS 

SIGN BIT 1 18 BIPOLAR ADJUST 

17 REFERENCE OUTPUT 

16 POSITIVE POWER SUPPLY 

15 REFERENCE INPUT 

14 ANALOG OUTPUT 

13 ANALOG GROUND 

12 NEGATIVE POWER SUPPLY 

11 DIGITAL GROUND 

10 BIT 10 LSB 

18-PIN DIP eX-SUFFIX) 

rr------- DIGITAL LOGIC INPUTS --------" 
v+ 

REF 
OUTPUT 

o+-.-{ 

REF 

INPUTo-+--!_--! I. 
DIGITAL 

SIGN BIT BIT BIT BIT BIT BIT BIT BIT BIT BIPOLAR 
BIT 2 3 4 5 6 7 8 9 10 ADJUST 

1 2 3 4 5 6 7 8 9 10 18 ,. 

GND ~--I1---------t-t-t~~~~t+=;~~:t~;t+=~~~t+:;~~:t~~~-------1 11 

13 

ANALOG GROUND 

11·19 

ANALOG 
OUTPUT > .... -+4-,.-0 

12 

v-
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----------tM DAC-06 TWO'S-COMPLEMENT 10-BIT VOLTAGE-OUTPUT D/A CONVERTER 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range 

DAC-06B, C ••••••••••••••••••••••••• -SS·C to +12S·C 
DAC-06E, F, G •••••••••••••••••••••••••• O·C to +70·C 

DICE Junction Temperature (TJ) ••••••••• -65·C to +1SO·C 
Storage Temperature Range ••••••••••••• -6S·C to +1S0·C 
V+ Supply to Analog Ground ••••••••••••••••••• 0 to +18V 
V- Supply to Analog Ground •.•••••••••••••••••• 0 to -18V 
Analog Ground to Digital Ground ••••••••••••••• 0 to ±O.SV 

Logie Inputs to Digital Ground ••••••••••• -SV to (V+ -0.7)V 
Internal Reference Output Current ••••••••••••••••• 3OO/'A 
Reference Input Voltage •••••••••••••••••••••••• 0 to + 10V 
Bipolar Offset Input Voltage •••••••••••••••••••• 0 to +10V 
Internal Power Dissipation ••••••••••••••••••••••• 500mW 
Lead Temperature (Soldering, 60 sec) •••••••••••••• 300·C 
Output Short-Circuit Duration ••••••••••••••••••• Indefinite 

(Short circuit may be to ground or either supply) 

ELECTRICAL CHARACTERISTICS at Vs = ±1SV; -SS·C:s TA:S +12S·C for DAC-oSB & C; and O·C:S TA:S HO·C for 
DAC-06E, F & G, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS DAC-08 MIN TYP MAX UNITS 

Resolution All 10 Bits 

E 10 
Monotonicity B/F 9 Bits 

C/G 8 

E ±0.1 
TA = 25°C B/F ±0.2 %FS 

C/G ±0.4 
Nonlinearity NL 

E ±0.2 
TA = Full Temp. B/F ±0.3 %FS 

C/G ±0.5 

B ±45 ±90 
Total Internal ElF/G ±45 ±100 

ppml"C 
Full-Scale Tempco TC'/FS 

Ref Connected C ±60 ±120 

Zero Drift Ext 
Ref Applied 

All ±30 ppm/oC 

Settling Time ts To ± 112 LSB, 10V Step All 1.5 ,.s 

Unipolar Zero-Scale Output Vzs 
Short Pin 18 to TA=2SoC All ±1 ±S mV 

Ground (Note 1) TA = Full Temp. All ±2 ±10 mV 

Bipolar Offset Voltage BPOff Connect Pins IS, 17 & 18 (Note 3) All -5 +2.S % Range 

Full Range Output Voltage VFA 
Connect Pin 15 to 17 (Note 2) 

All 10 11.5 V 
RL = 2kfl 

Reference Input Bias Current 18 All 100 nA 

Reference Input Impedance Z,N All 200 Mfl 

Reference Input Slew Rate SR All 1.5 VI,.s 

Reference Output Voltage VAEF All 6.7 V 

Logic Input Current liN Each Input -5V to (V+ -0.7)V All 10 /LA 

Logic Input "0" V,NL All 0.8 V 

Logic Input "I" V,NH All V 

Power Supply Sensitivity PSS Vs=±12Vto±18V TA=25°C All ±0.02 ±O.OS %FSlV 

TA = Full Temp. All ±0.02 ±0.1 % FSN 

Supply Current 
1+ 

TA = 25°C 
All 7 10 mA 

1- All -9 -10 mA 

Power Dissipation Po 
TA=2SoC All 250 300 mW 

TA = Full Temp. All 3S0 mW 

NOTES: 
1. May be operated in the 0 to + 10V unipolar mode by shorting Pin 18 to 

Ground. 
2. V FA = IV FA+ I + I V FA-I and is trimmable to exactly 10V range with the ci rcuit 

shown in typical applications. 
3. Bipolar offset voltage is trimmable to exact two's or one's complement 

condition with the circuit shown in typical applications. 
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--------I1fMD DAC-06 TWO'S-COMPLEMENT 10-BIT VOLTAGE-OUTPUT D/A CONVERTER 

TYPICAL APPLICATIONS 

ADJUSTING FOR TWO'S COMPLEMENT CODING 

1. Connect Full-Scale Adjust and Bipolar Adjust Circuitry as 
shown in figure. 

2. Turn all bits OFF (VFs--1LSB) = 1000000000 

3. Adjust Bipolar Pot for VFS at output ............ -5.000V 

4. Turn all bits ON (VFR+) = 0111111111 

5. Adjust Full-Scale Pot for desired 
VFR+ value ................................... +4.990V 

6. Check Zero-Scale Reading (Vzs) = 0000000000 
If this reading is outside desired Vzs range, readjust Bi
polar Pot until the output reads O.OOOOV. 

TWO'S COMPLEMENT CODING TABLE 

INPUT IDEAL 
MSB LSB OUTPUT 

VFs+-1LSB 0 1 1 1 +4.990V 

VFs+-2LSB 0 1 0 +4.980V 

+1LSB 0 0 0 0 0 0 0 0 0 1 +0.010V 

Zero 0 0 0 0 0 0 0 0 0 0 O.OOOV 

-1LSB 1 1 1 1 -0.010V 

VFs-+1LSB 0 0 0 0 0 0 0 0 -4.990V 

VFS- 0 0 0 0 0 0 0 0 0 -5.000V 

ADJUSTING FOR ONE'S COMPLEMENT CODING 

1. Connect Full-Scale Adjust and Bipolar Adjust Circuitry as 
shown in above figure. 

2. Turn all bits OFF (VFR-) = 1000000000 

3. Adjust Bipolar Pot for VFR-at output .......... -5.0000V 

4. Turn all bits ON (VFR+) = 0111111111 

5. Adjust Full-Scale Pot for desired 
VFR+ value .................................. +5.0000V 

ONE'S COMPLEMENT CODING TABLE 

INPUT IDEAL 
MSB LSB OUTPUT 

VFs+-1LSB 0 1 1 +5.000V 

VFs+-2LSB 0 1 1 0 +4.990V 

+0 0 0 0 0 0 0 0 0 0 0 +0.005V 

-0 1 1 1 1 1 -0.005V 

VFs-+2LSB 0 0 0 0 0 0 0 0 1 -4.990V 

VFs-+1LSB 0 0 0 0 0 0 0 0 0 -5.000V 

Note that two zero states will straddle (± 112 LSB) the true zero. Therefore the 
DAC will give symmetrical outputs for both positive and negative full-scale. 

11-21 

REFERENCE OUTPUT 

For best results, reference output current should not exceed 
1OOI'A. 

POWER SUPPLIES 

The DAC-06 will operate within specifications for power 
supplies ranging from ± 12V to ± 18V. Power supplies should 
be bypassed near the package with a 0.11'F disk capacitor. 
Chip users should connect the substrate to V-. 

GROUNDING 

For optimum noise rejection, separate digital and analog 
grounds have been brought out. Best results will be obtained 
if these grounds are connected together at one pOint only, 
preferably at the DAC-06 package, so that large digital 
currents do not flow through the analog ground path. 

CAPACITIVE LOADING 

The output operational amplifier provides stable operation 
with capacitive loads up to 100pF. 

FULL-SCALE OUTPUT RANGE AND 
BIPOLAR OFFSET ADJUSTMENT CIRCUIT 

,--OIGITAL INPUTS ~ 

MSB LSB V+ 

ANALOG 13 
GNO*'" 

·SEE APPLICATION NOTES FOR DETAILS. 

**TIE TO GROUNO FOR UNIPOLAR OPER
ATION. 

u*GROUNDING - FOR OPTIMUM NOISE RE
JECTION, SEPARATE DIGITAL AND ANA
lOG GROUNDS HAVE BEEN BROUGHT 
OUT. BEST RESULTS WilL BE OBTAINED 
IF THESE GROUNDS ARE CONNECTED 
TOGETHER AT ONE POINT ONt Y. PREFER
ABLY NEAR DAC-06 PACKAGE. SO THAT 
THE LARGE DIGITAL CURRENTS 00 NOT 
FLOW THROUGH THE ANALOG GROUND 
PATH. 

EXTERNAL ADJUSTMENT NETWORK 

Full-scale output range and bipolar ~set may be adjusted 
by using the circuit shown in the figure above. Best results 
will be obtained when low tempco pots and resistors are 
used, or if pot and resistor tempcos match. 
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--------I1fMD DAC-06 TWO'S-COMPLEMENT 10-BIT VOLTAGE-OUTPUT D/A CONVERTER 

CODE CONVERSION TO OFFSET BINARY 

Offset binary coding is exactly the same as two's complement 
coding except that the most significant bit occurs in true, 
ratherthan inverted form and the output states are relabeled. 
To convert the DAC-06 to offset binary code operation, 
simply place a logic inverter in series with the MSB input 
(Pin 1) and invert the MSB value shown in steps 2, 4 and 6 of 
the two's complement adjustment procedure shown above. 

OFFSET BINARY CODING TABLE 

INPUT IDEAL 
MSB LSB OUTPUT 

VFs+-1LSB +4.990V 

VFs+-2LSB 1 1 1 1 1 1 1 0 +4.980V 

ZERO o 0 0 0 0 0 0 0 0 0.00 

-1LSB 0 1 1 1 1 1 1 1 1 -0.005V 

VFs-+1LSB 0 0 0 0 0 0 0 0 0 1 -4.990V 

VF8- 0 0 0 0 0 0 0 0 0 0 -5.000V 

INTERFACING WITH CMOS LOGIC 

The DAC-06 logic input stages require about 11'A and are 
capable of operation with inputs between -5 volts and V+ less 
0.7 volt. This wide input voltage range allows direct CMOS 
interfacing in most applications, the exception being where 

the CMOS logic and D/A converter must use the same 
positive power supply. 

In this special case, a diode should be placed in series with 
the CMOS driving device's Voo lead as shown in Figure 1. The 
diode limits Vo to V+ less 0.7 volt - since the output from the 
CMOS device cannot exceed this value, the DAC's maximum 
input voltage rule is satisfied. Summarizing: in all applica
tions, the DAC-06 requires either no interfacing components, 
or at most a single inexpensive diode for full CMOS 
compatibility. 

CMOS LOGIC INTERFACE CIRCUIT 

v+ 

IN4148 

11-22 

CMOS DRIVING 
DEVICE 

vss 

v-

VOLTAGE 
OUTPUT 

INPUTS'" V+ LESS 
0.7 VOLTS 
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DAC-08 
8-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

(UNIVERSAL DIGITAL LOGIC INTERFACEi 
Precision Monolithics Inc. 

FEATURES 

• Fast Settling Output Current ..................... 85ns 
• Full-Scale Current Prematched to ± 1 LSB 
• Direct Interface to TTL, CMOS, ECL, HTL, PMOS 
• Nonlinearity to .0.1 % Maximum Over Temperature Range 
• High Output Impedance and 

Compliance ........................... -10V to +18V 
• Complementary Current Outputs 
• Wide Range Multiplying Capability ... 1 MHz Bandwidth 
• Low FS Current Drift ..................... ± 10ppm/o C 
• Wide Power Supply Range ............ ±4.5V to ±18V 
• Low Power Consumption ............... 33mW@ ±5V 
• Low Cost 

GENERAL DESCRIPTION 
The DAC-08 series of 8-bit monolithic digital-to-analog 
converters provide very high-speed performance coupled 
with low cost and outstanding applications flexibility. 

Advanced circuit design achieves 85ns settling times with 
very low "glitch" energy and at low power consumption. 
Monotonic multiplying performance is attained over a wide 
20 to 1 reference current range. Matching to within 1 LSB 
between reference and full-scale currents eliminates the 
need for full-scale trimming in most applications. Direct 

EQUIVALENT CIRCUIT 

VREF (0-+)---"'4+----<i0-----+---, 

VREF 10--)---,-'5,+ __ ~ 

11-23 

interface to all popular logic families with full noise immunity 
is provided by the high swing, adjustable threshold logic 
input. 

High voltage compliance complementary current outputs are 
provided, increasing versatility and enabling differential 
operation to effectively double the peak-to-peak output 
swing. In many applications, the outputs can be directly 
converted to voltage without the need for an external op amp. 

All DAC-08 series models guarantee full8-bit monotonicity, 
and nonlinearities as tight as ±0.1 % over the entire operating 
temperature range are available. Device performance is 
essentially unchanged over the ±4.5 to ± 18V power supply 
range, with 33mW power consumption attainable at ±5V 
supplies. 

The compact size and low power consumption make the 
DAC-08 attractive for portable and militarylaerospace appli
cations; devices processed to MIL-STD-883, Level Bare 
available. 

DAC-08 applications include 8-bit, 11's AID converters, servo 
motor and pen drivers, waveform generators, audio encoders 
and attenuators, analog meter drivers, programmable power 
supplies, CRT display drivers, high-speed modems and other 
applications where low cost, high speed and complete inpuV 
output versatility are required. 

.... IOUT 

2 ... -
lOUT 
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----------1[fMi) DAc-oa a-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature 

DAC-OSAO, ° ...................... -55·C to +125·C 

DAC-OSHO, EO, CO, HP, EP, CP •••••••• O·C to +70·C 

DICE Junction Temperature (Tj) ••••••• -65·C to +150·C 

Storage Temperature ° Package •••••••. -65· C to 150· C 
Storage Temperature P Package ••••••• -65·C to +125·C 

Power Dissipation •••••••••••.••••••••••••••••• 500mW 

Derate above 100·C •••••••••••••••••••••••• 10mW/·C 

Lead Temperature (Soldering, 60 sec) ••••••••••••• 300·C 

V+ Supply to V- Supply. • • • • • • • • • • • • • • •• • • • • •• • • • •• 36V 

Logic Inputs ••••••••••••••••••••••••• V- to V- plus 36V 

VLC ••••••••••••••••••••••••••••••••••••••••••• V-toV+ 

Analog Current Outputs (at Vs-= 15V) ••••••••••• 4.25mA 

Reference Input (V14 to V15) •••••••••••••••••••• V- to V+ 
Reference Input Differential Voltage 

(V14 to V15) ••••••••••••••••••••••••••••••••••••• ±lSV 
Reference Input Current (1 14) ••••••••••••••••••••• 5.0mA 

NOTE: Absolule ratings apply to both DICE and packaged parts. unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, IREF = 2.0mA, -55·C::; TA::; +125·C for DAC-OS/OSA, O·C::; TA::; 

+ 70· C for DAC-OSC, E & H, unless otherwise noted. Output characteristics refer to both lOUT and lOUT. 

DAC-08A1H DAC-08/E DAC-08C 
PARAMETER SYMBOL CONOITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Resolution 8 8 Bits 

Monotonicity 8 Bits 

Nonlinearity ±O.I ±0.19 ±0.39 'lbFS 

Settling Time IS 
To ± 112 LSB, all bits swilched 

85 135 85 150 85 150 
ON or OFF, TA = 25'C, (Note) 

ns 

Propsgatlon Delay 
Each bit IpLH TA=25'C 35 60 35 60 35 60 
All bits switched tpHL (Note) 35 60 35 60 35 60 

ns 

Full~Sc8le Tampeo 
TCI FS 

±IO ±50 ±IO ±60 ±IO ±60 
(Note) DAC~8E ±50 

ppm/'C 

Output Voltage Compliance Full-Scale current change 
(True Compliance) VOC < 1/2 LSB. ROUT> 20MO typical 

-10 +18 -10 +18 -10 +18 Volts 

VREF = lO.OOOV 
Full Range Current IFR' R,., R,. = 5.000kO 1.984 1.992 2.000 1.94 1.99 2.04 1.94 1.99 2.04 mA 

TA=+25'C 

Full Range Symmetry IFRS IFR.-IFR2 ±0.5 ±4 ±I ±8 ±2 ±Ia pA 

Zero-Scale Current Izs 0.1 0.2 0.2 4 pA 

lOR, R,., R,. =5.00OkO 2.1 2.1 2.1 
Output Current Range VREF =+I5.0V, V-=-IOV mA 

IOR2 VREF =+25.0V, V-=-I2V 4.2 4.2 4.2 

Output Current Noise IREF= 2mA 25 25 25 nA 

Logic Input Levels 
Logic "0" VIL VLC=OV 0.8 0.8 0.8 
Logic Input "1" VIL 

Volts 

Logic Input Current VLC=OV 
Logic "0" IlL VIN = -IOV to +0.8V -2 -10 -2 -10 -2 -10 

LogiC Input "'" IIH VIN = 2.0V to 18V 0.002 10 0.002 10 0.002 10 
pA 

Logic Input Swing VIS V-=-I5V -10 +18 -10 +18 -10 +18 Volts 

Logic Threshold Range VTHR VS=±I5V, (Note) -10 +13.5 -10 +13.5 -10 +13.5 Volts 

Reference Bias Current I,. -I -3 -I -3 -1 -3 pA 

REO=2000 See fast pulsed 

Reference Input Slew Rate dlldt RL = 1000 ref. info. 4 mA/pO 
Cc=OpF following. (Note) 

PSSIFs+ 
V+ = 4.5V to 18V -±0.0003 ±0.01 -±0.COO3 ±O.Ol -±0.OOO3 ±om %6101'1b<1V+ 

Power Supply Sensitivity V-=-4.5VIO -18V - ±0.002 ±O.Ol - ±0.002 ±O.Ol - ±0.C02 ±0.01 'lb6l01'lb<1V-
PSSIF&-

IREF= 1.0mA 

NOTE: Guaranteed by design. 
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----------I~ DAC-08 8-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, IREF= 2.0mA, -55·C::; TA::; +125·C for DAC-OS/OSA, O·C::; TA::; 

+ 70·C for DAC-OSC, E & H, unless otherwise noted. Output characteristics refer to both lOUT and lOUT. (Continued) 

DAC-08A1H DAC-OB/E DAC-OBC 
PARAMETER UNITS SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

1+ Vs~±5V.IREF~ 1.0mA 
1-

1+ Vs ~ +5V. -15V. IREF ~ 2.0mA 
1-

Power Supply Current 

1+ Vs ~ ± 15V, IREF ~ 2.0mA 
1-

±5V, IREF = 1.0mA 

Power Dissipation Pd +5V, -15V. IREF ~ 2.0mA 

±15V. IREF ~ 2.0mA 

NOTE: Guaranteed by design. 

ORDERING INFORMATIONt 

16-PIN DUAL-IN-LiNE PACKAGE 

NL HERMETIC PLASTIC LCC 

0.1% 
DAC08AO' 

DAC08HO DAC08HP 

0.19% 
DAC080- DAC08RC/883 
DAC08EO DAC08EP 

0.39% DAC08CO DAC08CP 

OPERATING 

TEMPERATURE 
RANGE 

Mil 

COM 

Mil 

COM 

COM 

'For devices processed in total compliance to Mll-STD-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

2.3 3.8 2.3 3.8 
-4.3 -5.8 -4.3 -5.8 

2.4 3.8 2.4 3.8 
-6.4 -7.8 -6.4 -7.8 

2.5 3.8 2.5 3.8 

-6.5 -7.8 -6.5 -7.8 

33 48 33 48 

108 136 103 136 
135 174 135 174 

PIN CONNECTIONS 

11-25 

1B-PIN DUAL-IN-L1NE 
PACKAGE 

2.3 3.8 
-4.3 -5.8 

2.4 3.8 
-6.4 -7.8 

2.5 3.8 
-6.5 -7.8 

33 46 

108 136 

135 174 

DAC-OBRC/BB3 
20-LEAD LCC 

(RC-Sufflx) 

mA 

mW 

1/86, Rev. A 
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-----------I~ DAC-08 8-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

DICE CHARACTERISTICS (125° C TESTED DICE AVAILABLE) 

DIE SIZE 0.085 X 0.062 Inch, 5,270 sq. mils 
(2.159 X 1.575 mm, 3.4 sq. mm) 

1. VLe 9. BITS 
2. lOUT 10. BIT6 
3. V- 11. BIT 7 

4. lOUT 12. BIT 8 (lSB) 
5. BIT 1 (MSB) 13. V+ 
6. BIT2 14. VREF (+) 
7. BIT3 15. VREFC-) 
8. BIT4 16. COMP 

For additional DICE information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs= ±15V, IAEF= 2.0mA, TA = 125°C for DAC-D8NT, DAC-08GT devices; TA = 25°C for DAC-08N, 

DAC-08G and DAC-D8GR devices, unless otherwise noted. Output characteristics apply to both lOUT and lOUT' 

DAC-OSNT DAC-OSN DAC-OSGT DAC-OSG DAC-OSGR 
PARAME11!R SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Resolution 8 8 8 8 8 Bits MIN 

Monotonicity 8 8 Bits MIN 

Nonlinesrity ±0.1 ±0.1 ±0.19 ±0.19 ±0.39 %FSMAX 

Output Voltage 
VOC 

Full-Scale Current +18 +18 +18 +18 +18 Volts MAX 
Compliance Change < 1/2 LSB -10 -10 -10 -10 -10 Volts MIN 

Full-Scale Current 
IF8.or VREF = 10.000V 2.04 2.04 2.04 2.04 2.04 mAMAX 
IF82 A,., A'5 = 5.000kO 1.94 1.94 1.94 1.94 1.94 mAMIN 

Full-Scale Symmetry IF88 ±8 ±8 ±8 ±8 ±16 I'AMAX 

Zero-Scale Current IZ8 2 4 4 4 I'AMAX 

V-=-10V, 
I FS1 0r VREF =+15V 

2.1 2.1 2.1 2.1 2.1 mAMIN 
Output Current Aange V-=-121f, 

IF82 
VREF =+25V 

4.2 4.2 4.2 4.2 4.2 mAMIN 
A'4, A'5 = 5.000kO 

Logic Input "0" V,L 0.8 0.8 0.8 0.8 0.8 V MAX 

Logic Input "1" V,H 2 2 2 2 2 VMIN 

Logic Input Current VLC=OV 
Logic "0" I'L Y,N = -10V to +0.8V ±10 ±10 ±10 ±10 ±10 

I'AMAX 
Logic "1" I'H Y,N = 2.0V to 18V ±10 ±10 ±10 ±10 ±1O 

Logic Input Swing V,8 
+18 +18 +18 +18 +18 V MAX 

V-=-15V 
-10 -10 -10 -10 -10 VMIN 

Reference Bias 
1'5 -3 -3 

Current 
-3 -3 -3 I'AMAX 

Power Supply PSSI FS+ 
V+ = 4.5V to 18V 
V- = -4.5V to -18V 0.01 0.01 0.01 0.01 0.01 %FS/%VMAX 

Sensitivity PSSI F8-
IREF= 1.0mA 

Power Supply Current 
1+ Vs =±15V 3.8 3.8 3.8 3.8 3.8 

IREF S2.0mA -7.8 -7.8 -7.8 -7.8 -7.8 
mAMAX 

Power DisSipation Pd 
Vs =±15V 
IREF S2.0mA 

174 174 174 174 174 mWMAX 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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------------1~ DAc-oa a-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, and IREF = 2.0mA, unless otherwise noted. Output 
characteristics apply to both lOUT and lOUT. 

PARAMETER 

Reference Input 
Slew Rate 

Propagation Delay 

Settling Time 

NOTE: 

SYMBOL CONDITIONS 

dlldt 

tpLH. tpHL TA = 25' C. Any Bit 

ts 

To ±1/2 LSB. All Bits 
Switched ON or OFF, 
TA= 25'C 

For DAC08NT & GT 25' C characteristics, see DAC08N & G characteristics 
respactively. 

ALL GRADES 
TYPICAL 

35 

85 

UNITS 

mAl"s 

ns 

ns 

PULSED REFERENCE OPERATION BURN-IN CIRCUIT 

q+VAEF 

l IOPTIONAL RESISTOR 
:::RREF FOR OFFSET INPUTS 

R'N 1 

ov..Il.. 
TYPICAl. VALues: 
RIN = 5kn 
+VIN"" lOV 

REa'" 14 
200n 

FAST PULSED 
REFERENCE OPERATION 

2.5V--

O.5V-

-O.5mA-

'OUT 

-2.5mA-

REa"'" 2000 2DONSEC!DIVISIQN 

Rt. "" loon 
Cc = 0 

TRUE AND COMPLEMENTARY 
OUTPUT OPERATION 

OmA- lOUT 

1.0mA-

2.0mA - lOUT 

(0000100001 IREF" 2mA (111111111) 

2.4V-

O.4V
ov-

""A-
0-

LSB SWITCHING 

5ONSEC!DIVISION 

11-27 

C2 

F 

C3 

F 
Rl =9k.Q 
Cl" O.OClt,uF 
C2, C3 = O.Ol,uF 

lOGIC INPUT 

+18V 

OAe-os 

-18VMIN 

FULL-SCALE SETTLING TIME 
ALL BITS SWITCHED ON 

OUTPUT -1/2LS8-
SETTLING 0-

+1/2LSB-

SETTLING TIME FIXTURE 50NSEC/OIVISION 
'FS'" 2mA, Rt. .. 1kO 
l/2LS8 '" 4/JA 

1/86, Rev. A 
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-----------i1EMD DAC-08 8-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

TYPICAL PERFORMANCE CHARACTERISTICS 

5.0 

1.0 

4.0 

3.6 

3.2 

i 2.8 
.... 
ffi 2.4 
a: 
a: G 2.0 

~ 1.6 

6 1.2 

O.B 

0.4 

FULL-SCALE CURRENT va 
REFERENCE CURRENT 

T A a TMIN TO TMAX 
LIMIT FOR 

ALL BITS "HIGH" v-e>'5V 

/ 
/ 

1/ LIMIT FOR 
v-= -6V 

V 
1.0 2.0 3.0 4.0 

IREF. REFERENCE CURRENT (mA) 

REFERENCE AMP 
COMMON-MODE RANGE 

I I I I ALL 81TS ON 
TA '" TMIN TO TMAX 

5.0 

- NO-iE: ,riSITIV~ COJMON ~ODE 1_ 
RANGE IS ALWAYS IV+I -1.6V 

I I 
V-'" -15V V-" -5V V+ eo- +15V 

I I IREF '" 2mA 

I 1 
.1 

I IREF lrnA 

IREF O.2mA 

'I 
-14 -10 -6 -2 10 14 18 
Vis. REFERENCE COMMON MODE VOLTAGE (VOLTS) 

4.0 

3.6 

3.2 

<" 2.8 
e 
j: 2.4 

~ 2.0 
a: 
::> 
(,) 1.6 

5 51.2 

00.8 

0.4 

OUTPUT CURRENT va 
OUTPUT VOLTAGE (OUTPUT 

VOLTAGE COMPLIANCE) 

ALL BITS ON 

T A = TMIN TO TMAX 

v- = -15V v- = -5V IREF "" 2mA 

I II 
I I 

'REF 1mA 

I IR~F - 012rnA 

-14 -10 -6 -2 10 14 18 
OUPUT VOLTAGE (VOLTS) 

500 

400 

~300 
c 
is 
~ 200 

~ 
f100 

10.0 

~ B.O 
.3 
.... 

~ 
0:: 6.0 

a 
.... 
i< ' 
:; 4.0 

" a 
g 

2.0 

-

LSB PROPAGATION 
DELAY VB IFa 

1LSB = 7.8,ttA 

1\ 
1LSB = 6lnA 

11111 I (111111 
0.05 0.02 0.1 0.5 2.0 

0.01 0.05 0.2 1.0 5.0 
IFS. OUTPUT FULL SCALE CURRENT (rnA) 

LOGIC INPUT CURRENT va 
INPUT VOLTAGE 

l 

l 

10 

-12.0 -B.O -4.0 4.0 B.O 12.0 16.0 

LOGIC INPUT VOLTAGE (VOLTS) 

OUTPUT VOLTAGE COMPLIANCE 
va TEMPERATURE 

+2B.0 ,.---,--..---.,----,--..--, 

+24.0 1-+--1---+--+--1--1 

~ +20.0 ~~iiiiiiili~+~ 0+16.0 
~ 
w +12.0 

~ +8.0 

~ +4.0 
::> 
I!: 
::> 
o 

-4.0 

-8.0 

MISSIBLE VOLTAGE 
RANGE FOR V- = -1SV. 'REF <" 
2,OmA. 

FOR OTHER V- OR IREF, SEE 
OUTPUT CURRENT VS OUTPUT 

-12.0 '--'-__ '-_-'-__ -'-__ '-.... 

-So +50 +100 +150 

TEMPERATURE (OC) 

11-28 

iii 
~ 

10 

.... 2 
::> 
I!: 0 
::> 
o -2 ! -4 

a: 
-B 

-10 

-12 

-14 

REFERENCE INPUT 
FREQUENCY RESPONSE 

R;4 ~ Rl~ = ~k~ I 
RL";; soon 
ALL BITS "ON" 
VR15 = OV 

V 

" 1\ 1\ 
1\1 

1. Cc = 15pF, VIN = 2.OVp-p , 
CENTERED AT +1,QV LARGE 

1\ LARGE SIGNAL 
2. Cc = 1SpF, VIN = 50mVp-p 

CENTERED AT +200mV 
SMALL SIGNAL 

0.1 0.2 0.5 1.0 2.0 5.0 10 

2.0 

1.6 

~ 
5 ,.2 
~ 

~ 
~0.8 

0.4 

FREQUENCY (MHz) 

VTH - VLC VB TEMPERATURE 

........... 
"-

............. 
~ 

+50 +100 
TEMPERATURE 1°C) 

BIT TRANSFER 
CHARACTERISTICS 

+160 

1.8 NOTE: 81 THROUGH 88 HAVE IDENTICAL TRANSFER 
CHARACTERISTICS. BITS ARE FULLY SWITCHED, WITH 

1.8 LESS THAN 1/2 LSB ERROR, AT LESS THAN ±l00mV 
fROM ACTUAL THRESHOLD. THESE SWITCHING 

1.4 ~INJ~t~E g~:RRATNJiEgp~~A~fN~E~~~~~~T~~~ 
i 1.2 I-"_A_NG..,'_'V.:.LC:,-= _O._OVr '·_-.-_-r--1_-+-l 

IRe~ = 2.~A -+...,...-+_+8_'-+_+-1 .... 
ffi 1.0 
a: a 0.8 I'--I--+-+-I--+-+--I'--+-l 
.... 

85 
~ 0.6 t=!=t=nj=~:B2~~-=E 00.4 

0.2 k:i::1V -1-SIV~ 1B4§~~ V .. 15V 

l 

83 

-12.0 -8.0 -4.0 0 4.0 8.0 12.0 16.0 
LOGIC INPUT VOLTAGE (VOL T8) 
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-----------I~ DAc-oa a-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

TYPICAL PERFORMANCE CHARACTERISTICS 

10.0 

9.0 

18.0 

~ 7.0 

~ 6,0 
::> 

" ~ 5,0 

a.. 4.0 
OJ 
0: 3.0 

~ 
~ 2.0 

1.0 

o 

POWER SUPPLY 
CURRENT VB V+ 

AL~ BI~S "H:GH"I OR \o~" 

1--

1+ -

t 

~ 

-

-

o 2.0 4.0 6.0 B.O 10,012.0 14.0 16.0 18.0 2D,O 
V+, POSITIVE POWER SUPPLY (Vdc) 

10.0 

9.0 

18.0 

~ 7.0 

~ 6.0 
::> 

" ~ 5.0 
~ 
~ 4.0 

~ 3.0 

2 2.0 

1.0 

o 

POWER SUPPLY 
CURRENT VB V-

BI~S Mlv B~ "HI~H" ~R "~OW'! 
I I 
II 

1- WITH 'REF = 2mA -

I .I. I I 
1- WITH IREF:; lmA 

I WITH 'REF - O.2mA _ 

1+ 

o -4.0 -8.0 -12.0 -16.0 -20.0 
-2.0 -6.0 -10.0 -14.0 -18.0 

V-, NEGATIVE POWER SUPPLY (Vdc) 

10.0 

9.0 

<1 
.§ 8,0 

.... 
~ 7.0 
0: 

~ 6.0 

" ::; 5.0 
t 
;J 4.0 
0: 

~ 3.0 

a. 2.0 

1.0 

POWER SUPPLY CURRENT 
vs TEMPERATURE 

A~L BITS "~IGH" OR I"LOW" 

I I 
I--r-- v_I = -15V +----

'REF - 2.OmA 

I 
I--f-- v+~ +15V f------

I 
I 

-50 o +50 +100 
TEMPERATURE ('IC) 

,--I--

1+->---

+150 

BASIC CONNECTIONS BASIC POSITIVE REFERENCE OPERATION 

ACCOMODATING BIPOLAR REFERENCES 

+VREF 

RREF ['REF 
liN t 
~ 

14 VIN-%-
R'N 

,. 

RREF"'" R15 

'REF ~ PEAK NEGATIVE SWING OF liN 

+VREF RREF 
14 

Rl' 
~_ (OPTIONAL) 

VIN~~ 15 

HIGH INPUT 
IMPEDANCE 

+VREF MUST BE ABOVE PEAK POSITIVE SWING OF VIN 

BASIC UNIPOLAR NEGATIVE OPERATION 

MSB LSB 
81 82 83 84 85 86 87 88 EO FULL RANGE 

HALF-SCALE + LSB 
IREF = 
2.000mA 

HALF-SCALE 
1. HALF-SCALE -LSB 

iQ2 ZERO-SCALE + LSB 

ZERO-SCALE 

B1 

0 

0 

0 

11-29 

_~ 255 
'FR - RREF X"2SW 

10 + iO = 'FR FOR 
ALL LOGIC STATES 

B2 B3 B4 

0 0 0 

0 0 0 

0 0 

0 0 0 

RREF 
(R14) 
R15 

B5 

0 

0 

0 

0 

B6 

0 

0 

0 

0 

MSB LSB 
B1 B2 B3 B4 85 B6 B7 88 

VREF = +10.000V 
RREF = 5.000k 
R15 = RREF 

J ~ 
Cc = O.D1~F 
VLC '" OV (GROUND) 

V- V+ VLC 

B7 B8 lornA IOmA Eo Eo 
1.992 0.000 -9.960 - .000 

0 1.008 0.984 -5.040 -4.920 

0 0 1.000 0.992 -5.000 -4.960 

0.992 1.000 -4.960 -5.000 

0 0.008 1.984 -0.040 -9.920 

0 0 0.000 1.992 0.000 -9.960 
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----------IIEMJ) DAc-oa a-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

BASIC CONNECTIONS 

BASIC BIPOLAR OUTPUT OPERATION 

+10.000v B1 B2 B3 B4 B5 B6 B7 B8 Eo Eo 
POS. FULL RANGE 1 1 - 9.920 +10.000 

MSB LSB 
81 B2 83 84 85 86 B7 B8 POS. FULL RANGE -LSB 1 1 0 - 9.840 + 9.920 

10,ODOk.Q lO.Oook!} 
ZERO-SCALE + LSB 0 0 0 0 0 0 1 - 0.080 + 0.160 

'REF(+I- '04 ZERO-SCALE 0 0 0 0 0 0 0 0.000 + 0.080 
2.000mA 

14 ZERO-SCALE -LSB 0 1 + 0.080 0.000 
i0 2 NEG. FULL-SCALE +LSB 0 0 0 0 0 0 0 + 9.920 - 9.840 

NEG. FULL-SCALE 0 0 0 0 0 0 0 0 + 10.000 - 9.920 

RECOMMENDED FULL-SCALE ADJUSTMENT CIRCUIT BASIC NEGATIVE REFERENCE OPERATION 

LOWT.C. 
VREF 4.6kll 

+10V 

39k.Q h 14 
IREFI+) "'" 2mA -

RREF 
,-----"I\I\r---t ' 4 

";'" -VREF R15 

1Okl1 
~1V ,. 

POT APP~OX 
6kll 

,. 
::YlIEE 

IFS"" RREF , 
-=-

OFFSET BINARY OPERATION 

"'''" 
MSB LSB 5.0kO 
81 82B3 B4B5 BeS7 B8 

B1 
5.000kO 

POS. FULL RANGE 

ZERO-SCALE 
5.OkO 

NEG. FULL-SCALE +1 LSB 0 

NEG. FULL-SCALE 0 

+15V -15V -15V 

11·30 

B2 

0 

0 

0 

NOTE. RREF SETS IFS; R15 IS FOR 
BIAS CURRENT CANCELLATION. 

B3 B4 B5 B8 B7 B8 Eo 
1 1 +4.960 

0 0 0 0 0 0 0.000 

0 0 0 0 0 1 -4.960 

0 0 0 0 0 0 -5.000 
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----------I~ DAC-08 8-BIT HIGH-SPEED MULTIPLYING D/A CONVER_T_E_R __________ _ 

BASIC CONNECTIONS 

POSITIVE LOW IMPEDANCE OUTPUT OPERATION 

Rl 

'FR =~ 'REF 

FOR COMPLEMENTARY OUTPUT (OPERATION AS A NEGATIVE LOGIC DAe), 
CONNECT INVERTING INPUT OF Op·AMP TO iQ (PIN 2); CONNECT 10 (PIN 4) 
TO GROUND. 

INTERFACING WITH VARIOUS LOGIC FAMILIES 

TTL,OTl 
VTH c; +1.4V 

APPLICATIONS INFORMATION 

REFERENCE AMPLIFIER SET-UP 

VTH = VLC +1.4V 
+15V CMOS 

VTH = +7.6V 

+1SV 

9.1k.Q 

6.2kn 

Vle 

The DAC-08 is a multiplying D/A converter in which the 
output current is the product of a digital number and the 
input reference current. The reference current may be fixed 
or may vary from nearly zero to +4.0mA. The full-scale output 
current is a linear function of the reference current and is 
given by: 

255 
I FR = 256 X I REF, where I REF = 114. 

In positive reference applications, an external positive refer
ence voltage forces current through R14 into the VREF(+) ter
minal (pin 14) of the reference amplifier. Alternatively, a neg
ative reference may be applied to VREF(-) at pin 15; reference 
current flows from ground through R14 into VREF(+) as in the 
positive reference case. This negative reference connection 
has the advantage of a very high impedance presented at pin 

NEGATIVE LOW IMPEDANCE OUTPUT OPERATION 

'3"" 

FOR COMPLEMENTARY OUTPUT (OPERATION AS A NEGATIVE LOGIC DAe), 
CONNECT NON INVERTING INPUT OF OP·AMP TO 10 (PIN 2); CONNECT 10 (PIN 
4) TO GROUND, . 

Eel 

-S.2V 

TaPIN 1 

Vle 

6.2kO 

CMOS, HTL, NMOS 

V+ 

2."" 

20kn 

TEMPERATURE COMPENSATING VLC CIRCUITS 

TO PIN 1 

Vle 

R3 

15. The voltage at pin 14 is equal to and tracks the voltage at 
pin 15 dueto the high gain of the internal reference amplifier. 
R 15 (nominally equal to R14) is used to cancel bias current 
errors; R15 may be eliminated with only a minor increase in 
error. 
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Bipolar references may be accomodated by offsetting VREF 
or pin 15. The negative common-mode range of the reference 
amplifier is given by: VCM- = V- plus (I REF X 1 kO) plus 2.5V. 
The positive common-mode range is V+ less 1.5V. 

When a DC reference is used, a reference bypass capacitor is 
recommended. A 5.0V TTL logic supply is not recommended 
as a reference. if a regulated power supply is used as a 
reference, R14 should be split into two resistors with the 
junction bypassed to ground with a O.1I'F capacitor. 

For most applications the tight relationship between IREFand 
IFS will eliminate the need for trimming IREF. If required, 
full-scale trimming may be accomplished by adjusting the 
value of R 14, or by using a potentiometer for R14. An improved 

1/86, Rev. A 

:1 
" 

a 



----------l!W DAc-oa a-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

methoq of full-scale trimming which eliminates potentiome
ter T.C. effects is shown in the recommended full-scale 
adjustment circuit. 

Using lower values of reference current reduces negative 
power supply current and increases reference amplifier neg
ative common-mode range. The recommended range for 
operation with a DC reference current is +0.2mA to +4.0mA. 

REFERENCE AMPLIFIER COMPENSATION FOR 
MULTIPLYING APPLICATIONS 

AC reference applications will require the reference amplifier 
to be compensated using a capacitor from pin 16 to V-. The 
value of this capacitor depends on the impedance presented 
to pin 14: for R14 values of 1.0, 2.5 and 5.0kO, minimum values 
of Cc are 15, 37, and 75pF. Larger values of R14 require 
proportionately increased values of Cc for proper phase 
margin, such that the ratio of Cc(pF) to R14 (kO) = 15. 

For fastest response to a pulse, low values of R14 enabling 
small Cc values should be used. If pin 14 is driven by a high 
impedance such as a transistor current source, none of the 
above values will suffice and the amplifier must be heavily 
compensated which will decrease overall bandwidth and 
slew rate. For R14 = 1kO and Cc = 15pF, the reference ampli
fier slews at 4mA/Ils enabling a transition from IREF = 0 to 
IREF= 2mA in 500ns. 

Operation with pulse inputs to the reference amplifier may be 
accomodated by an alternate compensation scheme. This 
technique provides lowest full-scale transition times. An 
internal clamp allows quick recovery of the reference ampli
fier from a cutoff (IREF = 0) condition. Full-scale transition 
(0 to 2mA) occurs in 120ns when the equivalent impedance at 
pin 14 is 2000 and Cc=O. This yields a reference slew rate of 
16mA/Ils which is relatively independent of RIN and VIN 
values. 

LOGIC INPUTS 

The DAC-OS design incorporates a unique logic input circuit 
which enables direct interface to all popular logic families 
and provides maximum noise immunity. This feature is made 
possible by the large input swing capability, 21lA logiC input 
current and completely adjustable logic threshold voltage. 
For V-= -15V, the logic inputs may swing between -10V and 
+1SV. This enables direct interface with +15V CMOS logic, 
even when the DAC-OS is powered from a +5V supply. Min
imum input logic swing and minimum logic threshold voltage 
are given by: V- plus (I REF x 1kO) plus 2.5V. The logic thres
hold may be adjusted over a wide range by placing an 
appropriate voltage at the logiC threshold control pin (pin 1, 
VLC). The appropriate graph shows the relationship between 
VLC and VTH over the temperature range, with VTH nominally 
1.4 above VLC. For TTL and DTL interface, simply ground pin 
1. Wilen interfacing ECL, an IREF= 1mAis recommended. For 
interfaCing other logiC families, see preceding page. For gen
erlll set-up of the logiC control circuit, it should be noted that 
pin 1 will source 100llA typical; external circuitry should be 
designed to accommodate this current. 

Fastest settling times are obtained when pin 1 sees a low 
impedance. If pin 1 is connected to a 1 kO divider, for exam
ple, it should be bypassed to ground by a 0.011lF capaCitor. 

ANALOG OUTPUT CURRENTS 
Both true and complemented output sink currents are pro
vided where 10 + iQ = IFS' Current appears at the "true" (10) 
output when a "1" (logic high) is applied to each logic input. 
As the binary count increases, the sink current at pin 4 
increases proportionally, in the fashion of a "positive logic" 
D/A converter. When a "0" is applied to any input bit, that 
current is turned off at pin 4 and turned on at pin 2. A 
decreasing logic count increases fQ as in a negative or 
inverted logic D/A converter. Both outputs may be used 
simultaneously. If one of the outPUtS is not required it must 
be connected to ground orto a pOint capable of sourcing IFS; 
do not leave an unused output pin open. 

Both outputs have an extremely wide voltage compliance 
enabling fast direct current-to-voltage conversion through a 
resistor tied to ground or other voltage source. Positive 
compliance is 36V above V- and is independent of the 
positive supply. Negative compliance is given by V- plus 
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(lREF x 1kO) plus 2.5V. . 

The dual outputs enable double the usual peak-to-peak load 
swing when driving loads in quasi-differential fashion. This 
feature is especially useful in cable driving, CRT deflection 
and in other balanced applications such as driving center
tapped coils and transformers. 

POWER SUPPLIES 
The DAC-OS operates over a wide range of power supply 
voltages from a total supply of 9V to 36V. When operating at 
supplies of ±5Vor less, IREF:51mA is recommended. Low 
reference current operation decreases power consumption 
and increases negative compliance, reference amplifier neg
ative common-mode range, negative logic input range, and 
negative logic threshold range; consult the various figures 
for guidance. For example, operation at -4.5V with IREF = 
2mA is not recommended because negative output com
pliance would be reduced to near zero. Operation from lower 
supplies is possible, however at least SV total must be applied 
to insure turn-on of the internal bias network. 

Symmetrical supplies are not required, as the DAC-OS is 
quite insensitive to variations in supply voltage. Battery 
operation is feasible as no ground connection is required: 
however, an artificial ground may be used to insure logic 
swings, etc. remain between acceptable limits. 

Power consumption may be calculated as follows: 

Pd = (1+) (V+) + (1-) (V-). A useful feature of the DAC-OS 
design is that supply current is constant and independent of 
input logic states; this is useful in cryptographic applications 
and further serves to reduce the size of the power supply 
bypass capaCitors. 

TEMPERATURE PERFORMANCE 
The nonlinearity and monotonicity specifications of the 
DAC-OS are guaranteed to apply over the entire rated operat
ing temperature range. Full-scale output current drift is low, 
typically ± 10ppm/o C, with zero-scale output current and 
drift essentially negligible compared to 1/2 LSB. 

The temperature coefficient of the reference resistor R14 
should match and track that of the output resistor for min-
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imum overall full-scale drift. Settling times of the DAC-08 
decrease approximately 10% at -550 C; at + 1250 C an increase 
of about 15% is typical. 

The reference amplifier must be compensated by using a 
capacitor from pin 16 to V-. For fixed reference operation, a 
0.01j.1F capacitor is recommended. For variable reference 
applications, see previous section entitled "Reference Ampli
fier Compensation for Multiplying Applications". 

MULTIPLYING OPERATION 

The DAC-08 provides excellent multiplying performance 
with an extremely linear relationship between IFS and IREF 
over a range of 4mA to 4j.1A. Monotonic operation is main
tained over a typical range of IREF from 100j.lA to 4.0mA. 

SETTLING TIME 

The DAC-08 is capable of extremely fast settling times, 
typically 85ns at I REF = 2.0mA. Judicious circuit design and 
careful board layout must be employed to obtain full perfor
mance potential during testing and application. The logic 
switch design enables propagation delays of only 35ns for 
each of the 8 bits. Settling timeto within 1/2 LSB of the LSB is 
therefore 35ns, with each progressively larger bit taking 
successively longer. The MSB settles in 85ns, thus deter
mining the overall settling time of 85ns. Settling to 6-bit 
accuracy requires about 65 to 70ns. The output capacitance 
of the DAC-08 including the package is approximately 15pF, 
therefore the output RC time constant dominates settling 
ti me if R L > 500!t 

Settling time and propagation delay are relatively insensitive 

SETTLING TIME MEASUREMENT 

FOR TURN·ON, VL = 2.7V 
FOR TURN-OFF, VL = O.7V 

MINIMUM 

Vl 

to logic input amplitude and rise and fall times, due to the 
high gain of the logic switches. Settling time also remains 
essentially constant for I REF values. The principal advantage 
of higher IREFvalues lies in the ability to attain a given output 
level with lower load resistors, thus reducing the output RC 
time constant. 

Measurement of settling time requires the ability to ac
curately resolve ±4j.1A, therefore a 1 kO load is needed to 
provide adequate drive for most oscilloscopes. The settling 
time fixture shown in schematic labelled "Settling Time 
Measurement" uses a cascode deSign to permit driving a 1 kO 
load with less than 5pF of parasitic capacitance at the 
measurement node. At IREF values of less than 1.0mA, 
excessive RC damping of the output is difficult to prevent 
while maintaining adequate sensitivity. However, the major 
carry from 01111111 to 10000000 provides an accurate 
indicator of settling time. This code change does not require 
the normal 6.2 time constants to settle to within ±0.2% of the 
final value, and thus settling times may be observed at lower 
val ues of I REF. 

DAC-08 switching transients or "glitches" are very low and 
may be further reduced by small capacitive loads at the 
output at a minor sacrifice in settling time. 

Fastest operation can be obtained by using short leads, 
minimizing output capacitance and load resistor values, and 
by adequate bypassing at the supply, reference and VLC 
terminals. Supplies do not require large electrolytic bypass 
capacitors as the supply current drain is independent of input 
logic states; 0.1 j.lF capacitors at the supply pins provide full 
transient protection. 

+SV 

lkH 

CAPACITANCE 

VOUT lX 
+O.4V 

Vel """1.2:!. 
Q,7V PROBE 

OV -r 
V,N 

-O.4V 

":" 

S 6 7 8 9 10 11 12 
100kn 2kn 15kn 

+VREF 
RREF 14 

R1S 
lS 

IO"/-1F 

I O
.
M 

":" -::- +15V ":" -15V--=-
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DAC-I0 
lO-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

IUNIVERSAL DIGITAL LOGIC INTERFACE) 
Precision Mo])olithlcs Inc. 

FEATURES 
• Fast Settling ......•.•....•....................•. 85ns 
• Low Full-Scale Drift .•....................• 10ppm/o C 
• Nonlinearity to 0.05% Max Over Temp Range 
• Complementary Current Outputs ...•........ 0 to 4mA 
• Wide Range Multiplying Capability •.. 1MHz Bandwidth 
• Wide Power Supply Range .• +5, -7.5 Min to ±18V Max 
• Direct Interface to TTL, CMOS, ECL, PMOS, NMOS 

ORDERING INFORMATIONt 

NL 
LIB 

18-PIN HERMETIC 
DUAL-IN-LiNE PACKAGE 

±112 
±1 

MILITARY TEMP.' 

DAC10BX* 
DAC10CX' 

COMMERCIAL TEMP. 

DAC10FX 
DAC10GX 

• For devices processed in total compliance to MIL-STD-883, add /883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The DAC-10 series of 10-bit monolithic multiplying digital
to-analog converters provide high-speed performance and 
full-scale accuracy. 

Advanced circuit design aChieves 85ns settling times with 
very low 'glitch' energy and low power consumption. Direct 
interface to all-popular logic families with full noise immunity 
is provided by the high-swing, adjustable-threshold logic 
inputs. 

SIMPLIFIED SCHEMATIC 

VREF(+) 0.-"'6+-__ +=== 

VREF(-lo-.:c'7t-----I 

caMP v-

All DAC-10 series models guarantee full10-bit monotonicity, 
and nonlinearities as tight as ±O.05% over the entire oper
ating temperature range are available. Device performance is 
essentially unchanged over the ± 18V power supply range, 
with 85mW power consumption attainable at lower supplies. 

A highly stable, unique trim method Is used, which selectively 
shorts zener diodes, to provide 1/2 LSB full-scale accuracy 
without the need for laser trimming. 

Single-chip reliability coupled with low cost and outstanding 
flexibility make the DAC-10 device an ideal building block for 
AID converters, Data Acquisition systems, CRT display, 
programmable test equipment, and other applications where 
low power consumption, input/output versatility, and long
term stability are required. 

PIN CONNECTIONS 

18-PIN HERMETIC 

DUAL-IN-LiNE PACKAGE 

(X-Suffix) 

Manufactured under one or more of the following patents: 4,055,770; 4,056,740; 4,092,639 
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ABSOLUTE MAXIMUM RATINGS 
Operating Temperature 

DAC-10BX, CX ..................... -55° C to + 125° C 

DAC-10FX, GX ......................... 0° C to + 70° C 

DICE Junction Temperature (Ti) •..•••. -65°C to +150°C 

Storage Temperature •.•.•.•..•.•..•.. -65° C to + 150° C 

Power Dissipation • • • . • • . . • • • • • • • • • • . • • • • • • • • .• 500mW 

Derate above 100° C •••••..•.•••••••••.•.•••.• 10mW;o C 

Lead Temperature (Soldering, 60 sec) ••••.••.••.•• 300°C 

V+ Supply to V- Supply.. .. . .. .. .. .. .. .. .. . . .. .. . .• 36V 

Logie Inputs ......................... V- to V- plus 36V 

VLC .••••••..•••••••.•.•.••••••••••••••.•••••.• V-to V+ 

Analog Current Outputs ••••••••••••••.••. + 18V to -18V 

Reference Inputs (V16 to V17) ................... V- to V+ 

Reference Input Differential Voltage 

(V16 to V17) ..................................... ± 18V 

Reference Input Current (116) •••.•.••••••••••.•.•• 2.5mA 

NOTE: Absolute ratings apply to both DICE and packaged parts. unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs= ±15V; IREF= 2mA; -55°C:5 TA:5125°C for DAC-10B and DAC-10C, 

O°C:5 TA:5 70°C for DAC-10F and G, unless otherwise noted. Output characteristics apply to both lOUT and lOUT. 

DAC-10B/F DAC-10C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Monotoniclty 10 10 Bits 

Nonlinearity NL 0.3 0.5 0.6 LSB 

Differential Nonlinearity DNL 0.3 0.7 LSB 

All Bits Switched ON or OFF 
Settling Time ts Settle to 0.05% of FS (See Note) 

85 135 85 150 ns 

Output Capacitance Co 18 18 pF 

Propagation Delay tpLH All Bits Switched 
RL = 5kn 50 50 

ns 
tpHL RL =0 50 50 

Output Voltage Full-Scale Current 
<1 LSB 

-5.5 -5.5 
V 

Compliance Voe Change +10 +10 

Gain Tempeo TCI FS (See Note) ±10 ±25 ±1O ±50 ppm/"C 

Full-Scale Symmetry IFSS IFR-I FR 0.1 4 0.1 4 "A 
Zero~Scale Current Izs 0.01 0.5 0.01 0.5 "A 
Full-Scale Current IFR (See Note) 3.980 3.996 4.032 3.920 3.996 4.072 rnA 

Reference Input Slew Rate Dl/dt 6 6 mA/"s 
Reference Bias Current Ie -1 3 3 p.A 

Power Supply Sensitivity 
PSSIFS+ 4.5V:5 V+ :518V 0.001 0.01 0.001 0.01 

%AIFsI%AV 
PSSI FS- -18V:5 V-:5 -10V 0.0012 0.01 0.0012 0.01 

1+ 2.3 4 2.3 4 
1-

Vs =±15V; IREF =2mA 
-9 -15 -9 -15 

Power Supply Current 
1+ 1.8 4 1.8 4 

rnA 

1-
Vs = +5V/-7.5V; IREF= lrnA 

-5.9 -9 -5.9 -9 

Vs= +5V/-7.5V; IREF= lmA 
231 276 231 276 

mW Power Dissipation Pd 85 107 85 107 

Logic Input Levels 
V,L 

VLC=O 
0.8 0.8 

V 
V,H 2 2 

Logic Input Currents I'L VLC - 0; -5V:5 V,N :5 0.8V -10 -5 -10 -5 

I'H 2V:5V,N :518V 0.001 10 0.001 10 "A 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V; I REF = 2m A; TA = 25° C, unless otherwise noted. Output characteristics 
apply to both lOUT and lOUT. 

DAC-10B/C/F DAC-10G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNfTS 

Monotonicity 10 10 Bits 

Nonlinearity NL 0.3 0.5 0.6 LSB 

Differential Nonlinearity DNL 0.3 0.7 LSB 

Output Voltage 
VOC 

Full-Scale Current 
<1 LSB -5 -61+18 +10 -5 -6/+15 +10 

Compliance Change 
V 

Full-Scale Current IFS 
VREF - 10.000V. 
R 14 = R 15 = 5.000kn 

3.978 3.998 4.014 3.956 3.998 4.036 rnA 

Full-Scale Symmetry IFSS IFR- r;;;; 0.1 4 0.1 4 p.A 

Zero-Scale Current Izs 
. 

0.01 0.5 0.01 0.5 p.A 

NOTE: Guaranteed by design. 

11-35 1/86, Rev. A 

en 
~ 
~ 

~ 

~ 
0 
U 
0 
0 

~ 
0 
~ 

~ ...... 
0 ...... 
Q 

I 

il 
II 
" 11 
H 
ir 

11 
Ii 
11 

" 



----------I1fMD DAC"10 10~BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

DICE CHARACTERISTICS 

1. VLC (LOGIC) 
THRESHOLD CONTROL 

2. iO 
3. V-
4.10 
5.81 (MSB) 
6.82 
7. B3 

10. B6 
11. B7 
12. B8 
13. B9 
14. B10 (LSB) 
15. V+ 
16. VREF(+) 
17. VREF (-) 

8. B4 18. COMPENSATION 

DIE SIZE 0.086 X 0.090 Inch, 7740 sq. mils 
(2.184 X 2.286 mm, 4.993 sq. mm) 

9. B5 

For additional DICE information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs = ± 15V, IREF= 2mA, TA = 25°C, unless otherwise noted. Output characteristics refer to both 

lOUT and lOUT' 

DAC-10N DAC-10G 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT UNITS 

Resolution 10 10 Bits MIN 

Monotoniclty 10 10 Bits MIN 

Nonlinearity NL ±O.S ±1 LSBMAX 

Output Voltage Compliance Voe True 1 LSB 
+10 +10 V MAX 

-S -S VMIN 

Output Current Range IFS ±3.996 MA ±18 ±40 !SA MAX 

Zero-Scale Current Izs All Bits OFF 0.5 O.S jJAMAX 

Logic Input "1" V'H I'N= 100nA 2 2 VMIN 

Logic Input "0" V'L 
VLe@Ground 

0.8 0.8 V MAX 
I'N=-1OOI'A 

Positive Supply Current 1+ V+= 1SV 4 4 mAMAX 

Negative Supply Current 1- V-=-1SV -15 -15 mAMAX 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss, yield after peckaging Is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, and IREF = 2mA, unless otherwise noted. Output 

characteristics refer to both lOUT and lOUT. 

DAC-10N DAC-10G 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNIT8 

Settling Time ts 
To ±1/2 LSB When Output is 
Switched from 0 to FS 

8S 85 n. 

Gain Temperature 
VREF Tempco Excluded ±10 ±10 ppm FSrC 

Coefficient (TC) 

Output Capacitance 18 18 pF 

Output Resistance 10 10 MO 
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TYPICAL PERFORMANCE CHARACTERISTICS 

TRUE AND COMPLEMENTARY 
OUTPUT OPERATIONS 

OUTPUT CURRENT va 
OUTPUT VOLTAGE 

(OUTPUT VOLTAGE COMPLIANCE) 

8.0 
All BITS ON 

7.2 

OUTPUT VOLTAGE 
COMPLAINCE VI TEMPERATURE 

+28.0 ,-,---.,--,----,---,--, 

+24.0 I-+--+-----i---+--+--i 
OrnA lOUT 6.' 

T A ::: TMIN TO TMAX 

+20.0 '=iii~i~ii~i=+~ < 5.6 

1.0mA E 
I- '.8 

~ 4.0 
V- '" -15V v- = -lOV 'REF = 2mA 

~ +16.0 r 
§ +12.0 I--fiMi."Sl:E 

a: 
2.0mA 'OUT :> 

to) 3.2 
( 

~ +8.0 

g +4.0 

(00000000) (11111111) 

'REF'" 2mA 

POWER SUPPLY CURRENT VB V+ 
10.0 rA""L~L-::B::'T::!"S-::"H"I"G"'H''''' O"'R~"L-:O-W" .. -'-'T""-r--' 

9.0 I-+-"*~~+-+-t'-'~:I-"t---i 

18.0 1-+--+--1-+--+--1-+--+--1--1 
~ 7.0 1-+--+--1-+--+--1-+--+--1--1 
~ 6.0 1-+--+--1-+--+--1-+--+--1--1 a 
~ 5.0 1-+--+--1-+--+--1-+--+--1--1 
~ 4.0 1-+--+_+--+--+_+--+--+_+--1 
~ 3,0 

12 2.0 1--+-~=~*~=j:::::1::-;:"I+~-\--
1.0 1-+--+--1-+--+--1-+--+-+--1 

O'---'-...J..........L-l_'--.L....J.......J...-l-l 
o 2.0 4.0 6.0 8.0 10.012.0 14.0 16.0 18.0 20.0 

V+, POSITIVE POWER SUPPLY (Vdc) 

BASIC CONNECTIONS 

I-

~ 2.4 "'~EF :::',rnA 
:> 
0

'
.6 

0.8 

I 
IR~F O~2mA 

-14 -10 -6 -2 2 10 14 18 

OUTPUT VOLTAGE (VOLTS) 

POWER SUPPLY CURRENT VI V-
10.0 

9.0 

18.0 

~ 7.0 

~ 6.0 

a 
~ 5.0 

~ 4.0 

ffi 3.0 

" 12 2.0 

1.0 

BITS MAY BE "HIGH" OR "LOW" I 
1- WITH 'REF = 2mA 

I I I 
f-i- WITH 'REF = lmA_ 

I I T I I 
1- WITH 'REF = O.2mA 

I I I 
I I I L 

1- WITH 'REF = O.2mA - :--

I I I 
-4.0 -8.0 -12,0 -16.0 -20.0 

-2.0 -6.0 -10.0 -14.0 -18.0 

V-, NEGATIVE POWER SUPPLY (Vdc) 

g 
:> 
o -4.0 

~'0r-+---~----~----r----+~ 

-12.0 L--'-__ "--_--' __ -"-__ ...I.........I 

" 

10.0 

9.0 

.5 8.0 
I-
ai 7.0 
a: 
~ 6.0 

" ~ 5.0 

it 
~ 4.0 
a: 
~ 3.0 
o 
a.. 2.0 

1.0 

-50 0 +50 +100 +150 

TEMPERATURE (OCI 

POWER SUPPLY CURRENT 
VB TEMPERATURE 

v- = -15V 1-- IREF == 2.0mA 

I 
I 

ALL BITS "HIGH" OR "LOW" 

I 
V+ = 1,5V 

1+ 

I 
I 

-50 +50 +100 +t50 

TEMPERATURE (OCI 

BASIC POSITIVE REFERENCE OPERATION ACCOMMODATING BIPOLAR REFERENCES 

IFR = +~=;~ K ~~~! K 2 

10 + iQ == IFR FOR 
ALL LOGIC STATES 

IREF----' 

R17 

MSB LSB 
B1 B2B3B485868788B9 Bl0 

10 

VREF = +lD.OOOV 
RAEF = 5.0ODk 
R16 = RREF 
Cc = O.D1~F 

V+ VLC VLC = OV (GROUND) 

11-37 

+VREF 

RREF ~ IREF 

~ 16r---------. 
RIN 

OAC-tO 

17 

IREF;> PEAK NEGATIVE SWING OF liN 

RREF Rl R17 +VREF o--,\RIIREIIF~_,,,,6~ 

R17 DAC-tO 
~ (OPTIONAL) 
VIN~_ 17 

HIGH INPUT ...... _______ ..J 

IMPEDANCE 

+VREF MUST BE ABOVE PEAK POSITIVE SWING OF VIN 
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----------I~ DAC-10 10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

BASIC NEGATIVE REFERENCE OPERATION RECOMMENDED FULL-SCALE ADJUSTMENT CIRCUIT 

DAC-10 
R17 

-VREFo-~VV~1~71-______________ j 

IFS""'~X2 NOTE: RREF SeTS IFS: R1S IS FOR 
BIAS CURRENT CANCELLATION. 

VREF 
+10V 

10kn 
POT 

LOWT.C. 
4.SkO 

39kn ~ 
l.!!. 

IREF(+I,.,; 2mA 
OAe-tO 

~1V 17 

+~PROX 
5kn 

-= 

BASIC UNIPOLAR NEGATIVE OPERATION 

MSB LSB 81 82 B3 B4 B5 B6 B7 B8 B9 Bl0 lomA lomA EO EO 81 B2B3B4B5B687B8B9Bl0 EO 

FULL RANGE 3.996 0.000 -4.995 -0.000 

'REF = 10 HALF-SCALE +LSB 0 0 0 0 0 0 0 0 2.004 1.992 -2.505 -2.490 
2.000mA HALF-SCALE 0 0 0 0 0 0 0 0 0 2.000 1.996 -2.500 -2.495 OAC-10 

16 

iii HALF-SCALE -LSB 0 1 1 1 1.996 2.000 -2.~95 2.500 

ZERO-SCALE +LSB 0 0 0 0 0 0 0 0 0.004 3.992 -0.005 -4.990 
"::" 

ZERO-SCALE 0 0 0 0 0 0 0 0 0 0 0.000 3.996 -0.000 -4.995 

BASIC BIPOLAR OUTPUT OPERATION 

Bl 82 B3 B4 B5 B6 B7 B8 B9 Bl0 Eo Eo 
+5V 

POS FULL RANGE -4.990 +5.000 
MSB LSB 

81 B2B3B4B6B6B78889810 POS FULL RANGE -LSB 1 1 0 -4.980 +4.990 
2.Sk 

ZERO-SCALE +LSB 0 0 0 0 0 0 0 0 -0.010 +0.020 

10 ZERO-SCALE 0 0 0 0 0 0 0 0 0 0.000 +0.010 
IREFt+) = OAe-lO ZERO-SCALE -LSB +0.010 0.000 2.000mA 16 

Ii) 
NEG FULL-SCALE + LSB 0 0 0 0 0 0 0 0 0 +4.990 -4.980 

NEG FULL-SCALE 0 0 0 0 0 0 0 0 0 0 +5.000 -4.990 

OFFSET BINARY OPERATION 

5k 

Msa LSB 
81 B2B3B485B6B7BB89810 2.5k +15V 

Bl B2 B3 B4 B5 86 B7 B8 B9 Bl0 Eo 
+1OV 

5,OOOkn. 
POS FULL RANGE +4.990 

EO ZEAO-SCALE 0 0 0 0 0 0 0 0 0 0.00 

NEG FULL-SCALE +LSB 0 0 0 0 0 0 0 0 0 -4.990 

NEG FULL-SCALE 0 0 0 0 0 0 0 0 0 0 -5.000 

v+ v- -15V 
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----------I1fMD DAC-10 10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

SETTLING TIME MEASUREMENT 

lOW TO HIGH SETTLING VL = 16.500V±O.OO1V 
HIGH TO LOW SETTLING VL = O.500V±O.OO1V 

O.500V±O.OOlV 

+15V 

~4.7!JF 
2N918 ~ ~ 

Vo tJ17SmV 
499kU T 
lJ4W. 5%, CARBON 

-15V 

1/2LSB SETTLING'" 7.amV 

NOTES: 
1. CASE OF 2N918s MUST BE GROUNDED. 
2. RESISTORS ARE 1/4W, MF, 1% UNLESS OTHERWISE SPECIFIED. 
3. USE FET PROBE (7A11 SCOPE PLUG IN). 

POSITIVE LOW IMPEDANCE OUTPUT OPERATION INTERFACING WITH VARIOUS LOGIC FAMILIES 

DAC-l0 EO 

IFR =< ~~~!)( 2 x 'REF 

fOR COMPLEMENTARY OUTPUT (OPERATION AS A NEGATIVE lOGIC OAC)' 
CONNECT INVERTING INPUT OF OP·AMP TO iQ (PIN 21; CONNECT 10 (PIN 4/ 
TO GROUND. 

NEGATIVE LOW IMPEDANCE OUTPUT OPERATION 

FOR COMPLEMENTARY OUTPUT (OPERATION AS A NEGATIVE LOGIC DAC), 
CONNECT NON·INVERTING INPUT OF QP·AMP TO TO (PIN 2); CONNECT 10 (PIN 
4) TO GROUND. 

11-39 

TTL 
VTH = +1.4V 

13kH 

39kn 

ECL 

+15V 

9.1kH 

VTH = VLC +1.4V 
+1SV CMOS 

VTH '" +7.6V 

t----t---{) VLC 

6.2kH 

L..---t---~ 2N3904 

TO PIN 1 

L..---+-<>VLC 

6.2kU 

-5.2V 
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-------------i~ DAC-10 10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

PULSED REFERENCE OPERATION 

RIN 

ovJL. 
TYPICAL VALUES: 
RIN = 1kn 
+VIN =2V 

<? +VREF 
I 
~ IOPT'ONAl RESISTOR 

::RREF FOR OFFSET (~PUTS 
1 
, 16 

REQ~ 

soon OAC-10 

NO CAP 

APPLICATIONS INFORMATION 

REFERENCE AMPLIFIER SETUP 

RL 

RL 

The DAC-10 is a multiplying D/A converter in which the 
output current is the product of a digital number and the 
input reference current. The reference current may be fixed 
or may vary from nearly zero to 2mA. The full-scale output 
current is a linear function of the reference current and is 
given by: 

1023 
IFR= 1024 x2X(lREF)whereIREF=I,6 

In positive reference applications, an external positive refer
ence voltage forces current through R16 into the VREF(+) 
terminal (pin 16) of the reference amplifier. Alternatively, a 
negative reference may be applied to VREF(-) at pin 17; 
reference current flows from ground through R16 into V(+) as 
in the positive reference case. This negative reference 
connection has the advantage of a very high impedance 
presented at pin 17. The voltage at pin 18 is equal to and 
tracks the voltage at pin 17 due to the high gain of the internal 
reference amplifier. R17 (nominally equal to R16) is used to 
cancel bias current errors; R17 may beeliminated with only a 
minor increase in error. 

Bipolar references may be accomodated by offsetting VREF 
or pin 17. The negative common-mode range of the reference 
amplifier is given by: VCM-= V-plus (lREFX 2kO) plus 2V. The 
positive common-mode range is V+ less 1.8V. 

When a DC reference is used, a reference bypass capacitor is 
recommended. A 5V TTL logic supply is not recommended 
as a reference. If a regulated power supply is used as a 
reference, R16 should be split into two resistors with the 
junction bypassed to ground with a 0.1j.1F capacitor. 

For most applications the tight relationship between IREFand 
IFS will eliminate the need for trimming IREF. If required, 
full-scale trimming may be accomplished by adjusting the 
value of R16, or by using a potentiometer for R16. An 
improved method effects is shown in the Recommended Full
Scale Adjustment circuit. 

The reference amplifier must be compensated by using a 
capacitor from pin 18 to V-. For fixed reference operation, a 
0.01j.1F capacitor is recommended. For variable reference 
applications, see section entitled "Reference Amplifier 
Compensation for Multiplying Applications." 

MULTIPLYING OPERATION 
The DAC-10 provides excellent multiplying performance 
with an extremely linear relationship between IFS and IREF 
over a range of 4mA to 4j.1A. Monotonic operation is main
tained over a typical range of IREF from 100j.lA to 2mA. 

REFERENCE AMPLIFIER COMPENSATION FOR 
MULTIPLYING APPLICATIONS 
AC reference applications will require the reference amplifier 
to be compensated using a capacitor from pin 18 to V-. The 
value of this capacitor depends on the impedance presented 
to pin 16 for R16 values of 1.0, 2.5 and 5.0kO, minimum values 
of Cc are 15, 37, and 75pF. larger values of R16 require 
proportionately increased values of Cc for proper phase 
margin. 

For fastest response to a pulse, low values of R16 enabling 
small Cc values should be used. If pin 16 is driven by a high 
impedance such as a transistor current source, none of the 
above values will suffice and the amplifier must be heavily 
compensated which will decrease overall bandwidth and 
slew rate. For R16 = 1 kO and Cc = 15pF, the reference 
amplifier slews at 4mAlj.ls enabling a transition from IREF=O 
to I REF = 2mA in 500ns. 

11-40 

Operation with pulse inputs to the reference amplifier may 
be accommodated by an alternate compensation scheme. 
This technique provides lowest full-scale transition times. 
An internal clamp allows quick recovery of the reference 
amplifier from a cutoff (IREF = 0) condition. Full-scale 
transition (0 to 2mA) occurs in 120ns when the equivalent 
impedance at pin 16 is 2000 and Cc = o. This yields a 
reference slew rate of 16mA/j.ls which is relatively indepen
dent of RIN and VIN values. 

LOGIC INPUTS 
The DAC-1O design incorporates a unique logic input circuit 
which enables direct interface to all popular logic families 
and provides maximum noise immunity. This feature is made 
possible by the large input swing capability, 2j.1A logic input 
current and completely adjustable logic threshold voltage. 
For V- = -15V, the logic inputs may swing between -5 and 
+18V. This enables direct interface with +15V CMOS logic, 
even when the DAC-10 is powered from a +5V supply. 
Minimum input logic swing and minimum logic threshold 
voltage are given by: V-plus (lREFX 2kO) plus 3V. The logic 
threshold may be adjusted over a wide range by placing an 
appropriate voltage at the logic threshold control pin 
(pin 1, VLC). The appropriate graph shows the relationship 
between VLC and VTH over the temperature range, with VTH 
nominally 1.4V above VLC. For TTL interface, simply ground 
pin 1. When interfacing ECl,an IREF= 1mA is recommended. 
For interfacing other logic families, see previous page. For 
general setup of the logic control circuit, it should be noted 
that pin 1 will sink 1. 1 rnA typical; external circuitry should be 
designed to accommodate this current. 

Fastest settling times are obtained when pin 1 sees a low 
impedance. If pin 1 is connected to a 1kO divider, for 
example, it should be bypassed to ground by a 0.01j.1F 
capacitor. 
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-----------1~ DAC-10 10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

ANALOG OUTPUT CURRENTS 
Both true and complemented output sink currents are pro
vided where 10+ 10= I FS. Current appears atthe "true" output 
when a "1" is applied to each logic input. As the binary count 
increases, the sink current at pin 4 increases proportionally, 
in the fashion of a "positive logic" D/A converter. When a "0" 
is applied to any input bit, that current is turned off at pin 4 
and turned on at pin 2. A decreasing logic count increases 10 
as in a negative or inverted logic D/A converter. Both outputs 
may be used simultaneously. If one of the outputs is not 
required it must still be connected to ground or to a pOint 
capable of sourcing IFs; DO NOT LEAVE AN UNUSED 
OUTPUT PIN OPEN. 

Both outputs have an extremely wide voltage compliance 
enabling fast direct current-to-voltage conversion through a 
resistor tied to ground or other voltage source. Positive 
compliance is 36V above V- and is independent of the 
positive supply. Negative compliance is +10V above V-. 

The dual outputs enable double the usual peak-to-peak load 
swing when driving loads in quasi-differential fashion. This 
feature is especially useful in cable driving, CRT deflection 
and in other balanced applications such as driving center
tapped coils and transformers. 

POWER SUPPLIES 
The DAC-10 operates over a wide range of power supply 
voltages from a total supply of 9V to 36V. When operating with 
V-supplies of-10Vor less,IREF:51mAis recommended. Low 
reference current operation decreases power consumption 
and increases negative compliance, reference amplifier 
negative common-mode range, negative logic input range, 
and negative logic threshold range; consult the various 
figures for guidance. For example, operation at -9V with 
IREF = 2mA is not recommended because negative output 
compliance would be reduced to near zero. Operation from 
lower supplies is possible, however at least 8V total must be 
applied to insure turn-on of the internal bias network. 

Symmetrical supplies are not required, as the DAC-10 isquite 
insensitive to variations in supply voltage. Battery operation 
is feasible as no ground connection is required; however, an 
artificial ground may be used to insure logic swings, etc. 
remain within acceptable limits. 

TEMPERATURE PERFORMANCE 
The nonlinearity and monotonicity specifications of the 
DAC-10 are guaranteed to apply over the entire rated oper
ating temperature range. Full-scale output current drift is 
tight, typically ± 10ppm/o C, with zero-scale output current 
and drift essentially negligible compared to 1/2 LSB. 

11-41 

The temperature coefficient of the reference resistor R14 
should match and track that of the output resistor for 
minimum overall full-scale drift. Settling times ofthe DAC-10 
decrease approximately 10% at -550 C; at + 1250 C an increase 
of about 15% is typical. 

SETTLING TIME 
The DAC-10 is capable of extremely fast settling times; 
typically 85ns at IREF = 2mA. Judicious circuit design and 
careful board layout must be employed to obtain full 
performance potential during testing and application. The 
logic switch design enables propagation delays of only 35ns 
for each of the 10 bits. Settling time to within 1/2 LSB of the 
LSB is therefore 35ns, with each progressively larger bit 
taking successively longer. The MSB settles in 130ns, thus 
determining the overall settling time of 85ns. Settling to 8-bit 
accuracy requires about 60 to 78ns. The output capacitance 
of the DAC-10 including the package is approximately 18pF; 
therefore the output RC time constant dominates settling 
time if RL > 5000. 

Settling time and propagation delay are relatively insensitive 
to logic input amplitude and rise and fall times, due to the 
high gain of the logic switches. Settling time also remains 
essentially constant for IREF values down to 1mA, with 
gradual increases for lower IREF values lies in the ability to 
attain a given output level with lower load resistors, thus 
reducing the output RC time constant. 

Measurement of settling time requires the ability to accu
rately resolve ±2/LA, therefore a 4kO load is needed to provide 
adequate drive for most oscilloscopes. The settling time 
fixture of schematic titled "Settling Time Measurement" uses 
a cascode design to permit driving a 4kO load with less than 
5pF of parasitic capacitance at the measurement node. At 
IREF values of less than 1 mA, excessive RC damping of the 
output is difficult to prevent while maintaining adequate 
sensitivity. However, the major carry from 0111111111 to 
1000000000 provides an accurate indicator of settling time. 
This code change does not require the normal 6.2 time 
constants to settle to within ±0.2% of the final value, and thus 
settling times may be observed at lower values of IREF. 

DAC-10 switching transients or "glitches" are very low and 
may be further reduced by small capacitive loads at the 
output at a minor sacrifice in settling time. 

Fastest operation can be obtained by using short leads, 
minimizing output capacitance and load resistor values, and 
by adequate bypassing at the supply, reference and VLC 
terminals. Supplies do not require large electrolytic bypass 
capacitors as the supply current drain is independent of input 
logic states; 0.1/LF capacitors at the supply pins provide full 
transient protection. 
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DAC-20 
2-DIGIT BCD HIGH-SPEED MULTIPLYING D/A CONVERTER 

(UNIVERSAL DIGITAL LOGIC INTERFACE) 
Precision Monolithics Inc. 

FEATURES 
• Fast Settling Output Current ..................... 85ns 
• Full-Scale Current Prematched to ±O.3 lSB 
• Direct Interlace to TTL, CMOS, ECl, PMOS, NMOS 
• Nonlinearity to ± 1/2 lSB Maximum Over Temp. 
• High Output Impedance and Compliance -10V to +18V 
• Complementary Current Outputs 
• Wide Range Multiplying Capability ... 1MHz Bandwidth 
• low FS Current Drift .........•.•.....••. ±10ppm/aC 
• Wide Power Supply Range ......•...... ±4.5V to ±18V 
• low Power Consumption .......•.....•. 37mW @ ±5V 
• low Cost 

ORDERING INFORMATIONt 

NL 
LSB 

16-PIN DUAL-IN-L1NE PACKAGE 
COMMERCIAL TEMPERATURE RANGE 

HERMETIC PLASTIC 

±1/2 DAC20CQ DAC20CP 

t All commercial and industrial temperature range parts are available with 
burn~in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The DAC-20 series of 2-digit BCD monolithic multiplying 
digital to analog converters provide very high-speed perfor
mance coupled with low cost and outstanding applications 
flexibility. 

Advanced circuit design achieves 85ns settling times with 
very low "glitch" energy and at low power consumption. 
Monotonic multiplying performance is attained over a wide 20 
to 1 relerence current range. Matching to within 1 LSB 

EQUIVALENT CIRCUIT 

between reference and lull-scale currents eliminates the 
need for full scale trimming in most applications. Direct inter
lace to all popular logic families with full noise immunity is 
provided by the high swing, adjustable threshold logic 
inputs. 

Complementary current outputs with -10V to +18V voltage 
compliance enable resistive termination, a voltage output 
without an external op amp. 

Both DAC-20 models guarantee full 2-digit monotonicity, 
some have nonlinearity as tight as ±1I2 LSB over the entire 
operating temperature range. Nonlinearity is unchanged 
over the ±4.5V to ±18V power supply range, with 37mW 
power consumption attainable at ±5V supplies. 

The compact size and low power consumption make the 
DAC-20 attractive for portable applications. 

DAC-20 applications include AID converters, audio attenua
tors, analog meter drivers, programmable power supplies, 
high-speed modems and other applications where low cost, 
high speed and complete input/output versatility are 
required. 

PIN CONNECTIONS 

VLC 

16-PIN 
DUAL-IN-LiNE 

PACKAGE 

.r---~--_+~--1_~~r.--_r~--~~~~----_r~10UT 

Manufactured under one or more of the following patents: 4,055,773; 4,056,740; 4,092,639 
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---------1!W DAC-20 2-DIGIT BCD HIGH-SPEED MULTIPLYING D/A CONVERTER 

ABSOLUTE MAXIMUM RATINGS (TA= 25·C, unless otherwise noted) 

Operating Temperature Range 

DAC-20 ca, CP ........................ O· C to + 70· C 

DICE Junction Temperature (Tj) ••••••• -65·C to +150·C 

Storage Temperature Range 

a Package ......................... -65· C to + 150· C 
P Package ......................... -65·C to +125·C 

Power Dissipation ••••••••••••.•••••••••••.••.•• 500mW 

Derate above 100· C ........................ 10mW/· C 

Lead Temperature (Soldering. 60 sec) ••••••••••.•• 300· C 

V+ Supply to V- Supply.. .. .. .. .. .. • ... .. .. .... .... 36V 
Logic Inputs •.•••••••••••••••.••••••• V- to V- plus 36V 

VLC •••••••••••••.••••••••••••••••••••••••••••• V-to V+ 

Reference Inputs (VI 4. V15) ..................... V- to V+ 
Reference Input Differential Voltage (V14 to V15) •••• ±18V 

Reference Input Current (114) ••••••••••••••••••••• 5.0mA 

NOTE: Absolute ratings apply to both DICE and packaged parts unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, IREF= 2.0mA, O·C ~ TA~ 70·C. unless otherwise noted. Output 

characteristics refer to both lOUT and lOuT. 

DAC-20C 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNITS 

Resolution BCD 0 to 99 steps 2 Digits 

Monotonicity BCD 99 steps 2 Digits 

Nonlinearity NL 0000 0000 to 1001 1001 ±112 LSB 

To ±1/2 LSB (±0.5% FS) 
Selliing Time ts all bits switched ON or 85 150 ns 

OFF, TA = 25'C (Note I) 

Propagation Delay 
Each Bit tPlH TA = 25'C (Note I) 35 60 ns 
All bits switched tpHl 

Full Tempco TCI FS (Note I) ±IO ±80 ppmrc 

Full-scale current change 
Output Voltage Compliance 

VOC 
< 112 LSB « 0.5% FS) 

-10 +18 V 
(True Compliance) ROUT> 20MO typical 

IAEF= ImA 

Full Range Output 
IFA4 TA = 25'C. IAEF= 2mA 1.92 1.98 2.04 mA 

(Digital Input 1001 1001) 

Zero-Scale Current Izs 0.2 5 p.A 

V-=-IOV 2.2 2 
mA Output Current Range lOA V- = -12V to -18V 4.2 2 

Logic Input Levels 
Logic "0" V'l VlC = OV 0.8 

V 
Logic "I" V'H 2 

Logic Input Current VlC = OV 
LogiC "0" I'l V'N = -IOV to +0.8V -2 ±IO 
Logic "I" I'H V'N = 2V to 18V 0.002 ±1O 

p.A 

Logic Input Swing V's V-=-15V -10 +18 V 

Logic Threshold Range VTHA Vs= ±15V (Note I) -10 +13.5 V 

Reference Bias Current 1'5 -I -3 "A 

Reference Input Slew 
dl/dt (Note I) 

Rate 
4 8 mNl's 

PSSIFs+ 
V+ = 4.5V to 18V ±O.OOO3 ±O.O3 %AI FS 

Power Supply Sensitivity 
PSSI F5-

V- = -4.5V to -18V 
±O.OO2 ±0.03 %AV 

IREF= lmA 

1+ 2.3 3.8 
1-

Vs =±5V.IAEF = ImA 
-5.0 -6.5 

Power Supply Current 
2.5 3.8 

mA 
1+ 
1-

Vs =±15V.IREF =2mA 
-7.8 -9.1 

Vs = ±5V, IREF= ImA 37 52 
mW Power Dissipation Pd 

Vs= ±15V. IAEF= 2mA 152 194 

NOTE: 
1. Guaranteed by design. 
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_______ ---iIE@DAC-202-DIGITBCDHIGH-SPEEDMULTIPLYING D/A CONVERTER 

DICE CHARACTERISTICS 

DIE SIZE 0.085 X 0.085 Inch, 5,525 sq. mils 
(2.159 X 1.651 mm, 3.58 sq. mm) 

1. VLC 

2. TOuT 
3. V-
4. lOUT 
5. BIT 1 (MSB) 
8. BIT2 
7. BIT3 
8. BIT4 

9. BIT5 
10. BIT8 
11. BIT 7 
12. BIT 8 (LSB) 
13. V+ 
14. VREF (+) 
15. VREF (-) 

18. COMP 

For addilional DICE inlormallon reler 10 
1986 Dala Book, Section 2. 

WAFER TEST LIMITS at Vs = ± 15V, IREF = 2.0mA, TA = 25'C, unless otherwise noted. Output characteristics refer to both 

lOUT and lOUT' 

PARAMETER 

Resolution 

Monotonicity 

Nonlinearity 

Output Voltage Compliance 

Full-Scale Current 

Zero-Scale Current 

Output Current Range 

Logie "0" Input Level 

Logic "1" Input Level 

Logie Input Current 
Logic "0" 
Logic"l" 

Logic Input Swing 

Power Supply Sensitivity 

Power Supply Current 

Power Dissipation 

NOTE: 

SYMBOL 

NL 

Vee 

IFS4 

Izs 

lOR 

V'L 

V'H 

I'L 
I'H 

V,s 

PSSIF9t 

PSSIFS-

1+ 
1-

Pd 

CONDITIONS 

BCD 0 to 99 steps 

BCD 99 steps 

FS = 1001 1001 

Full-Scale Current Change 
<112 LSB 

VREF = 10V 

R'4. R,s = 5kn 

V-=-10V 
V- = -12V to -18V 

V'N = -10V to +0.8V 
V'N = 2V to 18V 

V-=-15V 

V-=-4.5V to-18V 
V- = -4.5V to -18V 

IREF= lmA 

VS =±18V 
IREF $2mA 

VS=±18V 

IREF$2mA 

DAC-20G 
LIMIT UNITS 

Digits MIN 

2 Digits MIN 

±1/2 LSBMAX 

+18 V MAX 
-10 VMIN 

2.04 mAMAX 
1.92 mAMIN 

5 "A MAX 

2.1 
4.2 

mAMIN 

0.8 V MAX 

2 VMIN 

±10 
"A MAX ±10 

+18 V MAX 
-10 VMIN 

±0.03 %<l.IFS MAX 
±0.03 %<l.V 

3.8 
mAMAX 

-7.8 

194 mWMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is nol 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, IREF = 2.0mA, unless otherwise noted speCified. Output 

characteristics refer to both lOUT and lOUT. 

DAC-20G 
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS 

Reference Input Slew Rate dlldt 8 mAl"s 

Propagation Delay tpLH' tpHL TA = 25'C, Any Bit 35 ns 

SeltlingTime ts 
To ± 1/2 LSB, All Bits Switched 

85 
ON or OFF, TA=25'C 

ns 

11-44 1/86, Rev. A 



----------l~ DAC-20 2-DIGIT BCD HIGH-SPEED MULTIPLYING D/A CONVERTER 

TYPICAL REFERENCE PERFORMANCE CHARACTERISTICS 

1 
I-

iii 
a: 
a: 
::> 

" I-

~ 
::> 
0 

2.8 

2.4 

2.0 

1.6 

1.2 

0.8 

0.4 

0.0 

REFERENCE AMP 
COMMON-MODE RANGE 

(DIGITAL INPUT 1001 1001) 

T~ = TMIN TO TMAX I I 
I I V- .1_5V IV+ .1,5V v- = -15V 

1 I liEF = 12mA 

L.I,mA 
I 

I.lF .0LA 
I I 

-16 -12 -8 -4 12 16 

V,S. REFERENCE COMMON MODE VOLTAGE (VOLTS) 

1 
I-

iii 
a: 
a: 
::> 

" I-
::> :: 
::> 
0 

~ 

5.0 

FULL-SCALE CURRENT VI 

REFERENCE CURRENT 
(DIGITAL INPUT 10011001) 

.1 J I. ! I 
f-,UMIT FOR TA = TMIN TO TMAX _ - V-;-'5V 

4.0 

3.0 

2.0 

1.0 

V 0.0 
0.0 

V 
/ 

1/ 
/ 

V ""- LIMIT FOR - -
1/ V-,' -5~ 

/ 

1.0 2.0 3.0 4.0 5.0 

'REF' REFERENCE CURRENT (rnA) 

8.0 

1 6.0 

~ 
a: 
a: 
::> 
L) 4.0 

~ 
" ~ 2.0 

0.0 

LOGIC INPUT CURRENT 
VI INPUT VOLTAGE 

I 
I 
I 

~ 
~ 

~ 
-16 -12 -8 -4 12 16 0 

LOGIC INPUT VOLTAGE (VOL TSJ U 
NOTE: POSITIVE COMMON MODE IS ALWAYS (V+) -1.5V; 

NEGATIVE COMMON MODE RANGE IS V- PLUS 
(lREF x soon) PLUS 2.5V. 

NOTE: THE RECOMMENDED RANGE FOR OPERATION WITH 
WITH A DC REFERENCE CURRENT IS +O.2mA 
TO +4.0mA. 

C) 
o 

OUTPUT CURRENT ~ 

~ 
~ 
~ 

> 
:r 
~ 

VTH - VLC VI TEMPERATURE 
2.0 

1.6 

1.2 

r-.... 
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I'-
~ 
I-

~ 
::> 
0 

0.8 
w 
> 
>= 

~ 
0.4 

a: 

0.0 

REFERENCE INPUT FREQUENCY 
RESPONSE (DIGITAL INPUT 

10011001) 

./ \~ 
-2 

r\.0 
-4 

\ 
-6 \ , 
-8 R'4 = A'5 = 1kG 

-10 

Rl .;;;; soon \ 
V R1S '" oV 

-12 I I 1111 

1111 -14 

vs OUTPUT VOLTAGE Z 
(OUTPUT VOLTAGE COMPLIANCE) <: 

(DIGITAL INPUT 10011001) 6 
2.8 f:< 

~ ....., 
C) 
(5 

2.4 
TA=TMINTOTMAX I I 
L-1L V-' ~5V I I 

'REF = 2mA 

II I I I 
I I 

2.0 

1.6 

'REF = 1mA 

I I J. 
'REF = O.2mA I 

1.2 

0.8 

0.4 

0.0 
-75 -50 -25 0 25 50 75 100 125 160 175 0.1 0.2 0.5 1.0 2.D 

FREQUENCY (MHz) 

5.0 10 -16 -12 -8 -4 12 16 

TEMPERATURE tOC) OUTPUT VOLTAGE (VOL TSJ 

;, 
.E. 
l-

iii 
a: 
a: 
::> 

" > 
t 
iil 
a: 
~ 
l( 

8.0 

6.0 

4.0 

2.0 

CURVE 1: CC "" 15pF, VIN = 2.OVp_p CENTERED AT 

+l.OV, LARGE SIGNAL. 
CURVE 2: CC '" 15pF, V'N :; 5OmVp_p CENTERED AT 

+200mV, SMALL SIGNAL. 

POWER SUPPLY POWER SUPPLY 
CURRENT VI V-CURRENT VI V+ 

8.0 
BITS "HIGH" OR "LOW" BITS MAY BE "HIGH" OR "LOW" 

1- ;, I-WITH 'REF =2mA 

.E. 6.0 
I-

ili 
a: 
a: 
::> 

I I I I I_ 
I- WITH 'REF = 1mA 

" 4.0 > 
t 

1+ 
iil 
a: 

! .. L.I I. I. 
'-WITH 'REF = 0.2mA_ 

~ 2.0 
l( 

1+-

M M 
M~UMMWgUffimW M_~~_~~~4~~ 

V+, POSITIVE POWER SUPPLY (Vde) V-, NEGATIVE POWER SUPPLY (Vdcl 
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---------l~ DAC-20 2-DIGIT BCD HIGH-SPEED MULTIPLYING D/A CONVERTER 

TYPICAL REFERENCE PERFORMANCE CHARACTERISTICS 

OUTPUT VOLTAGE COMPLIANCE 
VI TEMPERATURE 

-26 0 25 50 76 100 126 150 

TEMPERATURE (OC) 

BASIC OUTPUT CONNECTIONS 

With complementary current outputs, the DAC-20 may be 
used with either positive true or negative true (complemen
tary) logic. Current appears at the "true" output (10) when a 
"1" is applied to a logic input. As the BCD-coded input 
increases, the sink current at Pin 4 increases proportionately, 
in the fashion of a "positive logic" D/A converter. When a "0" 
is applied to a logic input, that current is turned OFF at Pin 4 
and ON at Pin 2 (10) which is used for negative true or 
"negative logic" D/A converters. 

POSITIVE VOLTAGE OUTPUT 

POSITIVE TRUE LOGIC INPUTS 

.,OV 
VREF 

5.0001"'1 14 

'::' 

DECIMAL 
INPUT 

0 

10 

20 

30 

40 

BO 

99 

MSD LSD 
~~ 

+15V -15V 

BCD INPUT 
MSD LSD 

0000 0000 

0001 0000 

0010 0000 

0011 0000 

0100 0000 

1000 0000 

1001 1001 

-16V 

10 Eo 

0 0 

0.20mA +1.0V 

0.40mA +2.0V 

O.60mA +3.0V 

O.80mA +4.0V 

1.60mA +B.OV 

1.9BmA +9.9V 
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< 
oS 
I-

iii 
'" '" " " ~ 
~ 
'" ~ 
l( 

POWER SUPPLY CURRENT 
VI TEMPERATURE 

•. 0 

ALL BITS "HIGH" OR "LOW" 

V-"'-15V l-

6.0 
IREF = 2.0mA 

4.0 

v+ .. +15V 1+ 

2.0 

0.0 L......L.....l._L....L.....l._L....L.....l........! 
-75 -60 -25 0 25 50 75 100 125 150 

TEMPERATURE (OC) 

The unused output must be connected to ground or some 
voltage source capable of sourcing 1.65 times I REF. A detailed 
discussion of reference input operation begins on the next 
page. 

Both outputs have an extremely wide voltage compliance 
enabling fast direct current-to-voltage conversion through a 
resistor tied to ground or other voltage source. Positive 
compliance is 36V above V- and is independent of the 
positive supply. Negative compliance is given by V- plus 
(I REF X 8000) plus 2.5V. 

6.0Okn 

'::' 
+15V -15V 

DECIMAL BCD INPUT iO Eo INPUT MSD LID 

0 1111 1111 0 0 

10 1110 1111 0.20mA +1.0V 

20 1101 1111 O.40mA +2.0V 

30 1100 1111 O.60mA +3.0V 

40 1011 1111 O.BOmA +4.0V 

80 0111 1111 1.60mA +B.OV 

99 0110 0110 1.9BmA +9.9V 
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----------t~ DAC-20 2-DIGIT BCD HIGH-SPEED MULTIPLYING D/A CONVERTER 

NEGATIVE VOLTAGE OUTPUT 

+10V 
VREF 

5.00Okn 14 

'REF 5.Ok.Q 15 

-=-

DECIMAL 
INPUT 

0 

10 

20 

30 

40 

80 

99 

+15V -1SV 

BCD INPUT 
MSD LSD 

0000 0000 

0001 0000 

0010 0000 

0011 0000 

0100 0000 

1000 0000 

1001 1001 

REFERENCE OPERATION 

POSITIVE 

-15V 

10 

0 

0.20mA 

0.40mA 

O.60mA 

0.80mA 

1.60mA 

1.98mA 

MSD LSD 

VREF(+) -'REF 
VREFf-) 

FOR FIXED REFERENCE, 
TTL OPERATION, 
TYPlCAl VALUES ARE: 
VRH '" +10.000V 
RREF = 5.000k 
R,S:::::: RREF 
Cc = O.Ol,uF 
VLC => OV (GROUND) -= 

V REF (+) 

'FS = RREF 

'0 + IQ ,., 'REF" 1.65 

~~ 

B1 82 83 B4 85 B6 87 B8 
MSB LSB 

RREF 
(R14)'4 

R15 15 

3 
O.l,uF Cc 

1 
v-

DAC-20 

,. 13 

COMP 

O.l/,1F 

-,f ':' 
v+ VLC 

FOR ALL LOGIC INPUT STATES 

REFERENCE AMPLIFIER SETUP 

Eo 

0 

-1.0V 

-2.0V 

-3.0V 

-4.0V 

-8.0V 

-9.9V 

10 

The DAC-20 is a multiplying converter in which the output 
current is the product of a digital number and the input refer
ence current. The reference current may be fixed or may vary 
from nearly zero to +4.0mA. The full range output current is a 
linear function of the reference current and is given by: 

+10V 

VREF 

S.OOOkfl. 14 -'REF S.Dkfl 15 

S.OOkSl 

':' '::' 
+15V -15V -15V 

DECIMAL BCD INPUT i;; 
INPUT MSD 

0 1111 

10 1110 

20 1101 

30 1100 

40 1011 

BO 0111 

99 0110 

NEGATIVE 

VREFI+! 

FOR FIXED REFERENCE, 
TTL OPERATION, 
TYPICAL VALUES ARE: 

VAEF = +10.0DOV 
RREF '" 5.000k 
R15~RREF 
Cc = O.Ol}.lF 
VLC = OV (GROUND) 

VREFH 
IFS = RREF 

10 + iQ '" IREF x 1.65 

LSD 

1111 0 

1111 0.20mA 

1111 0.40mA 

1111 0.60mA 

1111 O.BOmA 

1111 1.60mA 

0110 1.9BmA 

MSD LSD 

------~ 81 82 83 84 85 B6 81 8S 
MSB 

RREF 
(R141,4 

R15 '5 

O.l}.lF 

1 

DAC-20 

16 13 

Cc COMP 

V- V+ VLC 

FOR All LOGIC INPUT STATES 

Eo 

0 

-1.0V 

-2.0V 

-3.0V 

-4.0V 

-B.OV 

-9.9V 

LSB 

10 

In positive reference applications an external positive refer
ence voltage forces current through R14 into the VREF(+) 
terminal (Pin 14) of the reference amplifier. Alternatively, a 
negative reference may be applied to VREF(-) at Pin 15; refer
ence current flows from ground through R141nto VREF(+), as 
in the positive reference case. This negative reference con-
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---------tm DAC-20 2-DIGIT BCD HIGH-SPEED MULTIPLYING D/A CONVERTER 

nection has the advantage of a very high impedance pres
ented at Pin 15. The voltage at Pin 14 is equal to and tracks the 
voltage at Pin 15 due to the high gain of the internal reference 
amplifier. R1S(nominally equal to R14) is used to cancel bias 
current errors and may be eliminated with only a minor 
increase in error. 

When a DC reference in used, a reference bypass capacitor is 
recommended. A 5V TTL logic supply is not recommended 
as reference. If a regulated power supply is used as a refer
ence, R14 should be split into two resistors with the junction 
bypassed to ground with a 0.1"F capacitor. 

For most applications the tight relationship between IREFand 
IFR will eliminate the need for trimming IREF. If required, 
full-scale trimming may be accomplished by adjusting the 
value of R14. 

The reference amplifier must be compensated by using a 
capacitor form Pin 16 to V-. For fixed reference operation, a 
0.01"F capacitor is recommended. For variable reference 
applications, see section entitled "Multiplying Operation." 

LOGIC INPUT OPERATION AND INTERFACING 

13kn 

TIL 
VTH '" +1.4V 

"::" 

Eel 

"::" 

TO PIN·' 

VLe 

6.2kn 

lOGIC THRESHOLD CONTROL 

VTH = VLC +1.4V 
+15V CMOS 
VTH '" +7.6V 

+lSV 

9.1kn 

6.2kO 

VLe 

CMOS, NMOS, PMOS 

V+ 

20kfl 

3kfl 

20kfl 

"::" 

TO PIN 1 

VLe 

R3 
4OO.A 

I 

The DAC-20 design incorporates a unique logic input circuit 
which enables direct interface to all popular logic families and 
provides maximum noise immunity. This feature is made 
possible by the large input swing capability, 2"A logic input 
current and completely adjustable logic threshold voltage. 

For V-=-15V, the logic inputs may swing between -10Vand 
+ 1SV. This enables direct interface with a + 15V CMOS logic, 
even when the DAC-20 is powered from a +5V supply. Min
imum logic threshold voltage are given by: V- plus (IREF x 
SOOO) plus 2.5V. The logic threshold may be adjusted over a 
wide range by placing an appropriate voltage at the logic 
threshold control pin (Pin 1, VLc). 

The logic input threshold is 1.4V above VLC. For TTL and DTl 
interface, simply ground Pin 1. When interfacing ECl, an 
IREF = 1mA is recommended. For interfacing other logic 
families, see the figure. Pin 1 will source 100"A typically, so 
the external circuitry must be designed to accommodate this 
current. Note that the threshold voltage has the temperature 
dependence of two forward biased diodes. The two VLC 
setting circuits shown, include temperature compensation. 

Fastest settling times are obtained when Pin 1 sees a low 
impedance. If Pin 1 is connected to a 1 kO divider, for exam
ple, it should be bypassed to ground by a Om"F capacitor. 

MULTIPLYING OPERATION 

The DAC-20 provides excellent multiplying performance 
with an extremely linear relationship between IFS and IREF 
over a range of 2mA to 4"A. Monotonic operation is main
tained over a typical range of I REF from 100"A to 2mA. 

Bipolar references may be accommodated by offsetting VREF 
or Pin 15. The negative common-mode range of the reference 
amplifier is given by: VCM-= V- plus (lREFX SOOO) plus 2.5V. 
The positive common mode range is V+ less 1.5V. 

AC reference applications will require the reference amplifier 
to be compensated using a capacitor from Pin 16 to V-. The 
value of this capacitor depends on the impedance presented 
to Pin 14: for R14 values of 1.0, 2.5 and 5.0kO, minimum value 
of Cc are 15, 37, and 75pF. larger values of R14 require 

ACCOMMODATING BIPOLAR REFERENCES 

" V'N-C\;;;r 
DAC-20 

'REF> PEAK NEGATIVE SWING OF liN 

,. 
DAC-20 

V'N-C\;;;r 
R15 IOPTIONAL) 15 

VREF(+) MUST BE ABOVE PEAK POSITIVE 

SWING OF VIN 
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--------f1fM!) DAC-20 2-DIGIT BCD HIGH-SPEED MULTIPLYING D/A CONVERTER 

proportionately increased values of Cc for proper phase 
margin. 

For fastest response to a pulse, low values of R14 enabling 
small Cc values should be used. If Pin 14 is driven by a high 
impedance such as a transistor current source, none of the 
above values will suffice and the amplifier must be heavily 
compensated, which will decrease overall bandwidth and 
slew rate. For R14= 1kO and Cc= lSpF, the reference ampli
fier slews at 4mAll's enabling a transition from I REF= 0 to I REF 
= 2mA in SOOns. 

Operation with pulse inputs to the reference amplifier may be 
accommodated by the alternate compensation scheme shown 
above. This technique provides lowest full-scale transition 
times. An internal clamp allows quick recovery of the refer
ence amplifier for a cutoff (IREF = 0) condition. Full-scale 
transition (0 to 2mA) occurs in 120ns when the equivalent 
impedance at Pin 14 is 2000 and Cc = O. This yields a refer
ence slew rate of 16mVll's, which is relatively independentof 
RIN and VIN values. 

PULSED REFERENCE OPERATION 

ovIL 
TYPICAL VALUES: 

RIN '" 5k 
V 1N (+) = 10V 

DAC-20 

1 
NO CAP 

POWER SUPPLY CONSIDERATIONS 

The DAC-20 operates over a wide range of power supply 
voltages from a total supply of 9V to 36V. When operating at 
supplies of ±SV or less, IREF::::; 1 mA is recommended. Low 
reference current operation decreases power consumption 
and increases negative compliance, reference amplifier 
negative common-mode range, negative logic input range, 
and negative logic threshold range; consult the various 
figures for guidance. For example, operation at -4.SV with 
IREF = 2mA is not recommended because negative output 
compliance would be reduced to near zero. Operation from 
lower supplies is possible. However, at least 8V total must be 
applied to insure turn-on of the internal bias network. 

Symmetrical supplies are not required, as the DAC-20 is 
quite insensitive to variations in supply voltage. Battery 
operation is feasible as no ground connection is required: 

however, an artificial ground may be useful to insure logic 
swings, etc., remain between acceptable limits. 

Power Consumption may be calculated as follows: 
Pd = (1+) X (V+) + (1-) X (V-). A useful feature of the DAC-20 
design is that supply current is constant and independent of 
input logic states; this reduces the size of the power supply 
bypass capacitors. 
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BURN-IN CIRCUIT 

NOTES: 
1, RESISTORS ARE RS·1A TYPE. 

-18V 2. CAPACITORS ARE CKR058Xl02Kl TYPE. 
3. CONNECT O.Ol~F 50V CAPACITORS FROM 

V+ AND V- TO GROUND FOR EACH 6 
DEVICES. 

TEMPERATURE PERFORMANCE 

The nonlinearity and monotonicity specification of the 
DAC-20 are guaranteed to apply over the entire rated operat
ing temperature range. Full-scale output current drift is tight, 
typically ± 10ppm/o C, with zero-scale output current and 
drift essentially negligible compared to 1/2 LSB. 

The temperature coefficient of the reference resistor R14 
should match and track that of the output resistor for min
imum overall full-scale drift. 

SETTLING TIME OPTIMIZATION 

The DAC-20 is capable of extremely fast settling times, typi
cally 8Sns at IREF = 2.0mA. Judicious circuit design and 
careful board layout must be employed to obtain full perfor
mance potential during testing and application. The output 
capacitance of the DAC-20, including the package, is approx
imately lSpF; therefore the output RC time constant domi
nates settling time if RL > SOOO. 

Fastest operation can be obtained by using short leads, min
imizing output capacitance and load resistor values, and by 
adequate bypassing at the supply, reference and VLc termi
nals. Supplies do not require large electrolytic bypass 
capacitors as the supply current drain is independent of input 
logic states; O.lI'F capacitors at the supply pins provide full 
transient protection. 
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Precision Monolithics Inc. 

FEATURES 
• Conforms With Bell System 1l-255 Companding Law 
• Meets 03 Compandor Tracking Specifications 
• Both Encode and Decode Capability 
• Tight Full-Scale Tolerance Eliminates Calibration 
• Low Full-Scale Drift Over Temperature 
• Extremely Low Noise Contribution 
• Multiplying Reference Inputs 
• Simplifies PCM System Design 
• High Reliability 
• Low Power Consumption and Low Cost 
• Two Grades Available 

GENERAL DESCRIPTION 
The DAC-86 monolithic COMDAC® D/A Converter provides 
a 15 segment linear approximation to the Bell System w255 
companding law. The law is implemented by using three bits 
to select one of eight binarily-related chords (or segments) 
and four bits to select one of sixteen linearly-related steps 
within each chord. A sign bit determines signal polarity, and 
an encode/decode input determines the mode of operation. 

Accuracy is assured by specifying chord end point values, 
step nonlinearity, and monotonicity over the full operating 
temperature range. Typical applications include PCM carrier 
systems, digital PBX's intercom systems, and PCM recording. 
For CCITT "A" Law models, refer to the DAC-89 data sheet. 

PIN CONNECTIONS & ORDERING INFORMATION 

ENCODE/DECO~~ ~~~~cri~ -,....-~~--..'-8 POSITIVE POWER SUPPLY 

SIG~ !~"bk~~~T~ DECODE OUT: Elo SB " 00 

MOST SIGNIFICA~TTCI~~~~ 16 DECODE OUT: E/o 56 '" 01 

SECOND CHORD BIT INPUT 4 ENCODE OUT: E/D S8" 10 

LE~6~~G~I1f:~~~~ 5 14 ENCODE OUT: E/O SB = ,1 

MOST SIGNIFICGi~1J~~~ 13 NEGATIVE POWER SUPPL V 

SECOND STEP BIT INPUT 7 ~NEpt'i-TlVE REFERENCE 

THIRD STEP BIT INPUT 8 11 r~;~~IVE REFERENCE 

LEAST SIGNIFICANT STEP 9 10 LOGIC THRESHOLD 
BIT INPUT CONTROL 

18-PIN HERMETIC DUAL-IN-LINE 
(X-Suffix) 

GRADE 
DAC-86EX 
DAC-86CX 

TEMP. RANGE 
-25° C/+85° C 
-25°C/+85°C 

ACCURACY 
±1/2 Step 
±1 Step 

DAC-86 
COMDAC® COMPANDING 

D/A CONVERTER (J,L-255 LAW) 

ANALOG 
OUTPUT 

COMDAC® 
TRANSFER 

CHARACTERISTIC 

o 111 1111 
I 

X 000 0000 
DIGITAL INPUT 

BELL 1-'"255 LAW TRANSFER CHARACTERISTIC 

1 111 1111 

The DAC-86 transfer characteristic is a piecewise linear 
approximation to the Bell System 1-'"255 law expressed by: 

Y(x) = sgn(x) In(1 + III X I) -1 ~ X ~ 1 
In(1 + Il) 

for a normalized coding range of ± 1 
where: X = input signal level 

Y = output compressed signal level 
Il = 255 

This law is implemented with a eight chord (or segment) 
piecewise linear approximation with 16 linear steps in each 
chord. Dynamic range of 72dB in both polarities is achieved 
with eight-bit coding. 
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EQUIVALENT CIRCUIT 

srEP 
INPUTS 

87 B6 8584 

REFERENCE 
AMPLIFIER 

13 

v-

CHORD 
INPUTS 

B3 B2 B1 SB E/D 

v+ VLe 
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-----------I~ DAC·86 COMDACiIt COMPANDING D/A CONVERTER 

ABSOLUTE MAXIMUM RATINGS 
V+ Supply to V- Supply ••••••••••••••••••••••••••• 36V 

VLC Swing ••••••••••••••••••••••.•.•••• V- plus BV to V+ 

Analog Current Outputs .•••••• V- plus 8V to V- plus 36V 

Reference Inputs ••••••.•••••••••••••••••••••.• V-to V+ 

Reference Input Differential Voltage •.••••••••••••• ± 18V 

Reference Input Current ••••••••.•••.••••••••••. 1.25mA 

Logie Inputs •••••••••••••••••• V- plus 8V to V- plus 36V 

Operating Temperature ••••••••.•••• ' ••• -25°C to +85°C 

Storage Temperature ••••••••••••••••• -65°C to +150°C 

Power Dissipation •••••••••••••••••••••••••••••• 500mW 

Derate Above 100°C •••••••••••••••••••••••••• 10mW/oC 

Lead Temperature (Soldering, 60 sec) ••••••••••••• 300°C 

ELECTRICAL CHARACTERISTICS at VS= ±15V, IREF= 5281'A, -25°C:5 TA:5 +85°C, for all 4 outputs, unless otherwise 

noted. 

DAC-86E DAC·86C 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX UNITS 

Resolution 8 chords with 16 steps each ±128 ±128 ±128 ±128 ±128 ±128 Steps 

Dynamic Range 20 log (17, ,silo, 11 72 72 72 72 72 72 dB 

Monotoniclty Sign-Bit+ or- 12B 128 Steps 

Chord End-Point Accuracy Error relative to ideal values 
±1/2 ±1 Step 

All Chords at IF5= 2007.75~A 

Encode Decision Level Current 
Additional output 

3/B 1/2 5/8 114 1/2 314 Step 
encode/decode = 1 

Settling Time (Note 1) ts To within ± 1/2 step ,",sec 

Full-Scale Drift (C7) (Note 2) dlFS Full temperature range ±1116 ±1110 ±1110 ±1/4 Step 

Full'scale current change 
Output Voltage Compliance Voe $1/2 step 

-5 +18 -5 +18 VC!>lts 

Decode or encode psi r 
Full-Scale Symmetry Error 10(+) -1 0(-) 

Input Code 1111111 
±1/4O ±1/8 ±1/4O ±1/4 Step 

Zero-Scale Current (Co) Izs 
Measured at selected output 

1/40 liB 1/40 1/4 Step with 0000000 input 

Disable Current (All bits high) lo,s 
Leakage of output disabled 

5 75 5 75 nA by ElDand SB 

Step Accuracy Error relative to ideal values 
±1/2 

All Chords at IFS = 2007.75~A 
±1 Step 

Output Current Range IFSR 4,2 2,0 4,2 2.0 mA 

Logic Input Levels, Logic "0" V'L VLC-OV O.B O,B Volts 

Logic Input Levels, Logic "1" V'H VLC=OV 2 2 Volts 

Logic Input Current I'N V'N = -5V to + lBV 120 120 ~A 

Logic Input Swing V,s V-=-15V -5 +1B -5 +18 Volts 

Reference Bias Current 1'2 -3 -12 -3 -12 p.A 

Reference Input Slew Rate dlldt 0.25 0,25 mAlJl,s 

Power Supply Sensitivity Over 
PSSI FS+ V+ = 4,5V to 18V, V-= -15V ±1/20 ±1/2 ±1/2O ±1/2 

Supply Range (Refer to Step 
Characteristic Curves) 

PSSIFS- V- = -10,BV to -18V, V+ = 15V ±1110 ±lJ2 ±1I10 ±1/2 

1+ Vs =+5V,-15V, IFS= 2,OmA 2.7 4,5 2.7 4.5 

Power Supply Current 
1- Vs = +5V, -15V, IFS = 2,OmA -6.7 -9,3 -6.7 ~9,3 

mA 
1+ Vs =±15V,I FS =2,OmA 2.7 4.5 2.7 4,5 
1- Vs =±15V, IFS= 2,OmA -6.7 -9,3 -6.7 -9,3 

Vs= +5V, -15V, IFS= 2,OmA 114 167 114 167 
Power Dissipation Pd Vs =±15V,IF5 =2,OmA 141 207 141 207 

mW 

NOTE: 
1. In a companding DAC the term LSB is not used because the step size within and OP-16 combination will decode eight channels, In the encode mode, 

each chord is different. For example, in the first chord around zero (Co) the DAC-86 and CMP-Dl combination will encode eight channels. Both 
step size is 0,5~A, while in the last chord near full-scale (C7 ) step size is encode and decode statements assume a 5.2p.sec channel time. 
64p.A. Settling time varies for each of the chord bits and step bits and a 2. Guaranteed by design, 
maximum specification is misleading, In decode operation, the DAC-86 
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------------l1fMD DAC-88 COMDAC8 COMPANDING D/A CONVERTER 

OUTPUT CURRENT DC TEST CIRCUIT 

",VREF 

R" 
1B.94ku 
(RREFI 11 

R12 
20ku 

A1 '" R2= R3=R4=2.5ku 

"VRH IS ADJUSTED BEFORE TESTING EACH DeVICE 
TO PROVIDE IDEAL FULL SCALE OUTPUT CURRENT. 

R1 LINE SELECTION TABLE 

TEST ENCODE! SIGN OUTPUT 
GROUP DECODE BIT MEASUREMENT 

1 10E(+) (EOI/Rl ) 

2 0 10E(-) (E01/R2) 

3 0 1 100(+) (E02/R3) 

4 0 0 100(-) (E02/R4) 

NOTE: Accuracy is specified in the test circuit using the tobles below to be 
within the specified proportion of a step at the maximum value In each chord. 
Monotonlcity is guaranteed for all input codes. 

CONDENSED CURRENT OUTPUT TABLES <IREF = 528~A) 
IDEAL DECODE OUTPUT CURRENT IN MICROAMPS AT CHORD ENDPOINTS 

~ 
0 2 3 4 5 6 7 

STEP 000 001 010 011 100 101 110 111 

0 0000 0.0 8.25 24.75 57.75 123.75 255.75 519.75 1047.75 

15 1111 7.5 23.25 54.75 117.75 243.75 495.75 999.75 2007.75 

STEP SIZE 0.5 4 8 16 32 64 

IDEAL ENCODE OUTPUT CURRENT IN MICROAMPS AT CHORD ENDPOINTS 

~ 
0 

STEP 000 001 010 

0 0000 0.25 8.75 25.75 

15 1111 7.75 23.25 55.75 

STEP SIZE 0.50 

NOTE: 
These tobles may be extended to Include all of the encode/decode currents 
(Ideal with SIREF= 528"A) by multiplying any of !he numbers In the normalized 
tables by 0.5"A. 

PARAMETER DEFINITIONS 

FULL-SCALE DRIFT 
The change in output current over the full operating temperature 
with VREF = 10.000V, R11 = 18.94kO, and R12 = 20kO. 

FULL-SCALE SYMMETRY ERROR 
The difference between 100(-) and 100(+) or the difference 
between 10E(-) and 10E(+) at full-scale output. 

OUTPUT VOLTAGE COMPLIANCE 
The maximum output voltage swing at any current level 
which causes <1/2 step change in output current. 

CHORDS 
Groups of linearly-related steps in the transfer function. Also 
known as segments. 

3 4 6 7 

011 100 101 110 111 

59.75 127.75 263.75 535.75 1079.75 

119.75 247.75 503.75 1015.75 2039.75 

11-52 

4 8 16 32 64 

CHORD ENDPOINTS 
The maximum code in each chord; used to specify accuracy. 

STEPS 
Increments in each chord which divides the chord into 
16 equal levels. 

OUTPUT LEVEL NOTATION 
Each output current level may be designated by the code 
Ie,s where C = chord number and S = step number. For 
example, 10,0 = zero-scale current; 10,1 = first step from zero; 
10,15 = endpoint of first chord (Co); 17,15 = full-scale current. 

DYNAMIC RANGE 
Ratio of full-scale current to step size in chord zero, expressed 
in dB. This can be measured peak or peak-to-peak with the 
same result. 
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------------I[fMj) DAC-88 COMDAC8 COMPANDING D/A CONVERTER 

BASIC ENCODE OPERATION 
(COMPRESSING AID CONVERSION) 
BASIC ENCODE CONNECTIONS 

~5V ANALOG INPUT 

r-
I 

~ R' GROUND 2.511: FOR 
SINGLE 
ENDED 
INPUTS 

R' 
2." 

SUCCESSIVE 
APPAOXIMATION 

REGISTER 
(SAR) 

DIGITAL 
OUTPUTS 

SIGN 
BIT 

tt-t-ttt!=31CHORD \ IT BITS 

BITS lSTE' 

1 2 3 4 5 6 7 8 9 +10V 

'--____ ---"4'-1. EfDsaB1 82 83 B4B5 B6B7 ~~.~u 
'--_____ -'-"5'/', 10f(+) VAI+) 11..... (RREF) 

loel-) DAC·86 12 'REF 
16 100(+) VR{-) 

17 100(-) 

-15V +15V 

ENCODE DECISION LEVELS 

R12 
20kn 

Compressing A/D conversion with the DAC-86 requires a 
comparator, an EXCLUSIVE-OR gate, and a successive 
approximation register - the usual elements in any sign-

magnitude A/D converter. However, a compressing AID has 
one significant difference. In a conventional (linear conver
ter), the step size is a constant percentage of full-scale. In a 
compressing AID converter, the step size increases as the 
output changes from zero-scale to full-scale. 

When the DAC is used In the feedback loop of a successive 
approximation analog to digital converter (ADC) the DAC 
outputs are used as decision levels to determine the edges of 
the quantizing bands. When the DAC is used in the decode 
mode the outputs correspond to the center of the quantizing 
bands. The encode mode output exceeds the decode mode 
output by one-half step. See AN-39 for detailed explanation. 

ENCODING SEQUENCE 

An encoding sequence begins with the sign-bit decision. 
During this time the comparator functions as a polarity detec
tor. The encode/decode (E/D) input is held at a logic "0". In 
this mode, current flows into the decode outputs, and the 
comparator is effectively disconnected from the DAC. Once 
the input polarity has been determined, the ElD input toggles 
to a logic "1" allowing current to flow into IOE(+) or IOE(-)' 

For positive inputs, current flows into IOE(+) through R1, and 
the comparator's output is entered as the answer for each 
successive decision. For negative inputs, current flows into 
'OE(-) through R2 developing a negative voltage which is 
compared with the analog input. An EXCLUSIVE-OR gate 
inverts the comparator's output during negative trials to 
maintain the proper logic coding, all ones for full-scale and 
all zeros for zero-scale. 

The bits are converted with a successive removal technique, 
starting with a decision at the code 011 1111 and turning off 
bits sequentially until all decisions have been made. 

NORMALIZED ENCODE LEVEL (SIGN BIT EXCLUDED) (Ic,s= 2[2c (S + 17) -16.5J 
C = chord no. (0 through 7) I 
S=step no (Othrough 15) 

~ 
0 1 2 3 4 5 6 7 

STEP 000 001 010 011 100 101 110 111 

0 0000 1 35 103 239 511 1055 2143 4319 

1 0001 3 39 111 255 543 1119 2271 4575 

2 0010 5 43 119 271 575 1183 2399 4831 

3 0011 7 47 127 287 607 1247 2527 5087 

4 0100 9 51 135 303 639 1311 2655 5343 

5 0101 11 55 143 319 671 1375 2783 5599 

6 0110 13 59 151 335 703 1439 2911 5855 

7 0111 15 63 159 351 735 1503 3039 6111 

8 1000 17 67 167 367 767 1567 3167 6367 

9 1001 19 71 175 383 799 1631 3295 6623 

10 1010 21 75 183 399 831 1695 3423 6879 

11 1011 23 79 191 415 863 1759 3551 7135 

12 1100 25 83 199 431 895 1823 3679 7391 

13 1101 27 87 207 447 927 1887 3807 7647 

14 1110 29 91 215 463 959 1951 3935 7903 

15 1111 31 95 223 479 991 2015 4063 8159 

STEP SIZE 4 8 16 32 64 128 256 
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-----------;1fMD DAC-88 COMDACIIl COMPANDING D/A CONVERTER 

ENCODE TRANSFER CHARACTERISTICS 
(AID CONVERSION) 

DIGITAL 
OUTPUT (+1 

DIGITAL 
OUTPUT I-I 

BASIC DECODe OPERATION 
(EXPANDING DI A CONVERSION) 
0/ A conversion with the OAC-86 is implemented by using an 
operational amplifier connected to the decode outputs. The 
decode mode of operation is selected by applying a logic "0" 
to the encode/decode input. This enables the 100(+) or 
100(-) to be selected by the sign-bit input. When the sign-bit 
input is high, a logic "1", all of the output current flows into 

I OO( +) forcing a positive voltage at the operational amplifier's 
output. When the sign-bit input is low, logic "0", all of the 
output current flows into I 00(-) through R2 forci ng a negative 
voltage output. The sign-bit steers current into 100(+) or 
100(-)' therefore the output will always be symmetrical, 
limited only by the matching of R1 and R2. 

DECODE TRANSFER CHARACTERISTIC 
(D/A CONVERSION) 

ANALOG 
OUTPUT (+1 

ANALOG 
OUTPUT I-I 

NORMALIZED DECODE OUTPUT (SIGN BIT EXCLUDED) (IC,S = 2 [2C (S + 16.5) -16.5 J 
C=chord no. (Othrough 7) 
S=stepno. (Othrough 15) 

~ 
0 1 2 3 4 5 6 7 

STEP 000 001 010 011 100 101 110 111 

0 0000 0 33 99 231 495 1023 2079 4191 

1 0001 2 37 107 247 527 1087 2207 4447 

2 0010 4 41 115 263 559 1151 2335 4703 

3 0011 6 45 123 279 591 1215 2463 4959 

4 0100 8 49 131 295 623 1279 2591 5215 

5 0101 10 53 139 311 655 1343 2719 5471 

6 0110 12 57 147 327 687 1407 2847 5727 

7 0111 14 61 155 343 719 1471 2975 5983 

8 1000 16 65 163 359 751 1535 3103 6239 

9 1001 18 69 171 375 783 1599 3231 6495 

10 1010 20 73 179 391 815 1663 3359 6751 

11 1011 22 77 187 407 847 1727 3487 7007 

12 1100 24 81 195 423 879 1791 3615 7263 

13 1101 26 85 203 439 911 1855 3743 7519 

14 1110 28 89 211 455 943 1919 3871 7775 

15 1111 30 93 219 471 975 1983 3999 8031 

STEP SIZE 2 4 16 32 64 128 256 
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-----------I1fMD DAC-86 COMDAC® COMPANDING D/A CONVERTER 

NORMALIZED TABLES 

The encode and decode tables are used to calculate the ideal 
output current at any pOint. For example, in decode mode at 
13,7 (011 0111) find 343. 343/8031 x IFS = 85.751'A (lFS = 
2007.75I'A). Alternatively, use the condensed current tables 
and add up the number of steps. 

BASIC REFERENCE CONSIDERATIONS 

Full-scale output current is ideally 2007.751'A when the refer
ence current is 5281'A in the decode mode. In the encode 
mode IFS= 2039.751'A due to the additional 112 step (32I'A). 
A percentage change in IREF will produce the same percen
tage change in output current. 

The large step size at full-scale allows the use of inexpensive 
references in many applications. In some situations VREFmay 
even be the positive power supply. For example, with V+ = 
15V, RREF= 15V/528I'Aor28.4kO. When using a power supply 
as a reference, Rll becomes two resistors, RllA and Rl1B, 
and the junction bypassed to ground with a O.ll'f monolithic 
capacitor. 

DECODE OUTPUT VOLTAGE 

E/D S8 81 82 83 84 85 86 87 VOLT 
POS FULL-SCALE o 1 1 5.019V 

(+) ZERO-SCALE +1 STEP 0 1 0 0 0 0 0 0 1 0.0012 

(+) ZERO-SCALE 010000000 ov 

(-) ZERO-SCALE 000000000 ov 

(-) ZERO-SCALE + 1 STEP 0 0 0 0 0 0 0 0 1 -0.0012 

NEG FULL-SCALE o 0 1 

SYSTEM TEST CIRCUIT 

MUL TIPlEXEA 

1 -5.019V 

AID 

DAC-
86 

BASIC DECODE CONNECTIONS 

VREF 
'REF '" RREF 

IDEAL VALUES: 
'REF '" 528"A 
IFS = 2016"A 

NOTE: THIS CONFIGURATION WILL DECODE 24 CHANNELS. 

REFERENCE AMPLIFIER SETUP 

The DAC-86 is a multiplying D/A converter. The output cur
rent is the product of the normalized digital input and the 
input reference current. The reference current may be fixed 
or may vary from nearly zero to + 1.0mA. The full-scale output 
current is a linear function of the reference current. 

In external reference applications a positive reference vol
tage forces currentthrough Rll in the the VR(+) terminal (pin 
11) of the reference amplifier. Alternatively, a negative refer
ence may be applied to VRH at pin 12; reference current 
flows from ground through Rll into VR(+). This negative 
reference connection has the advantage of presenting a very 
high impedance at pin 12. The voltage at pin 11 is equaltoand 
tracks the voltage at pin 12 due to the high gain of the internal 

MULTIPLEXER 

D/A 

ANALOG 
CHANNELS 

IN 

CMP·01 1-__ -" r-;::;:;:--,.---.!\, jANALOG 
CHANNELS 
OUT 

CROSSTALK. .. -75dB 
IDLE CHANNEL NOISE. . . 21dBnc 
(AVERAGE CHANNEL VALUE) 

NOTES: 
1. 1.8kHz SAMPLING CONDITIONS AID CONVERSION TIME 

15.54,,5. 
2. AUDIO TEST ANALYZER CONTAINS AC MESSAGE FILTER 

AND 3kHz FLAT FILTER. 
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__________ -;~ bAC-88 COMDAC8 COMPANDING D/A CONVERTER 

reference amplifier. R12 (nominally equal to R11) is used to 
cancel bias current errors and may be eliminated with a 
minor Increase in error. 

POSITIVE REFERENCE OPERATION 

VREF 
'REF" RREF 

NOTES: 

VREF 
+lOV 

R11A 
DIGITAL INPUTS 

DECODE OUTPUTS 
IDEAL VALUES; 

IREF '" 528)JA 
IFS = 2016pA 

ENCODE 
OUTPUTS 

DECODE 
OUTPUTS 

ENCODE OUTPUTS 
IDEAL VALUES: 

IREF = 528.uA 
'FS = 2048ilA 

1. RECOMMENDED WHEN VREF IS V+ OR THE LOGIC POWER SUPPLY. 
2. PINS 11 AND 12 ARE EQUAL IN VOLTAGE. VAEF IS IMPRESSED 

ACROSS Rll (RREF). 

NEGATIVE REFERENCE OPERATION 

'REF = - -RVR~E: 

NOTE: 

DIGITAL INPUTS 

DECODE OUTPUTS 
IDEAL VALUES: 

tREF = 528JJA 
'FS = 2016)JA 

ENCODE 
OUTPUTS 

DECODE 
OUTPUTS 

ENCODE OUTPUTS 
IDEAL VALUES: 

'REF .. 528.uA 
'FS = 204IiJ,1A 

PINS 11 AND 12 ARE eaUAllN VOLTAGE. VREF IS IMPRESSED 
ACROSS Rll (AREFI. 

REFERENCE AMPLIFIER OPERATION 
For most applications a +10.0V reference, such as the PMI 
REF-01, is recommended for optimum full-scale temperature 
performance. (This also minimizes the contributions of ref
erence amplifier Vosand TCVos). For most applications the 
tight relationship between IREF and IFS eliminates the need 
for trimming IREF; but if desired full-scale trimming is 

11-56 

accomplished by selecting R11 or by using a potentiometer 
for R11. 

Using lower values of reference current reduces negative 
power supply current and increases reference amplifier neg
ative common-mode range. While the recommended operat
ing range of DC reference current is 0.1 mA to 1.0mA, mono
tonic operation is maintained over an even wider range. 

LOGIC INPUT AND POWER SUPPLY 
CONSIDERATIONS 

INTERFACING CIRCUIT FOR 
ECl, CMOS, HTl, AND NMOS lOGIC INPUTS 

13kU 

39kH 

Eel 

5.2V 

NOTES: 

20kH 

CMOS. HTL. NMOS 
v+ 

1. SET THE VOLTAGE "A" TO BE AT THE DESIRED LOGIC INPUT 
SWITCHING THRESHOLD. 

2. ALLOWABLE RANGE OF LOGIC THRESHOLD IS TVPlCALl V 
-5V TO +13V WHEN OPERATING THE OAC·B6 ON ±15V SUP· 
PLIES. 

lOGIC INPUTS 

The DAC-86 interfaces with various logic families by refe
rencing VLC (pin 10) at a potential which is 1.4V below the 
desired logic input switching threshold. However, this 
voltage source must be capable of sourcing and sinking a 
changing current at pin 10. 

The negative voltage at the logic inputs must be limited to 
+ 10V with respect to V- (pin 13). 

POWER SUPPLIES 

Power supply current drain is relatively independent of 
voltage and temperature and completely independent of the 
logic input states. 

When operating with V- between -15V and -11V, output 
negative voltage compliance, Voc(-) , reference input 
amplifier common-mode voltage range, and logic input 
negative voltage range are reduced by an amount equivalent 
to the difference between -15V and the V- supply in use. 
Operation with V+ between +5V and +15V affects VLC and 
the reference amplifier common-mode positive voltage range 
in the same manner. 

1/86, Rev. A 



-----------I~ DAC-88 COMDACI!> COMPANDING D/A CONVERTER 

SYSTEM PERFORMANCE CHARACTERISTICS 

SIGNAL TO QUANTIZING DISTORTION VB INPUT LEVEL 

20 
--50 

~/"------::-
/ -

",/- ---/ 

/ 

P 
-40 -30 -20 -10 +10 

INPUT LEVEL IdBmO_) __ C MSG WTG 

,uLAW ____ 3kHz FLAT 

GAIN TRACKING 

+1.5 

_ +1.0 

~ 
:3 +0.5 
z 
Q 

'--- ...... 

~ 0.0 

~ 
~ -0.5 

~ 
-1.0 

-1.5 

-30 -20 -'0 -0 

INPUT LEVEL (dBmO) 

"LAW--- C MSG WTG 
____ 3kHz FLAT 

OUTPUT VOLTAGE COMPLIANCE 

The DAC-86 has true current outputs with wide voltage com
pliance that enables single ended and balanced load drive 
capability. Positive voltage compliance is +18V and negative 
voltage compliance is -5.0V with IREF= 528j.1A and V = -15V. 
Negative voltage compliance Voc(-) for other values of IREF 
and V- may be obtained from the table, or calculated as 
follows: 

Voc(-) min = (V-) + (2 IREF x 1.6kO) + 8.4V 

STANDARD OUTPUT CONNECTIONS 

VREF 
+'OY 

"" 18." 
"II 

",. 
20kIl 

STANDARD ENCODE/DECODE 
CONNECTIONS REQUIRE 
1VocHt" IV Amaxl 

OUTPUT COMPLIANCE EXTENSION CONNECTIONS 

VREF 
+'OY 

A" 
18.94 

"II 

A" 
:lOk1l 

EXTENDED RANGE CONNECTION ALLOWS 

vArrwc<VOCH/n 
WHERE n" R2!R1 + R2 

VA MUST DRIVE Rt + R2 

COMPARATOR ", 

NEGATIVE OUTPUT VOLTAGE COMPLIANCE Voc(-) 

IFS 
V- 1.0mA 2.0mA 4.0mA 

-12V -2.SV -2.0V -O.4V 

-15V -5.SV -5.0V -3.4V 

-1SV -S.SV -S.OV -S.4V 

MINIMUM NEGATIVE COMPLIANCE 

VOC(-) MIN = (V-) + (2 IREF 1.SkO) + S.4V 

Output voltage compliance can be extended in both encode DICE 
and decode modes using the connections shown above. For applicable DICE information, see DAC-88 Data Sheet. 
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Precision Monolithics Inc. 

FEATURES 

• IMPROVED ACCURACY over DAC-86 
• IMPROVED SPEED over DAC-86 
• Conforms With Bell System ,,-255 Companding Law 
• Meets D3 Compandor Tracking Specifications 
• Both Encode and Decode Capability 
• Tight Full-Scale Tolerance Eliminates Calibration 
• Low Full-Scale Drift Over Temperature 
• Extremely Low Noise Contribution 
• Multiplying Reference Inputs 
• Simplifies PCM System Design 
• High Reliability 
• Low Power Consumption and Low Cost 
• Fully Specified Dice Available 

GENERAL DESCRIPTION 
The DAC-88 monolithic COMDAC@ D/A Converter provides 
a 15 segment linear approximation to the Bell System ,..255 
companding law. The law is implemented by using three bits 
to select one of eight binarily-related chords (or segments) 
and four bits to select one of sixteen linearly-related steps 
within each chord. A sign bit determines signal polarity, and 
an encode/decode input determines the mode of operation. 

Accuracy is assured by speCifying chord end point values, 
step nonlinearity, and monotonicity over the full operating 
temperature range. Typical applications include PCM carrier 
systems, digital PBX's, intercom systems, and PCM record
ing. For CCITT "A" Law models, refer to the DAC-89 data 
sheet. 

PIN CONNECTIONS & ORDERING INFORMATION 

ENCODE/DECODE SELECT: 
1 = ENCODE 1 

SIGN BIT INPUT: 
1 = POSITIVE 2 

MOST SIGNifiCANT CHORD 
BIT INPUT 

SECOND CHORD BIT INPUT 4 
LEAST SIGNIFICANT 

CHORD BIT INPUT 5 

18 POSITIVE POWER SUPPL V 

DECODE OUT: flo S8 = 00 

16 DECODE OUT: f/D S8 = 01 

ENCODE OUT: f/D S8 = 10 

14 eNCODe OUT: flo S8 = '1 

MOST SIGNIFIC~~1::0~ 13 NEGATIVE POWER SUPPLY 

SECOND STEP BIT INPUT 7 ~Jp~'iTIVE REFERENCE 

THIRD STEP BIT INPUT 8 11 POSITIVE REFERENCE 
INPUT 

LEAST SIGNIFICANT STEP 9 10 LOGIC THRESHOLD 
BIT INPUT L-__ ..J CONTROL 

18-PIN HERMETIC DUAL-IN-LiNE 
(X-Suffix) 

Grade 
DAC-88EX 

Temp. Range 
-25°C/+85°C 

Accuracy 
±1/4 Step 

11-58 

DAC-88 
COMDAC® COMPANDING 

D/A CONVERTER r~-255 LAWj 

GAIN TRACKING 

+1,5 

~ +1,0 

S +0.5 
z 

0-3 SPECI FICATION 

~ 0.0 +--~~::~==~~~ ..... ~_~~¥
~ -50 -40 -30 -2. -10 -0 

~ -0.5 

~ 
-1.0 

-1.5 

(A) GAIN TRACKING PERFORMANCE OF oAC-88 IN 8-CHANNEL SYSTEM. 

BELL ,..255 LAW TRANSFER CHARACTERISTIC 

The DAC-88 transfer characteristic is a piecewise linear 
approximation to the Bell System ,,255 law expressed by: 

_ In(1+"ixi) < < 
Y(x) - sgn(x) In(1 + ,,) -1 - X - 1 

for a normalized coding range of ± 1 
where: X = input signal level 

Y = output compressed signal level ,,= 255 

This law is implemented with an eight chord (or segment) 
piecewise linear approximation with 16 linear steps in each 
chord. Dynamic range of 72dB in both polarities is achieved 
with eight-bit coding. 

EQUIVALENT CIRCUIT 

STEP 
INPUTS 

67 86 B564 

13 

V-

CHORD 
INPUTS 

B362 61 SB E/D 

18 ,. 
VLe 
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------------I~ DAC a 88 COMDACII!l COMPANDING D/A CONVERTER 

ABSOLUTE MAXIMUM RATINGS 
V+ Supply to V- Supply. • • • • • • • • • • •• • •• • • . • • • • • • • •• 36V 

VLC Swing ••••••••••••••••••••••••••.•• V- plus SV to V+ 

Analog Current Outputs ••••••• V- plus SV to V- plus 36V 

Reference Inputs •••••••••••••••••••••••••••••• V- to V+ 

Reference Input Differential Voltage •.••.••.••••••• ± 1SV 

Reference Input Current ••••••••.•••••..•••••.•• 1.25mA 

Logic Inputs •••••••••••••••••• V- plus SV to V- plus 36V 

Operating Temperature •••••••••••••••• -25'C to +S5'C 

Storage Temperature ••••••••••••••••• -65' C to + 150' C 

Power Dissipation •••••••••••••••••••••••••••••• 500mW 

Derate Above 100'C •••••••••••••••••••••••••• 10mW/'C 

Lead Temperature (Soldering, 60 sec) ••••••••••••• 300'C 

NOTE: Absolute ratings apply to both DICE and packaged parts. unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, IREF= 52S/LA, -25' C:$ TA:$ +85' C, all 4 outputs, unless otherwise noted. 

DAC-88E 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Resolution 8 chords with 16 steps each ±128 ±128 ±128 Steps 

Dynamic Range 20 log (l7.,s!lo.,) 72 72 72 dB 

Monotoniclty Sign-Bit + or - 128 Steps 

Chord End-Point Accuracy Error relative to ideal values 
±1/4 Step 

Chord Zero at 'FS= 2007.75I'A 

Chord End-Point Accuracy Error relative to ideal values 
±1/2 Step 

All Chords Other Than Zero at ' FS =2007.75I'A 

Encode Decision Level Current 
Additional output 

3/8 1/2 5/8 Step 
encode/decode = 1 

Settling Time (Note 1) IS To within ± 112 step 500 ns 

Settling Time in Chord Zero Tseo To within ± 112 step 500 ns 

Full-scale Drift (C,) (Note 3) alFs Full temperature range ±1/16 ±1/10 Step 

Oulput Voltage Compliance Voe 
Full-Scale current change 

-5 +18 Volts :s 1/2 step 

Full-Scale Symmetry Error Decode or encode pai r 
'0(+) -1 0(-) ±1/40 ±l/S Step 

(Note 2) Input Code 111 1111 

Zero-Scale Current (Co) Measured at selected output 
Izs 1140 1/8 Step 

(Note 2) with 000 0000 input 

Disable Current (All bits high) 
IDIS 

Leakage of output disabled 
5 100 nA 

(Note 2) by ElDand SB 

Step Accuracy Error relative to ideal values 

Chord Zero at IFS= 2007.751'A 
±1/4 Step 

Step Accuracy Error relative to ideal values 
±1/2 Step 

All Chords Other Than Zero at ' FS = 20161'A 

Output Current Range 
' FSR 

4.2 2.0 0 mA 

Logic Input Levels. Logic "0" V,l Vle = OV O.S Volts 

Logic Input Levels. LogiC "1" V,H Vle = OV 2 Volts 

Logic Input Current 'iN Y,N = -5V to + 18V 120 I'A 

Logic Input Swing V's V-=-15V -5 +18 Volts 

Reference Bias Current "2 -3 -12 I'A 

Reference Input Slew Rate dlldt 0.25 mAIl's 

Power Supply Sensitivity Over 
PSSIFs+ V+ = 4.5V to 18V. V- = -15V ±1/20 ±1/2 

Supply Range (Refer to Step 
Characteristic Curves) 

PSSIF8- V- = -10.8V to -18V, V+ = 15V ±1/10 ±1/2 

NOTES: 
1. In a companding DAC the term LSB is not used because the step size DAC-88 and CMP-{)l combination will encode eight channels. Both 

within each chord is different. For example, in the first chord around zero encode and decode statements assume a 5.21's channel time. 
(Co) step size iSO.5I'A. while in the last chord near full-scale (C,) step size 2. Current specifications relate to differential currents between (+) and (-) 
is 841'A. Settling time varies for each of the chord bits and step bits and a output leads. At the selected outputs, equal idle currents are present 
maximum specification is misleading. In decode operation, the DAC-88 Simultaneously on both current output leads. 
and OP-16combination will decode 24 channels. In the encode mode. the 3. Guaranteed by design. 
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-----------I~ DAC-88 COMDAC8 COMPANDING D/A CONVERTER 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, IREF= 5281'A, -25°C S TAS+85°C, all 4 outputs, unless 
otherwise noted. (Continued) 

PARAMETER SYMBOL CONDITIONS 

1+ vs= +5V, -15V, IFS= 2.0mA 

Power Supply Current 
1- Vs = +5V, -15V, IFS = 2.0mA 
1+ Vs =±15V,IFS =2.0mA 
1- Vs =±15V,IFS =2.0mA 

Power DISsipation Pd 
Vs = +5V, -15V, IFS = 2.0mA 
Vs=±15V,I FS =2.0mA 

Full-Scale Current Deviation 
IFS(D) VREF 10.000V, TA =25°C 

From Ideal Deviation 
(See Tables) (Note 2) 

I Fs(E) Rll = 19.53kO, R12 = 20kO 

Idle Current (Note 2) II 

NOTE: 
2. Current specifications relate to dillerential currents between (+) and (-) 

output leads. At the selected outputs, equal idle currents are present 
simultaneously on both current output leads. 

DICE CHARACTERISTICS 

DIE SIZE 0.123 X 0.085 Inch, 10,455 sq. mils 
(3.124 X 2,159 mm, 6.745 sq. mm) 

1. ElD 
2, SIGN-BIT 
3. BIT 1 (MSB) 
4, BIT2 
5. BIT3 
6. BIT4 
7. BITS 
8. BIT6 
9. BIT 7 (LSB) 

MIN 
DAC-88E 

TVP MAX 

2.7 5.5 
-6.7 -12 

2.7 5.5 
-6.7 -12 

114 207 
141 262 

±1/2 
±1I2 

10 

10. VLC 
11. VR (+) 
12. VR (-) 
13. V-
14. 10E (+) 
15. 10E (-) 
16. 100 (+) 
17. 100 (-) 
18. V+ 

For additional DICE information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs= :!: 15V, IREF= 5281'A, TA= 25°C, all 4 outputs, unless otherwise noted. 

PARAMETER 

Resolution 

Dynamic Range 

Monotoniclly 

Chord End-Point Accuracy 
Chord Zero 

Chord End-Paint Accuracy 
Ali Chords Other Than Zero 

Encode Decision Level 

Current 

SYMBOL 

Output Voltage Compliance Voe 

CONDITIONS 

8 chords with 16 steps each 

20 log (17, ,silo, ,) 

Sign-Bit + or-

Error relative to ideal values 
atlFs = 2007.75p.A 

Error relative to Ideal values 
at I FS = 2007. 75p.A 

Additional output 
encode/decode = 1 

Full-scale current change 
"1/2 step 

DAC-88N 
(NOTE 3) 

LIMIT 

±128 

72 

128 

±1/4 

±1/2 

3/8 
5/8 

-5 
+18 

UNITS 

mA 

mW 

Step 

p.A 

UNITS 

Steps MIN 

dBMIN 

Steps MIN 

Step MAX 

Step MAX 

Step MIN 
Step MAX 

Valls MIN 
Volts MAX 
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__________ ---1~DAC.88 COMDACt!> COMPANDING D/A CONVERTER 

WAFER TEST LIMITS at Vs = ±15V, IREF= 5281'A, TA = 25°C, all 4 outputs, unless otherwise noted. (Continued) 

CAC·SSN 
(NOTE 3) 

PARAMETER SYMBOL CONDITIONS LIMIT UNITS 

Full-Scale Symmetry Error 
10+-10-

Oecode or encode pair 
±l/B Step MAX 

(Note 2) Input Code 111 1111 

Zero-Scale Current (Note 2) Izs 
Measured at selected output 

liB Step Max 
0000000 input 

Disable Current (All bits high) 
lOIS 

Leakage of output disabled 
100 nAMAX 

(Note 2) by EtD and SB 

Step Accuracy Error relative to ideal values 
±1/4 Step MAX 

Chord Zero at IFS = 2007.7SI'A 

Step Acc uracy Error relative to ideal values 
±1/2 Step MAX 

All Chords Other Than ZerO at IFS = 20161'A 

Output Current Range IFSR 4.2 mAMIN 

Logic Input Levels, Logic "0" VIL VLC=OV O.B Volts MAX 

Logic Input Levels, Logic "1" VIH VLC = OV 2 Volts MIN 

Logic Input Current liN VIN = -SV to +lBV 120 I'AMAX 

Logic Input Swing VIS V-=-lSV 
-5 Volts MIN 

+lB Volts MAX 

Reference Bias Current 1'2 -12 I'AMAX 

Power Supply Sensitivity Over PSSI FS- V+ = 4.SV to lBV ±1/2 Step MAX 
Supply Range PSSI FS- V- = -10.BV to -lBV ±1/2 Step MAX 

1+ 
Vs = ± lSV, I FS = 2.0mA 

5.75 
mAMAX 

1- -12.0 
Power Supply Current 

1+ 
Vs =±lSV.IFS =2.0mA 

5.75 
1- -12.0 

mAMAX 

Full-Scale Current Deviation IFSD VREF 10.000V, TA = 25° C ±1/2 Step MAX 
From Ideal Deviation Rll = 19.53kfl 

IFSE ±1/2 Step MAX (See Tables) (Note 2) R12 =20kfl 

NOTE: 
Electrical tests performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is notguaranteed 
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, and TA = 25° C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Settling Time (Note 1) ts To within ±1/2 step 

Settling Time in Chord Zero Tsco To within ±1/2 step 

Full-Scale Drift (C7) alFS Full temperature range 

Reference Input Slew Rate dl/dt 

Power Dissipation Po Vs +5V, -15V 

Po Vs=±15V 

Idle Current (Note 2) II 

NOTES: 
1. In a companding DAC, the term LSB is not used because the step size 

within each chord is different. For example, in the first chord around zero 
(Co) step size isO.5I'A. Whilein the last chord near full-scale (C71 step size 
is 641'A. Settling time varies for each of the chord bits and step bits and a 
maximum specification is misleading. 

2. Current specifications relate to differential currents between (+) and (-I 
output leads. At the selected outputs, equal idle currents are present 
simultaneously on both current output leads. 

3. See DAC-8BE for typical values. 
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CAC·SSN 
TYPICAL 

500 

500 

±1/16 

0.25 

114 

141 

10 

UNITS 

ns 

ns 

Step 

mAil's 

mW 

mW 

I'A 
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-------------1~ DAC-88 COMDAC@COMPANDINGD/ACONVERTER 

OUTPUT CURRENT DC TEST CIRCUIT 

R11 
1S.94kn 
(RREF) 11 

R12 
20kn 

·VREFISADJUSTEO BEFORE TESTING EACH DEVICE 
TO PROVIDE IDEAL FULL-SCALE OUTPUT CURRENT. 

R1 

EQ1 

LINE SELECTION TABLE 

TEST ENCODE/ SIGN OUTPUT 
GROUP DECODE BIT MEASUREMENT 

10E(+) (E01/R1 ) 

2 0 10E(-) (E01/R2) 

3 0 0 100(+) (E02/R3) 

4 0 0 100(-) (E02/R4) 

NOTE: Accuracy is specified in the test circuit using the tables below to be 
within the specified proportion of a step at the maximum value in each chord. 
Monotonicity is guaranteed for all input codes. 

CONDENSED CURRENT OUTPUT TABLES (IREF= 528j.!A) 

IDEAL DECODE OUTPUT CURRENT IN MICROAMPS AT CHORD ENDPOINTS 

CHORO o 3 4 6 7 

STEP 000 001 010 011 100 101 110 111 

o 0000 o 8.25 24.75 57.75 123.75 255.75 519.75 1047.75 

15 1111 7.5 23.25 54.75 117.75 243.75 495.75 999.75 2007.75 

STEP SIZE 0.50 2 8 16 32 64 

IDEAL ENCODE OUTPUT CURRENT IN MICROAMPS AT CHORD ENDPOINTS 

CHORO o 
STEP 000 001 010 

0000 0.25 8.75 25.75 

15 1111 7.75 23.75 55.75 

STEP SIZE 0.50 2 

NOTE: These tables may be extended to include ali of the encode/ decode 
currents (ideal with IREF = 528,uA) by multiplying any of the numbers in the 
normalized tables by 0.25I'A. 

PARAMETER DEFINITIONS 
FULL-SCALE DRIFT 

The change in output current over the full operating 
temperature with VREF = 10.000V, R11 = 18.94kO, and 
R12 = 20k.o. 

ENCODE CURRENT 

The difference between 10E(+) and 100(+) or the difference 
between 10E(-) and 100(-) at any code. 

FULL-SCALE SYMMETRY ERROR 

The difference between 100(-) and 100(+) or the difference 
between 10E(-) and 10E(+) at full-scale output. 

OUTPUT VOLTAGE COMPLIANCE 

The maximum output voltage swing at any current level 
which causes < 1/2 step change in output current. 

IDEAL OUTPUT CURRENT 

The difference between the (+) and (-) currents (encode or 

decode) at any code. 

3 4 6 

011 100 101 110 111 

59.75 127.75 263.75 535.75 1079.75 

119.75 247.75 503.75 1015.75 2039.75 

11-62 

16 32 64 

CHORDS 

Groups of linearly-related steps in the transfer function. Also 

known as segments. 

CHORD ENDPOINTS 

The maximum code in each chord; used to specify accuracy. 

STEPS 

Increments in each chord which divides the chord into 16 
equal levels. 

OUTPUT LEVEL NOTATION 

Each output current level may be designated by the code Ic.s 
where C = chord number and S = step number. For example, 
10.0 = zero-scale current: 10.1 = first step from zero; 10,15 = 
endpoint of first chord (Co); 17.15 = full-scale current. 

DYNAMIC RANGE 

Ratio of full scale current to step size in chord zero, expressed 
in dB. 
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__________ --l~DAC-88 COMDAC!!> COMPANDING D/A CONVERTER 

BASIC ENCODE OPERATION 
(COMPRESSING AID CONVERSION) 

ENCODE DECISION LEVELS 
Compressing AID conversion with the DAC-88 requires a 
comparator, an EXCLUSIVE-OR gate, and a successive 
approximation register - the usual elements in any sign 
magnitude A/D converter. However, a compressing A/D has 
one significant difference. In a conventional (linear conver
ter), the step size is a constant percentage of full-scale. In a 
compressing A/D converter, the step size increases as the 
output changes from zero-scale to full-scale. 

BASIC ENCODE CONNECTIONS 

±5VANALOG 
INPUT 
~ 

+ 
r--
I 

-=-_ R1 

GROUND ~.; 2.5k 
FOR 

SINGLE 
ENDED 
INPUTS 

-15V 

SUCCESSIVE 
APPROXIMATION 

L __ -t~~RE~G~I~~E~R~'S~AR:J~J DIGITAL 
OUTPUTS 

H-+-H-+H---{) SIGN BIT 

~~ICHORO I n BITS 

VREF 
1 2 3 4 5 6 7 8 9 +10V 

E/D SB B1 82 83 84 85 8681 Rll 

'------~." 1'+- l~::~~l 
VR• 

DAC-S8 12 IREF 
VR-

-15V +15V 

ENCODE TRANSFER CHARACTERISTICS 
(AID CONVERSION) 

R12 
20kl! 

11-63 

When the DAC is used in the feedback loop of a successive 
approximation analog to digital converter (ADC) the DAC 
outputs are used as decision levels to determine the edges of 
the quantizing bands. When the DAC is used in the decode 
mode the outputs correspond to the center of the quantizing 
bands. The encode mode output exceeds the decode mode 
output by one-half step. See AN 39 for detailed explanation. 

ENCODING SEQUENCE 

An encoding sequence begins with the sign-bit decision. 
During this time the comparator functions as polarity detector 
only. The Encode/Decode (ElD) input is held ata logic "0". In 
this mode current flows into the decode outputs, and the 
comparator is effectively disconnected from the OAC. Once 
the input polarity has been determined, the ElO input toggles 
to a logic "1" allowing current to flow into 10E(+) or 10EH. 

For positive inputs, current flows into 10E(+) through R1, and 
the comparator's output is entered as the answer for each 
successive decision. For negative inputs, current flows into 
10E(-) through R2 developing a negative voltage which is 
compared with the analog input. An EXCLUSIVE-OR gate 
inverts the comparator's output during negative trials to 
maintain the proper logic coding, all ones for full-scale and 
all zeros for zero-scale. 

The bits are converted with a successive removal technique, 
starting with a decision at the code 011 1111 and turning off 
bits sequentially until all decisions have been made. 

BASIC DECODE OPERATION 
(EXPANDING D/A CONVERSION) 

0/ A conversion with the DAC-88 is implemented by using an 
operational amplifier connected to the decode outputs. The 
decode mode of operation is selected by applying a logic "0" 
to the Encode/Decode input. This mode enables the 100(+) 
or 100H to be selected by the sign-bit input. When the sign
bit input is high, a logic "1", all of the output currentflows into 

DECODE TRANSFER CHARACTERISTIC 
(D/A CONVERSION) 

ANALOG 
OUTPUT (+) 

ANALOG 
OUTPUT (-) 

1/86, Rev. A 
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-----------Im DAC·88 COMDAC- COMPANDING D/A CONVERTER 

100(+) forcing a positive voltage at the operational amplifier's 
output. When the sign-bit input is low, logic "0", all of the 
output currentflows into 100(-) through R2 forcing a negative 
voltage output. The sign-bit steers current into 100(+) or 
100(-), the output will therefore always be symmetrical, 
limited only by the matching of R1 and R2. 

NORMALIZED TABLES 

The encode and decode tables are used to calculate ideal 
output current at any pOint. For example, in decode mode at 
13.7 (011 0111) find 343. 343/8031 X IFS = 85.751'A (IFS = 
2007.75I'A). Alternatively, use the condensed current tables 
and add up the number of steps. 

NORMALIZED ENCODE LEVEL (SIGN BIT EXCLUDED) (lc,S = 2[2C (8 + 17) -16.5] 
C = chord no. (0 through 7) 
8 = step no. (0 through 15) 

o 2 3 4 5 

000 001 010 011 100 101 

o 0000 35 103 239 511 1055 

0001 3 39 111 255 543 1119 

2 0010 5 43 119 271 575 1183 

3 0011 7 47 127 287 607 1247 

4 0100 9 51 135 303 639 1311 

5 0101 11 55 143 319 671 1375 

6 0110 13 59 151 335 703 1439 

7 0111 15 83 159 351 735 1503 

8 1000 17 67 167 367 767 1567 

9 1001 19 71 175 383 799 1831 

10 1010 21 75 183 399 831 1695 

11 1011 23 79 191 415 883 1759 

12 1100 25 83 199 431 895 1823 

13 1101 27 87 207 447 927 1887 

14 1110 29 91 215 463 959 1951 

15 1111 31 95 223 479 991 2015 

STEP SIZE 4 8 16 32 64 

NORMALIZED DECODE OUTPUT (SIGN BIT EXCLUDED) (lc,S = 2 [2c (8 + 16.5) -16.5] 

o 2 3 4 

000 001 010 011 100 101 

o 0000 o 33 99 231 495 1023 

0001 2 37 107 247 527 1087 

0010 4 41 115 263 559 1151 

3 0011 6 45 123 279 591 1215 

4 0100 8 49 131 295 623 1279 

5 0101 10 53 139 311 855 1343 

6 0110 12 57 147 327 687 1407 

7 0111 14 61 155 343 719 1471 

8 1000 16 65 163 359 751 1535 

9 1001 18 69 171 375 783 1599 

10 1010 20 73 179 391 815 1683 

11 1011 22 77 187 407 847 1727 

12 1100 24 81 195 423 879 1791 

13 1101 26 85 203 439 911 1855 

14 1110 28 89 212 455 943 1919 

15 1111 30 93 219 471 975 1983 

STEP SIZE 2 4 8 16 32 64 

11·64 

6 7 

110 111 

2143 4319 

2271 4575 

2399 4831 

2527 5087 

2655 5343 

2783 5599 

2911 5855 

3039 6111 

3167 8367 

3295 6623 

3423 6879 

3551 7135 

3679 7391 

3807 7647 

3935 7903 

4083 8159 

128 256 

C=chord no. (Othrough 7) 
8 = step no. (0 through 15) 

6 

110 111 

2079 4291 

2207 4447 

2335 4703 

2463 4959 

2591 5215 

2719 5471 

2847 5727 

2975 5983 

3103 6239 

3231 6495 

3359 6751 

3487 7007 

3615 7283 

3743 7519 

3871 7775 

3999 8031 

128 256 

1/86, Rev. A 



__________ ~~ DAC-88 COMDACII!l COMPANDING D/A CONVERTER 

SYSTEM TEST CIRCUIT 
MULTIPLEXER 

SAMPLE/HOLD 

AlD 

DAe

•• 

MULTIPLEXER 

D/A 

ANALOG 
CHANNELS 

IN 

CMP·01 1-__ -''' r-:=:::-.. ---l\. jANALDG 
CHANNELS 
OUT 

REF-
01/02 

SAR 

CROSSTALK. .. -75dB 
IDLE CHANNEL NOISE •.... ' 21dBnc 
(AVERAGE CHANNEL VALUEl 

NOTES: 
1. 1.8kHz SAMPLING CONDITIONS AID CONVERSION TIME 

15.54,..5. 
2. AUDIO TEST ANALYZER CONTAINS AC MESSAGE FILTER 

AND 3kHz FLAT FILTER. 

BASIC REFERENCE CONSIDERATIONS 

Full-scale output current is ideally 2007 .75p,A when the refer
ence current is 528p,A in the decode mode. In the encode 
mode IFS=2039.75p,AduetotheadditionaI1/2step (32p,A). A 
percentage change in I REF will produce the same percentage 
change in output current. 

DECODE OUTPUT VOLTAGE 

E/D SB B1 B2 B3 B4 B5 B6 B7 Eo 

POS FULL-SCALE o 1 5.019V 

(+1 ZERO-SCALE +1 STEP 0 1 0 0 0 0 0 0 1 0.0012V 

(+1 ZERO-SCALE o 0000000 ov 
(-I ZERO-SCALE o 000 0 0 0 0 0 ov 
(-I ZERO-SCALE +1 STEP 0 0 0 0 0 0 0 0 1 -o.OO12V 

NEG FULL-SCALE o 0 1 

BASIC DECODE CONNECTIONS 

R11 
18.94 

kG 
IRREF) 

NOTE: 

DIGITAL INPUTS 

-12V +12V .. v 

THIS CONFIGURATION WILL DECODe 24-CHANNELS. 

1 -5.019V 

ANALOG 
OUTPUT 
± 5V 

IDEAL VALUES: 

IREF = 52811A 
IFS = Z007.75I1A 

11-65 

The large step size at full-scale allows the use of inexpensive 
references in many applications. In some applications VREF 
may even be the positive power supply. For example, with V+ 
= 15V, RREF = 15V1528p,A or 28.4kO. When using a power 
supply as a reference, R11 becomes two resistors, R11 A and 
R11 B, and the junction bypassed to ground with a 0.1p,f 
monolithic capacitor. 

REFERENCE AMPLIFIER OPERATION 

The DAC-88 is a multiplying D/A converter. The output cur
rent is the product of the normalized digital input and the 
input reference current. The reference current may be fixed 
or may vary from nearly zero to + 1.0mA. The full-scale output 
current is a linear function of the reference current and is 
given for all four outputs in the figures above. 

REFERENCE RECOMMENDATIONS 

For most applications a +10.0V reference, such as the PMI 
REF-01, is recommended for optimum full-scale temperature 
performance. 

POWER SUPPLIES 

Power supply current drain is relatively independent of vol
tage and temperature and completely independent of the 
logic input states. 

When operating with V- between -15V and -11V, output 
negative voltage compliance, Voc(-). reference input ampli
fier common-mode voltage range, and logic input negative 
voltage range are reduced by an amount equivalent to the 
difference between -15V and the V- supply. Operation with 
V+ between +5V and +15V affects VLC and the reference 
amplifier common-mode positive voltage range in the same 
manner. 
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__________ -I~DAC-88 COMDAC8 COMPANDING PIA CONVERTER 

STANDARD OUTPUT CONNECTIONS 

R11 
18.94 

kn 
RREF 

R12 

"""" 
STANDARD ENCODE/DECODE 
CONNECTIONS REQUIRE: 

IVaCI-II ~ IVAmlx) 

COMPLIANCE EXTENSION CONNECTIONS 

Rll 
18.94 ", 

RREF 

R12 
20kn 

VAmax 5: Vaei-l/n 
WHERE n = R2/R1 + R2 
VA MUST DRIVE R1 + R2 

OUTPUT VOLTAGE COMPLIANCE 

R1 COMPARATOR 

The DAC-88 has true current outputs with wide voltage com
pliance that enables single ended and balanced load driving 

APPLICATIONS 

PHOTODIODE LINEARIZING CIRCUIT 

capability. Positive voltage compliance is + l8V and negative 
voltage compliance is -5.0V with IREF= 5281'A and V = -15V. 
Negative voltage compliance Voc(-) for other values of IREF 
and V- may be obtained from the table. or calculated as 
follows: 

Voc(-) min = (V-) + (2IREFX 1.6kO) + 8.4V 

Output voltage compliance can be extended in both encode 
and decode modes using the connections shown in the 
compliance extension diagram. 

NEGATIVE OUTPUT VOLTAGE COMPLIANCE VOC(-) 

IFS 
V- 1.0mA 2.0mA 4.0mA 

-12V -2.BV -2.0V -O.4V 

-15V -5.BV -5.0V -3.4V 

-lBV -B.BV -B.OV -S.4V 

MINIMUM NEGATIVE COMPLIANCE 

Voc(-) MIN = (V-) + (2 IREF 1.SkO) + B.4V 

SIGNAL TO QUANTIZING DISTORTION VI INPUT LEVEL 

50 

.. 
30 

20 ..... 

elK 

II LAW --- C MSG WTG 
____ 3kHz FLAT 

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

f 

ee 

elK 

-30 -20 -10 

INPUT LEVEL (dBmO) 

SAR 
ccl---_ 

DATA 
OUT .-----V 

+10 

~:;,~-JL------~-~~~,-~:\~-~~eM~ 
OAe-ss CMP-

SiB 
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Precision Monolithics Inc. 

FEATURES 

• 11-Blt Accuracy and Resolution Around Zero 
• Sign Plus 66dB Dynamic Range 
• True Current Outputs: -5V to +18V Compliance 
• Tight Full-Scale Tolerance Eliminates Calibration 
• Low Full-Scale Drift Over Temperature 
• Low Power Consumption and Low Cost 
• Ideal for PCM and 8-Blt pP Applications 
• Outputs Multiplexed for Time Shared Applications 
• Fully Specified Dice Available 

GENERAL DESCRIPTION 

The DAC-89 monolithic COMDAC® converter provides the 
complete decode function for "An Law PCM CODECs. The 
DAC-89 may be configured in an encoder, decoder, or time
shared between encoding and decoding. 

Specifying chord end-point values assures accuracy chord 
nonlinearity, and monotonicity over the full operating 
temperature range. For companding D/A converters with 
Bell p-255 law conformance, refer to the DAC-88 data sheet. 
For industrial, process control, and audio applications, see 
the DAC-86 data sheet. 

CCITT "A" LAW CHARACTERISTIC 

The DAC-89 output is an approximation to the CCITT "An 
law which can be expressed as: 

y= 1+lnAX lIA:5X:51 
1 + In A 

PIN CONNECTIONS & ORDERING INFORMATION 

ENCODE/DECODE SELECT: 
1 = ENCODE 1 

SIGN BIT INPUT: 
1 = POSITIVE 

MOST SIGNIFICANT CHORD 
BIT INPUT 

SECOND CHORD BIT INPUT 4 
LEAST SIGNIFICANT 

CHORD BIT INPUT 5 

MOST SIGNIFICANT STEP 
BIT INPUT 

SECOND STEP BIT INPUT 7 

THIRD STEP BIT INPUT 8 

LEAST SIGNIFICANT STEP 9 
BIT INPUT 

POSITIVE POWER SUPPL V 

DECODE OUT: E/D S8 = 00 

16 DeCODe OUT: E/D S8 '" 01 

ENCODE OUT: f/D S8 = 10 

14 ENCODE OUT: EtD S8 = 11 

13 NEGATIVE POWER SUPPLY 

NEGATIVE REfERENCE 
INPUT 

11 POSITIVE REfERENCE 
INPUT 

10 LOGIC THRESHOLD 
CONTROL 

TOP VIEW 
18-PIN HERMETIC DUAL-IN-LiNE 

(X-Suffix) 

GRADE 
DAC-89EX 

TEMP RANGE ACCURACY 
-25· C/+85· C ±1/4 step 

11-67 

DAC-89 
COMDAC® COMPANDING 
D/A CONVERTER ("An LAW) 

OUTPUT 

COMDAC® 
TRANSFER 

CHARACTERISTIC 

o 111 1111 x 000 0000 

DIGITAL INPUT 

AX 
y= 1 + In A 0:5 X:5 1/Awhere: 

11111111 

X = Normalized input signal level of the compressor 
(encoder), VINIVFS. 

Y = Output signal level of the compressor (encoder). 

A= 87.6 

The DAC-89 implements this law with an eight chord (or 
segment) piecewise linear approximation for each polarity 
with sixteen linear steps in each chord. The first two chords 
are co-linear and of equal step size, and may be considered 
as one chord of 32 steps. Step sizes of the remaining six 
chords are binarily related to the first chord. 

EQUIVALENT CIRCUIT 

STEP 
INPUTS 

87 B6 8584 

REFERENCE 
AMPLIFIER 

13 

v-

CHORD 
INPUTS 

8382 81 SB Eto 

v+ VLe 
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------------1~ DAC-89 COMDACG!> COMPANDING D/A CONVERTER 

ABSOLUTE MAXIMUM RATINGS 
V+ Supply to V- Supply. . . . . . •. . . •. .• . . . . .. . . .• . . .. 36V 
VLC Swing ..•...........•....•.•.•..... V- plus 8V to V+ 

Operating Temperature Range .......... -25°C to +85°C 
Storage Temperature Range ........... -65°C to +150°C 

Analog Current Outputs ....... V- plus 8V to V- plus 36V Power Dissipation .........................•...• 500mW 
Reference Inputs .............................. V- to V+ Derate Above 100°C .......................... 10mW/oC 
Reference Input Differential Voltage ......•....•... ±18V 
Reference Input Current .....•.•...•............. 1.25mA 
Logic Inputs ...•.............. V- plus 8V to V- plus 36V 

Lead Temperature (Soldering, 60 sec) ......•...... 300°C 
NOTE: Absolute ratings apply to both DICE and packaged parts unless 

otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs=±15V, IREF= 512pA, -25° C~ TA~+85° C, all 4 outputs, unless otherwise noted. 
In a companding DAC the term LSB is not used because the step size within each chord is different. For example, in the first 
chord around zero (Co) step size is 1.0pA, while in the last chord near full-scale (C7) step size is 64pA. 

DAC-89E 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Resolution 8 chords with 16 steps each ±128 ±128 ±128 Steps 

Dynamic Range 20 log (17, ,sllo,o) 66 66 dB 

Monotonicity Sign Bit + or - 128 Steps 

Chord End-Point Accuracy Error relative to ideal values 
±1/4 Step 

Chord Zero at IFS = 20161'A 

Chord End-Point Accuracy Error relative to ideal values 
±1/2 Step 

All Chords Other Than Zero at IFS = 20161'A 

Step Accuracy Error relative to ideal values 
±1/4 Step 

Chord Zero at IFS = 20161'A 

Step Accuracy Error relative to Ideal values 
±1/2 Step 

All Chords Other Than Zero at IFS =20161'A 

Encode Decision Level Current 
Additional output 

1/4 1/2 3/4 Step 
Encode/Decode = 1 

Settling Time (Note 1) ts To within ± 1/2 step 500 ns 

Full-Scale Drift (Note 3) 41FS Full temperature range ±1/20 ±1/4 Step 

Output Voltage Compliance Vee 
Full-scale current change 

-5 +18 Volts 
S 1/2 step 

Full-Scale Current Deviation IFS(D) VREF 10.000V TA = 25° C ±1/2 Step 
from Ideal (See Tables) (Note 2) IFS(E) RII = 19.53kfl, RI2 = 20kfl ±1/2 Step 

Full-Scale Symmetry Error 
10(+) - 10(-) Decode or Encode pai r ±1/40 ±1/8 Step 

(Note 2) 

Zero-Scale Current 
Izs 

Measured at selected output 
1/4 1/2 3/4 Step 

(Note 2) with 000 0000 input 

Diseble Current (Note 2) lOIS Dlsebled by ElD and SB 5.0 100 nA 

Idle Current (Note 2) I, 10 I'A 

Output Current Range IFSR VREF = 25.000V TA= 25°C 4.2 2.0 0 mA 

Logic Input Levels, Logic "0" V,L VLC=OV 0.8 Volts 

Logic Input Levels, Logic "I" V,H VLC = OV 2.0 Volts 

Logic Input Current l,N V,N =-5Vto+18V 120 I'A 

Logic Input Swing V's V-=-15V -5 +18 Volts 

Reference Bias Current 1'2 -3 -12 I'A 

Reference Input Slew Rate dl/dt 0.25 mAil's 

Power Supply Sensitivity Over 
PSSI FSt V+ = 4.5V to 18V, V- = -15V ±1/2Q ±112 

Supply Range (Refer to Step 
Characteristic Curves) 

PSSIF8- V-= -10.8V to-18V, V+= 15V ±I/IO ±1/2 

NOTES: 
I. Settling time varies for each olthe chord bits and step bits and a maximum 2. Current specifications relate to differential currents between (+) and (-) 

specification may be misleading. In decode operation, the DAC-89 and output leads. At the selected outputs, equal idle currents are present 
OP-16 combination will decode 8 channels. In the encode mode, the simultaneously on both current output leads. 
DAC-89 and CMP-Ot combination will encode 8 channels. Both encode 3. Guaranteed by design. 
and decode statements assume a 3.91's channel time. 
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__________ --j~ DAC-89 COMDAC!!> COMPANDING D/A CONVERTER 

ELECTRICAL CHARACTERISTICS at Vs= ± 15V, IREF= 512"A, -25° C:5 TA:5 +85° C, all 4 outputs, unless otherwise noted. 
In a companding DAC the term LSB is not used because the step size within each chord is different. For example, in the first 
chord around zero (Co) step size is 1.0"A, while in the last chord near full·scale (C7) step size is 64"A. (Continued) 

PARAMETER 

Power Supply Current 

Power Dissipation 

DICE CHARACTERISTICS 

SYMBOL 

1+ 
1-

1+ 
1-

CONDITIONS 

Vs = +5V. -15V, IFS = 2.0mA 
Vs = +5V, -15V, IFS = 2.0mA 
Vs = ±15V, IFS = 2.0mA 
Vs = ±15V, IFS = 2.0mA 

Vs = +5V, -15V, IFS = 2.0mA 
Vs = ±15V, IFS = 2.0mA 

DIE SIZE 0.123 X 0.085 Inch, 10.455 sq. mils 
(3.124 X 2.159 mm, 6.745 sq. mm) 

MIN 

1. ElD 
2. SIGN·BIT 
3. BIT 1 (MSB) 
4. BIT2 
5. BIT3 
6. BIT4 
7. BITS 
8. BIT6 
9. BIT 7 (LSB) 

DAC-89E 
TYP 

2.7 
-6.7 

2.7 
-6.7 

114 
141 

MAX 

5.5 
-12 

5.5 
-12 

207 
262 

10. VLC 
11. VR (+) 
12. VR (-) 
13. V-
14. 10E (+) 
15. 10E (-) 
16. 100 (+) 
17.100(-) 
18. V+ 

For additional DICE information refer to 
1986 Data Book, Secllon 2. 

WAFER TEST LIMITS at Vs= ± 15V, IREF= 528fLA, TA= 25°C, all 4 outputs, unless otherwise noted. 

PARAMETER 

Resolution 

Dynamic Range 

Monotonicity 

Chord End-point Accuracy 
Chord Zero 

Chord End-point Accuracy 
All Chords Other Than Zero 

Encode Decision Level 
Current 

Output Voltage Compliance 

Full-Scale Symmetry Error 
(Note 2) 

Zero-Scale Current (Note 2) 

Disable Current (All bits high) 
(Note 2) 

SYMBOL 

Voe 

Izs 

CONDITIONS 

8 chords with 16 steps each 

20 log (17.15/10,1) 

Sign-Bit + or-

Error relative to ideal values 

at I FS = 2007. 751'A 

Error relative to ideal values 
at IFS = 2007.751'A 

Additional output 
encode/decode = 1 

Full·scale current change 
,; 1/2 step 

Decode or encode psi r 

Input Code 1111111 

Measured at selected output 

000 0000 input 

Leakage of output disabled 
by ElD and SB 

11-69 

DAC-89N 
(NOTE 3) 

LIMIT 

±128 

66 

128 

±1I4 

±1/2 

1/4 
3/4 

-5 
+18 

±lIB 

1/4 

100 

UNITS 

rnA 

mW 

UNITS 

Steps MIN 

dBMIN 

Steps MIN 

Step MAX 

Step MAX 

Step MIN 
Step MAX 

Volts MIN 
Volts MAX 

Step MAX 

Step Max 

nAMAX 
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__________ -imDAC-89 COMDACII COMPANDING D/A CONVERTER 

WAFER TEST LIMITS at Vs = ± 15V, I REF = 5281'A, TA = 25° C, all 4 outputs, unless otherwise noted. (Continued) 

PARAMETER 

Step Accuracy 
Chord Zero 

Step Accuracy 

All Chords Other Than Zero 

Output Current Range 

Logic Input Levels, Logic "0" 

Logic Input Levels. Logic "I" 

Logic Input Current 

Logic Input Swing 

Relerence Bias Current 

Power Supply Sensitivity Over 
Supply Range (Reier to 

Characteristic Curves) 

Power Supply Current 

Full-Scale Currant Deviation 
From Ideal Deviation 

(See Tables) (Note 2) 

NOTE: 

SYMBOL 

1+ 
1-

1+ 
1-

CONDITIONS 

Error relative to ideal values 

at IFS =2007.75"A 

Error relative to ideal values 

at I FS = 2016"A 

VREF=25.000V. TA=25°C 

VlC = OV 

VlC = OV 

V'N = -5V to + 18V 

V-=-15V 

V+ = 4.5V to 18V 
V- = 10.8V to -18V 

VS= ±15V,I FS = 2.0mA 

Vs =±15V,IFS =2.0mA 

VREF 10.000V, TA = 25° C 

RII - 19.53kn 
R12= 20kn 

DAC-89N 
(NOTE 3) 

LIMIT UNITS 

±1/4 Step MAX 

±1/2 Step MAX 

4.2 mAMIN 

0.8 Volts MAX 

2 Volts MIN 

120 "A MAX 

-5 Volts MIN 
+18 Volts MAX 

-12 "A MAX 

±1/2 Step MAX 
±1/2 Step MAX 

5.5 
mAMAX 

-12.0 

5.75 
mAMAX 

-12.0 

±1/2 Step MAX 

±1/2 Step MAX 

Electrical tests are performed at waler probe to the limits shown. Due to variations in assembly methods and normal yield loss. yield after packaging is not 
guaranteed lor standard product dice. Consult lactory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, and TA = 25° C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Settling Time (Note I) ts To within ± 112 step 

Settling Time in Chord Zero Tsco To within ± 1/2 step 

Full-Scale Drift (C7) dlFS Full temperature range 

Relerence Input Slew Rate dl/dt 

Power Dissipation Po Vs +5V, -15V 

Po Vs =±15V 

Idle Current (Note 2) I, 

NOTES: 
I. In a companding DAC the term LSB is not used because the step size 

within each chord is different. For example, in the first chord around zero 
(Co) step size isO.5"A. While in the last chord near lull-scale (C7) step size 
is 64"A. Settling time varies lor each 01 the chord bits and step bits and a 
maximum specification is misleading. 

2. Current specifications relate to differential currents between (+) and (-) 
output leads. At the selected outputs. equal idle currents are present 
simultaneously on both current output leads. 

3. See DAC-89E lor typical values. 

DAC-89N 
TYPICAL 

500 

500 

±1/20 

0.25 

114 

141 

10 

11-70 

UNITS 

ns 

ns 

Step 

mAl"s 

mW 

mW 

"A 
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------------l~ DAC-89 COMDAC8 COMPANDING D/A CONVERTER 

OUTPUT CURRENT DC TEST CIRCUIT 

+VREF 

A11 
19.53kO 
(RREF) 11 

A12 
20kn 

12 

Rt =R2= R3= R4=2.5ku 

·VREF IS ADJUSTED BEFORE TESTING EACH DEVICE 
TO PROVIDE IDEAL FULL-SCALE OUTPUT CURRENT. 

Al 

CONDENSED CURRENT OUTPUT TABLES 

LINE SELECTION TABLE 

TEST ENCODEI SIGN OUTPUT 
GROUP DECODE BIT MEASUREMENT 

IOE(+) (E01/R1) 

2 0 IOE(-) (E01/R2) 

3 0 100(+) (E02/R3) 

4 0 0 100(-) (E02/R4) 

NOTE: Accuracy is specified in the test circuit using the tables below to be 
within the specified proportion of a step at the maximum value in each chord. 
Monotonicity is guaranteed for all input codes. 

IDEAL DECODE OUTPUT CURRENT IN MICROAMPS AT CHORD ENDPOINTS 

CHORO o 2 3 4 6 7 

STEP 000 001 010 011 100 101 110 111 

o 0000 0.5 16.5 33 66 132 264 528 1056 

15 1111 15.5 31.5 63 126 252 504 1008 2016 

STEP SIZE 4 8 16 32 64 

IDEAL ENCODE OUTPUT CURRENT IN MICROAMPS AT CHORD ENDPOINTS 

CHORO o 
STEP 000 001 010 

o 0000 17 34 

15 1111 16 32 64 

STEP SIZE 2 

NOTE: 
These tables may be extended to include all of the encode/decode currents 
(ideal with 'REF= 512jtA) by multiplying any of the numbers in the normalized 
tables by 0.5jtA. 

PARAMETER DEFINITIONS 
STEP NONLINEARITY 

Step size deviation from ideal within a chord. 

ENCODE CURRENT 

The difference between 10E(+) and 100(+) or the difference 
between 10E(-) and 100(-) at any code. 

FULL-SCALE DRIFT 

The change in output current over the full operating 
temperature with VREF = 10.000V, R11 = 19.53kO, and 
R12 = 20kO. 

FULL-SCALE SYMMETRY ERROR 

The difference between 100(-) and 100(+) or the difference 
between IOE(-) and IOE(+) at full-scale output. 

11-71 

3 5 6 7 

011 100 101 110 111 

68 136 272 544 1068 

128 256 512 1024 204B 

4 8 16 32 B4 

IDEAL OUTPUT CURRENT 
The difference between the (+) and (-) currents (encode or 
decode) at any code. 

OUTPUT VOLTAGE COMPLIANCE 
The maximum output voltage swing at any current level 
which causes < 1/2 step change in output current. 

CHORDS 
Groups of linearly-related steps in the transfer function. Also 
known as segments. 

CHORD ENDPOINTS 
The maximum code in each chord; used to specify accuracy. 

STEPS 
Increments in each chord which divides the chord into 16 
equal levels. 

1/86, Rev. A 
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__________ -,l~DAC-89 COMDAC. COMPANDING D/A CONVERTER 

OUTPUT LEVEL NOTATION 

Each output current level may be designated by the code I C,S 

where C = chord number and S = step number. For example, 
10,0 = zero-scale current: 10,1 = first step from zero; 10,15 = 
endpoint of first chord (Co); 17,15 = full-scale current. 

DYNAMIC RANGE 
Ratio of full-scale current to step size in chord zero expressed 
in dB. 

BASIC ENCODE OPERATION 
(COMPRESSING AID CONVERSION) 

ENCODING SEQUENCE 

An encoding sequence begins with the sign-bit decision. 
During this time the comparatorfunctions as a polarity detec
tor only. The Encode/Decode (ElD) input is held atlogic "0". 
In this mode current flows into the decode outputs, and the 
comparator is effectively disconnected from the DAC. Once 
the input polarity has been determined, the ElD input toggles 
"1" allowing current to flow into loe(+) or loe(-). 

BASIC DECODE CONNECTIONS 

~5V ANALOG INPUT 

r----
-l.... R2 -= 2.Sk 

(GROUND FOR 
SINGLE-ENDED 
INPUTS) 

SUCCESSIVE 
APPROXIMATION 
REGISTER (SARI 

DIGITAL 
OUTPUTS 

SIGN 
BIT 

il1S:E:E=::[ CHORD BIT 

}
STEP 
BITS 

For positive Inputs, currentflows into loe(+) through R1, and 
the comparator's output is entered as the answer for each 
successive decision. For negative inputs, current flows into 
loe(-) through R2 developing a negative voltage which is 
compared with the analog input. An EXCLUSIVE-OR gate 
inverts the comparator's output during negative trials to 
maintain the proper logic coding, all ones for full-scale and 
all zeros for zero-scale. 

The bits are converted with a successive removal technique 
starting with a decision at the code 0111111 and sequentially 
turning off bits until all decisions have been made. 

ENCODE DECISION LEVELS 

Compressing AID conversion with the DAC-89 requires a 
comparator, an EXCLUSIVE-OR gate, and a successive 
approximation register - the usual elements in any sign
magnitude AID converter. However, a compressing AID has 
one significant difference. In a conventional (linear) conver
ter, the step size is a constant percentage of full scale, but in a 
compressing AID converter, the step size increases as the 
output changes from zero-scale to full-scale. 

When the DAC is used in the feedback loop of a successive 
approximation analog to digital converter (ADC), the DAC 
outputs are used as decision levels to determine the edges of 
the quantizing bands. When the DAC is used in the decode 
mode the outputs correspond to the center of the quantizing 
bands. The encode mode output exceeds the decode mode 
output by one-half step. See AN 39 for detailed explanation. 

ENCODE TRANSFER CHARACTERISTIC 
(AID CONVERSION) 

11-72 

DIGITAL 
OUTPUT (+) 

DIGITAL 
OUTPUT (-I 
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__________ ---1~DAC-89 COMDAC@COMPANDINGD/ACONVERTER 

NORMALIZED ENCODE DECISION LEVELS (SIGN-BIT EXCLUDED) 

NORMALIZED ENCODE DECISION 

CHORD 

STEP 000 

0 0000 

0001 

0010 

0011 8 

4 0100 10 

0101 12 

6 0110 14 

0111 16 

1000 18 

9 1001 20 

10 1010 22 

11 1011 24 

12 1100 26 

13 1101 28 

14 1110 30 

15 1111 32 

STEP SIZE 

·Virtual Decision Level 

BASIC DECODE OPERATION 
(EXPANDING D/A CONVERSION) 

001 010 

34 68 

36 72 

38 76 

40 80 

42 84 

44 88 

46 92 

48 96 

50 100 

52 104 

54 108 

56 112 

58 116 

60 120 

62 124 

64 128 

4 

0/ A conversion with the OAC-89 is implemented by using an 
operational amplifier connected to the decode outputs. The 
decode mode of operation is selected by applying a logic "0" 
to the Encode/Decode input. This mode enables the 100 
outputs, disables the 10Eoutputs, and allows 100(+) or 100(-) 
to be selected by the sign-bit input. When the sign-bit input is 
high, logic "1", the output current flows into 100(+) forCing a 
positive voltage at the operational amplifier's output. When 
the sign-bit input is low, logic "0", the output current flows 
into 100(-) through R2 forcing a negative voltage output. The 
sign-bit steers current into 100(+) or 100(-), the output will 
therefore always be symmetrical, limited only by the match
ing of R1 and R2. 

BASIC DECODE CONNECTIONS 

VREF 
[REF = RREF 

IDEAL VALUES 
IREF = 512j.tA 
IFS'" 2016j.tA 

11-73 

3 

011 100 101 110 111 

136 272 544 1088 2176 

144 288 576 1152 2304 

152 304 608 1216 2432 

160 320 640 1280 2560 

168 336 672 1344 2688 

176 352 704 1408 2816 

184 368 736 1472 2944 

192 384 768 1536 3072 

200 400 800 1600 3200 

208 416 832 1664 3328 

216 432 864 1728 3456 

224 448 896 1792 3584 

232 464 928 1856 3712 

240 480 960 1920 3840 

248 496 992 1984 3968 

256 512 1024 2048 '4096 

8 16 32 64 128 

NORMALIZED TABLES 

The encode and decode tables are used to calculate ideal 
output current at any code pOint. For example, in decode 
mode at 13.7 (0110111) find 188. 188/4032 times IFsof 20161'A 
equals 941'A. 

E/D SB B1 B2 B3 B4 B5 B6 B7 Eo 

POS FULL-SCALE 

(+ I ZERO-SCALE + 1 STEP 0 1 0 0 0 0 

(+ I ZERO-SCALE 0 1 0 0 0 0 

I-I ZERO-SCALE 0 0 0 0 0 0 

I-I ZERO-SCALE +1 STEP 0 0 0 0 0 0 

NEG FULL-SCALE 0 0 1 

DECODE TRANSFER CHARACTERISTIC 
(D/A CONVERSION) 

ANALOG 
OUTPUT (+) 

ANALOG 
OUTPUT (-) 

5.040V 

0 0 1 0.OO12V 

0 0 0 O.OO4V 

0 0 0 O.OO4V 

0 0 1 -o.0012V 

-5.040V 

1/86, Rev_ A 
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~ DAC-89 COMDAC8 COMPANDING D/A CONVERTER 

NORMALIZED DECODE OUTPUT (SIGN-BIT EXCLUDED) 

NORMALIZED DECODE OUTPUT 

0 2 

000 001 010 

0 0000 33 66 

0001 3 35 70 

2 0010 5 37 74 

3 0011 7 39 78 

4 0100 9 41 82 

5 0101 11 43 86 

6 0110 13 45 90 

0111 15 47 94 

8 1000 17 49 98 

9 1001 19 51 102 

10 1010 21 53 106 

11 1011 23 55 110 

12 1100 25 57 114 

13 1101 27 59 118 

14 1110 29 61 122 

15 1111 31 63 126 

STEP SIZE 2 4 

BASIC REFERENCE CONSIDERATIONS 

Full-scale output current is ideally 20161.1A when the reference 
current is 5121.1Ain the decode mode. In theencode mode IFS 
= 20481'A due to the additional one-half step (32I'A). A per
centage change in IREF caused by changes in VREF or RREF 
will produce the same percentage change in output current. 

The large step size at full scale allows the use of inexpensive 
references in many applications. In some applications VREFmay 
even be the positive power supply. For example, with V+ = 
l5V, RREF= l5V15l21'A or 29.3kO. When using a powersupply 
as a reference, Rll should be two resistors, RllA and RllB, 
and the junction bypassed to ground to provide decoupling. 

OUTPUT VOLTAGE COMPLIANCE 

The DAC-89 has true current outputs with wide voltage com
pliance that enables single ended and balanced load driving 
capabi lity . Positive voltage com pliance is + l8V and negative 
voltage compliance is-5.0V with IREF= 5121.1A and V =-15V. 
Negative voltage compliance VocH for other values of IREF 
and V- may be obtained from the table, or calculated as 
follows: 

VocH min = (V-) + (2 IREF X 1.6kO) + 8.4V 

3 4 5 6 7 

011 100 101 110 111 

132 264 528 1056 2112 

140 280 580 1120 2240 

148 296 592 1184 2388 

156 312 624 1248 2498 

184 328 656 1312 2624 

172 344 688 1376 2752 

180 360 720 1440 2880 

188 376 752 1504 3008 

196 392 784 1588 3136 

204 408 816 1632 3264 

212 424 848 1698 3392 

220 440 880 1760 3520 

228 456 912 1824 3648 

236 472 944 1888 3776 

244 488 976 1952 3904 

252 504 1008 2016 4032 

8 16 32 64 128 

Output voltage compliance can be extended in both encode 
and decode modes using the output compliance extension 
connections. (Figures 1 and 2). 

11-74 

NEGATIVE OUTPUT VOLTAGE COMPLIANCE Vocl-) 

IFS 
V- 1.0mA 2.0mA 

-12V -2.BV -2.0V 

-15V -5.BV -5.0V 

-lBV -B.BV -B.OV 

MINIMUM NEGATIVE COMPLIANCE 

VocH MIN = (V-) + (2 IREF 1.BkO) + B.4V 

IDLE OUTPUT CURRENT 

4.0mA 

-O.4V 

-3.4V 

-B.4V 

In the selected output state (encode or decode), equivalent 
idle currents are present on the (+) and (-) output leads. The 
output will be symmetrical with the external resistor matching 
determining the overall system accuracy. 
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__________ --I~DAC-89 COMDAC® COMPANDING D/A CONVERTER 

OUTPUT COMPLIANCE EXTENSION CONNECTIONS 

STANDARD ENCODE/DECODE CONNECTIONS 

Figure 1 

VRH 
+10V 

R11 
19.53kO 
(RREFI " 

IREF ~2 

R12 
20kn 

EXTENDED RANGE CONNECTIONS 

Figure 2 

VREf .,ov 
R11 

19.53kn 
(RREFI 

R'2 
20kO 

VAmax ~ Vael-lln 
WHERE n '" R2/R1 + R2 
VA MUST DRIVE Rt + R2 

R1 COMPARATOR 

IDEAL DECODE OUTPUT CURRENT IN MICROAMPS (SIGN-BIT EXCLUDED) 

IDEAL DECODE OUTPUT 
0 2 3 4 

000 001 010 011 100 

0 0000 0.5 16.5 33 66 132 

0001 1.5 17.5 35 70 140 

2 0010 2.5 18.5 37 74 148 

3 0011 3.5 19.5 39 78 156 

4 0100 4.5 20.5 41 82 164 

5 0101 5.5 21.5 43 86 172 

6 0110 6.5 22.5 45 90 180 

0111 7.5 23.5 47 94 188 

8 1000 8.5 24.5 49 98 198 

9 1001 9.5 25.5 51 102 204 

10 1010 10.5 26.5 53 106 212 

11 1011 11.5 27.5 55 100 220 

12 1100 12.5 28.5 57 114 228 

13 1101 13.5 29.5 59 118 236 

14 1110 14.5 30.5 61 122 244 

15 1111 15.5 31.5 63 126 252 

STEP SIZE 4 8 

11-75 

I 
5 6 

101 110 111 

264 528 1056 

280 560 1120 

286 592 1184 

312 624 1248 

328 656 1312 

344 688 1376 

360 720 1440 

376 752 1504 

392 784 1568 

408 816 1632 

424 848 1696 

440 880 1760 

456 912 1824 

472 944 1888 

488 976 1952 

504 1008 2016 

16 32 64 
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Precision Monolithics Inc. 

FEATURES 
• Fast Settling ........ 225nsec (8 Bits), 375nsec (10 Bits) 
• Stable.................. Tempcos to ±15ppm/o C Max 
• Commercial, Industrial and Military Models Available 
• TTL Compatible Logic Inputs 
• Wide Supply Range ..................... ±6V to ±18V 

GENERAL DESCRIPTION 
The DAC-l00 is a complete 10-bit resolution digital-to-analog 
converter constructed on two monolithic chips in a single 
16-pin DIP. Featuring excellent linearity vs. temperature 
performance, the DAC-100 includes a low tempco voltage 
reference, ten current source/switches and a high stability 
thin-film R-2R ladder network. Maximum application flexi
bility is provided by the fast current output, matched bipolar 
offset and feedback resistors. Resistors are included for use 
with an external op amp for voltage output applications. 

Although all units have 10-bit resolution, a wide choice of 
linearity and temperature coefficient options are provided to 
allow price/performance optimization. 

ORDERING INFORMATIONt 

N.L.· TEMPCO· 
%FS ppm/oC MILITARY TEMPERATURE 
MAX MAX Vo=±5V110V Vo = ±2.5V/5V 

±O.OS ±15 

±O.O5 ±30 

±O.O5 ±60 DAC100ACOS/883 DAC100AC06/883 

±O.10 ±30 DAC100BBQS/883 DAC100BBQ6/883 

±O.10 ±60 DAC100BCQS/883 DAC100BCQ6/883 

±O.10 ±120 

±O.20 ±60 DAC100CCQS/883 DAC100CCQ6/883 

±O.20 ±120 

±O.30 ±120 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering Information see 1986 Data Book. Section 2. 

• Part number construction: The 1st letter following DAC-100 (A-D) refers to 

SIMPLIFIED SCHEMATIC 

DAC-IOO 
10-BIT CURRENT-OUTPUT 

D/A CONVERTER 

The small size, wide operating temperature range, and high 
reliability construction make the DAC-100 ideal for aerospace 
applications. Other applications include use in servo
positioning systems, X-V plotters, CRT displays, program
mable power supplies, analog meter movement drivers, 
waveform generators and high speed analog-to-digital 
converters. 

PIN CONNECTIONS 

INDUSTRIAL TEMPERATURE 
Vo=±5V110V Vo = ±2.5V15V 

DAC100AA07 DAC100AA08 

DAC100AB07 DAC100AB08 

DAC100AC07 DAC100ACQ8 

DAC100BBQ7 DAC100BBQ8 

DAC100BC07 DAC100BCQ8 

DAC100CCQ7 DAC100CCQ8 

DAC100DDQ7 DAC100DDQ8 

16-PIN HERMETIC 
DUAL-IN-L1NE 

PACKAGE 
(a-Suffix) 

COMMERCIAL TEMPERATURE 
Vo = ±5V110V Vo = ±2.5V15V 

DAC100ACQ3 DAC100ACQ4 

DAC100BCQ3 DAC100BC04 

DAC100CCQ3 DAC100CCQ4 

DAC100DDQ3 DAC100DDQ4 

the nonlinearity specification; the 2nd letter (A-D) refers to the full-scale 
tempco; the letter Q refers to the package; and the end numeral indicates the 
output voltage and temperature. 

v+~~a~~~~:ho '-'-r ANALOG 
OUTPUT 

v-

RS' 
RB 6.12kH 

*FOR 10V OR ±5V OPERATION, 
RS = 4.88kO (PACKAGE 03, 

as,07) 

,. 
RS BIPOLAR REF RB 

11-76 

FOR 5V OR ±2.5V OPERATION, 
RS = 2.44kn (PACKAGE Q4, 

06.08) 
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__________ -I~DAC-100 10-BIT CURRENT-OUTPUT D/A CONVERTER 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

V + Supply to V- Supply •••••••••••••••••••• 0 to +3SV 

V+ Supply to Output ••••••••••••••••••••••• 0 to + 18V 
V- Supply to Output ••••••••••••••••••••••• 0 to -18V 

Logic Inputs to Output ••••••••••••••••••• -1V to +SV 
Power Dissipation (Note 1) •••••••••••••••••••• SOOmW 

Operating Temperature Range 03, 04 •••• O· C to + 70· C 
OS, OS, 07, 08 ..................... -SS·C to +12S·C 

DICE Junction Temperature. • . •• ••• • .• -2S· C to + 1S0· C 

Storage Temperature Range. • •• • • • •• •. -SS· C to + 1S0· C 

Lead Temperature (Soldering, SO sec) ••••••••.•• +300·C 

NOTES: 
I. Rating applies to ambient temperature of 100' C. Above 100' C, derate at 

10mW/'C. 
2. Ratings apply to DICE and packaged parts. unless otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs= ± 1SV, -2S· C:5 TA:5+8S· C for07 and 08 devices; O· C:5TA:5+ 70· C for 03 and 
04; -SS· C:5 TA :5 + 12S· C for OS and OS devices, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS DAC-100 MIN TYP MAX UNITS 

Resolution 10 Bits 

Nonlinearity (±1/2LSB -10 bits) A- ±0.05 
{For nonlinearity/tempco 

NL 
(±1/2LSB - 9 bits) B- ±O.I 

combinations, see Ordering (±1/2LSB - 8 bits) C- ±O.2 
%FS 

Information) (±3/4LSB - 8 bits) 0- ±O.3 

-A ±15 
Full-Scale Tempco -B ±30 
(See Full-Scale Test Circuit) Tc -C ±60 

ppm/'C 

-0 ±120 

to ±O.05% FS ALL 375 
to ±O.I% FS ALL 300 

Settling Time TA = 25'C ts to ±0.2% FS ALL 225 ns 
to ±0.4% FS ALL 150 
to ±0.8% FS ALL 100 

Full-Range Output Voltage 
Connect FS Adiust to v-
10V Models (03, 05, 07) 10 11.1 

(limits guarantee adjustability 
(See Full-Scale Test Circuit) 

to exact 10.0 {5.0)V with a VFR 5V Models (04, 06, 08) 
V 

2000 Trimpot" between 
Adjust and V-I 

Y,N =0.7V 5.55 

(See Basic Unipolar Voltage Output Circuit) 

Zero-Scale Output Voltage Vzs V,N = 2.IV ALL 0.013 %FS 

Logic Inputs: High V 1NH 
Measured with respect to 

ALL 2.1 V 
output pin 

Logie Inputs: Low VtNL Measured with respect to 
ALL 0.7 V 

output pin 

Logic Input Current, Each Input liN V'N=O to+6V ALL 5 p.A 

Logic I nput Resistance R'N V'N= 0 to+6V ALL 3 mO 

Logic Input Capacitance C'N ALL 2 pF 

Output Resistance Ro ALL 500 kO 

Output Capacitance Co ALL 13 pF 

Applied Power Supplies: V + ALL +6 +18 V 

Applied Power Supplies: V- ALL -6 -18 V 

Power Supply Sensitivity Pss Vs =±6Vto±18V ALL ±O.IO % per Volt 

Vs= ±15V 03, 04 200 300 
Power Consumption Po Vs= ±6V 03,04 80 mW 

Vs= ±15V 05, 06. 07, 08 200 250 

Positive Supply Current 1+ 
Vs= +15V 03, 04 10 

mA 
Vs =+15V 05, 06, 07, 08 8.33 

Negative Supply Current 1-
Vs =-15V 03,04 -10 
Vs =-15V 05, 06, 07, OB -B.33 

mA 
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__________ --lI£HDDAC-100 10-BIT CURRENT-OUTPUT D/A CONVERTER 

DICE CHARACTERISTICS 

DAR-G1 

DIE SIZE 0.089 X 0.063 Inch, 5807 sq. mils 
(2.26 X 1.6 mm, 3.616 sq. mm) 

1. RB 
2. V-
3. OUTPUT 

15. FULL-SCALE ADJ 
16. Rs 

R - Pads are connected to slmllarl, 
marked pads on DAI-01 

Note: Pads 4 - 14, See DAI-01 

DAI-01 

DIE SIZE 0.080 x 0.067 Inch, 5360 sq. mils 
(2.032 X 1.70 mm, 3.45 sq. mm) 

2. V-
3. OUTPUT 
4. BIT 10 (LSB) 
5. BIT9 
6. BIT8 
7. BIT7 
8. BIT6 
9. BIT5 

10. BIT4 
11. BIT 3 
12. BIT2 
13. BIT 1 (MSB) 
14. V+ 

R - Pads are connected to similarly 
marked pads on DAR-01 

Note: Pads 1, 2, 15, 16, See DAR-01 

These die versions are available on special order; contact your PMI sales office. 

WAFER TEST LIMITS at TA = 25°C for the R-2R Ladder Network comprised of R1-R8, R12, R23, R34, R45 and R56 when 
connected to an ideal DAI-01, unless otherwise noted. 

DAR-01-N DAR-01-G 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Nonlinearity VRI = 3.2V - ±0.035 ±0.05 % 

WAFER TEST LIMITS at TA = 25°C, VR1 = 3.2V, unless otherwise noted. 

DAR-01 
PARAMETER CONDITIONS MIN TYP MAX UNITS 

Resistance Rl Absolute Measurement 2.56 3.84 kO 

Ratio RCI to Rl Ideal = 1.00503 to 1 -1 +1 % 

Ratio Rlto RSI Ideal = 1.29959 to 1 -1 +1 % 

Ratio R 1 to RS2 Ideal = 1.29959 to 1 -1 +1 % 

Ratio RB to Rl Ideal = 1.92211 to 1 -1 +1 % 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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__________ --1~DAC-l00 10-BIT CURRENT-OUTPUT D/A CONVERTER 

TYPICAL ELECTRICAL CHARACTERISTICS in common to all grades. 

DAR-01 
PARAMETER CONDITIONS MIN TYP MAX 

Absolute Temperature Coefficient All Resistors ±180 

Tracking Temperature Coefficient All Resistors with Respect to R 1 3 

WAFER TEST LIMITS at TA = 25°C when connected to an ideal DAR-01, unless otherwise noted. 

DAI-01-N 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN 

Nonlinearity NL Vs= ±15V ±0.05 

Internal Reference 
Voltage 

VMCR Vs= ±15V 6.6 6.900 6.6 

DAI-01-G 
TYP 

WAFER TEST LIMITS at Vs = ± 15V, TA = 25° C when connected to an ideal DAR-01, unless otherwise noted. 

DAI-01 
PARAMETER CONDITIONS MIN TYP MAX 

Resolution 10 10 

Analog Output Current All Bits Low, V- Connected to FS Adjust 1840 2274 

Zero~Scale Output Current All Bits High, V- Connected to FS Adjust ±0.011 

Logic Input "0" Measured with Respect to Output 0.7 

Logic Input "I" Measured with Respect to Output 2.1 

Supply Current All Bits High, V- Connected to FS Adiust 8.33 

Power Supply Reiection Vs = ±6V to ±18V 0.1 

NOTE: 

UNITS 

ppmfOC 

ppm/OC 

MAX UNITS 

±0.1 % 

6.900 V 

UNITS 

Bits 

p.A 

%I FS 

V 

V 

mA 

%IFSIV 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ± 15V, and when connected to an ideal DAR-01, unless otherwise 
noted. 

PARAMETER CONDITIONS 

Full-Scale Temperature Coefficient (Note) 

NOTE: 
Full-Scale Temperature Coefficient is defined as the change in output voltage 
measured in the basic unipolar voltage output test circuit shown on the 
DAC-l00 data sheet and is expressed in ppm between 25°C and either 
temperature extreme divided by the corresponding temperature change. 

MIN 

11-79 

DAI-01-N DAI-01-G 
TYP MAX MIN TYP MAX UNITS 

±60 ±60 ppmfOC 
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-----------I~ DAC-l00 10-BIT CURRENT-OUTPUT D/A CONVERTER 

BASIC CONNECTIONS 

BASIC UNIPOLAR VOLTAGE OUTPUT CIRCUIT 

v+ 

TYPICAL SETTLING TIME 
FOR 1/2 SCALE CHANGE 

'PI# 1.0,"" 

BASIC BIPOLAR VOLTAGE OUTPUT CIRCUIT 

VOUT 

v- VOUT V+ 

APPLICATIONS INFORMATION 

FULL RANGE OUTPUT ADJUSTMENT - The output cur
rent of the DAC-100 may be reduced to produce an exact 
10.000 (5.000) volt output by connecting a 200n adjustable 
resistance between the full-scale adjust pin and V-. Adjust
ment should be made with an input of all "zeroes." 

LOWER RESOLUTION APPLICATIONS - The DAC-100 
may be used in applications requiring less than 10 bits of 
resolution. All unused logic inputs must be lied to logiC high 
for proper operation. "Floating" logic inputs can cause 
improper operation. 

11-80 

REDUCED RESOLUTION APPLICATION 

lOUT 

LOGIC CODING - The DAC-100 uses complementary or 
inverted binary logic coding, i.e., an all "zeroes" input produ
ces a full range output, while an all "ones" input produces a 
zero-scale output. Each lesser significant bit's weight is one
half the previous more significant bit's value. High logic input 
turns the bit "OFF," low logic input level turns the bit "ON". 

LOGIC COMPATIBILITY - The input logic levels are directly 
compatible with TTL logic and may also be used with CMOS 
logic powered from a single +5 volt supply. 

NONLINEARITY (NL) - The maximum deviation from an 
ideal straight line drawn between the end points, expressed 
as a percent of full-scale range (FSR) or given in terms of 
LSB value. The end pOints are zero-scale output to full-scale 
output for unipolar operation and minus full-scale to positive 
full-scale for bipolar operation. 

BIPOLAR OPERATION - The DAC-100 may be converted to 
bipolar operation by injecting a half-scale current into the 
output; this is accomplished by connecting the internal bipo
lar resistor to a +6.4 volt reference. Trimming of the zero 
output may be facilitated by placing a 500n adjustable res
istance in series with the +6.4 volts. 

VOLTAGE AT OUTPUT PIN - The DAC-100 is designed to 
be operated with the voltage at the output pin held very close 
to zero volts. Input logiC threshold levels are directly affected 
by output pin voltage changes; voltage swings at the output 
may cause loss of linearity due to improper switching of bits. 
Large voltage swings may cause permanent damage and 
should be avoided. Proper operation can be obtained with 
output voltages held within ±O.7 volts; a pair of back-to-back 
silicon diodes tied from the output to ground is a convenient 
way of clamping the output to this limit. 
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-----------f~ DAC-100 10-BIT CURRENT-OUTPUT D/A CONVERTER 

TYPICAL APPLICATIONS 

EXTERNAL REFERENCE CONNECTION 

+15V +15V 

ANALOG SUM OF TWO DIGITAL NUMBERS 

v_ 

DIGITALLY PROGRAMMED LEVEL DETECTOR 

VREF 

1 =VIN >VREF 
0= VIN < REF 

11-81 

BINARY-CODED-DECIMAL D/A CONVERSION 

+5V 

v-

"CAN BE EXPANDED TO 3 DIGITS BY ADDITION OF A THIRD OAe AND 
99 TO 1 CURRENT DIVIDER. 

INTERFACING WITH CMOS LOGIC 

The DAC-l00 requires only about lILA of input current into 
each logic stage. This enables use with CMOS inputs as long 
as one rule is observed; logic input voltages should not 
exceed 6.5 volts or V+. whichever is smaller. To provide an 
understanding ofthis rule. it is necessary to discuss the logic 
input stage design. 

LOGIC INPUT STAGE DESIGN 

For simplicity. only one of the ten identical input circuits is 
shown below. The DAC-100 uses a fast current-steering 
technique that switches a bit-weighted current between the 
positive supply (V+) and the analog output. which is usually 
constrained to be at zero volts (virtual ground) by an external 
summing amplifier. 

DAC-100 - LOGIC INPUT STAGE 

ANALOG 
OUTPUT 

ZERO 
VOLTS 

-0.7 VOLTS 
"ON" CONDITION 
ONLY 

1/86, Rev_ A 
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__________ --\~DAC-100 10-BIT CURRENT-OUTPUT D/A CONVERTER 

Switching is accomplished by forward biasing 04, diode
connected transistor, for the bit "ON" condition and back 
biasing 04 in the "OFF" condition. For the "ON" condition 
(VIN S 0.7 volts), 03 is "OFF" - all of the bit-weighted cur
rent, 11, flows from the analog output through 04 and ulti
mately to V-. In the "OFF" condition (VIN;::' 2.1 volts), 03 is 
"ON", 04 is back biased, and the bit-weighted current is 
sourced from the positive powersupply instead of the analog 
output. 

If VIN is too high, 04's emitter-base junction will experience 
reverse breakdown and a fault condition will occur. Equation 
1 describes this condition: 

1) BVIH = VBE1 + VBE2 + VBE3 + BVEB4'" 7.7 volts 

Using this relationship, it can be seen that a conservative 
input voltage limit would be around 6.5 volts. When the 6.5V 
input limit is observed, DAC-100 operation with CMOS 
inputs is easily achieved. 

±6 VOLT POWER SUPPLY OPERATION 

This is the most convenient method of interfacing the 
DAC-100 with CMOS logic. At ±6 volts the DAC-100 power 
dissipation is only 80mW, which is very small considering the 
inclusion of a complete internal reference. No interfacing 
components are required with ±5% power supplies, and the 
CMOS logic and DAC-100 can use the same +6 volt power 
supply. In this application the device is directly CMOS 
compatible. 

BLOCK DIAGRAM - CMOS TO DAC-100 INTERFACE 

*MUST BE CURRENT LIMITED TO AVOID DAMAGING 
THE LEVel SHIFTING BUFFER. 

ANALOG 
OUTPUT 

11-82 

HIGH LEVEL CMOS INTERFACING 

The block diagram below illustrates a convenient method for 
interfacing CMOS input levels between 6.5 volts and 15 volts 
with the DAC-100. Inexpensive and readily available CMOS 
hex buffer/converters step down the high-level inputs to TTL 
levels that cannot exceed 5 volts - clearly satisfying the 
input stage voltage rule. 

In addition to level shifting, buffer/converters provide input 
coding flexibility since they are available as inverting 
(CD4049A) or non-inverting (CD4050A) devices. This gives 
the user a choice between negative-true and positive-true 
binary coding and allows the same basic DAC-100 to CMOS 
interfacing method to be used in either type of application. 

Since buffer/converter power consumption is very low, the 
required +5 volts can be provided by a simple regulator or 
even a resistive divider in some applications. In a multi-DAC 
system, one central, inexpensive three-terminallC regulator 
can supply several level shifting devices. 

NOTE: 
For a more complete explanation and detailed circuit connections. refer to 
AN-14, "Interfacing PMI D/A's with CMOS Logic." 

BURN-IN CIRCUIT 

+18V 

10n 

10n 

~'8V 

NOTES: 
1. RESISTOR IS lkn 1/4W METAL FILM, 1%. 
2. ALL SHORTED DEVICE PINSTO BE MADE AT DEVICE. 
3. ONLY +18V, -1av, AND GROUND LINES ARE TO BE 

CARRIED PARALLEL TO BOARD CONNECTORS. 
4. 100 RESISTORS ARE 1/4W ce, 5%, 
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__________ --I~DAC-100 10-BIT CURRENT-OUTPUT D/A CONVERTER 

SUCCESSIVE APPROXIMATION AID CONVERTER (8-BIT) 

+1SV 

FULL 

~~~~~T ~-+--"-I 
""r.~,.".....,.,..,....."...,..,....,:T"" 

LSB BIT 8 ._---++-f-+++-H 
BIT 7 ._---++-f-++++ 
BIT 6 ._---++-f-++ .. 
BIT 5 .----++-1-+-; 
BIT 4 .._---++H 
BIT 3 .----+-H 
BIT 2 .._---+-. +15V .. D.Q1IJF ~ ::t 1!-1~ +15V 

MSB BIT 1 ._----. 50V T T 35V ANALOG rf7 O.OlpF 01 ]t 'Il F .. GROUND 
MSB BIT 1 

-15V .. 50VT T 35V .. -15V 

SERIAL 
OUTPUT 

START._-----l 

~g~~~~~~ON .._------~ 

~~~~:~---------~ 
NOTE: 
FOR A COMPLETE TREATMENT OF SA ADe'S CONSTRUCTED WITH THE DAC-l0D, 
REFER TO AN-11, "A LOW COST, EASY-TO-BUILD SUCCESSIVE APPROXIMATION 
AID CONVERTER", 

TRACKING (SF.RVO-TYPE) AID CONVERTER 

,-------~-------._---------<:J CLOCK IN 

'"'/47400 
240&1 

~LOCK 
" .. OUT 

C 

FOR CLOCK RATE'" 3.5MHz C '" 470pF 

VIN '" 0 TO +lOV 
RIN "'- 4.8kn 

~~~~OGo-____________ + __ ~ ____ --" 
MAXIMUM FULL SCALE 
SINE WAVE INPUT 

+5V TRACK HOLD 

DIGITAL 
OUTPUT 

+15V 

IS 4500Hz L-4------<>-15V 

NOTE: 
FOR A COMPLETE TREATMENT OF TRACKING ADC'S CONSTRUCTED 
WITH THE DAC-l00, REFER TO AN·6, "A LOW COST, HIGH PERFORM· 
ANCE TRACKING AID CONVERTER", 

11-83 

1'15 
TO.02 

6-15 

1'5 
I 0.02 

1'15 ;:J., 0.02 

POWER 
GROUND 

ANALOG 
GROUND 
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Prec isiol1 Monolithics Inc. 

FEATURES 
• Complete ..........• Reference and Op Amp included 
• Sign-Magnitude Coding 
• Unipolar/Bipolar Selectable ............. +5Vor ±10V 
• 8-Blt Linearity Maintained over Full Temp Range 
• Fast............................. 750ns Settling Time 
• Multiplying Operation 
• Guaranteed Monotonlclty 
• MIL-STD-883 Class B Processing Available 

ORDERING INFORMATIONt 

18-PIN HERMETIC DUAL-IN-LiNE 

NL 
OfoFS 

0.1 
0.2 

MILITARY 
TEMP 

DAC208AX' 
DAC208BX' 

COMMERCIAL 
TEMP 

DAC208EX 
DAC208FX 

• For devices processed in total compliance to MIL-STO-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn~in. For ordering information see 1986 Data Book, Section 2. 

SIMPLIFIED SCHEMATIC 

,. 
v-

MSB 
1 

BIT 
2 

BIT 
3 

BIT 
4 

DAC-2.08 
9-BIT VOLTAGE-OUTPUT D/A CONVERTER 

(8 BITS PLUS SIGN) 

GENERAL DESCRIPTION 
The DAC-208 is a complete, voltage output, 8-bit plus sign 
D/A converter. A precision voltage reference, logiC con
trolled polarity switch, and high-speed (750 ns settling time) 
output op amp are included. Nonlinearity, monotonicity, and 
full-scale temperature coefficient are guaranteed over the 
full operating range. Enhanced reliability is achieved with 
monolithic construction and hermetic DIP packaging. Two 
low-cost 0°C/+70°C and two -55°C/+125°C grades are 
available in addition to MIL-STD-883 Class B processing. 
Monotonicity is guaranteed by design. 

PIN CONNECTIONS 

DIGITAL LOGIC INPUTS 
BIT BIT 
5 6 

12 
ANALOG 
GROUND 

BIT 
7 

18-PIN DIP (X-Suffix) 

BIT 
8 

SIGN 
BIT 
18 

6 VOLT 
13 OPTION 
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------------I~ DAC-208 9-BIT VOLTAGE-OUTPUT D/A CONVERTER 

ABSOLUTE MAXIMUM RATINGS 

Operating Temperature Range 
DAC-20BA, B ....................... -5S· C to + 125· C 

DAC-20BE, F ........................... O·C to +70·C 

Storage Temperature Range. . . . . . . . . .. -6S· C to + 1S0· C 

V+ Supply to Analog Ground .................. 0 to + 1BV 
V- Supply to Analog Ground .................. 0 to -1BV 

Analog Ground to Digital Ground ••..••••••••. 0 to ±O.SV 

V+ Supply to V- Supply .••.•••••••••••••.•••••••••• 36V 

Logic Inputs to Digital Ground ••••.••• -SV to (V+ -0.7V) 
Internal Reference Output Current ..•••.••••••••• , 300j.lA 

Reference Input Voltage ....................... 0 to + 10V 

Internal Power Dissipation ••••••.••.•.•••••••••• 500mW 
Lead Temperature (Soldering, 60 sec) .•....••••••• 300· C 

Output Short-Circuit Duration •.•••.••••.•.•••• Indefinite 

(Short circuit may be to ground or either supply.) 

ELECTRICAL CHARACTERISTICS - MILITARY AND COMMERCIAL GRADES at Vs =±1SV, TA=-SS·Cto+12S·Cfor A 
and B grades, TA = O· C to + 70· C for E and F grades, unless otherwise noted. 

DAC-208A/E DAC-208B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Resolulion Including Sign 9 9 9 9 9 9 Bils 

Monotonicity 8 8 Bils 

TA=2S·C ±0.1 ±0.2 
TA = O·C -70·C (E and F only) ±0.1 ±0.2 %FS Nonllnearlly NL -5S·C"TA,,+12S·C ±0.1 ±0.2 
(A + B Suffix Only) 

Zero-Scale Vzs TA = Full Range %FS 
Offset Vollage ±0.1 ±0.15 

Bipolar Full Range VFRS TA=25·C (VFR+-VFR-) 60 70 mV 
Voltage Symmelry TA = Full Range 70 70 

Zero-Scale VZSS (VZS+ -VZS-) mV 
Vollage Symmelry TA = Full Range 

Gain Tempco Tc Inlernal Reference 40 60 ppm/·C 
External Reference 15 30 

10V Option +10.0 +11.5 +10.0 +11.5 
Output Voltage VOR+ 5V Option +5.0 +5.75 +5.0 +5.75 V 
Range (Note 3) 

VOR- 10V Option -11.5 -10.0 -11.5 -10.0 

Differential DNL TA= 25·C ±1/2 LSB 
Nonlinearity 

Settling Time ts 750 750 ns 

Reference Input SRREF 1.5 1.5 VII'S 
Slew Rate 

Reference Input 
Impedance 

Z'N 200 200 M!l 

Reference Input IVRm 
ForO.1% Typical 3 10 3 10 V 

Multiplying Range Nonlinearity (Note 1) 

Reference Amplifier BW MHz 
Bandwidth 

Reference Output VREF 7.6 7.6 V 
Voltage 

DAC Output 
10 (Nole2) 5 0 mA 

Current 

Reference Oulput 
IREF 100 100 I'A 

Current 

Output Slew Rate SRo 10 10 VII'S 

Logic Input Current I'N -5V" V,,,V+ ±2 ±10 ±2 ±10 I'A 

Logic "0" Voltage V1NL 0.8 0.8 V 

Logic "1" Vollage V'NH V 

NOTES: 
1. These characteristics are for design guidance only and are not subject 2. Guaranteed by VOR lest. RL = 2k!l. 

latest. 3. RL = 2k!l. 
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-----------I~ DAC-208 9-BIT VOLTAGE-OUTPUT D/A CONVERTER 

ELECTRICAL CHARACTERISTICS - MILITARY AND COMMERCIAL GRADES at Vs = ± 15V, TA = -55· C to + 125· C for A 
and B grades, TA = O·C to +70·C for E and F grades, unless otherwise noted.(Continued) 

PARAMETER SYMBOL CONDITIONS 

Power Supply Pss TA ~ Full Range 
Sensitivity 

Positive Supply 1+ 
Current 

Negative Supply 1-
Current 

CONNECTION INFORMATION 

FULL-SCALE ADJUSTMENT CIRCUIT 

FULL 

REFERENCE 
OUTPUT 

SCALE 10kn 

DIGITAL INPUTS SIGN 
MSB LSB BIT 

AOJUST roK>c=c:-::-+--t--'f""., 
REFERENCE 

INPUT 

62kn 

ANALOG 
GROUND 

Full-Scale output voltage is trimmed using the circuit config
uration shown above. Low tempco metal-film resistors are 
recommended. External components should be mounted 
near the package to ensure good temperature tracking. 

REFERENCE INPUT BYPASS 
Low noise and fast settling operation can be obtained by 
bypassing the Reference Input to Analog Ground with a 
0.011'F monolithic capacitor. 

GROUNDING 
Separate digital and analog grounds have been provided for 
optimum noise rejection. Best results will be obtained when 
analog and digital ground are connected together at one 
point only. This configuration ensures neglible digital cur
rents flowing in analog ground. 

APPLICATIONS INFORMATION 

LOWER RESOLUTION APPLICATIONS 
For applications requiring less than 8-Bit resolution, connect 
unused logic inputs to ground. 

UNIPOLAR OPERATION 
Operation as an 8-Bit binary converter may be implemented 
by connecting the Sign-Bit to +5V for positive Full-Scale 
output, and OV for negative Full-Scale. 

+5 VOLT OPTION 
The output voltage range can be modified by connecting the 
5V option pin (pin 13) to the analog output (pin 14). The 5V 

11-86 

DAC-20SAlE DAC-20SB/F 
MIN TVP MAX MIN TVP MAX UNITS 

0.03 0.15 0.03 0.15 

9 9 rnA 

10 12 10 12 rnA 

option is for unipolar operation only. In this configuration the 
Sign-Bit should be held at logic high (+5V). 

POWER SUPPLIES 
The DAC-208 will operate within specification for power 
supplies ranging from ±12V to ±18V for unipolar positive 
operation; and from ± 13V to ± 18V for bipolar. Power supplies 
should be bypassed near the package with 0.11'F monolithic 
capacitors. 

CAPACITIVE LOADING 
The output operational amplifier provides stable operation 
with capacitive loads up to 100pF. 

REFERENCE OUTPUT 
Reference output current, Iref, should not exceed 100I'A. 

INTERFACING WITH CMOS LOGIC 
The DAC-20810gic input stage requires approximately 11'A, 
lin, and is capable of operation with inputs between -5V and 
(V+ -0.7 Volts). The wide input voltage range allows direct 
CMOS interface with no additional components required. 

EXTERNAL REFERENCES 
Positive external reference voltages may be applied to the 
reference input terminal to improve Full-Scale temperature 
coefficient. External references are used when cascading 
several converters or when tracking is required between sys
tem elements. 

MULTIPLYING OPERATION 
Two-quadrant multiplying operation is achieved by applying 
an analog input (0 to +10V) to the Reference input terminal. 
The DAC output is the scaled product ofthe input voltage and 
the digital code. 

SIGN - MAGNITUDE CODING TABLE 

SIGN BIT MSB LSB 

+ FULL-SCALE 
-1 LSB 

+ HALF-SCALE 0 0 0 0 0 0 0 

ZERO-SCALE (+) 1 0 0 0 0 0 0 0 0 

ZERO-SCALE (-) 0 0 0 0 0 0 0 0 0 

-HALF-SCALE 0 0 0 0 0 0 0 0 

-FULL-SCALE 0 +1 LSB 
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--------------l~ DAC-208 9-BIT VOLTAGE-OUTPUT D/A CONVERTER 

UNIPOLAR OPERATION 

5VOPTION 

+15V 

ANALOG 
GROUND 

SHOWN WITH 
EXTERNAL REFERENCE 

APPLICATIONS 

AUDIO ATTENUATOR 

20HZ 

AUDIO 
INPUT 10k!! 

6) 

+5V 

MSB B2 83 84 85 86 87 88 S8 

t. REF DAC-20a 
IN 

ANALOG DIGITAL 
v- GROUND GROUND 

to t2 

v- "::" 

v+ 

3V :S;VREF S:10V 

~ ____ ~ ______ ~~EF 

ANALOG 
GROUND 

DIGITAL 
GROUND 

v+ 
t. 

v+ 

t. 

OUTPUT 
RANGE 

O-+5V 

v- +.v 

01 Q2 03 04 Q5 as 07 08 

11-87 

74LS116 

DIGITAL 
INPUT 

ANALOG 
OUTPUT 

AUDIO 
OUTPUT 

r----«6) 

RESET ENABLE 
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Precision MOlloIithics Inc. 

FEATURES 
• Complete ........... Includes Reference and Op Amp 
• Bipolar Output ................•................ ±10V 
• Sign-Magnitude Coding 
• No Bipolar Offset Adjustment Required 
• 10-Bit Linearity Maintained over Full Temperature 
• Multiplying Operation 
• Fast.............................. 1.51's Settling Time 
• Monotonlclty Guaranteed 
• Reliable ...............•............. 100% Burned-In 
• Models with MIL-STD-883 Class B Processing Available 

ORDERING INFORMATIONt 
l8-PIN HERMETIC DUAL IN-LINE PACKAGE 

TEMPCO NL%FS MILITARY COMMERCIAL 
(ppm/OC) 

±40 ±O.O5 DAC210AX' DAC210EX 
±60 ±O.O5 DAC210BX' DAC210FX 
±30 Typ ±O.10 DAC210GX 

• For devices processed in total compliance to MIL-STD-883. add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

SIMPLIFIED SCHEMATIC 

DAC-210 
11-BIT VOLTAGE-OUTPUT D/A CONVERTER 

(10 BITS PLUS SIGNj 

GENERAL DESCRIPTION 
The DAC-210 is a complete, monolithic 10-bit plus sign DAC 
with a ±10V output. A precision voltage reference, a logic 
controlled polarity switch and output amplifier are included. 
Linearity, monotonicity, and full-scale temperature coeffi
cient are guaranteed over the full operating temperature 
range. Ease of application is achieved by the total D/A system 
specs given for nonlinearity and zero-scale offset. System 
specs eliminate the complex error budget analysis required 
by less "complete" DACs. Sign-magnitude coding minimizes 
the "major-carry" zero-code errors inherent in offset coding 
schemes. Reliability is enhanced by a monolithic deSign, 
100% burn-in, and a hermetic DIP package. MIL-STD-BB3 
Class B processing is available on -55°C to+125°C grades. 

PIN CONNECTION 

18-PIN DIP 
(X-Suffix) 

r BIT 1 BIT 2 BIT 3 BIT 4 DIG~~L5 LOGI~,'~:UTS BIT 7 BIT 8 BIT 9 BIT 10 "\ SIGN BIT 
~~~.r-________ r-____ ~' __ ~~2 __ ~~3 __ ~~4 __ -+~5 __ -+~6 __ -+7~ __ ~' __ -+.~ __ +'~O ________ L-________ -, 

PUT 

DIGI· 
TAL 
OND 

v-

R/2 
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~ DAC-210 11-BIT VOLTAGE-OUTPUT D/A CONVERTER 

ELECTRICAL CHARACTERISTICS- MILITARY AND COMMERCIAL GRADES atVs=±15V,-55°C:5 TA:5+ 125°C, 

for A and B grades. 0° C :5 TA:5 + 70° C for E, F and G grades, unless otherwise noted. 

DAC-210A/E DAC-210B/F DAC-210G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX MIN TVP MAX UNITS 

Resolution Including Sign 11 11 11 Bils 

Monotonicity 10 10 9 Bits 

TA= 25"C ±0.05 ±0.05 ±0.10 

Nonlinearity NL TA = Full Range ±0.05 ±0.10 %FS 
TA = Full Range (A only) - ±0.075 

Zero-Scale 
VZS 

TA = 25"C ±0.05 ±0.1 %FS 
Offset Voltage TA = Full Range ±0.06 ±0.1 

Bipolar Full Range TA=25"C 40 60 SO ~ 
mV ....:I Voltage Symmetry VFRS TA = Full Range 50 70 50 t2 (VFR+ - I VFR-I ) 

Zero-Scale 

~ Voltage Symmetry Vzss TA = Full Range mV 

(Vzs+ - Vzs-I 0 
Gain Tampeo Tc Internal Reference ±40 ±60 ±30 ppm/"C U 

External Reference ±15 ±30 ±30 c.:; 
Output Voltage VOR+ RL =2kO +10.0 +11.5 +10.0 +11.5 +10.0 +11.5 V 0 
Range VOR- -11.5 -10.0 -11.5 -10.0 -11.5 -10.0 ......:I 

Differential DNL TA= 25"C ±1 ±1 ±1 LSB ~ Nonlinearity 

Settling Time Ts (Note 4) 1.5 1.5 1.5 ,",S 0 
Reference Input SRREF 1.5 1.5 1.5 V/"s ~ 
Slew Rate 

~ Reference Input Z,N 200 200 200 MO 
Impedance ...... 

For 0.1 % Typical 
c.:; 

Reference Input ...... 
Multiplying Range IVRm Nonlinearity 3 10 3 10 3 10 V Q 

(Note II 

Reference Amplifier BW MHz I Bandwidth 

Reference Output VREF 7.6 7.6 7.6 V 
Voltage 

DACOutput 
Current 10 (Note 3) 0 5 0 5 0 mA 

Reference Output 
IREF 100 100 100 "A 

Current 

Output Slew Rate SRo 10 10 10 V/"s 

Logic Input Current liN -5V" V,,, V+ ±2 ±10 ±2 ±10 ±2 ±10 "A 

Logic "0" Input V,NL 0.8 0.8 0.8 V 
Voltage 

Logic "1" Input 

Voltage 
V,NH 2.0 2.0 2.0 V 

Power Supply TA= 25"C 0.Q15 0.05 0.Q15 0.05 0.Q15 0.1 
Sensitivity Pss %VFS/V 
(Note 2) TA = Full Range 0.015 0.1 0.015 0.1 0.015 0.1 

Positive Supply 1+ 9 9 7 9 mA 
Current 

Negative Supply 1- -10 -12 -10 -12 -10 -12 mA 
Current 

NOTES: 
1. Guaranteed by design. 3. Guaranteed by VOR test, RL = 2kO. 
2. Power Supplies - The DAC-210 will operate within specifications for 4. To within ±5mV of final settled value, (±10 volt output step, RL = 2kO.) 

power supplies ranging from ±12V to ±18V. Power supplies should be 
bypassed near the package with a O.I"F disk capacitor. 
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-----------I~ DAC-210 11-BIT VOLTAGE-OUTPUT D/A CONVERTER 

ABSOLUTE MAXIMUM RATINGS 

Operating Temperature Range 
DAC-210A, B ....................... -55° C to + 125° C 
DAC-210E, F, G ........................ O°C to +70°C 

DICE Junction Temperature (Tj) ••••••• -65° C to + 150° C 
Storage Temperature Range. .. . . . . . . .. -65° C to + 150° C 
V+ Supply to Analog Ground .................. 0 to + 18V 
Analog Ground to Digital Ground ............. 0 to ±0.5V 
Logic Inputs to Digital Ground .•...... -5V to (V+ -0.7V) 

DICE CHARACTERISTICS 

V+ Supply to V- Supply ............................ 36V 
Internal Reference Output Current •...•....•...... 300"A 
Reference Input Voltage ....................... 0 to +10V 
Internal Power Dissipation ...................... 500mW 
Derate Above 100°C .......................... 10mW/oC 
Lead Temperature (Soldering, 60 sec) ......•...... 300°C 

, Output Short-Circuit Duration ................. Indefinite 
(Short-circuit may be to ground or either supply.) 

NOTE: Absolute ratings apply to both DICE and packagad parts unless 
otherwise noted. 

1. Bl (MSB) 10. BID (LSB) 
2. B2 11. DIGITAL GROUND 
3. B3 12. v-
4. B4 13. ANALOG GROUND 
5. B5 14. ANALOG OUTPUT 
6. B6 15. REFERENCE INPUT 
7. B7 16. v+ 
8. B8 17. REFERENCE OUTPUT 
9. B9 18. SIGN BIT 

NOTE: ForS volt output option (+ 5V only) • is connected to analog output. ··is 
connected to analog ground. 

DIE SIZE 0.117 X 0.086 Inch, 10,062 sq. mils 
(2.972 X 2.18 mm, 5.942 sq. mm) 

For additional DICE information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs= ± 15V, + 10V fUll-scale output, TA = 25·C, unless otherwise noted. 

DAC-210N DAC-210G DAC-210GR 
PARAMETER CONDITIONS LIMIT LIMIT LIMIT UNITS 

Resolution 
Bi polar Output 11 11 11 
Unipolar Output 10 10 10 

Bit. MAX 

Monotonicity 10 9 8 Bits MIN 

Nonlinearity ±O.OS ±0.1 +0.2 %FSMAX 

Zero-Scale Offset 
Sign-Bit High, All Other 
Inputs Low 

±S ±10 ±10 mVMAX 

Zero-Scale Symmetry Vzs+ - Vzs- ±1 ±2 +2 mVMAX 

Full-Scale Bipolar 
Symmetry 

± 10V Full-Scale ±40 ±80 ±80 mVMAX 

Power Supply 
Rejection 

Vs= ±12V to ±18V 0.05 0.05 0.1 %VFSlV MAX 

Power Consumption IOUT=O 300 300 300 mWMAX 

Logic Input "0" 0.8 0.8 0.8 V MAX 

Logic Input "1" 2 VMIN 

V+ (Sign-Bit High) 
11.5 11.5 11.5 V MAX 

Analog Output Voltage 10 10 10 VMIN 

(All Bits High) 
V- (Sign-Bit Low) 

-10 -10 -10 V MAX 
-11.5 -11.5 -11.5 VMIN 

Differential Nonlinearity ±1 ±1 ±1 LSBMAX 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging i. not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at VS= ±15V and +10V full-scale output, unless otherwise noted, 

DAC-210N DAC-210G DAC-210GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL UNITS 

Full-Scale Tempco TCV,s Internal Reference 15 30 30 ppml"C 

Settling Time 
ts 

To±1/2 LSB 
1.5 1.5 

(TA= 2S·C) 10 Volt Step 
1.5 1'8 

Logic Input Current 'iN TA=2S·C I'A 

11-90 1/86, Rev. A 



-------------i~ DAC-210 11-BIT VOLTAGE-OUTPUT D/A CONVERTER 

CONNECTION INFORMATION 

FULL-SCALE ADJUSTMENT - Full-scale output voltage 
may be trimmed by use of a potentiometer and series resistor 
as shown; however, best results will be obtained if a low 
tempco resistor is used or if pot and resistor tempcos match. 
Alternatively, a single pot of 2: 75kO may be used. 

FULL SCALE ADJUSTMENT CIRCUIT 

FULL 
SCALE 
ADJUST 10Kn 
POT 

62Kn 
ANALOG 
GROUND 

LOWT.C. 

,r __ O_'G_'T_AJ:.INPUTS 

MSB LSB SIGN BIT V+ 

DIGITALGROUND v-

ANALOG 
OUTPUT 

REFERENCE INPUT BYPASS - Lowest noise and fastest 
settling operation will be obtained by bypassing the refer
ence input to analog ground with a O.01jLF disk capacitor. 

VARIABLE REFERENCES - Operation as a two-quadrant 
multiplying DAC is achieved by applying an analog input 
varying between 0 and + 10V to the reference input terminal. 
The DAC output is then the scaled product of this voltage and 
the digital input. 

GROUNDING - For optimum noise rejection, separate dig
ital and analog grounds have been brought out. Best results 
will be obtained if these grounds are connected together at 
one point only, preferably at the power supply, so that the 
large digital currents do not flow through the analog ground 
path. 

SIGN - MAGNITUDE CODING TABLE 

SIGN-BIT MSB LSB 

+ FULL-SCALE 1 1 1 1 1 1 1 1 1 
-1 LSB 

+ HALF-SCALE 1 o 0 0 0 0 0 0 0 0 

ZERO-SCALE (+) 1 000 000 0 0 0 0 

ZERO-SCALE (-) 0 00000 0 0 0 0 0 

-HALF-SCALE 0 1 000 0 0 0 0 0 0 

-FULL-SCALE 0 1111111111 
+1 LSB 

11-91 

TYPICAL APPLICATIONS 

10-BIT SIGN-MAGNITUDE ADC 

ANALOG 
INPUT 
±10V +15V 

NOTES: 

CLOCK START +5V 

1. CONNECT END OF CONY. TO START 
FOR CONT'NUOUS OPERATION. 

2. FOR NON-CONTINUOUS OPERATION, 
HOLD START LOW FOR ONE CLOCK 
CYCLE. CONVERSIONS BEGIN ON THE 

3. ~~~~~~:~~ f~I~~:pRL~~!~II~~'2 -15V 
CLOCK CYCLES. 

APPLICATIONS INFORMATION 

SERIAL 
DATA 

END OF 
CONVERSION 

SIGN BIT 

l·,NARV 
MAGNITUDE 
PARALLEL 

DIGITAL 
OUTPUTS 

62kn 

LOWER RESOLUTION APPLICATION - For applications 
not requiring full 10-bit resolution, unused logic inputs 
should be tied to ground. 

CAPACITIVE LOADING - The output operational amplifier 
provides stable operation with capacitive loads up to 100pF. 

REFERENCE OUTPUT - For best results, reference output 
current should not exceed 100jLA. 

INTERFACING WITH CMOS LOGIC - The DAC-2l0's logic 
input stages require about 1jLA and are capable of operation 
with inputs between -5 volts and V+. This wide input voltage 
range allows direct CMOS Interface with no additional 
components. 

USE WITH EXTERNAL REFERENCES - Positive polarity 
external reference voltages referred to analog ground may be 
applied to the reference input terminal to improve full-scale 
tempco, to provide tracking to other system elements, or to 
slave a number of DAC-2l0's to the reference output of any 
one of them. 
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Precision Monolithics Inc. 

FEATURES 
• Guaranteed Differential Nonlinearity ........... 0.012% 
• Nonlinearity ................................. 0.025% 
• Fast Settling Time ............................. 250ns 
• High Compliance ....................... -5V to + 10V 
• Differential Outputs ......................... 0 to 4mA 
• Guaranteed Monotonlclty ...................... 12 Bits 
• low Full-Scale Tempco .................... 10ppm/o C 
• Circuit Interface to TTL, CMOS, ECl, PMOS/NMOS 
• low Power Consumption ..................... 225mW 
• Industry Standard AM6012 Pinout 

GENERAL DESCRIPTION 
The DAC-312 series of 12-bit multiplying digital-to-analog 
converters provide high speed with guaranteed performance 
to 0.012% differential nonlinearity over the full commercial 
operating temperature range. 

Based on the segmented design approach pioneered by PMI 
with the COMDAC® line of data converters, the DAC-312 
combines a 9-bit master D/A converter with a 3-bit (MSB's) 
segment generator to form an accurate 12-bit D/A converter 
at low cost. This technique guarantees a very uniform step 
size (up to ±1/2 LSB from the ideal), monotonicity to 12 bits 
and integral nonlinearity to 0.05% at its differential current 
outputs. In order to provide the same performance with a 
12-bit R-2R ladder design, an integral nonlinearity over 
temperature of 1/2 LSB (0.012%) would be required. 

The 250ns settling time with low glitch energy and low power 
consumption are achieved by careful attention to the circuit 
design and stringent process controls. Direct interface with 
all popular logic families is achieved through the logic 
threshold terminal. 

High compliance and low drift characteristics (as low as 
10ppmfO C) are also features of the DAC-312 along with an 

FUNCTIONAL DIAGRAM 

DAC-312 
12-BIT HIGH-SPEED MULTIPLYING 

D/A CONVERTER 

excellent power supply rejection ratio of ±.001% FS/%D.V. 
Operating over a power supply range of+5/-11V to ±18V the 
device consumes 225mW at the lower supply voltages with an 
absolute maximum dissipation of 375mW at the higher 
supply levels. 

With their guaranteed specifications, single chip reliability 
and low cost, the DAC-312 device makes excellent building 
blocks for AID converters, data acquisition systems, video 
display drivers, programmable test equipment and other 
applications where low power consumption and complete 
input/output versatility are required. 

PIN CONNECTIONS & ORDERING INFORMATIONt 

MODEL 
DAC312BR 
DAC312FR 
DAC312ER 

20-PIN HERMETIC 
DUAl-IN-lINE 

PACKAGE 
(R-Sufflx) 

TEMP RANGE 
-55° C/ +125° C 

O°C/+70°C 
O°C/+70°C 

DNL 
±1 LSB 
±1 LSB 

±1/2 LSB 
Military Temperature Range Devices 

With MIL-STD-883 Class B Processing 
MODEL TEMP DNL 

DAC312BRl883 -55°CI+125°C ±1 LSB 

* For devices processed in total compliance to MIL-STD-883, add /883 after 
part number. Consult factory for 883 data sheet. 

tAil commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

LSB 
V(+l 82 83 84 85 86 8B 89 810 811 812 

16 17 

COMP V(-) 

,------+~_H~~-+~_H~~-+~_H~~--r_~'o 

,-----~~~HH~~~~HH~~~~~~~~~ 

Manufactured under one or more of the following patents: 4,055,773; 4,056,740; 4,092,639 
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~ DAC-312 12-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Logic Inputs .............................. -SV to +1BV 

DAC-312B ••••••••••••••••.•.••••••• -Sso C to + 12So C Analog Current Outputs ................... -BVto+12V 

DAC-312E, DAC-312F . • • • • • • • • • • • • . • • • •• 0° C to + 70° C Reference Inputs V14, V15 •••.••••••.••.••••••••• V- to V+ 
DICE Junction Temperature ••••••.•... -6S0Cto+1S0°C Reference Input Differential Voltage (V14, to V 15) •••• ±1BV 
Storage Temperature (Tj) •.•.••••••••.• -6So C to + 12So C Reference Input Current (l14) •••••••••••••••••••• 1.2SmA 
Lead Temperature (Soldering, 60 sec) .•.•.•••.•••• 300°C NOTE: Absolute ratings apply to both DICE and packaged parts, unless 
Power Supply Voltage .•.••••••..••••••••.•••••••.• ± 1BV otherwise noted. 

ELECTRICAL CHARACTERISTICS at VS= ±1SV, IREF= 1.0mA, -SsoC:5 TA:512SoC for DAC-312B, O°C:5 TA:5 70°C for 

DAC-312E. DAC-312F. unless otherwise noted. Output characteristics refer to both lOUT and lOUT' 
Vl 

DAC-312E DAC-312B/F ~ 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS ~ 

Resolution 12 12 Bits ~ 
Monotonicity 12 12 Bits ~ Differential ±0,0125 ±0.0250 %FS 
Nonlinearity 

D.N.L. Deviation from ideal step size 
±0.5 ±1 LSB 0 

U 
Nonlinearity N.L. Deviation from ideal straight line ±0.05 ±0.05 %FS e) 

Full-Scale Current IFS 
VREF = 10.000V 

3.967 3.999 4.031 3.935 3.999 4.063 mA 0 
R'4 = R,. = 10.000kn ....:I 

Full-Scaie Tempco TCI FS 
±10 ±30 ±10 ±40 ppml"C ~ ±0.001 ±0.003 ±0.001 ±0.004 %FS/OC 

Output Voltage 
Voc 

D.N.L. Specification guaranteed 
-5 +10 -5 +10 Volts 0 Compliance over compliance range 

~ 
Full-Scale 
Symmetry 

IFSS IIFSI-IIFSI ±0.4 ±1 ±0.4 ±2 "A ~ Zero-Scale Current Izs 0.10 0.10 "A ...... 
To ±1/2 LSB, all bits 

e) 
SetllingTime ts 250 500 250 500 

...... 
switched ON or OFF (See Note) 

ns 0 
Propagation tplH 

All bits switched 
50% point logic swing to 25 50 25 50 ns 

Delay - all bits tpHL 50% poi nt output (See Note) 

Output Resistance Ro >10 >10 Mn 

Output Capacitance COUT 20 20 pF 

Logic Input Levels "0" V'L VLc=GND 0.8 0.8 Volts 

Logic Input Levels "1" V'H VLc=GND 2 2 Volts 

Logic Input Current I'N V'N= -5to +18V 40 40 "A 

Logic Input Swing V's -5 +18 -5 +18 Volts 

Reference Bias 
I,. 0 -0.5 

Current 
-2 0 -0.5 -2 "A 

Reference Input 
dl/dt R'4(eq) = 800n 4 8 4 8 mAl,.. 

Slew Rate Cc = OpF (See Note) 

Power Supply PSSI FS+ V+ = +13.5V to + 16.5V, V-=-15V ±0.OOO5 ±0.001 ±0.0005 ±0.001 
%FS/%.1V 

Sensitivity PSSI FS- V-= -13.5V to -16.5V, V+ = +15V - ±0.00025 ±0.001 - ±0.00025 ±0.001 

Power Supply V+ 4.5 18 4.5 18 
Range V- VOUT=OV -18 -10.8 -18 -10.8 

Volts 

1+ 
V+=+5V, V-=-15V 

3.3 7 3.3 7 
Power Supply 1- -13.9 -18 -13.9 -18 
Current 1+ V+=+15V, V-=-15V 3.9 7 3.9 7 mA 

1- -13.9 -18 -13.9 -18 

Power 
Pd 

V+=+5V, V-=-15V 225 305 225 305 
Dissipation V+=+15V, V-=-15V 267 375 267 375 

mW 

NOTE: Guaranteed by design. 
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-----------I1fMD DAC·312 12·BIT HIGH·SPEED MULTIPLYING D/A CONVERTER 

DICE CHARACTERISTICS 

DIE SIZE 0.140 x 0.095 inch, 13,300 sq. mils (3.56 x 2.41 mm, B.58 sq. mm) 

1. B1 (MSB) 11. B11 
2. B2 12. B12 (LSB) 
3. B3 13. VLC/AOND 
4. B4 14. VREF(+) 
5. B5 15. VREF (-) 
6. B6 16. COMP 
7. B7 17. V-
8. B8 18. 10 
9. B9 19. JO 

10. B10 20. V+ 

For additional DICE information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs = ± 15V, IREF= 1.0mA, TA = 25°C, unless otherwise noted. Output characteristics refer to 

both lOUT and lOUT, 

DAC·312N DAC·312G 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT UNITS 

Resolution 12 12 Bits MIN 

Monotonicity 12 12 Bits MIN 

Nonlinearity ±0.05 ±0.05 %FSMAX 

Output Voltage 
Voc 

Full·Scale Current +10 +10 V MAX 
Compliance Change <112 LSB -5 -5 VMIN 

Full-Scale VREF = 10.OOOV 4.031 4.063 mAMAX 
Current R'40 R'5 = 10.000kO 3.967 3.935 mAMIN 

Full-Scale Symmetry 
' FSS 

±I ±2 p.AMAX 

Zero-Scale Current Izs 0.1 0.1 p.AMAX 

Differential 
DNL 

Deviation from ±0.012 ±O.025 %FSMAX 
Nonlinearity ideal step size ±1I2 ±I Bits (LSB) MAX 

Logic Input Levels "0" VIL VLC = GND 0.8 0.8 V MAX 

Logic Input Levels "I" VIH VLc=GND 2 VMIN 

Logic Input Swing VIS 
+18 +18 V MAX 
-5 -5 VMIN 

Reference Bias 
"5 -2 -2 p.A MAX 

Current 

Power Supply PSSI FS+ V+ = +13.5V to +16.5V, V- = -15V ±O.OOI ±O.OOI 
%1% MAX 

Sensitivity PSSI FS- V- = -13.5V to -16.5V, V+ = +15V ±O.OOI ±O.OOI 

Power Supply 1+ Vs=±15V 7 
Current 1- 'REFS 1.0mA -18 -18 

mAMAX 

Power 
Po 

Vs =+15V 
375 375 mWMAX 

Dissipation IREFS 1.0mA 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at 25°C; Vs = ±15V, and IREF = 1.0mA, unless otherwise noted. Output 

characteristics refer to both lOUT and lOUT' 

DAC-312N DAC·312G 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

Reference Input 
dl/dt 8 8 mAip.S Slew Rate 

Propagation Delay tpLH, tpHL Any Bit 25 25 ns 

To ±1/2 LSB, All 
Settling Time ts Bits Switched ON 250 250 ns 

or OFF. 

Full-Scale TCIFS ±IO ±IO ppm/oC 
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-----------l!EMD DAC-312 12-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT CURRENT vs 
OUTPUT VOLTAGE 

(OUTPUT VOLTAGE COMPLIANCE) 
5.0 

'REF'" 1.0mA I 4.0 

3 .• 

" 3.2 

V(-/ =1- '5Vf HL=-10.8V I J 
E 
e- 2.8 

~ 2.' 

I I TA "'TM1N TOTMAX 

I ALL1BITSON 

0: 
:J 

2.0 " e-
:J 

1 .• := 
:J 
0 1.2 

'REF - D.SmA 

I I I 
I IRE~ = o.21A - I--

0.8 

0.4 I I 
0.0 I I 

-14 -10 -6 -2 10 14 

OUTPUT VOLTAGE (VOLTS) 

POWER SUPPLY CURRENT vs 
POWER SUPPLY VOLTAGE 

!~ll UlHfHi 
~ -9 
:J 

" ~ -10 

~ -11 

ffi -12 

~ -13 

-14 

-15 
o 

12 

10 

-10 

-12 
0.01 

\. '1-1 '~EF ~ '.0~A 

8 10 12 14 16 18 20 

POWER SUPPLY VOLTAGE (VOLTS) 

REFERENCE AMPLIFIER 
SMALL-SIGNAL 

FREQUENCY RESPONSE 

1111111 I 
1111111 I 

R14 = R15= lkfl 
RL = 200n 
VR1S = OV 
VI N = 50mVp·p 
CENTERED AT +10DmV 

..,. 

" ~ PI I 

(~ 
1. ee - OpF 
2. CC = 5pf 
3. ce = 10pf 

0.1 

FREQUENCY (MHz) 

10 

4.2 

4.0 

3 .• 

" 3.2 
E 
e- 2.8 

~ 2.4 0: 
:J 

" 2.0 e-

~ 1.6 
:J 
0 

1.2 

0.8 

0.' 

REFERENCE AMPLIFIER 
COMMON-MODE RANGE 

'REF = 1.0mA I I 
r II I I I 

f--
N~TES' I I I I 

\---1' POSITIVE COMMON MODE VOLTAGE 
IS ALWAYS (V+) -1.25V. 

f-- /--- NEGATIVE COMMON MODE VOLTAGE 
IS ALWAYS (V_) ~ 1 8 + (lREF X Jk!]). 

'REF = D.SmA I 1 
r r I I TA=~M'N fOTMA~_ 

I I ALL BITS ON 

'REF = O.2mA I I 
r r I I I I 

-14 -10 -6 -2 10 14 

-14.2 

-14.0 

-13.8 

V 15 REFERENCE COMMON MODE (VOLTS) 

POWER SUPPLY CURRENT 
vs TEMPERATURE 

,L- Vs = ±15V 

./ ----'r--,. 
-IREF = 1.0mA-

"-
I 

1 -13.6 

~ -13.4 

a: -13.2 

a 
~ 
t 
Ol ~lffH-11 J 

-100 -50 50 100 150 200 250 

12 

10 

;; 6 
:s 
!::; • 
:= 2 
:J 
o 
w 
> 
i= -2 
« g -4 

--<l 

-8 

-10 

-12 
0.D1 

REFERENCE AMPLIFIER 
LARGE-SIGNAL 

FREQUENCY RESPONSE 

11111111 I I 
11111111 I I 

R14 = R15 - lkn 
RL = loon, Cc = 5pF 
V15= oV 
VIN =lVp-p 
CENTERED AT +500mV 

"'" , 

0.1 

FREQUENCY (MHz) 

11-95 

10 

OUTPUT COMPLIANCE 
vs TEMPERATURE 

16r---r---~--'----'---r---' ,. 
12 

10 

-2 

-4 

-50 50 100 1S0 200 

TEMPERATURE fOCI 

TRUE AND COMPLEMENTARY 
OUTPUT OPERATION 

(0000 0000 0000) IREF = 1.0mA (111111111111) 

GAIN ACCURACY vs 
REFERENCE CURRENT 

'.0~~§t§ ~0.9tt 

s 0'8t~~t~t~t~~~~t~1 
§ 07 

~ 0.6 
o 
~ 0.5 ,. 
~ 0.4 
0: 
:J 

~0.3 •• 2 0.2 
<1 
(.7 0.1 

o 
a 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

REFERENCE INPUT CURRENT (rnA) 
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----------1~ DAC-312 12-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

BASIC CONNECTIONS 

NEGATIVE LOW IMPEDANCE OUTPUT OPERATION 

OAe-3l2 

4095 
'FR = 4096 x 4 X 'REF 

FOR COMPl.EMENTARY OUTPUT (OPERATION AS A NEGATIVE LOGIC OACI. 
~NGNREgJ~~~ERTING INPUT OF OP-AMP TO iQ (PIN 19); CONNECT 10 (PIN 18) 

ACCOMMODATING BIPOLAR REFERENCES 

!IREF 

14r-------""'" 
O--,/vII'-_-""I 

"::" 

Rl. 
(OPTIONAL) 

-HIGH INPUT 
IMPEDANCE 

DAC-312 
15 

'REF;> PEAK NEGATIVE SWING OF 'IN 

14 

OAC -312 
15 

VREF(+) MUST BE ABOVE PEAK POSITIVE SWING OF VIN 

BASIC POSITIVE REFERENCE OPERATION 

Msa LSS 
81 8283 B4 85 B6 97 as 99 910 911 912 

20 13 

'0 

FOR FIXED REFERENCE. 
TTL OPERATION, 
TYPICAL VALUES ARE: 

V(-) 

V REF(+) 4095 

IFR .. RREF x 4096 x 4 

10 + 1Q;;; IFR FOR ALL 

LOGIC STATES. 

VREF = +10.000V 

V(+) V LC RREF" 10.00IlkSl 
R15 III RREF 

Cc '" 0.01,uF 
VLC = OV (G~OUND) 

POSITIVE LOW IMPEDANCE OUTPUT OPERATION 

OAC-3l2 

409. 
'FR '" 4096 x 4)( 'REF 

FOR COMPLEMENTARY OUTPUT (OPERATION AS A NEGATIVE LOGIC DAe), 
CONNECT NON-INVERTING INPUT OF OP-AMP TO ro (PIN 19); CONNECT 
10 (PIN 18) TO GROUND. 

BASIC NEGATIVE REFERENCE OPERATION 

RREF 14.--------.. 

"::" 

VREFH o-_---,,,R,,151'--..::'.'i 
OAC-312 

'------_..1 
NOTE: 

RREF SETS 'FSi R1S IS FOR A 
BIAS CURRENT CANCELLATION. 

RECOMMENDED FULL-SCALE 
ADJUSTMENT CIRCUIT 

LOW T.C. 

VREF o---.~~4.5~k~n~1!14f"-------"'\ 
+5.000V IRE~mA 

OAC-312 
39kO 15 

PULSED REFERENCE OPERATION 

VREF(+) 

<jl 
J R (OPTIONAL RESISTOR := REF FOR OFFSET INPUTS 

, 14, 

ovJL 
TYPICAL VALUES: 
R1N " 1kO 

Rp = 4kO 
VIN(+) '" 1V 

__ 1 __ 

1 1 1 
REa = RIN + RP + RREF 

15 
OAC-312 

NO CAP 

-u-
18 RL 

1. RL 

-U-

"::" 
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------------1~ DAC-312 12-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

BASIC CONNECTIONS 

INTERFACING WITH VARIOUS LOGIC FAMILIES 

+15V 

Vz = 6.2V 

TTL 
VTH -= +l.4V 

VTH "' V lC + lAV 

FOR +15V CMOS 

BIPOLAR OFFSET (TRUE ZERO) 

REF-Ot 
+10V 

ROFF 
5.000kH 

DAC-312 

V AEF 
R14 =-- =R15 

1.0mA R15 OPTIONAL FOR 
2's COMPLEMENT 
OPERATION 

lOks} 

-= MSB 

NOTE: 
CODE MAY BE COMPLEMENTED BY REVERSING 10 & iQ 

MSB 
CODE FORMAT OUTPUT SCALE Bl 

Offset binary; Positive full-scale 
true zero output. Positive full-scale -LSB 

+LSB 
Zero-scale 
-LSB 
Negative full-scale + LSB 
Negative full-scale 

2's complement; Positive full-scale 
true zero output Positive full-scale -LSB 
MSB complemented +1 LSB 
(Need inverter at 81). Zero-scale 0 

-1 LSB 
Negative full-scale + LSB 
Negative full-scale 

B2 

0 
0 

HTL 
V(+) 

Eel 

20k.\1 13k.\1 

20kfl 

NOTES: 
t. SET THE VOLTAGE "Au TO THE DESIRED lOGIC 

INPUT SWITCHING THRESHOLD. 

B3 

2. ALLOWABLE RANGE OF LOGIC THRESHOLD IS 
TYPICALLY -5V TO +13.5V WHEN OPERATING 
THE DAG ON ±15V SUPPLIES. 

2.000mA 

lSB 

84 85 86 B7 

1 
0 

0 0 
1 
0 
0 

1 
1 
0 
0 

0 
0 0 

B8 89 

1 1 
0 0 
0 0 

1 
0 
0 

0 0 

810 811 

0 

0 

R1 
5k" 

LSB 
B12 

0 

11-97 

10 
(mA) 

3.999 
3.998 
2.001 
2.000 
1.999 
0.001 
0.000 

3.999 
3.998 
2.001 
2.000 
1.999 
0.001 
0.000 

-5.2V 

10 
(mA) 

0.000 
0.001 
1.998 
1.999 
2.000 
3.998 
3.999 

0.000 
0.001 
1.998 
1.999 
2.000 
3.998 
3.999 

TO PIN 13 
Vle 

6.2k.l1 

VOUT 

9.9951 
9.9902 
0.0049 

0.000 
-0.0049 
-9.9951 
-10.000 

9.9951 
9.9902 
0.0049 
0.000 

-0.0049 
-9.9951 
-10.000 
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---------I~ DAC-312 12-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

BASIC CONNECTIONS 

BASIC UNIPOLAR OPERATION 

REF-01 
+10V 

V REF 
R14=-- =R1S 

1.0mA 

NOTE: 

.,. 
lOkn 

.,. 
lOkn 

DAC-312 

MSB 

CODE MAY BE COMPLEMENTED BY REVERSING 10 & iQ 

MSB 
CODE FORMAT OUTPUT SCALE B1 B2 

Straight Binary; Positive full-scale 
unipolar with true Positive full-Scale -LSB 
input code, true LSB 0 
zero output. Zero-scale 0 0 

Complementary binary; Positive full-scale 0 
unipolar with Positive full-scale -LSB 0 
complementary input LSB 
code, true zero output. Zero-scale 

SYMMETRICAL OFFSET OPERATION 

.,, 
10kn 

V REF (+) 

REF-Ol 
+lOV 

DAC-312 

,--- VREFH 
Bl 

VREF 
R14=-- =R15 

1.0mA .,5 
"" ::"OPTIONAL 10kn 

-: 
MSB 

NOTE: 
CODE MAY BE COMPLEMENTED BY REVERSING '0 & iQ 

MSB 
CODE FORMAT OUTPUT SCALE B1 B2 

Straight offset binary; Positive full-scale 1 1 
symmetrical about zero, Positive full-scale -LSB 1 1 
no true zero output. I + I Zero-scale 1 0 

I-I Zero-scale 0 1 
Negative full-scale -LSB 0 0 
Negative full-scale 0 0 

1 's complement; Positive full-scale 0 1 
symmetrical about zero, Positive full-scale - LSB 0 1 
no true zero output. 1+1 Zero-scale 0 0 
MSB complemented i-I Zero-scale 1 1 
(need inverter at B1 I. Negative full-scale -LSB 1 0 

Negative full-scale 1 0 

B12 

LSB 

B3 B4 

0 
0 0 

0 
0 

B12 

LSB 

B3 B4 

1 1 
1 1 
0 0 
1 1 
0 0 
0 0 

1 1 
1 1 
0 0 
1 1 
0 0 
0 0 

11-98 

B5 B6 B7 B8 B9 

1 
1 1 1 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 

:)~ 
'0 -

.3 
2.Sk 

-: 

B5 B6 B7 B8 B9 

1 1 1 1 1 
1 1 1 1 1 
0 0 0 0 0 
1 1 1 1 1 
0 0 0 0 0 
0 0 0 0 0 

1 1 1 1 1 
1 1 1 1 1 
0 0 0 0 0 
1 1 1 1 1 
0 0 0 0 0 
0 0 0 0 0 

.2 
2.5. 

B10 

0 

0 
0 

B11 

0 
0 

0 
0 

Rl 
2.'" 

LSB 
B12 

1 
0 

0 

0 

0 

., 
2.Sk 

10 
(mAl 

3.999 
3.998 
0.001 
0.000 

0.000 
0.001 
3.998 
3.999 

b 
R2 
1.25k 

-: 

LSB 10 
B10 B11 B12 (mAl 

1 1 1 3.999 
1 1 0 3.998 
0 0 0 2.000 
1 1 1 1.999 
0 0 1 0.001 
0 0 0 0.000 

1 1 1 3.999 
1 1 0 3.998 
0 0 0 2.000 
1 1 1 1.999 
0 0 1 0.001 
0 0 0 0.000 

10 
(mAl VOUT 

0.000 9.9976 
0.001 9.9951 
3.998 0.0024 
3.999 0.0000 

3.999 9.9976 
3.998 9.9951 
0.001 0.0024 
0.000 0.0000 

VOUT 

10 
(mAl VOUT 

0.00 9.9976 
0.001 9.9927 
1.999 0.0024 
2.000 -0.0024 
3.998 -9.9927 
3.999 -9.9976 

0.000 9.9976 
0.001 9.9927 
1.999 0.0024 
2.000 -0.0024 
3.998 -9.9927 
3.999 -9.9976 
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-----------1~ DAC-312 12-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

APPLICATIONS INFORMATION 
REFERENCE AMPLIFIER SETUP 
The DAC-312 is a multiplying D/A converter in which the 
output current is the product of a digital number and the 
input reference current. The reference current may be fixed 
or may vary from nearly zero to +1.0mA. The full range output 
current is a linear function of the reference current and is 
given by: 

4095 
IFR = 4096 X 4 X (IREF) = 3.999 IREF' 

where IREF= 114 

I n positive reference applications, an external positive refer
ence voltage forces current through R14 into the VREF (+) 

terminal (pin 14) of the reference amplifier. Alternatively, a 
negative reference may be applied to VREF(-) at pin 15. Refer
ence current flows from ground through R14 into VREF (+) as 
in the positive reference case. This negative reference con
nection has the advantage of a very high impedance pre
sented at pin 15. The voltage at pin 14 is equal to and tracks 
the voltage at pin 15 due to the high gain of the internal 
reference amplifier. R15 (nominally equal to R14) is used to 
cancel bias current errors. 

Bipolar references may be accomodated by offsetting VREF 
or pin 15. The negative common-mode range of the reference 
amplifier is given by: VCM- = V- plus (I REF X 3kO) plus 1.23V. 
The positive common-mode range is V+ less 1.BV. 

When a DC reference is used, a reference bypass capacitor is 
recommended. A 5.0V TTL logic supply is not recommended 
as a reference. If a regulated power supply is used as a 
reference, R14 should be split into two resistors with the 
junction bypassed to ground with a 0.1!-,F capacitor. 

For most applications the tight relationship between I REF and 
IFS will eliminate the need for trimming IREF. If required, full 
scale trimming may be accomplished by adjusting the value 
of R14, or by using a potentiometer for R14. An improved 
method of full-scale trimming which eliminates potentiome
ter T.C. effects is shown in the Recommended Full-Scale 
Adjustment circuit. 

The reference amplifier must be compensated by using a 
capacitor from pin 16 to V-. For fixed reference operation, a 
0.01!-,F capacitor is recommended. For variable reference 
applications, see section entitled "Reference Amplifier Com
pensation for Multiplying Applications." 

MULTIPLYING OPERATION 

The DAC-312 provides excellent multiplying performance 
with an extremely linear relationship between IFS and IREF 
over a range of 1 mA to 1!-,A. Monotonic operation is main
tained over a typical range of IREF from 100!-,A to 1.0mA. 
Although some degradation of gain accuracy will be realized 

at reduced values of IREF. (See Gain Accuracy vs Reference 
Current). 

REFERENCE AMPLIFIER COMPENSATION FOR 
MULTIPLYING APPLICATIONS 

AC reference applications will require the reference amplifier 
to be compensated using a capacitor from pin 16 to V-. The 
value of this capacitor depends on the impedance presented 
to pin 14 for R14 values of 1.0, 2.5 and 5.0kll, minimum values 
of Cc are 5,10, and 25pF. larger values of R14 require propor
tionately increased values of Cc for proper phase margin. 

For fastest response to a pulse, low values of R14 enabling 
small Cc values should be used. If pin 14 is driven by a high 
impedance such as a transistor current source, none of the 
above values will suffice and the amplifier must be heavily 
compensated which will decrease overall bandwidth and 
slew rate. For R14 = 1 kfl and Cc=5pF, the reference amplifier 
slews at 4mA/!-,s enabling a transition from IREF= 0 to IREF= 
1 mA in 250ns. 

Operation with pulse inputs to the reference amplifier may 
be accommodated by an alternate compensation scheme. 
This technique provides lowest full-scale transition times. 
An internal clamp allows quick recovery of the reference 
amplifier from a cutoff (IREF = 0) condition. Full-scale 
transition (0 to 1mA) occurs in 62.5ns when the equivalent 
impedance at pin 14 is BOOO and Cc = O. This yields a 
reference slew rate of BmA/!-,s which is relatively indepen
dent of RIN and VIN values. 

LOGIC INPUTS 

The DAC-312 design incorporates a unique logic input circuit 
which enables direct interface to all popular logic families 
and provides maximum noise immunity. This feature is made 
possible by the large input swing capability, 40!-,A logic input 
current, and completely adjustable logic threshold voltage. 
For V- = -15V, the logic inputs may swing between -5 and 
+10V. This enables direct interface with +15V CMOS logic, 
even when the DAC-312 is powered from a +5V supply. Min
imum input logicswing and minimum logic threshold voltage 
are given by : V- plus (lREF X 3kll) plus 1.BV. The logic 
threshold may be adjusted over a wide range by placing an 
appropriate voltage at the logic threshold control pin (pin 13, 
VLC). The appropriate graph shows the relationship between 
VLC and VTH over the temperature range, with VTH nominally 
1.4 above VLC. For TTL interface, simply ground pin 13. When 
interfacing ECl, an IREF::; 1mA is recommended. For inter
facing other logic families, see block titled "Interfacing With 
Various logic Families". For general setup of the logic con
trol circuit, it should be noted that pin 13will sink 7mA typical; 
external circuitry should be designed to accommodate this 
current. 
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----------l~ DAC-312 12-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

ANALOG OUTPUT CURRENTS 

Both true and complemented output sink currents are pro
vided where 10+ iO= I FR. Current appears at the "true" output 
when a "1" is applied to each logic input. As the binary count 
increases, the sink current at pin 18 increases proportionally, 
in the fashion of a "positive logic" D/A converter. When a "0" 
is applied to any input bit, that current is turned off at pin 18 
and turned on at pin 19. A decreasing logic count increases iO 
as in a negative or inverted logic D/A converter. Both outputs 
may be used simultaneously. If one of the outputs is not 
required it must still be connected to ground or to a point 
capable of sourcing IFR; do not leave an unused output pin 
open. 

Both outputs have an extremely wide voltage compliance 
enabling fast direct current-to-voltage conversion through a 
resistor tied to ground orother voltage source. Positive com
pliance is 25V above V- and is independent of the positive 
supply. Negative compliance is +10V above V-. 

The dual outputs enable double the usual peak-to-peak load 
swing when driving loads in quasi-differential fashion. This 
feature is especially useful in cable driving, CRT deflection 
and in other balanced applications such as driving center
tapped coils and transformers. 

POWER SUPPLIES 

The DAC-312 operates over a wide range of power supply 
voltages from a total supply of 20V to 36V. When operating 
with V-supplies of-10Vor less, IREF::; 1 mA is recommended. 
Low reference current operation decreases power consump
tion and increases negative compliance, reference amplifier 
negative common-mode range, negative logic input range, 
and negative logic threshold range; consult the various fig
ures for guidance. For example, operation at -9V with IREF = 
1 mA is not recommended because negative output com
pliance would be reduced to near zero. Operation from lower 
supplies is possible, however at least 8V total must be applied 
to insure turn-on of the internal bias network. 

Symmetrical supplies are not required, as the DAC-312 is 
quite insensitive to variations in supply voltage. Battery 
operation is feasible as no ground connection is required; 
however, an artificial ground may be used to insure logic 
swings, etc. remain between acceptable limits. 

TEMPERATURE PERFORMANCE 

The nonlinearity and monotonicity specifications of the 
DAC-312 are guaranteed to apply over the entire rated oper
ating temperature range. Full-Scale output current drift is 
tight, typically ±10ppm/oC, with zero-scale output current 
and drift essentially negligible compared to 1/2 LSB. 

The temperature coefficient of the reference resistor R14 
should match and track that of the output resistor for min-

imum overall full-scale drift. Settling times of the DAC-312 
decrease approximately 10% at-55° C; at+ 125° C an increase 
of about 15% is typical. 

SETTLING TIME 

The DAC-312 is capable of extremely fast settling times, 
typically 250ns at I REF = 1.0mA. JUdicious circuit design and 
careful board layout must be employed to obtain full perfor
mance potential during testing and application. The logic 
switch design enables propagation delays of only 25ns for 
each of the 12 bits. Settling time to within 1/2 LSB of the LSB 
is therefore 25ns, with each progressively larger bit taking 
successively longer. The MSB settles in 250ns, thus deter
mining the overall settling time of 250ns. Settling to 10-bit 
accuracy requires about90 to 130ns. The output capacitance 
of the DAC-312 including the package is approximately 20pF; 
therefore, the output RC time constant dominates settling 
time if RL > 500n 

Settling time and propagation delay are relatively insensitive 
to logic input amplitude and rise and fall times, due to the 
high gain of the logic switches. Settling time also remains 
essentially constant for IREF values down to 0.5mA, with 
gradual increases for lower IREF values lies in the ability to 
attain a given output level with lower load resistors, thus 
reducing the output RC time constant. 

Measurement of the settling time requires the ability to accu
rately resolve ±1/2 LSB of current, which is ±500nA for4mA 
FSR. In order to assure the measurement is of the actual 
sellling time and not the R.C. time of the output network, the 
resistive termination on the output of the DAC must be 
500 ohms or less. This does, however, place certain limita
tions on the testing apparatus. At IREF values of less than 
0.5mA, it is difficult to prevent RC damping of the output and 
maintain adequate sensitivity. Because the DAC-312 has 8 
equal current sources for the 3 most significant bits, the 
major carry occurs at the code change of 000111111111 to 
111000000000. The worst case settling time occurs at the zero 
to full-scale transition and it requires 9.2 time constants for 
the DAC output to settle to within ±1/2 LSB (0.0125%) of its 
final value. 

The DAC-312 switching transients or "glitches" are on the 
order of 500mV-ns. This is most evident when switching 
through the major carry and may be further reduced by 
adding small capacitive loads at the output with a minor 
sacrifice in transition speeds. 

Fastest operation can be obtained by using short leads, min
imizing output capacitance and load resistor values, and by 
adequate bypassing at the supply, reference, and VLC termi
nals. Supplies do not require large electrolytic bypass capac
itors as the supply current drain is independent of input logic 
states; 0.1,..F capacitors at the supply pins provide full tran
sient protection. 
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----------l~ DAC-312 12-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

DIFFERENTIAL vs INTEGRAL NONLINEARITY 
Integral nonlinearity, for the purposes of the discussion, ref
ers to the "straightness" of the line drawn through the indi
vidual response pOints of a data converter. Differential nonli
nearity, on the other hand, refers to the deviation of the 
spacing of the adjacent points from a 1 LSB ideal spacing. 
Both may be expressed as either a percentge of full-scale 
output or as fractional LSBs or both. The following figures 
define the manner in which these parameters are specified. 
The left figure shows a portion of the transfer curve of a DAC 
with 1/2 LSB INLand the (implied) DNL spec of 1 LSB. Below 
this is a graphic representation of the way this would appear 
on a CRT, for example, if the DI A Converter output were to be 
applied to the Y input of a CRT as shown in the application 
schematic titled "CRT Display Driver". On the right is a por
tion of the transfer curve of a DAC specified for 2 LSB INL 
with 1/2 LSB DNL specified and the graphic display below it. 

DIFFERENTIAL LINEARITY COMPARISON 

OJ A CONVERTER WITH 
±1J2 LSB INL, ±1 LSB DNL 

[l IOEAL OUTPUTS 
• ACTUAL OUTPUTS 

0000 0010 0100 0110 1000 1010 1100 1110 
0001 0011 0101 0111 1001 1011 1101 1111 

DIGITAL INPUTS 

VIDEO DEFLECTION BY DAC's 

-
-

ENLARGED "POSITIONAL" OUTPUTS 

One of the characteristics of an R-2R DAC in standard form is 
that any transition which causes a zero LSB change (i.e. the 
same output for two different codes) will exhibit the same 
output each time that transition occurs. The same holds true 
for transitions causing a 2 LSB change. These two problem 
transitions are allowable forthe standard definition of mono
tonicity and also allow the device to be specified very tightly 
for INL. The major problem arising from this error type is in 
AID converter implementations. Inputs producing the same 
output are now represented by ambiguous output codes for 
an identical input. Also, 2 LSB gaps can cause large errors at 
those input levels (assuming 1/2 LSB quantizing levels). It 
can be seen from the two figures that the DNL specified DI A 
converter will yield much finer grained data than the INL 
specified part, thus improving the ability of the AID to resolve 
changes in the analog input. 

11-101 

>
::> 
o 
g 

DIA CONVERTER WITH 
±2 LSB INL, ±1/2 LSB DNL 

;J, +2 LSB 
~ LIMIT 

SEGMENT OF 12-81T OAC 
TRANSFER CURVE FOR: 

INL- ±2LSB 
DNL= ±1/2LSB 

0010 0100 0110 1000 1010 1100 1110 0000 
0011 0101 0111 1001 1011 1101 1111 0001 

OIGITAL INPUTS 

VIDEO DEFLECTION BY DAC's 

---
ENLARGED "POSITIONAL" OUTPUTS 

1/86, Rev. A 

II 



-----------1~ DAC-31212-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

DESCRIPTION OF OPERATION 
The OAC-312 is divided into two major sections, an 8-
segment generator and a 9-bit masterlslave 01 A Converter. 
In operation the device performs as follows (See Simplified 
Schematic): 

The three most significant bits (MSS's) are inputs to a 3-to-8 
line decoder. The selected resistor (R5 in the figure) is con
nected to the masterlslave 9-bit O/A Converter. All lower 
order resistors (R1 through R4) are summed into the 10 line, 
while all higher order resistors (R6 through R8) are summed 
into the TO line. The R5 current supplies 512 steps of current 
(0 to 0.499mA for a 1 mA reference current) which are also 
summed into the 100rTOlinesdepending on the bits selected. 
In the figure, the code selected is: 100110000000. Therefore, 
2mA (4 X 0.5mA/segment) +0.375mA (from masterlslave 01 A 
Converter) are summed into 10 giving an 10 of 2.375mA. ro 
has a current of 1.625mA with this code. As the three MSS's 
are incremented, each successively higher code adds 0.5mA 
to 10 and subtracts 0.5mA from ro, with the selected resistor 
feeding its current to the masterlslave 01 A Converter; thus 
each increment of the 3 MSS's allows the current in the 9-bit 
O/A Converter to be added to a pedestal consisting of the 
sum of all lower order currents from the segment generator. 
This configuration guarantees monotonicity. 

SIMPLIFIED SCHEMATIC 

.2 

16 17 

COMP VI-I 

.3 

EXPANDED TRANSFER CHARACTERISTIC 
SEGMENT (001 010011) 

1.501 
1.500 
1.499 

1.001 

1,000 

0.999 

t(010 oOOOOOO~~I-~010 1111111111f t(Dl1 000000000) 

DIGITAL INPUT 

B4 85 B6 B7 S8 B9 Bl0 Bl1 

19 10 
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_________ ---/~ DAC-312 12-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER 

12-BIT FAST AID CONVERTER 

12-81T FAST AID CONVERTER 

CLOCK 

SERIAL 
DATA OUT 

LSB 

5.000kD r~iElElf~~~:-.-__ :j~_t~ 
5.000kS1 MSB LSB 

'0 

REF-01 

10.0QOkD 

NOTE: 

DAC-312 

COMP 

0.001 0,001 
/.IF f.1F 

DEVICE(S) CONNECTED TO ANALOG INPUT MUST BE CAPABLE OF SOURCING 4.0mA. 
A BUFFER (eg. BUF·03) MAY BE REQUIRED. 

11-103 

! 
>-
'-' 

" a: 
G 
'I 

CONVERSION TIME vs ACCURACY 
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(WORST CASEJ\ 

DAC-312 
CMP-05 

0.75 

0.50 

0.25 

I-- DAC-~ 1\ 
CMP-05 \ (TYP) I\. 

0.00 
100 200 300 400 500 600 700 800 

CONVERSION TIME PER TRIAL (nS) 

CONVERSION 
TIME (ns) 

SAR 

CMP-05 

TOTAL 

x 13 

TYP 

33 

92 

375ns 

4.9~8 

WORST 
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55 
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DAC-888 
BYTEOAC® 8-BIT HIGH-SPEED "MICROPROCESSOR COMPATIBLE" 

MULTIPLYING O/A CONVERTER 
Precision Monolithics Inc. 

FEATURES 
• 8-Blt Level Triggered Latch 
• 8-Blt!'P Compatible 
• Easily Interfaced to All 8-Blt Processors 
• TTL Logic Compatible 
• CE and WR Inputs 
• High Output Impedance and Compliance 
• Proven DAC-08 Analog Flexibility and Reliability 
• Nonlinearity to ±O_1% Max 
• Low Power Dissipation ••..•••••••..••.••••. 134mW 

ORDERING INFORMATIONt 

la-PIN HERMETIC DUAL-IN-LiNE PACKAGE 

NL MILITARY INDUSTRIAL 
OfoFS TEMR TEMR 

0.1 
0.19 

DAC888AX· 
DAC888BX· 

DAC888EX 
DAC888FX 

• For devices processed in total compliance to MIL-STD-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn·;n. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The BYTEDACI!> DAC-888 is a buffered 8-bit digital-to
analog converter designed specifically for 8-bit bus oriented 
systems. The data inputs are connected to level-triggered 
latches. Two active-low control pins are provided for ease of 
interface to virtually all available microprocessors. The 

FUNCTIONAL DIAGRAM 

latches may also be operated in a transparent mode by 
holding both control pins low. Additionally, the DAC-888 has 
a data hold time requirement of zero nanoseconds. 

The Analog section consists of a "Field-Proven" DAC-08 Df A 
Converter. Monotonic multiplying performance is attained 
over a wide 20 to 1 reference current range. Matching to 
within 1 LSB between reference and full-scale currents 
eliminates full-scale adjustment in most applications. 

DAC-888 applications include graphic display drivers, high
speed modems, AID converters, programmable waveform 
generators and power supplies, analog meter drivers, audio 
encoders and programmable attenuators; and other applica
tions where low cost, high speed and buffered flexibility are 
required. 

PIN CONNECTIONS 

18-PIN HERMETIC 
DUAL-IN-LiNE 

PACKAGE 
(X-Suffix) 

DB] DB6 DB5 DB4 DB3 082 DB, DBo 
MSB LS8 

'r------t-'4--o10UT 

8-BIT MULTIPLYING OAe 

/--------i-"'3--o 10UT 

COMP v- GND v+ 

Manufactured under one or more of the following patents: 4,055,773; 4,056,740; 4,092,639 
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~ DAC-88a BYTEDAC<I!J a-BIT HIGH-SPEED "MICROPROCESSOR COMPATIBLE" MULTIPLYING D/A CONVERTER 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature 

DAC-888 AlB •.••.••..••••••••.•.•••• -55° C to + 125° C 

DAC-888 ElF •••••.•.••••••.•.•.•••.••. -25° C to +85° C 

DICE Junction Temperature (Tj ) ••••••• -65°C to +150°C 
Storage Temperature ••..•••.•••••..•• -65° C to + 150° C 

Power Dissipation •.•.•••..•...•.•••.•......•••• 300mW 

Derate above 100° C .•••.•..•..••.••...••.••.• 10mW/o C 

Lead Temperature (Soldering, 60 sec) ....•.•.••••. 300°C 

V+ Supply to V- Supply ........................... 18.1V 

Logic Inputs ................................ OV to 5.5V 

Analog Current Outputs ......................... -5mA 

Reference Inputs (V,0 to V,, ) ................... V- to V+ 

Reference Input Differential Voltage 

(V1QtoV11) •••••••.••••••.••••.•••••.••..•••••.•• ±15V 
Reference Input Current ••.•••..••••.•••.•••••.•••• 5mA 

NOTE: Absolute ratings apply to both DICE and packaged parts. unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at V+ = +5V, V-=-12V, IAEF= 2mA, TA =-55°C to +125°C for DAC-888A1B, unless 

otherwise noted. TA = 25° C to +85° C apply for DAC-888E1F. Output characteristics refer to both lOUT and tcmT-

DAC-888A/E DAC-888B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

Resolution 8 8 Bits 

Monotonicity 8 8 Bits 

Nonlinearity ±0.1 ±0.19 %FS 

Full-Scale Tempco TCI FS (See note) ±10 ±SO ±10 ±80 ppm/DC 

Output Voltage 
Voc 

Full-Scale Current 
-S +S -S +S V 

Compliance Change < 112 LSB 

Output Impedance AOUT >20 >20 MO 

VREF=S.DOV 
Full Aange Current IFR Al1, Ato = 2.S00kO 1.94 1.99 2.04 1.94 1.99 2.04 mA 

TA = 2SoC 

Full Aange 
IFRS I FR14 - I FR13 ±1 ±8 ±1 ±8 "A Symmetry 

Zero-Scale Current Izs 0.2 2 0.2 "A 

Output Current 
Aange 

IFSR IREF=3mA 2.1 2.9 2.1 2.9 mA 

Reference. Bias 
Ie -1 -3 -1 -3 pA 

Current 

PSSI FR+ V+ = 4.SV to S.SV ±0.0003 ±0.01 ±0.0003 ±0.01 %<11 Fsf%<1V+ Power Supply 
PSSI FR- V- = -10.8V to -13.2V ±0.OO02 ±0.01 ±0.OO02 ±0.01 %<11 FsI%<1V-

Sensitivity 
IREF= lmA 

Power Supply 1+ 12 16 12 16 
Curret1t 1-

IREF =2mA 
6 9 6 9 

mA 

Power Dissipation Pd IREF= 2mA 134 190 134 190 mW 

Logic Input Levels 

Logic Input "0" V,L 0.8 0.8 
V 

Logic Input "1" V,H 2 2 

Logic Input Current 
Logic Input "0" I,L V,N = 0.8V -2 -10 -2 -10 

"A Logic Input "1" I'H V,N=S.OV 0.1 0.1 

NOTE: Guaranteed by design. 

11-105 1/86, Rev. A 
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-IfMD DAC-888 BYTEDAce a-BIT HIGH-SPEED "MICROPROCESSOR COMPATIBLE" MULTIPLYING DlA CONVERTER 

ELECTRICAL CHARACTERISTICS - A.C. PARAMETERS Vs = +5V, -12V, I REF = 2m A, TA = 25° C. 

DAC-888A1E DAC-888B/F 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

From ~ & WIf Negative Level 
Settling Time ts to ± 1/2LSB. All Bits Switched 300 400 300 400 ns 

ON or OFF. (See note) 

Reference Input 
dl/dt (See Note) 

Slew Rate 
4 8 mNl's 4 8 

Data Input Setup Time tos (See note) 150 150 ns 

Data Input Hold Time tOH (See note) 10 10 ns 

Chip Enable/Write Pulse Width tENW (See note) 250 250 ns 

NOTE: Guaranteed by design. 

DAC-888 PIN DESCRIPTION 

SYMBOL DESCRIPTION 

DBD - DB7 DATA BIT - Bits 0-7 are digital. active-high Inputs. DB7 is assigned as the MSB. PINS 1-8 

~ CHIP ENABLE - An active low input control which is the device enable input terminal. PIN 17 

WIf WRITE CONTROL - An active low control which enables the microprocessor to write data to the DAC. PIN IS 

lOUT' lOUT CURRENT OUTPUT - Complementary current outputs. which when added. equal IFs· PINS 13-14 

VREF+. VREF- VOLTAGE REFERENCE - Differential inputs that accept a negative, positive, or bipolar input and are used to set IFS' PINS 10-11 

COMP COMPENSATION - The reference amplifier frequency compensating terminal. PIN 12 

FUNCTIONAL DIAGRAM AND TIMING DIAGRAM FOR 8-BIT OPERATION 

TO 8-BIT DATA BUS . 
DATA '~ 
INPUT ___________ ~ I VALID ~tDH 

~---------~ 

+5.00OV~~~~--__f;,;;;;---.I,;;..-;;~---~c;IOUT 10UT-----------~~~~ 

2.5kn 

-: 

OPERATION TABLE 

18 

-12V +5V 

CE WR OUTPUT 

I X NO CHANGE 

o I NO CHANGE 

10UT--------~-~~~ 

SEE NOTE./ 

NOTE: If input data changes after WA • ~ low, lou'T"loUT will change. 
The last data input before WI'[ + ~ high will be latched. It is suggested, but 
not mandatory, that data be valid from WIf. ~ low to WR + CE high. 

o 0 UPDATE LATCHES (TRANSPARENT) 
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~ DAC-888 BYTEDAC" 8-BIT HIGH-SPEED "MICROPROCESSOR COMPATIBLE" MULTIPLYING D/A CONVERTER 

DICE CHARACTERISTICS 

1. DB7 (MSB) 
2. DB6 
3. DB5 
4. DB4 
5. DB3 
6. DB2 
7. DB1 
8. DBO (LSB) 
9. GROUND 

10. VREF (+) 
11. VREF (-) 
12. COMP 

13. lOUT 
14. lOUT 
15. V-
16. WR 
17. CE 
18. V+ 

For additional DICE information refer to 
1986 Data Book, Section 2. 

DIE SIZE 0.139 x 0.126 inch; 17, 514 sq. mils 
(3.53 X 3.2mm.; 11.296 sq. mm.) 

WAFER TEST LIMITS at Vs= +5, -12V, IREF= 2mA, TA = 25°C, unless otherwise noted. Output characteristics refer to both 

lOUT and lOUT· 

DAC-888N DAC-888G 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT UNITS 

Resolution 8 8 Bits MIN 

Monotonicity 8 Bits MIN 

Nonlinearity ±0.1 ±0.19 %FSMAX 

Output Voltage 
Full-Scale Current 

Vac Change < 1/2 LSB +5 +5 VMAX 
Compliance 

ROUT;> 20MO Typ. -5 -5 VMIN 

VAEF = 5.00V 
Full Range Current 'FR14 R", RlO = 2.500kO 2.04 2.04 rnA MAX 

TA =25·C 1.94 1.94 rnA MIN 

Full Range Symmetry I FRS I FR'4~ r FR13 ±8 ±8 p.A MAX 

Zero-Scale Current Izs 2 p.AMAX 

Output Current Range IFSA IAEF= 3mA 2.1 2.1 rnA MIN 

Reference Bias Current 18 -3 -3 p.AMAX 

Power Supply PSSI FA+ V+ = 4.5V to 5.5V ±0.01 ±0.01 %MFS/%<1V+ MAX 
Sensitivity PSSI FA_ V-= -4.5V to -12V, IAEF= lmA ±0.01 ±0.01 %MFS/%<1V- MAX 

Power Supply 1+ 16 16 
Current 1- IAEF= 2mA 

9 9 
rnA MAX 

Power Dissipation Pd IAEF =2mA 190 190 mWMAX 

Logic I nput Levels 
Logic Input "0" V,L 0.8 0.8 VMAX 
Logic Input "1" V,H 2 VMIN 

Logic Input Current I,L V,N = 0.8V -10 -10 
p.AMAX 

I'H V,N =5.0V 1 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate speCifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS V+ = +5V, -12V, IREF = 2mA, TA = 25° C, unless otherwise noted. 

DAC-888 
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS 

Reference Input Slew Rate dlldt 8.0 mNp.s 

Settling Time ts 
From CE Negative Edge to ±1/2 LSB, 

300 ns 
All bits Switched ON or OFF 

Data Input Setup Time tos 100 ns 

Data Input Hold Time tOH 0 ns 

Chip Enable 
tENW 200 ns 

Write Pulse Width 

11-107 1/86, Rev. A 
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~ DAC·88a BYTEDAce a·BIT HIGH·SPEED "MICROPROCESSOR COMPATIBLE" MULTIPLYING DlA CONVERTER 

DIGITAL INFORMATION or may vary from nearly 0 to +4.0mA. The full range output 

The BYTEDAC® DAC-888 is a monolithic microprocessor 
compatible D/A converter consisting of an 8-bit level 
triggered latch, control circuitry and one 8-bit multiplying 
D/A converter housed in an 18-pin dual in line package (DIP). 

The DAC-888 accepts 8-bit binary bytes at the data inputs. 
Data access is accomplished when WR and CE are low. 
During the low state of CE and WR, the latches are trans
parent, therefore, data should be valid from 100ns prior to WR 
andCE low untilCE or WR high. WhenCE or WR goes high, 
the data stored in the latches will hold the selected output 
indefinitely. 

ANALOG INFORMATION 

BASIC POSITIVE REFERENCE OPERATION 

17 

16 

RREF 

MSB LSS 
DB7 DB6 DB5 084 DB3 DB2 DB, DBo 

+5.00OVO~R~10~10!J-_~~;;;--..&.;.,-;;:~ __ -I~'4'o--
REF VREF+ lOUT lOUT 

IREF_ OAe 

11 VREF- lOUT 13 ~ 
It--1c~O~M~P~V:;;----"G~N!!!DI-~V~+ 'j---i:=O'QUT 

12 15 
O.Olp.F O.1pF 

1~ 
R11 

FOR FIXED REFERENCE, TIL OPERATION TYPICAL 
VALUES ARE: 

RREF • 2.5000k 
Rl1" RREF 

REFERENCE AMPLIFIER SET-UP 

1. 
o.1j.1F 

1 
I +VREF 256 
FR "" RREF x 25i 

lOUT + TOUT" 'FR 
FOR ALL LOGIC STATES 

The DAC-888 is a multiplying D/A converter in which the 
output current is the product of a digital number and the 
input reference current. The reference current may be fixed 

BASIC UNIPOLAR NEGATIVE OPERATION 

~B LE 
DB7 DBa DB6 DB4 DB3 082 DB1 DBo 

currrent is a linear function of the reference current and is 
given by: 

In positive reference applications, an external positive refer
ence voltage current flows through R'0 into the VREF(+) ter
minal of the reference amplifier. Alternatively, a negative 
reference may be applied to VREF(-); reference current flows 
from ground through R'0 into VREF(+) as in the positive refer
ence case. This negative reference connection has the 
advantage of a very high impedance presented at pin 11. The 
voltage at pin 10 is equal to and tracks the voltage at pin 11 
due to the high gain of the internal reference amplifier. R" 
(nominally equal to R1Q) is used to cancel bias current errors; 
R" may be eliminated with only a minor increase in error. 

For most applications the tight relationship between IREFand 
IFR will eliminate the need for trimming IREF. If required, 
full-scale trimming may be accomplished by adjusting the 
value of R1Qorby using a potentiometer for R1Q. An improved 
method of full-scale trimming which eliminates potentio-

BASIC NEGATIVE REFERENCE OPERATION 

17 

,. 
RREF 
Rl0 10 

~ 

R11 11 -VREF 

IFR .. ::Y.Bi.Exm 
RREF 256 

MSB LSS 
DB7 CBs DBS DB4 DB3 DB2 DBl DBo 

,. 
NOTE: RREF SETS IFS: Rn IS FOR BIAS CURRENT CANCELLATION 

AND IS EQUAL TO RAEF' 

14 lOUT 

DB7 DBS DBS DM DB3 DB2 DBl DBO lomA lomA Eo Eo 

FULL-SCALE 1.992 0.000 -4.980 0.000 
FULL-SCALE-1 LSB 1.984 0.009 -4.960 -0.020 

HALF-SCALE + 1 LSB 
HALF-SCALE 
HALF-SCALE -1 LSB 

ZERO-SCALE +1 LSB 
ZERO-SCALE 

11·108 

1.008 0.984 -2.520 -2.460 
1.000 0.992 -2.500 -2.480 

1 0.992 1.000 -2.480 -2.500 

0.008 1.984 -0.020 -4.960 
0.000 1.992 -0.000 -4.980 
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~ DAC-aaa BYTEDAC® a-BIT HIGH-SPEED "MICROPROCESSOR COMPATIBLE" MULTIPLYING DfA CONVERTER 

RECOMMENDED FULL-SCALE ADJUSTMENT CIRCUIT 

17 

'6 

R,O 
lOW T.C. 

IREP = 2mA 4.Sk 10 
+5.000V REF 

MSB LSB 
DB7 DB6 DBS 084 DBJ DB2 DBl DBO 

'4 

'3 

meter TC effects is shown in the Recommended Full Scale 
Adjustment Circuit. 

Using lower values of reference current reduces negative 
power supply current and increases reference amplifier neg
ative common mode range. The recommended range for 
operation with a DC reference current is +0.2mA to +4.0mA. 

The reference amplifier must be compensated by using a 
capacitor from pin 12 to V-. For fixed reference operation a 
O.OlI'F capacitor is recommended. For variable reference 
applications, see "Reference Amplifier Compensation for 
Multiplying Applications" section. 

REFERENCE AMPLIFIER COMPENSATION FOR 
MULTIPLYING APPLICATIONS 
AC reference applications will require the reference ampli
fier to be compensated using a capacitor from pin 12 to V-. 
The value of this capacitor depends on the impedance pres
ented to pin 10 (see Table 1). 

ACCOMMODATING BIPOLAR REFERENCES 

RREF 

"N 

MSB LSB 
DB7 DB6 DBS DB4 083 DB2 DBl DBO 

TABLE 1. REFERENCE AMPLIFIER COMPENSATION 

REF. INPUT RESISTANCE SUGGESTED Cc 

1kfi 
2.5kfi 

5kH 

15pF 
37pF 
75pF 

NOTE: A O.01}.tF capacitor is suggested for fixed references. 

For fastest response to a pulse, low values of RlO, enabling 
small Cc values, should be used. If pin 10 is driven by a high 
current source, none of the above values will suffice and the 
amplifier must be heavily compensated which will decrease 
overall bandwidth and slew rate. For RlO = 1kfi and Cc = 
15pF, the reference amplifier slews at 4mA/l's, enabling a 
transition from IREF = 0 to IREF = 2mA in 500ns (see Figure, 
pulsed reference operation). 

Bipolar references may be accommodated by offsetting VREF 
or pin 11, as shown in Figure below. The negative common
mode range of the reference amplifier is given by VCM = V
plus (lREF X 1kfi) plus 2.5V. The positive common-mode 
range is V + less 1.5V. 

When a DC reference is used, a reference bypass capacitor is 
recommended. A 5.0V TTL Logic supply is not recom
mended as a reference. If a regulated power supply is used as 
a reference, RlO should be split into two resistors with the 
junction bypassed to ground with a O.lI'F capacitor. 

ANALOG OUTPUT CURRENTS 
Both true and complemented output sink currents are pro
vided, where 10 + fO = IFR. Current appears at the "true" 
output when a "1" is applied to each logic input. As the binary 
count increases, the sink current at pin 14 increases propor
tionally in the fashion of a "positive logic" Of A converter. 
When a "0" is applied to any input bit, that current is turned 
off at pin 14 and turned on at pin 13. A decreasing logic count 
increases TO as in a negative or inverted logiC Of A converter. 
Both outputs may be used simultaneously. If one of the 
outputs is not required it must still be connected to ground or 
to a point capable of sourcing I FS; do not leave an unused 
output pin open. 

MSB lSB 
DB7 DBG DBS DB4 DB3 DB2 DBl DBO 

VIN ~ o-~~J.':'---1!i---r-V;;;R;'EF:+--..J..::.--;;'O;;;U;;'T\---I~ 
R'N 

DAC 

" '3 

IREF;;" NEGATIVE SWING OF liN 

11-109 

DAC 

VIN ~ o--'lRI>,'",' ..:."'+-_--/ 1QUTr-__ f":;:.3-o 

~"'--T----'''F--'r' --HIGH INPUT 
IMPEDANCE 
RREF "" All 

(OPTIONAL) 

+VREF MUST BE ABOVE PEAK POSITIVE SWING OF VIN 
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~ DAC-8aa BYTEDAC® a·BIT HIGH·SPEED "MICROPROCESSOR COMPATIBLE" MULTIPLYING D/A CONVERTER 

8080 INTERFACE 

8080 
.p 

8228 

ADDRESS 
BUS 

6800,6801,6809 INTERFACE 

.. XX 
.p RiW 

ADDRESS 
BUS 

.2 
VMA 

8085 INTERFACE 

8085 
.p 

ADDRESS 
BUS 

I/O/MEM 

ADDRESS 
DECODER 

ADDRESS 
DECODER 

v- v+ 

., 

.2 _____ -' 
ADDRESS __________________ ~><= 

DATA __________________ ~><:::: 

~ ,~ ________________________ __J~ 

'OUT _____ ... 

'OUT ~,---------------

.2 
ADDRESS 

RiW " / 
VMA / " DATA >e:::x 

CE '---/ 
lOUT 

X 
lOUT 

elK T2 T3 

~ ____________________ x: 
,'----------------~/ 

DATA ________ ....JX ..... _______________ >C 

MAPp~gII/O/M: ~ ... ___________________ _J~ 
'OUT ------------"""'" r-----------

l 'OUT >< ... ------------------
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~ DAC·88a BYTEDAC8 a·BIT HIGH·SPEED "MICROPROCESSOR COMPATIBLE" MULTIPLYING DlA CONVERTER 

PULSED REFERENCE OPERATION 

+VREF 

9 
I 

OPTIONAL RESISTOR ~ 
FOR OFFSET INPUTS f' ~ 

ovJ1.. RIN I 10 

MSB LSB 
DB7 DBa DB& D84 DB3 DB2 OS, DBa 

lOUT 

OAC 
TYPICAL VALUES: 
R'N =5k 
+VIN = 10V 

• Rp 

r-"+----f~~~~- V- GND ~J----IF""'-A""' ...... " 

NO CAP 

"UNBALANCED INPUTS WilL CAUSE SLIGHT DEGRADATION OF 
IFSACCURACY DUE TO lOS OF REFERENCE AMPLIFIER. 

POSITIVE LOW IMPEDANCE OUTPUT OPERATION 

17 

,. 

10 

" 

MSB LSB 
DB7 DB6 DBs DB4 DBa 082 DB1 DBa 

FOR COMPLEMENTARY OUTPUT (OPERATION AS NEGATIVE lOGIC OAe), 
CONNECT INVERTING INPUT OF OP AMP TO lOUT. CONNECT lOUT TO 
GROUND. 

NEGATIVE LOW IMPEDANCE OUTPUT OPERATION 

17 ,. 
10 

" 

MSB LSB 
oB7 086 OBs 084 DB3 DB2 OB1 DBO 

VREF+ lOUT 

OAC 

VREF- lOUT 
COMP v- GNO v+ 

FOR COMPLEMENTARY OUTPUT (OPERATION AS NEGATIVE 
LOGIC oAC,) CONNECT NON INVERTING INPUT OF OP AMP 
TO lOUT· CONNECT lOUT TO GROUND. 

11·111 

RL 

RL 

>-""'-0 EOUT 

o TO +IFS x RL 

IFR= ~ IREF 

>-""'--0 EOUT 

o TO -IFS x RL 

IFR= = IREF 
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----m DAC-88a BYTEDACtI> a-BIT HIGH-SPEED "MICROPROCESSOR COMPATIBLE" MULTIPLYING DlA CONVERTER 

BASIC BIPOLAR OUTPUT OPERATION 

17 

16 

IREF+= ,. 
2.000mA 

" 

POSITIVE FULL-SCALE 
POSITIVE FULL-SCALE-1 LSB 

ZERO-SCALE +1LSB 
ZERO-SCALE 
ZERO-SCALE -1LSB 

MSB lSB 
DB1 DBe D8£j DB4 DB3 082 DB1 DBa 

VREF+ lOUT 

DAe 

VREF- lOUT 
COMP v- GND v+ 

DB7 DBa DBS DB4 

0 0 0 
1 0 0 0 
0 1 1 

NEGATIVE FULL-SCALE +1 LSB 0 0 0 0 
NEGATIVE FULL-SCALE 

OFFSET BINARY OPERATION 

+16V 

+6V 

0 0 0 0 

MSB LSB 
OB7 DB6 DBS DB4 DB3 DB2 DBl DBa 

+5.000V 

5.00Okn 

14 EOUl 

13 EOUT 

DB3 DB2 DB1 DBD 

0 

0 0 0 1 
0 0 0 0 

1 

0 0 0 
0 0 0 0 

+5.000V 

5k!> 

5k!> 

+15V 

+5VI.6L-~~~~ __ ~r-V;R;'EF:+----~~~'~O~UT~ ______ ~ __ JL __ -I 
VOUT~ 

5.000kG 

Eo Eo 
-4.960 5.000 
-4.920 4.960 

-0.040 0.060 
0.000 0.040 
0.040 0.000 

4.600 -4.920 
5.000 -4.960 

REF·02 
OAe Eour 

" 

2.5kn 

POSITIVE FULL-SCALE 
POSITIVE FULL-SCALE -1LSB 

ZERO-SCALE 

NEGATIVE ZERO-SCALE +1LSB 
NEGATIVE FULL-SCALE 

lOUT 
GND V+ 

18 -15V 

-12V +5V 

DB7 DB6 DBS DB4 DB3 DB2 DB1 

o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 

11-112 

o 
o 
o 

o 
o 
o 

o 
o 
o 

DBD Eo 
1 4.960 
0 4.920 

0 0.000 

1 -4.960 
0 -5.000 
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~ DAC-88a BYTEDAC@ a-BIT HIGH-SPEED "MICROPROCESSOR COMPATIBLE" MULTIPLYING DlA CONVERTER 

BASIC BIPOLAR OUTPUT OPERATION 

Both outputs have an extremely wide voltage compliance, 
enabling fast direct current-to-voltage conversion through a 
resistor tied to ground or other voltage source. Positive 
compliance is 18V above V- and is independent of the 
positive supply. Negative compliance is given by V- plus 
(IREF X 1kfl) plus 2.5V. 

POWER SUPPLIES 
The DAC-888 operates over a wide range of power supply 
voltages from a total supply of 9V to 15V. When operating at 
supplies of ±5V or less, IREF :; 1mA is recommended. Low 
reference current operation decreases power consumption 
and increases negative compliance, reference amplifier nega
tive common-mode range, negative logic input range, and 
negative logic threshold range; consult the various figures 
for guidance. For example, operation at -4.5V with IREF = 
2mA is not recommended because negative output compli
ance would be reduced to near zero. Operation from lower 

Z-80 INTERFACE 

IREF 

Z80 
.p Wi'i 

ADDRESS 
BUS 

mm; ADDRESS 
DECODER 

6502 INTERFACE 

IREF 

6502 
.p RIW 

ADDRESS 
BUS 

112 ADDRESS 
DECODER 

supplies is possible. However, at least 8V must be applied to 
insure turn-on of the internal bias network. 

Symmetrical supplies are not required, as the DAC-888 is 
quite insensitive to variations in supply voltage. 

Power consumption may be calculated as follows: 

Pd = (1+) (V+) + (1-) (V-). 

TEMPERATURE PERFORMANCE 
The nonlinearity and monotonicity specifications of the 
DAC-888 are guaranteed to apply over the entire rated 
operating temperature range. Full-scale output current drift 
is tight, typically ± 10ppm/oC, with zero scale output current 
and drift essentially negligible compared to 1/2 LSB. 

The temperature coefficient of the reference resistor R10 
should match and track that of the output resistor for 
minimum overall full-scale drift. Settling times of the DAC-
888 decrease approximately 10% at -55° C; at + 125° C an 
increase of about 15% is typical. 

mm;~ / 
\Vii '\ / 
DATA~ X 
CE~ / 

lOUT X 
lOUT 

112 

ADDRESS 

R/ill '\ / 

DATA ><=:X 
CE '---/ 

lOUT >< lOUT 
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~ DAC-88a BYTEDAC<8 a-BIT HIGH-SPEED "MICROPROCESSOR COMPATIBLE" MULTIPLYING DlA CONVERTER 

8048 INTERFACE 

DATA BUS 

.p 
WR 

DATA BUS 

.p 
WR 

I/OPORT2 

IREF 

IREF 

'REF 

ALE ---I \.,, __________ _ 

BUS FLOATING X ADDRESS X FLOATING X DATA ~NG 

\.~-------------------
\.'-___ -'r-

'OUT ------VV'V')r-------
'OUT --------~ 

NOTE: OAe OUTPUT MAY CHANGE 
UNTil DATA VALID. 

'SOFTWARE SAR' AID CONVERTER (WITH 8048 MICROPROCESSOR) 

+15V 

REF-02 

391<1l 

10kn 

07 06 05 04 03 02 01 00 ViR CEW +15V 

11 

-.l ANALOG 
-=- GROUND 

I DIGITAL '\l GROUND 

-12V 

WRITE 
STROBE 

S.lMn 

+6V 

11-114 

S.DkU 

+15V 

+15V 
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-00 DAC-8aa BYTEDAC8 a-BIT HIGH-SPEED "MICROPROCESSOR COMPATIBLE" MULTIPLYING D/A CONVERTER 

SUCCESSIVE APPROXIMATION ANALOG-TO-DIGITAL CONVERSION PROGRAM 
LISTING USING DAC-888 AND SYM 1 PCB WITH 6502~P WITH FLOW CHART 

LOCATION DATA MNEMONIC COMMENTS 
LOAD INDEX WITH 8 

SOO A900 LOA #00 Clear 
502 A208 LOX #08 Set Index Register CLEAR LOCATION 8 IN RAM 

504 9500 STA,X Clear Memory at 08H 
S06 A960 LOA #80 Trial Bit LOAD A WITH 8016 

508 A8 TAY TOY 
TRANSFER !A) TO v 

509 800010 STA 1000 (Cont.) Output 
50C AD 00 lC LOA 1 COO Read Compo OUTPUT (A) TO DAC·B88 

50F 2901 ANOA,#OI Mask it 
511 FOOl BEQ '+1 Branch if CMP = 0 READ COMPARATOR OUTPUT 

513 98 TYA Get Trial Bit 

514 18 CLC Clear Carry 
515 7500 AOC.X Result Summed With 

Previous Test 
517 9500 STA,X Save it 
519 98 TYA Get Trial Value 
51A 4A LSR Next Bit 

51B A8 TAY Save it 
51C 1500 ORA.X Next Data 

ADD (A) TO TRIAL VALUE (lOC. SJ 

51E eoE9 BCC '-23 Continue For 8 Trials 
SAVE IT IN LOC. 8 

520 4C 0005 JMP 500 Do Over 

NOTE: 32 Bytes 2601'S 
SHIFT TRIAL BIT RIGHT TO CARRY 

BURN-IN CIRCUIT 

18 

17 

16 

15 
-12V 

+5V DAC-888 
,. 
13 O.lpF. SOV 

12 

11 

10 
'::' 

'::' 
10kn 
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Precision Monolithics Inc. 

FEATURES 
• Improved Direct Replacement for MC1S08/MC1408 
• 0.19% Nonlinearity Maximum Over Temperature Range 
• Improved Settling Time ...........•....... 2S0ns, Typ 
• Improved Power Consumption . . . . . . . . . .. 1S7mW, Typ 
• Compatible with TTL, CMOS Logic 
• Standard Supply Voltages +S.OV and -S.OV to -1SV 
• Output Voltage Swing ................. +O.SV to -S.OV 
• High-Speed Multiplying Input ...........•... 4.0mAips 

ORDERING INFORMATIONt 
16-PIN DUAL-IN-LINE PACKAGE 

RELATIVE 
ACCURACY 

'IoFS 
HERMETIC 
MILITARY 

PLASTIC 
COMMERCIAL COMMERCIAL 

±O.19% 
±O.39% 
±O.7B% 

DAC150BA-BO' DAC140BA-80 DAC140BA-BP 
DAC140BA-7P 
DAC1408A-SP 

DAC140BA-70 
DAC140BA-SO 

• For devices processed in total compliance to MIL-STD-BB3. add IBB3 after 
part number. Consult factory for BB3 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book. Section 2. 

GENERAL DESCRIPTION 
The DAC-1508A/1408A are 8-bit monolithic multiplying 
digital-to-analog converters consisting of a reference cur
rent amplifier, R-2R ladder, and eight high-speed current 
switches. For many applications, only a reference resistor 
and reference voltage need be added. Improvements in 
design and processing techniques provide faster settling 
times combined with lower power consumption while retain
ing direct interchangeability with MC1508/1408 devices. 

SIMPLIFIED SCHEMATIC 

MSB 
Al A2. A3 A4 

VREFI+I'o-+.-------, 

))Jl<:-1508Jl/1408Jl 
8-BIT MULTIPLYING 

D/A CONVERTERS 

The R-2R ladder divides the reference current into eight 
binarily-related components which are fed to the switches. A 
remainder current equal to the least significant bit is always 
shunted to ground, therefore the maximum output current is 
255/256 ofthe reference amplifier input current. For example, 
a full-scale output current of 1.992mA would result from a 
reference input current of 2.0mA. 

The DAC-1508A11408A is useful in a wide variety of applica
tions, including waveform synthesizers, digitally program
mable gain and attenuation blocks, CRT character genera
tion, audio digitizing and decoding, stepping motor drives, 
programmable power supplies and in building tracking and 
successive approximation analog-to-digital converters. 

For significantly improved speed and applications flexibility 
your attention is directed to the DAC-08 8-bit high-speed 
multiplying D/A converter data sheet. For D/A converters, 
which include precision voltage references on the chip, 
please refer to the DAC-210 or the DAC-100 data sheet. 

PIN CONNECTIONS 

GND 

COMPEN 

16-PIN DUAL-IN-LiNE 
PACKAGE 

HERMETIC (0) 
EPOXY (P) 

11-116 1/86, Rev. A 



__________ --1~DAC-150aA/140aA a-BIT MULTIPLYING DlA CONVERTERS 

ABSOLUTE MAXIMUM RATINGS 
Power Supply Voltage 

VCC ••••••••••••••••••••••••••••••••••••••••• +5.5Vdc 

VEE •••••••••••••••••••••••••••••••••••••••• -16.5Vdc 

Digital Input Voltage. V5 through V12 •••••••••• +5.5.0Vdc 
Applied Output Voltage ••••••••••••••••••• +O.S. -S.2Vdc 

Reference Current. 114 .•••••••••••••••••••••••••••• SmA 

Power Dissipation (Package Limitation). Pd 

Ceramic Package (or Epoxy 8 Package) •••.••• 100mW 

Derate above TA = +25·C •••••••••••••••••• 6.7mWI"C 

Derate above TA = + 100· C for 

Epoxy 8 Package .......................... 5.3mWI"C 

Operating Temperature Range. TA 

DAC-150BA ........................ -55·C to +125·C 

DAC-140BA •••••••••••••••••••••.••.••• O·C to +75·C 

DICE Junction Temperature (Ti) •••••.•.• -65· C to 150· C 

Storage Temperature Range. Tstg •••••• -65·C to +150·C 
Plastic Package Only ••••••••••••••• -65·C to +125·C 

NOTE: Ratings apply to both DICE and packaged parts, unless otherwise 
noted. 

ELECTRICAL CHARACTERISTICS at VCC = +5Vdc. VEE = -15Vdc. VREF/R14 = 2mA. -55·C:$ TA:$ +125·C for 
DAC-150SA-B. O·C:$ TA:$ +75·C for DAC-140BA. unless otherwise noted. All digital inputs at logic high level. 

DAC-1508A11408A 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNITS 

Relative Accuracy (error relative to 
Full-Scale 10) 

DAC-150BA-B, DAC-140BA-B ±0.19 
DAC-140BA-7 E, ±0.39 %IFS 
DAC-l408A-6 ±0.7B 

Settling Time to within 1/2 LSB 
ts TA = +25' C, (Note 1) 2S0 ns 

(includes tplH) 

Propagation Delay Time t pLH• tPHL TA=+2S'C, (Note 1) 30 100 ns 

Output Full-Scale Current Drift TCl o ±20 ppml"C 

Digital Input Logic Levels (MSB) 
High Level, Logic "1" V'H 2 
Low Level, Lagle "1" V'l O.B 

Vdc 

I'H High Level, V'H = S.OV 0 0.04 
Digital Input Current (MSB) 

I'l Low Level, V'L = O.BV -0.4 -O.B 
mA 

Reference Input Bies Current (Pin 15) I,. -1 -3 I'A 

VEE=-SV 0 2.0 2.1 
Output Current Range lOA VEE = -15V 0 2.0 4.2 

mA 

Output Current 10 VAEF = 2.000V, R14 = 10000 1.9 1.99 2.1 mA 

Output Current 101m'n) All bits low 0 4 I'A 

Output Voltage Compliance 
IAEF= lmA 

Va VEE=-SV -0.6 +0.5 
(E, S 0.19% at TA = +2S'C) 

VEE = -10V -S +O.S 
Vdc 

Reference Current Slew Rate SRIAEF 4 mN,..s 

Output Current Power Supply 
PSSlo_ O.S 2.7 I'A/V Sensitivity 

Power Supply Current Icc All bits low 
+9 +14 

mA 
lEE -7.S -13 

Power Supply Voltage 
VeCA TA =+2S'C 

+4.S +S +S.5 
VEEA -4.5 -15 -16.5 

Vdc 

All bits low 
VEE=-SVdc B2 13S 

Power Dissipation 
VEE =-lSVdC 157 265 

Pd All bits high 
mW 

VEE =-5Vdc 70 
VEE =-15Vdc 132 

NOTE: 
1. Guaranteed by design. 
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------------t1EMD DAC-1508A11408A 8-BIT MULTIPLYING DlA CONVERTERS 

DICE CHARACTERISTICS 

DIE SIZE 0.085 X 0.062 Inch, 5270 sq. mils 
(2.18 X 1.58 mm, 3.39 sq. mm) 

1. N.C. 
2. GROUND 

3. VEE 
4.10 
5. A1 (MSB) 
6. A2 
7. A3 
8. A4 

9. A5 
10. A6 
11. A7 
12. A8 (LSB) 
13. VCC 
14. VREF(+) 
15. VREF(-) 
16. COMP 

For additional DICE information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at V+ = 5V, V- = 15V, IREF = 2mA, TA = 25° C, unless otherwise noted. 

PARAMET£R 

Resolution 

Monotonicily 

Nonlinearity 

Output Voltage Compliance 

Full-Scale Current 

Zero-Seele Current 

Output Current Range 

Logic "0" Input Level 

Logic "I" Input Level 

Logic Input Current 
Lagle "0" 
Logic "1" 

Reference Bias Current 

Output Current Power Supply 
Sensitivity 

Power Supply Current 
(All Bits Low) 

Power Supply Voltage Range 

Power Dissipation 
(All Bits Low) 

NOTE: 

SYMBOL 

IzS 

1'5 

PSSIO_ 

1+ 
1-

VCCR 

VEER 

CONDITIONS 

Full-Scale Current Change, IREF = 1 mA 
<1/2 LSB V- = -SV 

V-=-10V 

VREF = 2.000V, R'4' R'5= 1.000kn 

(All Bits Low) 

V-=-SV 
V-=-ISV 

Low Level, V1L = -O.BV 
High Level, V1H = SV 

V-=5V 
V-=-ISV 

DAC-140BA-G 
LIMIT 

8 

8 

±0.19 

+O.S 
-0.6 

-S 

2, ±0.1 

4 

2.1 
4.2 

0.8 

2 

±10 
±10 

-3 

2.7 

+14 
-13 

+S, ±O.S 
-16.S. -4.S 

13S 
26S 

UNITS 

Bits MIN 

Bits MIN 

%FSMAX 

V MAX 
VMIN 
VMIN 

mAMAX 

I'AMAX 

mAMAX 

VMAX 

VMIN 

I'AMAX 

I'AMAX 

I'NVMAX 

mAMAX 

V MAXIMIN 

mWMAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate speCifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at V+ = +5V, V-= -15V, TA = 25° C, VLcand IOUTconnected to ground, and 
IREF = 2mA, unless otherwise noted. Output characteristics refer to lOUT only. 

PARAMET£R SYMBOL 

Reference Input Slew Rate dlldt 

Propagation Delay 

Settling Time ts 

CONDITIONS 

Any Bit 

To ±1/2 LSB, All Bits Switched 
ON or OFF 

11-118 

DAC-1408G 
TYPICAL 

4 

30 

2S0 

UNITS 

ns 

ns 
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-----------I1fMD DAC-1508A11408A 8-BIT MULTIPLYING DlA CONVERTERS 

APPLICATIONS 

RELATIVE ACCURACY TEST CIRCUIT 

r-

8-BtT 
COUNTER 

'---

USE WITH NEGATIVE VREF 

lice 

13 R14~ R15 

14 
Rl. 

" Rl. 

Al 

A2 

A3 

A4 

A5 

AS 

Al 

I-<>--IW-. IIREFf-I 

AS 

LJ" 

SEE 
TEXT 
FOR 
VALUES 
OF e 

MSB 

Al 

A2 

A3 12-BIT 
D· TO A- o TO +10V OUTPUT 

CONVERTER A4 
(±O.Ol% -<r-

A5 ERROR MAX) 

A6 

A7 

~ 
5kH 

LSB A'f'r' 
A12 

50kH 

VREF ": 2V 

I~* 1 ~ rb Vee 

R14 
950n 

" 13 
MSB 

5 

• 
7 

8 OAC·1508AI 

9 
OAe·140BA 

~ I. 
11 

12 

:! 3 2 

1kn :t 
- -- VEE -

USE WITH POSITIVE VREF 
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AI 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

R14 ~ R15 

1 ERR 
11V 

OR 
'" 1%) 

RL 

SEE 
TeXT 
FOR 
VALUES 
OF e 

I 
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-----------llfMD DAC-150BAl140BA B-BIT MULTIPLYING DlA CONVERTERS 

TRANSIENT RESPONSE AND SETTLING 
TIME TEST CIRCUIT 

5' 

D.lpF Vee 

r 
'3 

O.l.uF 

r-11-----+----' 
...L' VEe 

'Ok 

Eo FOR SETTLING TIME MEASUREMENT 
(ALL BITS SWITCHED LOW TO HIGH) 

+2.0Vdc 

'k 

USE WITH CURRENT -TO-VOLTAGE CONVERTING OP AMP 

Vee VREF = 2.OVdc 

'3 

~~4 == 5~~~ "" 1.Okn ,--__ -, 

MSB 

A' ,-,'c::..4 -o-----'\IW--....... ---<I VREF 

A2 

A3 

A4 

A5 

A6 

A1 

AS 

VEE 

THEORETICAL Vo 

'5 A'5 

AO 

Vo = ~ IROI[¥+¥+¥+~+~+~+~+~J 
ADJUST VREF R15 OR RO SO THAT Vo WITH ALL DIGITAL 
INPUTS AT HIGH LEVEL IS EaUAL TO 9,961 VOLTS. 

2V ['+'+'+'+'+'+'+'] Vo "" TIt (5k) 2 '4 "8 16 32 64 ffi 256 

= 10V [ ~J = 9.961V 

Vo 

GENERAL INFORMATION AND APPLICATION NOTES 
REFERENCE AMPLIFIER DRIVE AND COMPENSATION 
The reference amplifier provides a voltage at Pin 14 for 
converting the reference voltage to a current, and a turn
around circuit or current mirror for feeding the ladder. The 
reference amplifier input current, 114, must always flow into 

Pin 14 regardless of the setup method or reference voltage 
polarity. Connections for a positive voltage are shown on the 
preceding page. The reference voltage source supplies the 
full current 114. For bipolar reference signals, as in the 
multiplying mode, R15 can be tied to a negative voltage 
corresponding to the minimum input level. It is possible to 
eliminate R15 with only a small sacrifice in accuracy and 
temperature drift. 

The compensation capacitor value must be increased with 
increases in R14 to maintain proper phase margin; for R14 
values of 1.0, 2.5 and 5.0kO, minimum capacitor values are 15, 
37, and 75pF. The capacitor may be tied to either VEE or 
ground, but using VEE increases negative supply rejection. 

A negative reference voltage may be used if R14 is grounded 
and the reference voltage is applied to R15 as shown. A high 
input impedance is the main advantage of this method. 
Compensation involves a capacitor to VEE on Pin 16, using 
the values of the previous paragraph. The negative reference 
voltage must be at least 4.0V above the VEE supply. Bipolar 
input signals may be handled by connecting R14to a positive 
reference voltage equal to the peak positive input level at 
Pin 15. 

When a DC reference voltage is used, capacitive bypass to 
ground is recommended as a reference voltage. If a well 
regulated 5.0V supply, which drives logic is to be used as the 
reference, R14 should be decoupled by connecting it to 
+5.0V through another resistor and bypassing the junction of 
the two resistors with 0.1 /JF to ground. For reference voltages 
greater than 5.0V, a clamp diode is recommended between 
Pin 14 and ground. 

If Pin 14 is driven by a high impedance such as a transistor 
current source, none of the above compensation methods 
apply and the amplifier must be heavily compensated, 
decreasing the overall bandwidth. 

11-120 

OUTPUT VOLTAGE RANGE 
The voltage on Pin 4 is restricted to a range of-0.6Vto +0.5V 
when VEE = -5V due to the current switching methods 
employed in the DAC-150SA-S. 

The negative output voltage compliance of the DAC-150SA-S 
is extended to -5.0V where the negative supply voltage is 
more negative than -10V. Using a full-scale current of 
1.992mA and load resistor of 2.5kO between Pin 4 and ground 
will yield a voltage output of 256 levels between 0 and 
-4.9S0V. The value of the load resistor determines the 
switching time due to increased voltage swing. Values of RL 
up to 5000 do not significantly affect performance but a 
2.5kO load increases "worst case" settling time to 1.2/Js 
(when all bits are switched on). Refer to the subsequent text 
section of Settling Time for more details on output loading. 

OUTPUT CURRENT RANGE 
The output current maximum rating of 4.2mA may be used 
only for negative supply voltages more negative than -7.0V, 
due to the increased voltage drop across the resistors in the 
reference current amplifier. 
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-------------I~ DAC-150aAl140aA a-BIT MULTIPLYING D/A CONVERTERS 

ACCURACY 
Absolute accuracy is the measure of each output current 
level with respect to its intended value, and is dependent 
upon relative accuracy and full-scale current drift. Relative 
accuracy is the measure of each output current level as a 
fraction ofthe full-scale current. The relative accuracy of the 
DAC-1508A-8 is essentially constant with temperature due to 
the excellent temperature tracking of the monolithic resistor 
ladder. The reference current may drift with temperature, 
causing a change in the absolute accuracy of output current. 
However, the DAC-1508A-8 has a very low full-scale current 
drift with temperature. 

The DAC-1508A-8/DAC-1408Aseries is guaranteed accurate 
to within ± 1/2 LSB at a full-scale output current of 1.992mA. 
This corresponds to a reference amplifier output current 
drive to the ladder network of 2.0mA, with the loss of one LSB 
(8.0j.lA), which is the ladder remainder shunted to ground. 
The input current to Pin 14 has a guaranteed value of between 
1.9 and 2.1mA, allowing some mismatch in the NPN current 
source pair. Testing relative accuracy is accomplished by the 
circuit labelled "Relative Accuracy Test Circuit". The 12-bit 
converter is calibrated for a full-scale output current of 
1.992mA. This is an optional step since the DAC-1508A-8 
accuracy is essentially the same between 1.5 and 2.5mA. 
Then the DAC-1508A-8 circuit's full-scale current is trimmed 
to the same value with R14 so that a zero value appears at the 
error amplifier output. The counter is activated and the error 
band may be displayed on an oscilloscope, detected by 
comparators, or stored in a peak detector. 

Two 8-bit D/A converters may not be used to construct a 
16-bit accuracy D/A converter. 16-bit accuracy implies a 
total errorof±1/2 of one part in 65, 536, or±0.00076% which 
is much more accurate than the ±0.19% specification pro
vided by the DAC-1508A-8. 

MULTIPLYING ACCURACY 
The DAC-1508A-8 may be used in the multiplying mode with 
eight-bit accuracy when the reference current is varied over a 
range of 256:1. If the reference current in the multiplying 
mode ranges from 161'A to 4.0mA, the additional error 
contributions are less than 1.6j.1A. This is well within eight-bit 
accuracy when referred to full scale. 

A monotonic converter is one which supplies an increase in 
current for each increment in the binary word. Typically, the 
DAC-1508A-8 is monotonic for all values of reference current 
above 0.5mA. The recommended range for operation with a 
DC reference current is 0.5 to 4.0mA. 

SETTLING TIME 
The "worst case" switching condition occurs when all bits are 
switched "ON", which corresponds to a low-to-high transi
tion for all bits. This time is typically 250ns for settling to 
within ± 1/2 LSB, for8-bit accuracy, and 200ns to 1/2 LSB for 
7 and 6-bit accuracy. The turn off is typically under 100ns. 
These times apply when RL:S 500n and Co:S 25pF. 

The slowest single switch is the least significant bit. In 
applications where the D/A converter functions in a positive
going ramp mode, the "worst case" switching condition does 
not occur, and a settling time of less than 250ns may be 
realized. 

Extra care must be taken in board layout since this is usually 
the dominant factor in satisfactory test results when measur
ing settling time. Short leads, 100j.lF supply bypassing for low 
frequencies, and a minimum scope lead length are all 
mandatory. 
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PreCISIon MOllohthi<:s Inc. 

FEATURES 

• Data Readback Capability 
• 12-Blt Resolution and Linearity 
• Low Gain Tempco: 2ppm/oC 
• Fast TTL/CMOS Compatible Data Latches 
• 3-State Outputs TTL/CMOS Compatible 
• Single +5V to +15V Supply 
• Small 20-Pin 0.3" DIP 
• Low Cost 
• Latch-Up Resistant 
• Ideal for Battery-Operated Equipment 

ORDERING INFORMATIONt 

PACKAGE: 2D-PIN* 

MAXIMUM MILITARY"" INDUSTRIAL COMMERCIAL 
GAIN ERROR TEMR TEMR TEMR 

RELATIVE TA = +25·C 
ACCURACY VDD = +5V 

-55·Clo 
+125·C 

-25·C 10 
+85·C 

O·Clo 
+70·C 

±1I2 LSB 
±ILSB 

±1 LSB 
±3 LSB 

DAC-8012AR DAC-8012ER DAC-8012GP 
DAC-8012BR DAC-8012FR DAC-8012HP 

• Package Designation: 
Suffix R: Hermetic DIP 
Suffix P: Plastic DIP 
Consult Factory for Dice Information 

•• For devices processed in total compliance to MIL-STD-883, add /883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The DAC-8012 is a monolithic 12-bit CMOS Multiplying DAC 
with on-board data latches and three-state output buffers that 

FUNCTIONAL DIAGRAM 

DAC-8012 
CMOS 12-BIT MULTIPLYING 

D/A CONVERTER "WITH MEMORY" 

feature "memory" read-write operation. Data is loaded into the 
latches by a single 12-bit wide word, and can be read back on 
the same data lines. The DAC-8012 can be directly connected to 
12-bit and 16-bit busses, 

The read back function makes the DAC-8012 particularly well
suited for applications in automatic test equipment, industrial 
automation, and other multi-channel microprocessor-controlled 
systems that require keeping track of the current DAC output 
data without using an extra memory location for each channel. 
Low power dissipation and single-supply operation from +5Vto 
+15V makes the DAC-8012 an excellent choice in low-power 
and remote sytems and digital systems with a large number of 
analog outputs. Four-quadrant multiplying capability and 12-
bit linearity allows the DAC-8012 to be used in low-noise, wide
bandwidth, low-distortion, digitally-controlled precision atten
uator and filter applications. 

PIN CONNECTIONS 

OUT 1 RFB 

20-PIN EPOXY DIP 
Os (P-Sulflx) 

20-PIN HERMETIC DIP 
(R-Sulfix) 

DB2 

DB3 

DB5 

r---~~~~-----J~------l-oOUTl 
VREFo-+-------------I 

~-----------~-oAGND 

RDIWRo-t-----...... ---..,.. ....... 

Mo-t------r--.-~_' 
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----------l1EH!> DAC-8012 CMOS 12-BIT MULTIPLYING D/A CONVERTER "WITH MEMORY" 

ABSOLUTE MAXIMUM RATINGS 
(TA = 25°C, unless otherwise noted.) 

VDD to DGND ................................ -0.3V, +17V 

Digital Input Voltage to DGND .................. -0.3V, VDD 
AGND to DGND ...........................••. -0.3V, VDD 
VRFB, VREF to DGND .......................•....... ±25V 

VPIN 1 to DGND ............................... -0.3V, VDD 
Power Dissipation (Any Package) to +75° C ....•... 450mW 

Derates Above +75°C by ...................... 6mW/oC 
Operating Temperature Range 

Military (AR, BR) Grades ............... -55°C to +125°C 

Industrial (ER, FR) Grades •............. -25°C to +85°C 

Commercial (GP, HP) Grades .............. O°C to +700C 

Dice Junction Temperature ....... " . . . . . . . . . . . . . .. +150°C 

Storage Temperature .••..•........•..... -65°C to +150°C 

Lead Temperature (Soldering, 60 sec) •......•..... +300°C 

CAUTION: 
1. Stresses above those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. This isa stress rating only and functional 
operation at or above this specification is not implied. Exposure to above 
maximum rating conditions for extended periods may affect device 
reliability. 

2. Do not apply voltages higher than VOD or less than GND polential on any 
terminal except VREF. 

3. The digital inputs are zener protected, however, permanent damage may 
occur on unprotected units from high-energy electrostatic fields. Keep 
units in conductive foam at all times until ready to use. Use proper anti
static handling procedures. 

4. Remove power before inserting or removing units from their sockets. 

ELECTRICAL CHARACTERISTICS at VDD =+5Vor +15V, VREF =+10V, VOIJT1 =OV, AGND = DGND =OV; TA =-55°Cto +125°C 
apply for DAC-8012AR/BR, TA = -25°C to +85°C apply for DAC-8012ER/FR, "I. = O°C to +70°C apply for DAC-8012GP/HP, unless 

otherwise noted. 

DAC-8012A/E/G DAC-8012B/F/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

STATIC ACCURACY 

, Resolution 12 12 Bils 

Relative 

Accuracy 
INL TA = Full Temp. Range ±1/2 ±1 LSB 

Differential 
Nonlinearity DNL TA = Full Temp. Range ±1 ±1 LSB 
(Nole 1) 

Gain Error TA =+25°C ±1 ±3 
LSB 

(Noles 2, 3) 
G FSE TA = Full Temp. Range ±2 ±4 

Gain Temperature 

Coefficient 
TCGFS ±5 ±5 ppml"C 

8Gai nf d T em peratu re 
(Noles 4, 5) 

DC Supply Rejeclion 
PSR TA = +25°C (AV = ±5%) 0.002 0.002 

%1% 
AGain/AVoo (Nole 4) TA = Full Temp. Range DO 0.004 0.004 

TA = +25'C, RDIWR = DS = OV. 
10 10 

Output Leakage 
All digital inputs = OV 

'LKG nA 
Current at OUT 1 TA = Full Temp. Range 

AlB Versions 200 200 
E/F/G/H Versions 25 25 

DYNAMIC PERFORMANCE 

Propagation Delay 
tpD 

TA =+25°C 
300 300 ns 

(Noles 4, 6, & 7) (OUT 1 Load = 100n, CEXT = 13pF) 

Current Settling Time 
TA = Full Temp. Range 

(Notes 4,7) Is (To 1/2 LSB) /.IS 

lOUT 1 Load = 1 DOn 

Glilch Energy 
TA =+25°C 400 400 

nVs 
(Nole4) 

Q TA = Full Temp. Range 500 500 
VREF = AGND 

AC Feedlhrough 
TA = Full Temp. Range 

at lOUT 1 FT mVp_p 

(Noles 4, 11) 
VREF = ±10V, f = 10kHz 

REFERENCE INPUT 

Input Resistance 
TA = Full Temp. Range 

(Pin 19 to GND) RREF 11 15 11 15 kn 
(Note 12) 

Input Resistance 
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~ DAC-8012 CMOS 12-BIT MULTIPLYING D/A CONVERTER "WITH MEMORY" 

ELECTRICAL CHARACTERISTICS at VDD=+5V. VREF= +10V. VOUT1 =OV. AGND = DGND = OV; TA =-55DC to +125DC apply 
for DAC-8012AR/BR. TA = -25DC to +85DC apply for DAC-8012ER/FR. TA = ODC to +70DC apply for DAC-8012GP/HP. unless 
otherwise noted. 

DAC-8012A/E/G DAC-8012B/F/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

ANALOG OUTPUTS 

Output Capacitance 
Voo = +5V or +15V 

(Note 4) 
TA = Full Temp. Range 
OBO-DB11 = OV. RDIWR = OS = OV 70 70 

COUT , COUT DBO-DB11 = VOO. RDIWR = OS = OV 150 150 
pF 

DIGITAL INPUTS 

Input High Voltage V,NH 
TA = Full Temp. Range 

2.4 2.4 
V 

Input LoW Voltage V1NL O.B O.B 

Input Current 
liN 

TA = +25°C 
pA 

(Note B) TA = Full Temp. Range 10 10 

Input Capacitance 
OBO-OB11 

C'N 
12 12 

RD/WR. OS 
TA = Full Temp. Range 

6 6 
pF 

(Note 4) 

DIGITAL OUTPUTS 

Output High Voltage VOH 10 =400pA 4.0 4.0 V 

Output Low Voltage VOL 10 = -1.6mA 0.4 0.4 V 

Three-State Output 
10 10 pA 

Leakage Current 

SWITCHING CHARACTERISTICS See Timing Diagram 
(Note 9) 

Write to Data Strobe TA = +25°C 0 0 

Setup Time twsu TA = Full Temp. Range 0 0 
ns 

Data Strobe to TA = +25°C 0 0 
Write Hold Time tWH TA = Full Temp. Range 0 0 

ns 

Read to Data Strobe TA = +25°C 0 0 
Setup Time 

tRsU TA = Full Temp. Range 0 0 
ns 

Data Strobe to TA = +25°C 0 0 
Read Hold Time tRH TA = Full Temp. Range 0 0 

ns 

Write Mode Data Strobe TA = +25°C 1BO 1BO 
Width 

tWRs 
TA = Full Temp. Range 250 250 

ns 

Read Mode Data Strobe TA = +25°C 220 220 
Width tRos TA = Full Temp. Range 290 290 

ns 

Data Setup Time 
TA = +25°C 210 210 

tosu TA = Full Temp. Range 250 250 
ns 

Data Hold Time 
TA = +25°C 0 0 

tOH TA = Full Temp. Range 0 0 
ns 

Data Strobe to 
TA = +25°C 300 

Output Valid Time teo 
300 

TA = Full Temp. Range 400 400 
ns 

(Note 13) 

Output Active Time 
TA = +25°C 215 215 

from Deselection tOTO TA = Full Temp. Range 375 375 
ns 

(Note 13) 

POWER SUPPLY 

100 
TA = Full Temp. Range 

2 mA 
(All Digital Inputs V,NL or V,NH) 

Supply Current 

100 
TA = Full Temp. Range 

10 100 10 100 pA 
(All Digital Inputs OV or Voo) 
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~ DAC-8012 CMOS 12-BIT MULTIPLYING D/A CONVERTER "WITH MEMORY" 

ELECTRICAL CHARACTERISTICS atVoo = +15V, VREF = +10V. VOUT1 = OV. AGND = DGND = OV; TA = -55°C to +125°C apply for 

DAC-8012AR/BR. TA = -25°C to +85°C apply for DAC-8012ER/FR. TA = O°C to +7O°C apply for DAC-8D12GP/HP, unless otherwise 

noted. 

DAC-8012A/E/G DAC-8012B/F/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

DIGITAL INPUTS 

Input High Voltage V1NH 13.S 13.S 
V 

Input Low Voltage V1NL 
TA = Full Temp. Range 

I.S I.S 

Input Current TA = +25°C 1 
pA 

(Note B) liN TA = Full Temp. Range 10 10 

Input Capacitance VJ 
DBO-DBll 12 12 ~ 
RDIWR. OS C'N TA = Full Temp. Range 

10 10 
pF iLl 

(Note 4) g 
DIGITAL OUTPUTS ~ Output High Voltage VOH 10 = 3mA 13.S 13.S V 

I.S V 
0 

Output Low Voltage VOL 10 = -3mA I.S U 
Three-State Output 

10 10 IJA 
() 

Leakage Current 0 
.....:l 

SWITCHING CHARACTERISTICS See Timing Diagram 

~ (Note 9) 

Write to Data Strobe TA = +25°C 0 0 
twsu ns 

Setup Time TA = Full Temp. Range 0 0 0 
Data Strobe to TA = +25°C 0 0 ~ tWH ns 

Write Hold Time TA = Full Temp. Range 0 .....:l 

Read to Data Strobe TA = +2SoC 0 1:5 tRSU ns ...... Setup Time TA = Full Temp. Range 0 () 
Data Strobe to TA = +25°C 0 0 

...... 
tRH ns Q 

Read Hold Time TA = Full Temp. Range 0 0 

Write Mode Data Strobe TA = +2SoC 100 100 
tWRS ns 

Width TA = Full Temp. Range 120 120 

Read Mode Data Strobe TA = +2SoC 110 110 
tAoS ns 

Width TA = Full Temp. Range ISO ISO 

TA = +2SoC 90 90 
Data Setup Time tosu ns 

TA = Full Temp. Range 120 120 

TA = +25°C 0 
Data Hold Time tOH ns 

TA = Full Temp. Range 0 0 

Data Strobe to 
TA = +25°C lBO lBO 

Output Valid Time teo ns 
TA = Full Temp. Range 220 220 

(Note 13) 

Output Active Time 
TA = +25°C lBO lBO 

for Deselection toTO ns 
TA = Full Temp. Range 2S0 2S0 

(Note 13) 

POWER SUPPLY 

IDO 
TA = Full Temp. Range 
(All Digital Inputs V,NL or V,NH) 

mA 

Supply Current 

100 
TA = Full Temp. Range 

10 100 10 100 pA 
(All Digital Inputs OV or Voo) 

NOTES: 7. All digital inputs = OV to Voo; or Voo to OV. 
1. 12-bit monotonic over full temperature range. B. Logic inputs are MOS gates, typical input current (at +25°C) is less than 
2. Includes the effects of Sppm max. gain T.C. InA. 
3. Using internal RFB. DAC register loaded with 1111 11111111. Gain error is 9. Sample tested at +25 0 C to ensure compliance. 

adjustable using the circuits of Figures 4 and 5. 10. Feedthrough can further be reduced by connecting the metal lid on the 
4. GUARANTEED but NOT TESTED. sidebraze package (Suffix R) to DGND. 
S. Typical value is 2ppmJO C for Voo = +SV. 11. Resistor T.C. = +100ppm/'C max. 
6. From digital input change to 90% of final analog output. 12. CL = 100pl. 
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--------IlfHD DAC-8012 CMOS 12-BIT MULTIPLYING D/A CONVERTER "WITH MEMORY" 

DICE CHARACTERISTICS 

1. OUT 1 11. DB4 
2. AGND 12. DB3 
3. DGND 13. DB2 
4. DB11 (MSB) 14. DB1 
5. DB10 15. DBO (LSB) 

DIE SIZE 0.121 X 0.112 inch, 13,552 sq. mils 
(3.07 X 2.85 mm, 8.75 sq. mm) 

6. DB9 16. DS 
7. DB8 17. RD/WR 
8. DB7 18. VDD 
9. DB6 19. VREF 

10. DB5 20. RFB 

For addllional DICE Information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at VDD = +5V or +15V, VREF = +10V, VOUT 1 = OV, AGND = DGND = OV, TA = 25°C, unless otherwise noted. 

DAC-8012G 
PARAMETER SYMBOL CONDITIONS LIMIT UNITS 

Relative Accuracy INL Endpoint Linearity Error ±112 LSBMAX 

Differential Nonlinearity DNL ±1 LSB MAX 

Gain Error GFSE DAC Latches Loaded with 1111 1111 1111 ±3 LSB MAX 

Output Leakage ILKG 
DAC Latches Loaded with 0000 0000 0000 

±10 nAMAX 
Pad 1 

Input Resistance RREF Pad 19 611S 
kD MINI 
kDMAX 

Output High Voltage VOH Voo = 5V, 10 = 400pA 4.0 VMIN 

Ouiput Low Voltage VOL Voo = SV, 10 = -1.6mA 0.4 VMAX 

Digital Input 
V1NH 

Voo = SV 2.4 
VMIN 

High Voo = ISV 13.S 

Digital Input 
V,NL 

Voo = SV 0.8 
V MAX 

Low Voo = ISV I.S 

Input Current liN V,N = OV or Voo ±1 pAMAX 

Supply Current 100 
All Digital Inputs V,NL or V,NH 2 

rnA MAX 
All Digital Inputs OV or Voo 0.1 

DC Supply Rejection 
PSRR Voo = ±S% 0.004 %1% MAX 

(.1Gain/.1Voo) 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS atVDD = +5Vor+15V, VREF = +10V, VOUTt =OV;TA =25°C, unless otherwise noted. 

PARAMETER SYMBOL 

Digital Input Capacitance CIN 

Output Capacitance 
C OUT1 

Propagation Delay 

CONDITIONS 

DAC Latches Loaded with 0000 0000 0000 

DAC Latches Loaded with 1111 1111 1111 

Voo = ISV 
Voo = SV 

11-126 

DAC-8012G 
TYPICAL UNITS 

12 pF 

70 pF 

ISO pF 

300 ns 
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---------l~ DAC-8012 CMOS 12-BIT MULTIPLYING D/A CONVERTER "WITH MEMORY" 

LOAD CIRCUITS FOR SWITCHING TESTS 

FOR DATA GOING HIGH 

TO DATA BIT -u 
roOoFfkO 

FOR DATA GOING LOW 

I3kn 

TO DATA BIT --:1... 
V-'OOPF 

PARAMETER DEFINITIONS 

RELATIVE ACCURACY 

Sometimes referred to as endpoint nonlinearity, and is a 
measure of the maximum deviation from a straight line passing 
through the endpoints of the DAC transfer function. Relative 
Accuracy is measured after the zero and full-scale points have 
been adjusted, and is normally expressed in LSB or as a 
percentage of full scale. 

DIFFERENTIAL NONLINEARITY 

This is the difference between the measured change and the 
ideal change between any two adjacent codes. A differential 
nonlinearity of ±1 LSB maximum over the full operating 
temperature range will ensure that a device is monotonic (the 
output will not decrease for an increase in digital code applied). 

GAIN ERROR 

Gain or full scale error is the amount of output error between 
the ideal output and the actual output. The ideal output is VREF 
minus 1 LSB. The gain error is adjustable to zero using external 
resistance. 

OUTPUT CAPACITANCE 

The capacitance from OUT1 to AGND. 

PROPAGATION DELAY 

This is measured from the digital input change to the analog 
output current reaching 90% of its final value. 

FEEDTHROUGH GLITCH ENERGY 

This is a measure of the amount of charge injected to the analog 
output from the digital inputs, when the digital inputs change 
states. It is the area of the glitch and is specified in nVsec; it is 
measured with VREF = AGND. 

LOGIC INFORMATION 

D/A CONVERTER SECTION 

Figure 1 shows a simplified circuit of the D/A Converter section 
of the DAC-8012, and Figure 2 gives an approximate equivalent 
switch circuit. R is typically 11kO. 

The binary-weighted currents are switched between OUT 1 and 
AGND by N-channel switches, thus maintaining a constant 
current in each ladder leg independent of the switch state. 

The capacitance at the OUT 1 terminal, COUT 1, is code 
dependent and varies from 70pF (all switches to AGND) to 
150pF (all switches to OUT 1). One of the current switches is 
shown in Figure 2. 

The input resistance at VREF (Figure 1) is always equal to RLDR 
(RLDR is the R/2R ladder characteristics resistance and is equal 
to value "R"). Since the input resistance at the VREF pin is 
constant, the reference terminal can be driven by a reference 
voltage or a reference current, ac or dc, of positive or negative 
polarity. (If a current source is used, a low-temperature
coefficient external RFB is recommended to define scale factor.) 

The internal feedback resistor (RFB) has a normally closed 
switch in series as shown in Figure 1. This switch improves 
performance over temperature and power supply rejection; 
however, when the circuit is not powered up the switch assumes 
an open state. 

BURN-IN CIRCUIT 

"0 
VREF Voo 

C:~' C2 

+-----~ + c. 
20 

Rl 
19 lkO 

AGND VREF 

DGND Voo 
18 

011 (MSB) 

010 

09 ,. R2 
01 

13 5.0 
07 02 

06 03 
12 

10 
05 D. 11 
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-------~OO DAC-8012 CMOS 12-BIT MULTIPLYING D/A CONVERTER "WITH MEMORY" 

TIMING DIAGRAM 

FIGURE 1: Simplified D/A Circuit of DAC-8012 

DBl DBD 
(LSB) 

FIGURE 2: N-Channel Current Steering Switch 

TO LADDER 

FROM~ INTERFACE 

LOGlC~ 

AGND OUT 1 

DIGITAL SECTION 
Figure 3 shows the digital I/O structure for one bit. When the 
data strobe (DS) and the RD/WR lines are held low, data at the 
digital input is fed through the input buffers and the data latches 
which control the DAC current output switches are transparent. 
Data is latched when either DS or RDIWR go high. When the data 
strobe DS is held low and the RDIWR line is held high, the 
three-state buffer becomes active and the data from the latches is 

NOTES: 
Voo = +5V; t, .:;; IF " 20ns 
VDD '" +15V; tr '" It = 40ns 
ALL INPUT SIGNAL RISE AND 
FALL TIMES MEASURED FROM 
10% TO 90% OF Yoo' 

TIMING MEASUREMENT REFERENCE LEVEL 

IS VIH + V1L 
2 

FIGURE 3: Digital Input/Output Structure 

r-------- R5 

WR 

fed through the three-state buffers to the digital input/output 
lines. This is known as the Read Cycle, or data read back. 

The input buffers are simple CMOS inverters designed such 
that when the DAC-S012 is operated with Voo = +SV, the buffers 
convert TTL input levels (2.4V and O.SV) into CMOS logic levels. 
When the digital input is in the region of 1.0V to 3.0V, the input 
buffers operate in their linear region and draw current from 
the power supply. To minimize power supply currents, it is 
recommended that the digital input voltages be as close to the 
supply rails (Voo and DGNO) as is practically possible. The 
DAC-S012 may be operated with any supply voltage in the range 
SV SVoo s1s\I. With Voo = +ISV, the input logic levels are CMOS 
compatible only, i.e., 1.SV and 13.S\I. 

The three-state output buffers, in the active mode, provide TTL
compatible digital outputs with a fan-out of one TTL load when 
the DAC-SOI2 is operated with +SV power supply. When 
powered from +1SV, the output buffers provide output logic 
levels of 1.SV and 13.SV. Three-state output leakage is typically 
10nA. 
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---------l~ DAC-8012 CMOS 12-81T MULTIPLYING D/A CONVERTER "WITH MEMORY" 

FIGURE 4: Unipolar Binary Operation 

VOUT 

D611-0BO *SEE TABLE 1. 

BASIC APPLICATIONS 
Figures4 and S show simple unipolar and bipolar circuits using 
the DAC-8012. Resistor Rl is used to trim for full scale. The 
following versions: DAC-8012AR, DAC-8012ER, DAC-8012GP, 
have a guaranteed maximum gain error of ±1 LSB at +2SoC and 
Voo = +SV, and in many applications the gain trim resistors are 
not required. Capacitor Cl provides phase compensation and 
helps prevent overshoot and ringing when using high speed op 
amps. The circuits of Figures 4 and S have constant input 
impedance at the VREF terminal. 

The circuit of Figure 4 can either be used as a fixed reference 
D/A converter so that it provides an analog output voltage in the 
range 0 to -VIN (the inversion is introduced by the op amp); or 
V1N can be an ac signal in which case the circuit behaves as an 
attenuator (2-Quadrant Multiplier). V1N can beany voltage in the 
range -20V :5V1N :5+20V (provided the op amp can handle such 
voltages) since VREF is permitted to exceed Voo. Table II shows 
the code relationship for the circuit of Figure 4. 

Figure S and Table III illustrate the recommended circuit and 
code relationship for bipolar operation. The D/A function itself 
uses offset binary code, and inverter U1 on the MSB line, 
converts 2's-complement input code to offset binary code. The 
inverter U1 may be omitted if the inversion is done in software, 
using an exclusive OR instruction. 

R3, R4 and RS must match within 0.01 % and should be the same 
type of resistors (preferably wire-wound or metal foil), so that 
their temperature coefficients match. Mismatch of R3 value to 
R4 causes both offset and full scale error. Mismatch of RS to R4 
and R3 causes full scale error. 

FIGURE 5: Bipolar Operation (2's Complement Code) 

DATA INPUT 

TABLE I: Recommended Trim Resistor Value vs. Grades 

TRIM 
RESISTOR HP/FR/BR GP/ER/AR 

Rl 1000 200 
R2 330 6.80 

TABLE II: Unipolar Binary Code Table for Circuit of Figure 4 

BINARY NUMBER IN 
DAC REGISTER ANALOG OUTPUT 

1 1 1 1 1 1 1 1 1 1 1 1 -V1N ' e09S
} 4096 

1000 0000 0000 -V1N ' e048 
} 4096 =-1/2V1N 

0000 0000 0001 -V1N ' {40~6 } 

0000 0000 0000 o Volts 

TABLE III: 2's Complement Code Table for Circuit of Figure S 

DATA INPUT ANALOG OUTPUT 

01 1 1 1 1 1 1 1 1 1 1 +V1N · {2047 } 
2048 

0000 0000 0001 +V1N ' {20~8 } 

0000 0000 0000 o Volts 

1 1 1 1 1 1 1 1 1 1 1 1 -V1N ' 
{20:8 } 

1000 0000 0000 -V1N ' e048 
} 2048 

Your 
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----------1~ DAC-8012 CMOS 12-BIT MULTIPLYING D/A CONVERTER "WITH MEMORY" 

APPLICATIONS HINTS 

Output Offset: CMOS D/A converters exhibit a code-dependent 
output resistance that causes a code-dependent error voltage 
at the output of the amplifier. The maximum amplitude of this 
offset, which adds to the D/A converter nonlinearity, is 0.67 Vas 
where Vas is the amplifier input-offset voltage. To maintain 
monotonic operation, it is recommended that Vas be no greater 
than 10% of 1 LSa over the temperature range of operation. 

General Ground Management: AC or transient voltages be
tween AGND and DGND can cause noise injection into the 
analog output. The simplest method of ensuring that voltages at 
AGND and DGND are equal Is to tie AGND and DGND together 
at the DAC-8012. It is recommended that two diodes (1 N914 or 
equivalent) be connected in inverse parallel between AGND 
and DGND pins in complex systems where AGND and DGND 
tie on the backplane. 

Digital Glitches: When RDIWR and DS are both low, the latches 
are transparent and the D/A converter inputs follow the data 
inputs. Some bus systems do not always have data valid for the 
whole period during which RDIWR is low. This will allow invalid 
data to briefly appear at the DAC inputs during the write cycle. 
This can cause unwanted glitches at the DAC output. Retiming 
the write pulse RDIWR, so that it only occurs when data is valid, 
will eliminate the problem. 

FIGURE 7: B-Bit Processor to DAC-8012 Interface 

INTERFACING THE DAC-8012 TO MICROPROCESSORS 

Figure 6 shows the interface configuration for the 68000 16-bit 
microprocessor. No external logic is required to write data into 
the DAC or to read back data from the DAC-8012 latches. Analog 
circuitry has been removed for clarity. 

FIGURE 6: 68000 16-Bit Microprocessorto DAC-8012 Interface 

68000 ADDRESS BUS ,J 
CPU 

DTiCi I ADDRESS I os I DECODER I 

R!W RDIWI'i 

A • OB11 

DATA BUS 12t 
~ DBO 

*00 = DECODED ADDRESS FOR LATCH TO CAe OPERATIONS 
0, = DECODED ADDRESS FOR DATA BUS TO INPUT LATCH OPERATION 
02 = DECODED ADDRESS FOR OUTPUT LATCH TO DATA BUS OPERATION 

A'5~--------------------------------------------------~ 

PROCESSOR 
SYSTEM 

ADDRESS BUS 

""1----., 
,--"""-,'02 * 

~------, 

a·BIT DATA BUS 
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Precision Monolithics Inc. 

FEATURES 

• Two Matched 12·Bit DACs on One Chip 
• Direct Parallel Load of All 12 Bits for High 

Data Throughput 
• On Chip Latches for Both DACs 
• 12·Bit Endpoint Linearity (± 1/2 LSB) 
• + 5V to + 15V Single Supply Operation 
• DACs Matched to 1 % 
• Four·Quadrant Multiplication 
• Low Power Consumption 

APPLICATIONS 

• Automatic Test Equipment 
• Robotics 
• Programmable Instrumentation Equipment 
• Digital Gain/Attenuation Control 
• Ideal for Battery·Operated Equipment 

ORDERING INFORMATIONt 

PACKAGE: 24-PIN" 

MILITARY' INDUSTRIAL COMMERCIAL 
A~~~~Z;Y E;~~R TEMPERATURE TEMPERATURE TEMPERATURE 

-55·C TO + 12S*C -2S*c TO + 8S·C O·C TO + 70·C 

±1/2LSB ±1 LSB DAC8212AV 
±1/2LSB ±6LSB DAC8212BV 

DAC8212EV 
DAC8212FV 

DAC8212GP 
DAC8212HP 

• For devices processed in total compliance to MIL·STD-883, add 1883 after part 
number. Consult factory for 883 data sheet. 

"Package designation: Suffix V: Hermetic Dip; Suffix P: Plastic Dip 
t All commercial and industrial temperature range parts are available with burn-in. 

For ordering information see 1986 Data Book, Section 2. 

FUNCTIONAL DIAGRAM 

DAC-8212 
DUAL 12-BIT BUFFERED 

MULTIPLYING CMOS D/ A CONVERTER 

PRELIMINARY 
GENERAL DESCRIPTION 

The DAC-8212 contains two 12-bit multiplying digital-to-analog 
converters. Excellent DAC-to-DAC matching and tracking re
sults from monolithic construction. The DAC-8212 consists of two 
thin-film R-2R resistor-ladder networks, two 12-bit data latches, 
one 12-bit input buffer, and control logic. Operation from a +5 or 
+ 15 volt single power supply dissipates only 20mW of power. 

Digital input data is directed into one of the DAC data latches 
determined by the DAC selection control line iSACAlDAC B. 
The data load cycle is similar to the write cycle of a random 
acce!!L mem~, activated by the iiiiR and CS control inputs. 
With WR and CS lines logic low, the input latches are transparent, 
allowing input digital data to flow directly to the DAC selected by 
the DAC AIDAC B select input. 

PIN CONNECTIONS 

24·PIN 
HERMETIC DIP 

This preliminary product Information is based on testing of a limited number of devices. Final specifications may vary. Please contact local sales 
office or distributor for final data sheet. 
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-------I1fMD DAC-8212 DUAL 12-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTER - PRELIMINARY 

ABSOLUTE MAXIMUM RATINGS 
(TA = +25°C, unless otherwise noted.) 

Voo to AGND ...•........•••.•............. OV, + 17V 

Voo to DGND •..•.........••............... OV, +17V 

AGND to DGND ....•........................... Voo 
DGND to AGND ....•.....•..................... Voo 

DigitallnputVoltagetoDGND ........... -0.3V, Voo +0.3 

VPIN 2, VPIN 24 to AGND •.....•........• -0.3V, Voo +0.3 
VREF A, VREF B to AGND ........................ ± 25V 

VRFB A, VRFB B to AGND ........•............... ±25V 

Power Dissipation (Any Package) to + 75°C •...... 450mW 
Derate Above + 75°C by ..•....•......•...... 6mW;oC 

Operating Temperature Range 

AV, BV Versions ..•....•............ -55°C to + 125°C 

EV, FV Versions ..................... -25°C to +85°C 

GP, HP Versions .........•............ O°C to + 70°C 

Dice Junction Temperature .................... + 150°C 

Storage Temperature .................. -65°C to + 150°C 

Lead Temperature (Soldering, 60 sec) ............ +300°C 

CAUTION: 
1. Do not apply voltages higher than Voo or less than GNO potential on any 

terminal except VREFo 

2. The digital control inputs are zener-protected; however, permanent damage 
may occur on unprotected un""Irom high-energy electrostatic fields. Keep units 
in conductive loam at all times until reedy to use. 

3. Do not insert this device into powered sockets; remove power before insertion or 
removal. 

4. Use proper anti-static handling procedures. 
5. Stresses above those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. 

ELECTRICAL CHARACTERISTICS at Voo = +5Vor +15V, VREF A = VREF B = +10V, OUT A = OUT B = OV; TA = -55°C 
to + 125°C apply for DAC-8212AV/BV; TA = -25°C to +85°C apply for DAC-8212EV/FV; TA = O°Cto + 70°C apply for DAC-8212GP/HP, 

unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

STATIC ACCURACY Specifications apply to both OAC A and OAC B 

Resolution N 12 Bns 

Relative Accuracy NL EndpOint Unearlty Error ±1/2 LSB 

Differential Nonlinearity ONL All Grades are Monotonic ±1 LSB 

T,,= +25"C 
OAC-8212A/E/G ±1 

Full Scale Gain Error GFSE 
OAC-8212B/F/H ±6 

LSB 
(Note 1) OAC-8212A/E/G ±2 

T" = Full Temp. Range 
OAC-8212B/F/H ±7 

Output Leakage Current 
ILKG Data In 0000 0000 0000 

T,,= +25"C 5 ±50 
nA 

Out A (Pin 2)/Out B (Pin 24) T" = Full Temp. Range ±400 

Input Resistance 
RREF 8 15 kO 

(VREFA, VRE.e) 

VREFANREFB .1VREFA,B 0.1 ±1 0/0 
(Input Resistance Match) 

DIGITAL INPUTS 

Voo= +5V 2.4 
Digital Input High VINH V 

Voo= +15V 13.0 

Voo= +5V 0.8 
Digital Input Low VINL V 

Voo= +15V 1.5 

Input Current liN VOBX = OVorVoo 
T,,= +25"C .001 ±1 

i!A T" = Full Temp. Range ±10 

Input Capacnance 
CIN 

OBO-OBl1 10 
pF 

(Note 2) WR, CS,iiACA/OAC B 15 
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-------t~ DAC-8212 DUAL 12-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTER - PRELIMINARY 

ELECTRICAL CHARACTERISTICS at Voo = +5V or +15V, VREF A = VREF B = +10V, OUT A = OUT B = OV; TA = -55°C 
to + 125°C apply for DAC-8212AVlBV; TA = -25°C to +85°C apply for DAC-8212EV/FV; TA = O°C to + 70°C apply for DAC-8212GP/HP, 
unless otherwise noted. (Continued) 

PARAMETER SVMBOL CONDITIONS MIN TVP MAX UNITS 

SWITCHING CHARACTERISTICS 
(Notes2,3) 

Chip Select 10 
tcs 230 ns 

Write Set· Up Time 

Chip Select to 
tCH 30 ns 

Write Hold Time 

DAC Select to 
tAS 230 

Write Set· Up Time 
ns 

DACSelectto 
tAH 30 

Write Hold TIme 
ns 

OAC Select Set·Up 
tcss 10 ns 

Write TIme 

Data Valid to 

WriteSet·UpTime 
tcs 130 ns 

Data Valid to 

Write Hold Time tCH 0 ns 

Write Pulse Width tWA 200 ns 

POWER SUPPLY 

All Digital Inputs V,NL or V,NH 2 mA 

Supply Current Icc TA=2SoC 100 
All Digital Inputs OV or Vcc fLA 

TA = Full Temp. Range 500 

DC Supply Rejection 
PSS !l.Voo= ±5% 

TA=+2SoC 0.02 
%1% 

(aGain/aVcc) TA = Full Temp. Range 0.04 

AC PERFORMANCE CHARACTERISTICS 

(Note 2) 

Propagation Delay 
tpO TA = +2SoC 220 ns 

(Note 4) 

CUrrent Settling Time 
t. TA= +2SoC 2 fLS (NotesS,6) 

CouTA DAC Latches Loaded 90 

Output Capacitance 
CouTB with 0000 0000 0000 90 

pF 

caUl A DAC Latches Loaded 120 

CouTB wHhllllllllllll 120 

FTA 
VAEF A to OUT A; VAEF A = 20Vp•p; 

-70 

AC Feedthrough 
f= l00kHz;TA = +2SoC 

dB 

FTB 
VAEFBtoOUTB;VAEFB = 2OVp•p; 

-70 
f= l00kHz;TA = +2So 

NOTES: 
1- Measured using internal RFBA and RFBB. Both DAC latches loaded wHh 

111111111111-
2. Guaranteed by design. 
3. See Uming diagram. 
4. From SO% of digital input to 90% of final analog output current. VREFA = 

VAEFB = + 10V; OUT A, OUT B load = lOOn, CEXT = 13pF. 

S. FR, Cs = OV; DBO-DBII = OVtoVooorVcctoOV. 
6. Settling time is measured from SO% of the digital input change to where the out· 

put voltage settles wHhin 1/2 LSB of full scale. The output vo~age is measured at 
the output of an external op amp. 
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------I~ DAC·8212 DUAL 12·BIT BUFFERED MULTIPLYING CMOS D/A CONVERTER - PRELIMINARY 

DICE CHARACTERISTICS 

DIE SIZE 0.137 x 0.114 inch, 15,168 sq. mils 
(3.49 x 2.89 mm, 10.11 sq. mm) 

WRITE CYCLE TIMING DIAGRAM 

_ r- 'CS-I'-'CH~~VDD 
CHIP SELECT ~ I ,Y 

$ '~-----r9')_VDD ______ -+_'D~~~ ~R .~--------VDD 
WRITE ~ 

DACA!DAC B 

. t::='DS I 

DATA IN (08O-0B11) ~================X.~TA-IN STABLE 
)(_H----- VDD 

11·134 

NOTES: 
1. ALL INPUT SIGNAL RISE AND FALL 

TIMES MEASURED FROM 10% TO 90% 
OF VOO' 

VOO '" +5V, tr = tf = 2Ons; 

VOO '" +15V, tr '"tt;; 4Ons. 

2. TIMING MEASUREMENT REFERENCE 

LEVEL IS V 1H + V 1L . 
2 
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_____ -j~ DAC-8212 DUAL 12-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTER - PRELIMINARY 

APPLICATIONS INFORMATION 

Each DAC of the DAC-8212 requires an external op amp for 
current-to-voltage conversion. Figure 1 shows DAC A connected 
for a 0 to -10 volt output unipolar operation. Using the internal 
feedback resistor RFBA results in a correct full-scale output 
according to the transfer equation: 

D 
VOUT A = - 4096 x VREFA 

where D is a binary number. 

VREF may be a DC reference voltage or an AC input signal when 
used for multiplying applications. 

The OUT A and OUT B terminals have full-scale output currents 
of VREF/RREF' The DAC output voltage should be kept within a 
tenth of an LSB of full-scale in order to maintain the linearity 
specification. A simplified circuit of one of the DACs is shown in 
Figure 2. 

Input timing requirements are discussed in the Interface Logic 
Information section. 

FIGURE 1: Circuit Connection for Unipolar Output Voltage 

10.00V 

FIGURE 2: Simplified Functional Circuit for DAC A or DAC B 

2R R 

OAC DA~A LATCHES 
AND DRIVERS 

11-135 

INTERFACE LOGIC INFORMATION 

DAC SELECTION 
Both DAC latches share a common 12-bit input port. The control 
input DAC A/DAC B selects which DAC can accept data from the 
input port. 

MODE SELECTION 
The inputs CS and WR control the operating mode of the selected 
DAC. See Mode Selection Table below. 

WRITE MODE 
When CS and WR are both low, the selected DAC is in the write 
mode. The input data latches of the selected DAC are transparent 
and its analog output responds to the data on the data bit lines 
DBO-DB11. 

HOLD MODE 
The selected DAC latch retains the data which was present on the 
data lines just prior to CS or WR assuming a high state. Both 
analog outputs remain at the values corresponding to the data in 
their respective latches. 

(J'J 

~ 
~ 

~ o u 
C) 
o 

WR DACA DACB~, 
L L L WRITE HOLD ....... 

MODE SELECTION TABLE 

DAC A/DAC B CS 

H L L HOLD WRITE 0 
---------------------------------- ~, 

X H X HOLD HOLD 

X X H HOLD HOLD ~ 
L = Low State H = High State X = Don't Care t3 

...... 
Q 

I 
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Precision Mono1ithics Inc. 

FEATURES 

• Four DACs on a Single Chip 
• ±1/4 LSB End-Point Linearity 
• Guaranteed Monotonic 
• DACs Matched to Within 1 % 
• Microprocessor Compatible 
• Read/Write Capability (3-State Output) 
• On-Board Data Latches 
• TTL/CMOS Compatible 
• Four-Quadrant Multiplication 
• Single Supply Operation ( + 5V) 
• Low Power Consumption 
• Ideal for Battery-Operated Equipment 
• Latch-Up Resistant 

ORDERING INFORMATIONt 

PACKAGE: 28-PINH 

GAIN COMMERCIAL INDUSTRIAL MILITARY" 
INL 

ERROR 
TEMPERATURE TEMPERATURE TEMPERATURE 

O"C to + 7O"C -25"C to + 85"C -55"C to + 125"C 

±1/4 ±1LSB DAC8408GP DAC8408ET DAC8408AT 

• For devices processed in total compliance to MIL-STD-883, add 1883 after part 
number_ Consult factory for 883 data sheet. 

"Package Designation: Suflix T: Hermetic DIP; Suffix P: Plastic Dip_ 
t All commercial and industrial temperature range parts are available with burn-in. 

For ordering information see 1986 Data Book, Section 2. 

FUNCTIONAL DIAGRAM 

AfiiO"+----l 

R/W 18 

Ds1 19 

6S220 

CONTROL 
LOGIC 

VDO 

DON. 

DAC-S40S 
QUAD 8 -BIT MULTIPLYING CMOS 
D/A CONVERTER WITH MEMORY 

PRELIMINARY 
APPLICATIONS 

• Automatic Test Equipment 
• Systems Requiring Data Access for Self-Diagnostics 
• Industrial Automation 
• Multi-Channel Microprocessor-Controlled Systems 
• Process Control 
• Digital Attenuators 
• X-Y Graphics 

PIN CONNECTIONS 

OUT1A 4 

OUT 2A/OUT 28 5 

(LSB)DBO • 

24 OUT2C/OUT2D 28-PIN 
HERMETIC DIP 

(T-Suffix) 

16 DB7(MSB) 

,.vv.---t'-o R",A 

OUT1A 

OUT1B 

'--'N'<f-O RFBB 

r''f:'I'r-t'''O RFBC 

OUT1C 

OUT2CI 
OUT2D 

OUT1D 

28-PIN 
EPOXY DIP 
(P-Suffix) 

This preliminary product Information la baaed on teatlng of a limited number of devlcea, Final specifications may vary. Please contact localsalea 
office or dlatrlbutor for final data sheet. 
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-------l~ DAc-a40a QUAD a-BIT MULTIPLYING CMOS D/A CONVERTER WITH MEMORY - PRELIMINARY 

GENERAL DESCRIPTION 
The DAC-S40S is a quad S-bit multiplying digital-to-analog 
CMOS converter. Each DAC has its own reference input, feed
back resistor, and on-board data latches that feature read/write 
capability. The read back function serves as memory for those 
systems requiring self-diagnostics. 

A common S-bit TTL/CMOS compatible input port is used to load 
data into any of the four DAC data-latches. Control lines 5S1, 
DS2, and AlB determine which DAC will accept data. Data load
ing is similar to that of a RAM's write cycle. Data can be read back 
onto the same data bus with control line Riw. The DAC-S40S is 
bus compatible with most 8-bit microprocessors including the 
6S00, 8080, S085, and ZSO. The DAC-S40S operates on a single 
+5 volt supply and dissipates less than 20mW. 

ABSOLUTE MAXIMUM RATINGS 
(TA = +25°C unless otherwise noted.) 

VDD to OUT 2A, OUT 2B, OUT 2C, OUT 20 
VDDtO DGND ............................... . 

0, +7V 
0,+7V 

OUT 1A, OUT 1B, 
OUT 1C, OUT 1D to DGND 

OUT 2A, OUT 2B, 
OUT 2C, OUT 2D to DGND 

-0.3V to VDD + 0.3V 

--O.3V to VDD + 0.3V 

DBO throug,h DB7 to DGND .......... -0.3V to VDD + 0.3V 
Control LoOic Input Voltage to DGND. . -0.3V to + VDD + 0.3V 
VREFA, VREFB, VREFC, VREFD to 

OUT 2A, OUT 2B, OUT 2C, OUT 2D ............. ±25V 
Power Dissipation (any package) to + 75°C ........ 450mW 

Derates Above + 75°C by .................... 6mWrC 
Operating Temperature Range 

Commercial Grade (GP) ................ O°C to + 70°C 
Industrial Grade (ET) ................. -25°C to +85°C 
Military Grade (AT) .................. -55°C to + 125°C 

Dice Junction Temperature .................... + 150°C 
Storage Temperature .................. -65°C to +150°C 
Lead Temperature (Soldering, 10 sec) ............ +300°C 
CAUTION: 
1. Do not apply voltages higher than VDD + O.3V or less than -O.3V potential on any 

terminal except VREF and RFS" 

2. The digital control inputs are diode-protected; however, permanent damage 
may occur on unconnected inputs from high-energy electrostatic fields. Keep in 
conductive foam at all times until ready to use. 

3. Use proper anti-static handling procedures. 
4. Absolute Maximum Ratings apply to both packaged devices and DICE. 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. 

ELECTRICAL CHARACTERISTICS at VDD = +5V; VREF = ±10V; VouTA.,B,C,D = OV; TA = -55°C to +125°C apply for 
DAC-8408AT; TA = -25°C to +85°e apply for DAC-8408ET; TA = O°C to + 700 e apply for DAC-8408GP, unless otherwise noted. 
Specifications apply for DAC A, B, C, & D. 

PARAMETER 

STATIC ACCURACY 

Resolution 

Nonlinearity 

Differential 

Nonlinearity 

Gain Error 

Gain Error 

Tempco (Note 3) 

Power Supply 
Rejection 

(LlVoo ~ 00 10%) 

Output Leakage 
Current 

REFERENCE INPUT 

Inpul Voltage Range 

Input Resistance 

Match (Note 4) 

Input Resistance 

DIGITAL INPUTS (Note 5) 

Digital Input Low 

Digital Input High 

Input Leakage 
Current 

Input Capacitance 

SYMBOL CONDITIONS 

N 

INL (Note 1) 

DNL (Note 2) 

G FSE (USing Internal RFB) 

TCGFS 

PSR 
TA ~ +25°C 

TA = Full Temp. Range 

ILKG 
TA ~ +25°C 

TA ~ Full Temp. Range 

TA + 25'C 

TA ~ Full Temp. Range 

(Note 6) 

11-137 

DAC-8408A/E/G 
MIN TYP MAX UNITS 

8 Bits 

±1/4 LSB 

001/2 LSB 

±1 LSB 

2 ppm 1°C 

0.001 

0.002 
'%FSR/% 

0030 

±60 
nA 

±20 V 

001 % 

6 10 14 kll 

0.8 V 
2.4 

001.0 
f'A 

±10.0 

pF 
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-----i~ DAC-8408 QUAD 8-BIT MULTIPLYING CMOS D/A CONVERTER WITH MEMORY - PRELIMINARY 

ELECTRICAL CHARACTERISTICS at VDD = +5V; VREF = ±10V; VouTA,B,C,D = OV; TA = -55°C to +125°C apply for 
DAC-8408AT; TA = -25°C to +85°C apply for DAC-8408ET; TA = O°C to +70°C apply for DAC-8408GP, unless otherwise noted. 
Specifications apply for DAC A, B, C, & D. (Continued) 

PARAMETER SYMBOL CONDITIONS 

DATA BUS OUTPUTS 

Digital Output Low VOL 1.6mASink 

Digital Output High VOH 400!J.A Source 

Output Leakage 
ILKG 

TA= +25°C 

Current TA = Full Temp. Range 

DACOUTPUTS 

Propagation Delay tpo (Notes 7, 11) 

Settling Time 
ts 

(Notes 12, 13) 

Output Capacitance COUT 
DAC Latches All "O's" 

DAC Latches All "1 's" 

AC Feedthraugh FT (20Vp.p (j» F = 100kHz) 

SWITCHING CHARACTERISTICS 

(Notes 6, 10) 

Data Write Time tw 
TA = +25°C 

TA = Full Temp. Range 

Write Strobe tosw 
TA = +25°C 

TA = Full Temp. Range 

Data Hold Time tOHD 

Data Read Time tA 
TA = +25°C 

TA = Full Temp. Range 

Three-State Hold TA = 25°C 
Time tTH TA = Full Temp. Range 

Read Strobe tOSA 
TA = +25°C 

TA = Full Temp. Range 

POWER SUPPLY 

Voltage Range Voo 

Supply Current 100 (NoteS) 

Supply Current 
100 

TA = +25°C 

(Note 9) 
TA = Full Temp. Range 

NOTES: 
1. This is an end-point linearity specification. 
2. All grades guaranteed to be monotonic over the full operating temperature 

range. 
3. ppm 1°C of FSR (FSR = Full Scale Range). 
4. Input Resistance Temperature Coefficient = +300ppm/oC. 
5. Logic Inputs are MOS gates. Typical input current at +25°C is less than InA. 
6. Guaranteed by design. 
7. From Digital Input to 90% of final analog output current. 
S. All Digital Inputs "0" or Voo. 
9. All Digital Inputs V,H or V,L. 

10. See Timing Diagram. 
11. These characteristics are for design guidance only and are not subject to test. 
12. Digital Inputs = OV to Voo or Voo to OV. 
13. Extrapolated: ts (1/2 LSB) = tpo + 6.27, where 7 = the measured first time 

constant of the final RC decay. 
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DAC-8408A/E/G 
MIN TYP MAX UNITS 

0.4 
V 

4 

±1.0 
fLA. ±10.0 

150 170 ns 

190 245 ns 

30 
pF 

50 

-55 dB 

260 
ns 

350 

ISO 

250 
ns 

0 ns 

340 

460 
ns 

ISO 

250 
ns 

260 

350 
ns 

4.5 5.5 V 

50 fLA. 
500 !J.A 

1.0 mA 
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_____ ~ DAC-840a QUAD a-BIT MULTIPLYING CMOS D/A CONVERTER WITH MEMORY - PRELIMINARY 

TIMING DIAGRAM READ CYCLE 

1f4·----'''''-----I·1 
---v------------~----------v___ 

BUS(Dw) ----.I\~ ___________ TH_R_._ •• _st_.T_. ____________ ~~ 

AlB 

R/Vii' 
---I--------'os.-------~ 

1-----------,.-----------1 
SET...yP TIME FOR BUS, AlB, R/iN 
MINIMUM os = LOW PULSE 
MINIMUM TIME BETWEEN I5S = LOytPULSES 
THREE-STATE HOLD TIME (AFTER OS _ HIGH) 
READ CYCLE (t08ft + tNR) 

20nsts 
260 ns tDSR MIN 
80 nstNR 

180 n81TH 
340nstR 

TIMING DIAGRAM WRITE CYCLE 

rtH + t.--.. 

DATA ON EXTERNAL BUS (PAD) 

A SELECT 

~ 

Riw ------
.... tDHLD ____ 

WRITE SELECT 

-to 'osw r"w-

'w 

MODE SELECTION TABLE 

DS1 DS2 AlB RIW DACA DACB DACC DACD 

H H X X HOLD HOLD HOLD HOLD 

L H H L WRITE HOLD HOLD HOLD 

L L H L WRITE HOLD WRITE HOLD 

L H H H READ HOLD HOLD HOLD 

L L H H HOLD HOLD HOLD HOLD 

L H L L HOLD WRITE HOLD HOLD 

L L L L HOLD WRITE HOLD WRITE 

L H L H HOLD READ HOLD HOLD 

L L L H HOLD HOLD HOLD HOLD 

H L H L HOLD HOLD WRITE HOLD 

H L H H HOLD HOLD READ HOLD 

H L L L HOLD HOLD HOLD WRITE 

H L L H HOLD HOLD HOLD READ 

L ~ Low State H ~ High State X ~ Irrelevant 

11-139 

NEW DATA 

BSELECT 

SET-UP TIME FOR DATA, AlB, R/W 

::=::tl: ~E ~~~~~& = LOW PULSES 
DATA HOLD TIME (AFTER DS -+ HIGH) 
WRITE CYCLE (tDSW + tNW) 

2On8t. 
180 ns tosw MIN 

80 nstNW 
20 n8tH 

260 nstw 
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PrecisioIl MOJ1olithics Inc. 

FEATURES 
• Nonlinearity ......................... ± 1/4 LSB (Max) 
• Settling Time ............................ 1.51's (Typ) 
• No Laser Trimming Used In Fabrication 
• Internal Range and Offset Scaling Resistors 
• Guaranteed Monotonlclty Over Temperature 
• TTL or CMOS Logic Input Compatibility, Pin Selectable 
• Low Po_r Consumption ...•... . . . . . •.. 130mW (Typ) 
• Directly Pin Compatible with AD562 

ORDERING INFORMATIONt 

NONLINEARITY 
@2S0C(LSB) 

±1/4 
±1/2 
±1/2 
±1/4 
±112 

PMI MODEL NO. 

PM562AV' 
PM562BV' 
PM562FV 
PM562GV 
PM562HV 

TEMP. RANGE 

-55°C/+125°C 
-55°C/+125°C 
-25°C/+85°C 

0°C/+70°C 
0°C/+70°C 

• For devices processed in total compliance to MIL-STD-~83, add /883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1984 Data Book, Section 2. 

GENERAL DESCRIPTION 
The PM-562 is a 12-bit monolithic multiplying digital-to
analog converter conSisting of a reference current amplifier, 
an R-2R ladder network, range and offset scaling resistors, 
and 12 high-speed current switches. Improvements provided 
by the PM-562 include greater negative power supply range 

EQUIVALENT CIRCUIT 

PM-562 
12-BIT MULTIPLYING CURRENT-OUTPUT 

D/A CONVERTER 

and increased output resistance. The PM-562 is pin com
patible with the AD562. 

A highly stable trim method; selective shorting of zener 
diodes, provides 13-bit accuracy without the need for laser 
trimming. Reliability of this trimming method has been 
proven in several other PMI products with many years of 
reliability history. Internal scaling resistors plus an external 
op amp simplifies construction in voltage output applications, 
while maintaining accuracy over wide operating temperature 
ranges. The PM-562 is recommended for 12-bitaccuracy DlA 
applications where single-chip reliability, small size and low 
cost are primary considerations. 

PIN CONNECTIONS 

V+ 

TOP VIEW 
24-PIN HERMETIC DIP 

'Connect VLe to V+ for CMOS logic inputs. Leave VLe open circuit or 
grounded for TTL inputs. 

MSB LSB 
V+ VLe 81 82 B3 84 B5 B6 B1 88 89 810 B11 812 

j, 2 24 23 22 21 20 

" 
18 17 16 ,. ,. 13 

PM-562 6kn 

J LOGIC INPUT SWITCH DRIVERS I I 
I I , I 51<" , , , , 
I , , , 'I I '1 ' IREF~ 
, I , , 

4 I , I , 

19._n 1 IFS=4XIREF l~~f l~ !l~ ! l~{~= (1/3SHOWN) 

I • ~ ~ " '" -

SUM 

VREF(+ 

3 2111<n b/" ...... ...... ......, r-,. I',. 
I VREf(-

9.95M! 

• 
v-

Manufactured under the following patent: 4.055.773. 

11-140 

11 

,. 
• 
12 

8 

7 

20V SPAN 

10V SPAN 

I o 

GND 

BIPOLAR OFfSET 
"R" OUT 

BIPOLAR OFFSET 
"R" IN 
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________ --1~PM-58212-BIT MULTIPLYING CURRENT-OUTPUT D/A CONVERTER 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range 
PM-562A18 ................ • • • • • • • •• -55° C to + 125° C 

PM-562F ••••••••••••••••••••••••••••• -25°Cto+85°C 

PM-562G/H ••••••••••••••••••••••••••••• 0° C to + 70° C 

Storage Temperature Range ••••••• • • •• -65° C to + 150° C 

Power Dissipation at TA = 125° C •••••••••••••••• 1000mW 

Lead Temperature (Soldering, 60 sec) ............. 300°C 

Supply Voltage (V+) •••••••••••••••••••••••••••••• + 18V 
Supply Voltage (V-) .............................. -18V 

V+ to V- •••••••••••••••••••••••••••••••••••••••••• 36V 

Logic Inputs •••••••••••••••••••••••• V- to (V- plus 36V) 

Summing Junction (Pin 4) ..................... V- to V+ 

CMOS/TTL Threshold (Pin 2) .................. V- to V+ 

lOUT (Pin 9) ............................... -5Vto+18V 

Span Resistors •••••••••••••••••••••••••••••••••••• 36V 

ELECTRICAL CHARACTERISTICS at V+ = 5V, V- =-15V, VREF (+) = +10.0000V, VREF (-) = OV, TA= +25°C, 

unless otherwise noted. 

PM-562A1G PM-562B/F/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Resolution N TA = Full Range 12 12 Bits 

Monotonlcity TA = Full Range 12 12 Bits 

Nonlinearity NL ±1/4 ±1/2 LSB 

Differential Nonlinearity DNL ±1/2 ±1I2 LSB 

Settling Time ts 
To ±1/2 LSB, all bits 
ONorOFF 

1.5 1.5 lOS 

Output Voltage Compliance Voe - +10/-1.5 - +10/-1.5 V 

Full-Scale Output VREF (+) = +10.0000V Unipolar -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 
IFR mA 

Current Range R2 =500 Bipolar ±0.8 ±1.0 ±1.2 ±0.8 ±1.0 ±1.2 

Zero-Scale Current Izs All bits OFF .005 0.05 .005 0.05 'IIoFS 

Output Reslstance Ro 2 2 MO 

Output Capacitance Co 30 30 pF 

Reference Input Impedance Z,N Pin5 20 20 kO 

Gain Error IFSE R2 = 500, (Note 1) ±0.2 ±0.2 'IIoFS 

Bipolar Zero-Scale Error leZSE R, =500, (Note 1) ±0.1 ±0.1 'IIoFS 

Full-Scale Gain 
AI FSR R2= 1000 Trimpot, (Note 1) ±0.25 ±0.25 'IIoFS 

Adjustment Range 

Bipolar Zero-Scale 
Adjustment Range AlezsR R, = 1000 Trlmpot, (Note 1) ±0.25 ±O.25 'IIoFS 

Power Supply +PSS V+= 5VorV+ = 15V 2 2 
ppmFSI'IIo 

Gain Sensitivity -PSS V-=-15V 6 6 

Supply Current 
1+ V+ = 4.75V to 15.8V 5 18 5 18 
1- V-=-15V± 10'lI0 -7 -25 -7 -25 

mA 

TTL Logic V,H Pin 2 I'H= 100nA 2.0 2.0 
Input Voltage V,L Open Circuit I,L =-l00"A 0.8 0.8 

V 

CMOS Voltage V,H Pin2 I'H= lOOn A 70 70 
'IIoV+ 

Logic Input V,L tied to Pin 1 I,L =-l00I'A 30 30 
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----------1M PM-562 12-BIT MULTIPLYING CURRENT-OUTPUT D/A CONVERTER 

ELECTRICAL CHARACTERISTICS at V+= SV, V-=-1SV, VAEF (+) =+10.0000V, VAEF (-) ::OV, -SS·C:5TA:5+12S·Cfor 
PM-S62NB, -2S·C:5 TA:5 +8S·C for PM-S62F, O·C:5 TA:5 +70·C for PM-S62G/H, unless otherwise noted. 

PARAMETER 

Zero-Scale Temperalure 
Coefficient 

Bipolar Zero-Scale 
Temperature Coefficient 

Full-Scale Gain 
Temperature Coefficient 

Differential Nonlinearity 
Temperature Coefficient 

NOTES: 
1. See connection diagram. 

SYMBOL 

TClzs 

TClszs 

TCONL 

CONNECTION DIAGRAM 

REF AMP 
SUMMING 

+15V 

PM-562 

VLC 

CONDITIONS 

Unipolar Leakage 
Current Change (Note 2) 

Bipolar (Note 2) 

Excludes VAEF (Note 2) 

(Note 2) 

PM-562A/G 
MIN TYP MAX 

2 

4 

5 

2. Guaranteed by design. 

MSB LSB 
B1 82 83 84 85 86 B7 88 89 810 8'1 812 

SPAN 
RESISTOR 

{
Sk" 

5k" 

JUNCTION C>--"if-----1 ....... -'.;:;;...---, 

9.95kU 

PM-562B/F/H 
MIN TYP MAX UNITS 

2 ppmFS/oC 

4 ppmFS/oC 

ppmFS/oC 

2 ppmFS/oC 

11 ---------, 
I 
I 
I 

10 I 

OFFSET 
RESISTOR 

I 
I 
I 

I 
I 
I 
I 
I 

+15V 

UNIPOLAR 
OFFSET 
ADJUST 

U ' BIPOLAR I 
-15V 1000 OFFSET ADJUST I ________________________________________ _ _________________ J 

NOTE: 
Set VLc = V+ for CMOS logic inputs. Leave VLCopen circuit or grounded for 
TTL Inputs. 

BURN-IN CONFIGURATION 

PM-S62 

+10VC>----------4 ....... f-<~---' 

-18VC>------------' 
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---------I~ PM-562 12-BIT MULTIPLYING CURRENT-OUTPUT D/A CONVERTER 

DICE CHARACTERISTICS 

DIE SIZE 0.141 X 0.162 Inch, 22642 sq. mils 
(3.581 X 4.115 mm,14.737 sq. mm) 

1. V+ 13. BIT 12 (LSB) 
2. VLC 14. BIT 11 

3. VREF (-) 

4. REF SUM JUNCTION 
5. VREF (+) 

15. BIT 10 
16. BIT9 
17. BIT8 
18. BIT7 

6. V- 19. BIT6 
7. BIPOLAR OFFSET "R" IN 
8. BIPOLAR OFFSET "R" OUT 

20. BITS 
21. BIT 4 

9. lOUT 22. BIT3 
10. 10V SPAN 23. BIT2 
11. 20V SPAN 24. BIT 1 (MSB) 
12. GROUND 

For additional DICE information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at V+ = SV, V-=-1SV, VREF= 10.0000V, TA = 2SoC, unless otherwise noted. 

PM-562G 
PARAMETER SYMBOL CONDITIONS LIMITS 

Nonlinearity NL ±1/2 

Differential Nonlinearity DNL ±1/2 

Zero-Scale Current Izs All Bits OFF 0.05 

Full-Scale Output Current Range IFA I AEF = O.SmA Unipolar -1.6/-2.4 

Logic Input High V'H I'H= lOOnA 2 

Logic Input Low V'L I'L =-IOOI'A 0.8 

Positive Supply Current 1+ V+ = 4.75 to IS.8V 18 

Negative Supply Current I- V- = -13.5 to -16.5V -25 

NOTE: 

UNITS 

LSB 

LSB 

%FS 

rnA 

V 

V 

rnA 

rnA 

Electrical tests are performed at wafer probe to the limits shown. Due to varitions in assembly methods and normal yield loss. yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications bases on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at V+ = SV, V-= -1SV, VREF= 10.0000V, TA = 2So C, unless otherwise noted. 

PM-562G 
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS 

Settling Time ts to ±1/2 LSB, Vo= OV 1.5 1'8 

Full-Scale Gain 
TCI FS Temperature Coefficient 

Excludes VAEF 5 ppmFSloC 

Output Voltage Compliance Voe -1.5/+10 V 

Output Resistance Ro 2 MO 

Output Capacitance Co 30 pF 

Power Supply Gain Sensitivity +Pss V+=+5Vor+15V 2 ppmFSI% 

Power Supply Gain Sensitivity -Pss V-=-15V 6 ppmFSI% 
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________ ---IIWPM-56212-BIT MULTIPLYING CURRENT-OUTPUT D/A CONVERTER 

APPLICATIONS INFORMATION 
Ro EFFECT ON ACCURACY 
The D/A converter equivalent circuit and output voltage 
equations show that a low output resistance (Ro) can provide 
a significant error term due to Vos drift of the output 
amplifier. Note that the higher Ro (2MO) offered by the 
PM-S62 gives an apparent Vos drift that is one-half as large 
as that resulting from the 6.6kO'Ro of the standard ADS62 
when using a 10kO span resistor (RF)' 

AVO = AIO RF+AVOS 
Since: AIO = AVos/Ro 
Then: AVO = AVOS (RFJ'Ro+l) 

10 "0 

DAe 

LAYOUT SUGGESTIONS 

RF 
lOk!l 

Good layout practice appropriate for a 12-bit resolution 
analog system provides the overriding guideline. Power 
supplies should have small high frequency noise content. 
The V- (-lSV) supply should be the cleanest since it has the 
most direct effect on lOUT. The PM-S62 should have bypass 
capacitors on both V+ and V- supplies. A tantulum or elec
trolytic 1 to 10 micro Farad in parallel with a ceramic 0.01 
micro Farad bypass capacitor adequately attenuate high 
frequency supply noise. 

The ground line between Pin-3 and Pin-12 should not con
duct any other current paths. Placing the common ground 
point at Pin-12 provides good results. Pin-9 is the most sensi
tive node to high frequency noise pickup. Keep the signal 
path between Pin-9 and the current-to-voltage converter (op 
amp or resistor) as short as possible. 

LOGIC INTERFACING (TTL OR CMOS) 

The PM-S62 digital inputs (BIT 1 through BIT 12) can be 
programmed by the VLC (Pin-2) forTTL or CMOS logic input 
compatibility. 

For TTL input compatibility leave Pin-2 open circuit or ground 
it to Pin-12. The logic threshold trip pOint stays at l.4VforV+ 
set anywhere from 4.7S to lS.8V. 

For CMOS input compatibility tie VLC (Pin-2) to V+. This 
establishes the CMOS Logic threshold trip point at 1/2 of V+. 
Therefore V+ should be set to the same Vee voltage used by 
the CMOS driving logic. 

MULTIPLYING MODE 

The output current of the PM-S62 is the product of the refer
ence voltage input and the number represented by the digital 
input code divided by 4096. The reference voltage VREF (+) 

must be positive with respect to VREF (_). The PM-S62 typi
cally maintains 12-bit linearity with reference voltages as 
small as one volt. Reference signal feedthrough is typically 
60dB down at 10kHz with a digital input of zero. The DAC 
output typically takes 20 microseconds to settle to within 1/2 
LSB for a S volt step on the reference input. The small signal 
bandwidth for a 100mVpp reference input signal is typically 
6SkHz, and the typical large signal bandwidth for a SVpp 
reference input signal is 20kHz. 

UNIPOLAR OPERATION (0 to +10V OUTPUT) 

Figure 1 shows the simplest unipolar setup for 0 to +10V 
operation. The output should be buffered since the output 
resistance is SkO. The digital input code is complemented in 
this configuration. That is, binary "0" in produces + 10V full
scale out. And all binary one's in produces OV out. 

Figure 2 shows the best configuration to achieve a OV to 
10V output digital-to-analog converter. In this configu
ration digital "0" in produces OV out. All one's in produces 
10Vout. 

Calibration of Figure 2 is accomplished by placing digital "0" 
on all input bits and adjusting Rl until OV appears at VOUT. 
Next the span (or full-scale) is adjusted by R2 for an output 
voltage of 9.9976V. 

BIPOLAR OPERATION (±10V OUTPUT) 

The bipolar configuration of Figure 3 provides positive and 
negative output voltage under control of one's complement 
digital input coding. Calibration is accomplished by turning 
all bits OFF (digital zero input code) and adjusting trimmer Rl 
for-10.000Voutput. Nextturn ON the MSB (digital 10000000 
0000 input code) and adjust R2 for O.OOOOV. 

This circuit can easily be converted to ±SV output by con
necting Pin-l0 to the OP-Ol output, making the span resistor 
SkO. 
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________ -I~PM-56212-BIT MULTIPLYING CURRENT-OUTPUT D/A CONVERTER 

"5V 

+15V 

10,11 

3,12 

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

v-
-lSV 

(0 TO +10V) 
ROUT" 5kn 

TTL DIGITAL INPUTS 

NOTES: 
I. This simple configuration presents a high output resistance of 5kO. 
2. Calibration Procedure: First set digital inputs 6 , thru 6 ,2 to digital 

zero and adjust R, until VOUT= IO.OOOOV. Next set digital inputs B, 
thru B'2 to digital one's and adjust R2 until VOUT = O.OOOOV. Use a 

Figure 1 Unbuffered Unipolar 0 to + 10V Output 

high input resistance DVM to calibrate to avoid resistor divider 
error. 

3. Bypass V+ and V- supplies with O.OII'F in parallel with II'F 
capacitors. 

+15V 

111"" 1DOIen OV OUTPUT 
.-"""'W--1r-W'lr----< ADJUST 

NOTES: 

HOV OUTPUT 
ADJUST 

VREF -
"'10.DOOV 

R21000 

-15V 

+15V 

3.12 

VLe 

V-

TTL DIGITAL INPUTS 

t. Calibration Procedure: First set digital inputs B, thru B'2 to digital 
zero and adjust R, until VOUT = O.OOODV. Next set digital inputs B, 
thru B,• to digital one's and adjust R. until VOUT = 9.9976V. 

Figure 2 + 10V Unipolar Voltage Output 

Rt SOkn 

·15V 

10,11 

>--.... -o~O~ci +10V) 

2. Bypass V+ and V- supplies with O.OII'F in parallel with II'F 
capacitors. 
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-----------II£MD PM-56212-BIT MULTIPLYING CURRENT-OUTPUT D/A CONVERTER 

NOTES: 

VREF t 
=10.000V 

O.OOOV 
OUTPUT ADJ. 

-15V 

-la.OOOV 
OUTPUT ADJ. 

3,12 

v-

TIL DIGITAL INPUTS 

I. Calibration Procedure: Set VREF = 10.0000V. Next set digital inputs 
B, thru B'2 to digital zero and adjust R, until VOUT= -IO.OOOOV. Set 
digital inputs B, thru B'2to 100000000000 (i.e. only turn ON MSB) 

Figure 3 ± 10V Bipolar Voltage Output 

PRECISION X-Y POSITIONING SYSTEM 

r,;:;t---\ 
~ 

pP 

" 

>4----<>VOUT 
(-10V TO +10Vj 

and adjust R2 until VOUT = O.OOOOV. 
2. Bypass V+ and V- supplies with O.Q1I'F in parallel with II'F 

capacitors. 

4-20mA TRANSMITTER 

lOUT 

,I 
4-20mA 

-15V GND +15V 
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________ -;~ PM-56212-BIT MULTIPLYING CURRENT-OUTPUT D/A CONVERTER 

DIGITALLY CONTROLLED R.F. OSCILLATOR 

+V 

LOGIC & CONTROL 

II 
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JPMI) 

Precision Monolithics Inc. 

FEATURES 

• Very Fast-SeHling (Sample Tested) .••...•• 250ns Max 
• High-Stability Burled-Zener Reference on Chip 
• Linearity Guaranteed Over Temperature.. 1/2 LSB Max 
• Monotoniclty Guaranteed Over Temperature 
• Low Power Consumption ...•...•.•....• 345mW Max 
• Operation Guaranteed at ± 12V Supplies 
• Inputs Compatible with 5V and 15V Logic 
• AD565A Second-Source Pin Compatibility with Improved 

Tempco, Reference Load Capability, and Trimming 

ORDERING INFORMATIONt 

PACKAGE 

LINEARITY 
OVER FULL-SCALE 

TEMPERATURE TEMPCO,MAX 
RANGE 

EPOXY 
OIP 

24-PIN 

HERMETIC 
OIP 

24-PIN 

±1/2LSB 
±3/4LSB 
±1/2LSB 
±3/4LSB 

15ppmrC PM565AAV' 
30 ppm/"C PM565ABV' 
15 ppm/"C PM565AGP 
30 ppm/"C PM565AHP 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
MIL 

COM 
COM 

• For devices processed in total compliance to MIL-STD-883. add 1883 after part 
number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with burn-in. 
For ordering information see 1986 Data Book. Section 2. 

GENERAL DESCRIPTION 

The PM-565A is a high-speed 12-bit bipolar digital-to-analog 
converter which provides a trimmed reference and application re
sistors. The output is a 0-2mA current, which can be converted to 

EQUIVALENT CIRCUIT 

REF OUT v+ 

REF IN I o-"I--'VItv-....... -I 

REF GND <>-''t-""1"-''IV'v-1 

PM-565A 
COMPLETE HIGH-SPEED 12-BIT 

MONOLITHIC D/A CONVERTER 

PRELIMINARY 
o to 10V, 0 to 5V, -5 to 5V, -10 to 10Voutput voltages using an 
external op-amp and the internal resistors. The digital inputs are 
TTL-compatible and may be driven by 5V or 15V CMOS. 

Logic delay to analog output is typically only 40ns, and settling to 
0.01% of full-scale is factory tested. Great attention has been 
given to minimizing glitch energy and amplitude. 

The subsurface zener reference is very stable, both over temper
ature and time. Typical gain tempco is only 10ppm/oC. The zener 
reference has less wideband noise than a typical bandgap type 
and is also free from excessive low-frequency noise. The refer
ence is trimmed to 2 LSB Typ. 

PIN CONNECTIONS 

BIPOLAR OFFSET 

B,d' 

20YSPAN 

10VSPAN 

24-PIN 
HERMETIC DIP 

(V-Suffix) 

v- 81 82 83 84 85 B6 87 88 89 810 811 812 

(MSB)....-- DIGITAL LOGIC INPUTS ---+-(LSS) 

This preliminary product Information Is based on testing 01 a limited number 01 devices. Final specifications may vary. Please contact local sales 
office or distributor for final data sheet. 

11-148 1/86, Rev. A 



Precision MOllolithics Inc. 

PM-7226 
QUAD 8-BIT CMOS D/A CONVERTER 

WITH VOLTAGE OUTPUT 

ADVANCEPRODUCTINFO~TION 

FEATURES 

• Four Voltage Output DACs on a Single Chip 
• Microprocessor Compatible 
• Internal Output Buffer Amplifiers 
• Common 8-Bit Data Bus 
• Adjustment-Free __ .............. ±2LSB Total Error 
• Guaranteed Monotonicity 
• Single or Dual Supply Operation 
• Latch-Up Resistant 
• Space Saving 20-Pin 0.3 Inch Wide DIP 

APPLICATIONS 

• Automatic Test Equipment 
• Industrial Automation 
• Process Controls 
• Instrumentation Equipment 
• Medical Equipment 
• Multi-Channel Microprocessor-Controlled Systems 
• X-Y Graphics 

ORDERING INFORMATIONt 

PACKAGE: 20-PIN** 

TOTAL COMMERCIAL INDUSTRIAL MILITARY* 
UNADJUSTED TEMPERATURE TEMPERATURE TEMPERATURE 

ERROR 
±2LSB PM7226GP PM7226ER PM7226AR 

* For devices processed in total compliance to MIL·STO-883, add /883 after part 
number. Consult factory for 883 data sheet. 

"Package Designation: Suffix R: Hermetic DIP; Suffix P: Plastic Dip. 
t All commercial and industrial temperature range parts are available with burn-in. 

For ordering information see 1986 Data Book, Section 2. 

FUNCTIONAL DIAGRAM 

MSB 
7 

8·BIT I 
DATA BUS \r''''j4'f---_O._'A_B_US_-----, 

LSB 

~ ~: 
AO 17 

CONTROL 
LOGIC 

CROSS REFERENCE 

PMI 

PM7226AR 
PM7226ER 
PM7226GP 

ADI 

AD7226TD 
AD7226BQ 
AD7226KN 

GENERAL DESCRIPTION 

TEMPERATURE 
RANGE 

MIL 
IND 

COM 

The PM- 7226 places four 8-bit voltage output CMOS digital-to
analog converters on a single chip. By using a single 8-bit data 
bus port, the device fits into a space saving 20-pin 300 mil DIP 
package. The internal output buffer amplifiers can each drive up 
to SmA from either single or dual supply rails. Each DAC has 
individually addressable data latches for easy microprocessor 
interface. 

The compact size, low power, and economical cost-per-channel, 
makes the PM-7226 attractive for applications requiring multiple 
D/A converters without sacrificing circuit-board space. 

The PM-7226 is a direct replacement for AD7226. 

PIN CONNECTIONS 

20-PIN HERMETIC DIP 
(R-Suffix) 

20-PIN EPOXY DIP 
(P-Suffix) 

>-...... -j-"""VOUTA 

>----+---1-,,'9-0 VourD 

This advance product Information describes a product in development at the time of this printing. Final specificalions may vary. Please contact 
local sales office or distributor for final data sheet. 
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J>reCV;lon MOllolithics Inc 

FEATURES 

• ±1/8 LSB Endpoint Linearity 
• Microprocessor Compatible 
• On-Board Data Latches 
• Guaranteed Monotoniclty Over Full Temperature Range 
• Low Power Consumption .•....•••..•.•.. SmW @ +SV 
• +SV to +1SV Operation 
• Full Four Quadrant Multiplication 
• TTL/CMOS Compatible 
• Latch-Up Resistant 
• No Schottky Diodes Required 

APPLICATIONS 

• Microprocessor Controlled Circuits 
• Precision AGC Circuits 
• Bus Structured Instruments 
• Function Generators 
• Digitally Controlled Attenuators and Power Supplies 

ORDERING INFORMATIONt 

PACKAGE: l6-PIN" 

MILITARY' INDUSTRIAL COMMERCIAL 
NONLINEARITY TEMPERATURE TEMPERATURE TEMPERATURE 

-55'C to +125'C -25'C to +85'C O'C to +70'C 

±1/8(LSB) 
±1/4(LSB) 

PM7524AQ 
PM7524BQ 

PM7524EQ 
PM7524FQ 

PM7524GP 
PM7524HP 

, For devices processed in total compliance to MIL-STD-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

"Package Designation: Suffix Q: Hermetic DIP, Suffix P: Epoxy DIP 
tAli commercial and industrial temperature range parts are available with 
burn~in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The PM-7524 is an 8-bit monolithic multiplying digital-to
analog converter with input latches. It is compatible with all 
popular 8-bit microprocessors including the 6800, 8080, 8085, 
and Z80. It's load cycle is similar to that of a RAM's write cycle. 

PMI's tightly controlled thin-film resistor processing provides 
1/8 LSB linearity without laser trimming. The design incor
porates a matching MOS transistor in series with the feedback 
resistor to achieve a gain and linearity error tempco of 
2ppm/oC. 

The PM-7524 exhibits excellent performance on a single +5V to 
+15V power supply. It is TTL compatible at +5V and dissipates 
less than 10 mW; at +15V it is CMOS compatible and disSipates 
less than 30 mW. 

PMI's improved latch-up resistant design eliminates the need 
for external protective Schottky diodes. 

The PM-7524 is manufactured using thin-film resistors on an 
advanced oxide-isolated silicon-gate CMOS process. 

PM-7524 
CMOS 8 -BIT BUFFERED MULTIPLYING 

D/A CONVERTER 

CROSS REFERENCE 

PMI ADI 

PM7524AQ AD7524UD 

PM75248Q AD7524TD 

PM75248Q AD7524SD 

PM7524EQ AD7524CD 
PM7524FQ AD75248D 
PM7524FQ AD7524AD 

PM7524GP AD7524LN 

PM7524HP AD7524KN 

PM7524HP AD7524JN 

TEMPERATURE 
RANGE 

MILITARY 

INDUSTRIAL 

COMMERCIAL 

PIN CONNECTIONS 

16-PIN EPOXY DIP 
(P-Suffix) 

16-PIN HERMETIC DIP 
(Q-Suffix) 

FUNCTIONAL DIAGRAM 

11-150 

10kn 10kn 10k" 

2Ok" 20kn 20kn 20kn 

'---+-+-...... --i-i-....... ·U--H-+---+--()OUT2 
L......f--...... +-----++--i~~--+-+--r,0::-k::-"--if-oouT1 

DB7 (MSB) 

BUS INTERFACE LOGIC 
AND 

DATA LATCHES 

'--',fV\r-+--oRFB 

--~~---

DB. DBS DBO (LSB) GND 

DATA INPUTS 
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----------I~ PM-7524 CMOS a-BIT BUFFERED MULTIPLYING D/A CONVERTER 

ABSOLUTE MAXIMUM RATINGS (TA = +25°C, unless 
otherwise noted) 

VDD (to GND) •••.....•..•.•.....•.•.......... -O.3V, +17V 

VREF (to GND) .••.•.........•..•••..•..•.•...•..•. ±25V 

RFB (to GND) ...•.•.•....•....•.......•..•...•..•. ±25V 
Digital Input Voltage To GND •..••..•...•..... -O.3V to VDD 

Output Voltage (Pin 1, Pin 2) ....•............• -O.3V to V DD 
Power Dissipation (Package) 

Ceramic (Suffix a) 

To +75° C ..•••.•.•.•........•.•.......•.•••..• 450mW 
Derates Above +75° C By ......•....•...•...... 6mW/o C 

Plastic (Suffix P) 

To +70°C ...•.......••••....•..........•...•.. 670mW 

Derates Above +70°C By .•.•••...•.......... 8.3mW/oC 

Operating Temperature Range 

Military (AO, BO Versions) •..•..•..•...• -55°C to +125°C 

Industrial (EO, Fa Versions) ...•••....•.• -25°C to +85°C 

Commercial (GP, HP Versions) .........•.•. O°C to +70°C 

Dice Junction Temperature .•......•..•••..••.•.... +150°C 

Storage Temperature ...............•.•.•• -65°C to +150°C 

Lead Temperature (Soldering, 60 sec) ..••..........• +300°C 

CAUTION: 
1. Do not apply voltages higher than Voo or less than GND potential on any 

terminal except VREF (Pin 1S) and RFB (Pin 16). 
2. The digital control inputs are zener protected, however. permanent 

damage may occur on unconnected units from high energy electrostatic 
fields. Keep units in conductive foam at all times until ready to use. 

3. Use proper anti-static handling procedures. 
4. Absolute Maximum Ratings apply to both packaged devices and DICE. 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. 

ELECTRICAL CHARACTERISTICS at V REF = +10V; VOUT1 = VOUT2 = OV; TA = -55°C to +125°C apply for PM-7524AO/BO; 

TA = -25°C to +85°C apply for PM-7524EO/FO; TA = O°C to +70oC apply for PM-7524GP/HP, unless otherwise noted. 

PARAMETER SYMBO~ CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

STATIC ACCURACY 

PM-7S24A1E/G PM-7S24B/F/H 

Resolution N 
VOD = +5 or+15V 

TA = Full Temp. Range Bits 

VDO = +5V 

Relative Accuracy TA = Full Temp. Range ±0.2 ±0.2 
%FSR INL 

(Notes 1, 2) 
Voo = +1SV 
TA = Full Temp. Range ±O.OS ±0.1 

Voo = +SV 
TA = +2SoC ±1.0 ±1.0 

Gain Error 
GFSE 

TA = Full Temp. Range ±1.4 ±1.4 
%FSR 

(Note 3) 
Voo = +1SV 
TA = +2SoC ±O.S ±0.5 
TA = Full Temp. Range ±0.6 ±0.6 

Voo = +SV 
Gain T.C. 

TCGFS 
TA = Full Temp. Range ±0.004 ±0.004 

%FSR/OC 
(Notes 4, S) 

Voo = +1SV 
TA = Full Temp. Range ±0.001 ±0.001 

Voo = +SV 
DC Power Supply TA = +25°C 0.002 0.08 0.002 0.08 

Rejection 
PSR 

TA = Full Temp. Range 0.01 0.16 0.01 0.16 
%FSR/% 

aGain/a Voo 
Voo = +15V (Notes 3, 6) 
TA = +2SoC 0.001 0.02 0.001 0.02 
TA = Full Temp. Range O.OOS 0.04 O.OOS 0.04 

Voo = +SV 

Output Leakage 
TA = +25°C ±SO ±SO 

Current 
TA = Full Temp. Range ±400 ±400 

'OUT1. IOUT2 IlKG 
(Notes 7,8) 

nA 
Voo = +1SV 
TA = +25°C ±SO ±SO 
TA = Full Temp. Range ±200 ±200 
(Notes 7, 8) 
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lEW PM-7524 CMOS a-BIT BUFFERED MULTIPLYING D/A CONVERTER 

ELECTRICAL CHARACTERISTICS at VREF = +10V; VOUT1 = VOUT2 = OV; TA = -55·C to +125·C apply for PM-7524AQ/BQ; 

TA = -25·C to +85·C apply for PM-7524EQ/FQ; TA = O·C to +70·C apply for PM-7524GP/HP, unless otherwise noted. (Continued) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

DYNAMIC PERFORMANCE 

Voo = '5V 
PM-7524A1B PM-7524E/F/G/H 

Propagation Delay TA = +25°C 150 150 
(From Digital TA = Full Temp. Range 200 175 
Input to 90% of 

tpo 
(Note 9) 

ns 
Final Analog 

Voo = '15V Output Current) 
(Note 4) 

TA = +25'C 65 65 
TA = Full Temp. Range 90 80 
(Note 9) 

PM-7524A/E/G PM-7524B/F/H 

Voo = +5V 
TA = +25'C 300 300 

Output Current TA = Full Temp. Range 350 350 
Settling Time (Note 9) 
(To 1/2 LSB) ts ns 

(Note 4,15) Voo = +15V 
TA = +25°C 200 200 
TA = Full Temp. Range 250 250 
(Note 9) 

AC Feedthrough 
Voo = +5Vor +15V 

'OUT1' IOUT2 FT 
TA = +25'C 0.25 0.25 

%FSR 
(Note 4) 

TA = Full Temp. Range 0.50 0.50 
(Note 10) 

REFERENCE INPUT 

Input Resistance 
Voo = '5V or +15V 

(Pin 15 to GND) R'N kll 
(Note 11) 

TA = Full Temp. Range 20 5 20 

ANALOG OUTPUTS 

Output Capacitance 
Voo = +5V or +15V 

COUT1 (Pin 1) 120 120 
COUT2 .(Pln 2) 

TA = Full Temp. Range 
30 30 

Co 
(Note 4,12) 

pF 

COUT, (Pin 1) 
Voo = +5V or +15V 

30 30 
COUT2 (Pin 2) 

TA = Full Temp. Range 
120 120 

(Note 4,13) 

DIGITAL INPUTS 

Voo = +5V 
Digital Input TA = Full Temp. Range +2.4 +2.4 

V 
High 

V,H 
Voo = +15V 
TA = Full Temp. Range +13.5 +13.5 

Voo = +5V 
Digital Input TA = Full Temp. Range +0.8 +0.8 

V 
Low V'L 

Voo = +15V 
TA = Full Temp. Range +1.5 +1.5 

Input Current 
Voo = +5V or +15V 

Y,N = OV or Voo liN TA = +25'C ±1 ±1 
/iA 

TA = Full Temp. Range ±10 ±10 

Input Capacitance 
Voo = +5V or +15V 

DBO-DB7 5 
WR,CS 

C'N TA = Full Temp. Range 
20 20 

pF 

(Note 4) Y'N = OV 
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_________ ~~ PM-7524 CMOS B-BIT BUFFERED MULTIPLYING D/A CONVERTER 

ELECTRICAL CHARACTERISTICS at VREF = +10V; VOUTI = VOUT2 = OV; TA = -55°C to +125°C apply for PM-7524AQ/BQ; 
TA = -25°C to +85°C apply for PM-7524EQ/FQ; TA = O°C to +70°C apply for PM-7524GP/HP, unless otherwise noted. (Continued) 

PARAMETER 

SWITCHING 
CHARACTERISTICS 

(Note 4) 

Chip Select to 

Write Setup Time 
(tWR = tcs) 
(Note 14) 

Chip Select to 
Write Hold Time 

Write Pulse Width 

(tcs 2: tWR' tCH 2: 0) 

Data Setup Time 

Data Hold Time 

POWER SUPPLY 

Supply Current 

(All Digital 

Inputs = VIL or V'H) 

Supply Current 
(All Digital 

Inputs = OV or Voo) 

NOTES: 

SYMBOL 

tcs 

100 

CONDITIONS 

Voo = +5V 
TA :::: t25 Q C 

TA = Full Temp. Range 

VDO = +15V 

TA = +25"C 
TA = Full Temp. Range 

Voo = +5V or +15V 
TA = Full Temp. Range 

Voo = +5V 
TA = +25°C 

TA = Full Temp. Range 

Voo = +15V 
TA = +25°C 

TA = Full Temp. Range 

Voo = +5V 
TA = +25"C 
TA = Full Temp. Range 

Voo = +15V 
TA = +25°C 

TA = Full Temp. Range 

VDO = +5V or +15V 

TA = Full Temp. Range 

Voo = +5V 

TA = +25"C 
TA = Full Temp. Range 

Voo = +15V 
TA = +25°C 

TA = Full Temp. Range 

Voo ~ ·5V or .15V 
TA = +25°C 

TA = Full Temp. Range 

1. Guaranteed monotonic over full temperature range and at VOD = +5V and 
+15V. 

2. FSR (Full Scale Range) = VREF - 1 LSB. 
3. USing internal feedback resistor. 
4. Guaranteed by design and not production tested. 
5. Gain TC measured from +25°C to T MIN or from +25°C to T MAX' 
6. /;.Voo = ±10%. 
1. DBO-DBl = OV; WR = CS = OV; VREF = ±10V, for IOUTl' 
8. DBO-DBl = Voo; WR = CS = OV; VREF = ±10V, for IOUT2' 

11-153 

MIN TYP MAX 

PM-7524A1B 

170 

240 

100 

150 

PM-7524A1E/G 

0 

PM-7524A/B 

170 

240 

100 

150 

135 
170 

60 
100 

PM-7524A1E/G 

10 

2 

2 

100 
500 

MIN TYP MAX 

PM-7524E/F/G/H 

110 

220 

100 

130 

PM-7524B/F/H 

PM-7524E/F/G/H 

170 
220 

100 
130 

135 

110 

60 

80 

PM-7524B/F/H 

10 

100 

500 

UNITS 

ns 

ns 

ns 

ns 

ns 

mA 

9. OUTI load = 100il; CEXT = 13pF; WR = CS = OV; DBO-DBl ~ OV to Voo or 
VDD to OV. 

10. VREF = ±10V, f = 100kHz; DBO-DBl = OV; WR = CS = OV. 
11. Temperature coefficient approximately equals +300ppmfOC. 
12. DBO-DBl = VOD; WR = CS = OV. 
13. DBO-DBl = OV; WR = CS = OV. 
14. See Timing Diagram. 
15. Extrapolated: ts (1/2 LSB) ~ tpD + 6.2T, where T ~ the measured first time 

constant of the final RC decay. 
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-----------l1fMD PM-7524 CMOS 8-BIT BUFFERED MULTIPLYING D/A CONVERTER 

DICE CHARACTERISTICS 

DIE SIZE 0.067 x 0.070 inch; 4690 sq. mils 
(1.7 x 1.78 mm, 3.03 sq. min) 

1.0UT1 
2.0UT2 
3. GND 
4. DB7(MSB) 
5. DB6 
6. DB5 
7. DB4 
8. DB3 

9.DB2 
10. DE!1 
11. DBO (LSB) 
12. CS 
13. WR 
14. Voo 
15. VilEF 
16. RFB 

For additional DICE Informallon refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at VREF = +10V, VOUT1 = VOUT2 = OV; TA = +25°C. 

PARAMETER SYMBOL CONDITIONS 

STATIC ACCURACY 

Resolution N Vee = +5V or +15V 

Relative Accuracy 
INL 

Vee = +5V 
(Notes 1, 2) Vee = +15V 

Gain Error 
GFSE Vee = +5V or +15V 

(Note 3) 

DC Power Supply 
Voo = +5V 

Rejection 

aGain/aVee 
PSR 

Voe = +15V 
(Notes 3, 4) 

Output Leakage 
Voe = +5V or +15V 

Current ILKG 

IOUT1' 'OUT2 
(Notes 5, 6) 

REFERENCE INPUT 

Input Resistance 
R'N Vee = +5V or +15V 

(Note 7) 

DIGITAL INPUTS 

Digital Input 
V,H 

Voe = +5V 
High Voe = +15V 

Digital Input 
V,L 

VeD = +5V 

Low Voe = +15V 

Input Current 
liN VeD = +5V or +15V 

(V,N = OV or VDO ) 

POWER SUPPLY 

Supply Current 
IDe 

Voe = +5V 

(V,N = V'L or V,H ) VDD = +15V 

Supply Current 
IDe Voe = +5V or +15V 

(V'N = OV or Voo ) 

NOTES: 
1. Guaranteed monotonic over full temperature range and at VDO = +5V and 4, aVDD = ±10%. 

PM-7524G 
LIMIT 

±0.02 
±0.05 

±0.05 

0.08 

p.02 

±50 

5/20 

+2.4 
+13.5 

+0.8 

+1.5 

±1 

100 

+15V. 5. DBO-DB7 = OV; WR = CS = OV; VREF = ±10V, for loun 

UNITS 

Bits MIN 

%of FSR MAX 

%of FSR MAX 

% of FSR/% MAX 

nAMAX 

kQMIN/MAX 

VMIN 

VMAX 

pAMAX 

mAMAX 

pAMAX 

2. FSR (Full Scale Range) = VREF - 1 LSB. 6. DBO-DB7 = Vee; WR = CS = OV; VREF = ±10V, for IOUT2' 
3. Using internal feedback resistor. 7. Temperature coefficient approximately equals +300ppm/oC. 
Electrical tests are performed atwater probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed 
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

11-154 1/86, Rev. A 



-------------l~ PM-7524 CMOS a-BIT BUFFERED MULTIPLYING DIA CONVERTER 

DEFINITIONS 

RESOLUTION 
The resolution of a DAC is the number of states (2n) that the 
full-scale range (FSR) is divided (or resolved) into, where n is 
equal to the number of bits. Resolution in no way implies 
linearity. 

RELATIVE ACCURACY 
Relative accuracy or end-point nonlinearity is a measure of 
the maximum deviation from a straight line passing through 
the end-points of the DAC transfer function. It is measured 
after adjusting for ideal zero and full-scale and is expressed 
in % or ppm of full-scale range or (sub) multiples of 1 LSB. 

PROPAGATION DELAY 
The time for the output current to reach 90% of its final value 
from a given digital input signal. 

SETTLING TIME 
Time required for the output function of the DAC to settle to 
within 1/2 LSB for a given digital input stimUlUS, i.e., zero to 
full scale. 

GAIN 
Ratio of the DAC's external operational amplifier output vol
tage to the VREF input voltage when using the DAC's internal 
feedback resistor. 

GAIN ERROR 
Gain error or full-scale error is a measure of the output error 
between an ideal DAC and the actual device output. Ideal 
output is equal to VREF - 1 LSB. 

FEEDTHROUGH ERROR 
Error caused by capacitive coupling from VREF to output with 
all switches off. 

OUTPUT CAPACITANCE 
CapaCitance from IOUT1 and IOUT2 terminals to ground. 

OUTPUT LEAKAGE CURRENT 
Current which appears on IOUT1 terminal with all digital 
inputs low or on IOUT2 terminal when all inputs are high. 

CIRCUIT DESCRIPTION 

CIRCUIT INFORMATION 
The PM-7524 is an 8-bit multiplying CMOS digital-to-analog 
converter with on-board data latches. It is fabricated using a 
highly stable thin-film R-2R resistor ladder network and eight 
N-channel current switches. A voltage or current reference 
and an operational amplifier are all that is required in the 
majority of applications. 

Figure 1 shows a simplified circuit of the PM-7524 converter. 
The R-2R ladder, current steering switches, and interface 

FIGURE 1: PM-7524 Functional Diagram 

VREF 10kn lOkn 10ks"} 

20kn 20kfl 20kn 2""" 20k.l1 

S7 so S, 

OUT2 

OUT1 
10kn 

"FB 

os 
WR 

DB7 (MSB) DBB DB5 D80 (LSB) 

logic are shown. The switches are binarily weighted and 
switch the ladder current between IOUT1 and IOUT2 bus lines; 
this switching allows a constant current to be maintained in 
each resistor leg regardless of the switch state. 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 2 shows an equivalent circuit for the PM-7524 with all 
digital inputs Law. The OUT1 and OUT2 leakage current 
source is the combination of surface and junction leakages to 
the substrate. The 1/256 current source represents the con
stant i-bit current drain through the ladder termination resis
tor. The situation is reversed with all digital inputs HIGH, 
i.e., the current output is now switched to the OUT1 terminal. 
The output capacitance is dependent upon the digital input 
code, and is therefore modulated between the low and high 
values. 

FIGURE 2: PM-7524 Equivalent Circuit 
(All Digital Inputs LOW) 

R"'10kS1 

r-----.--+----<>oun 

T lOpF 

IREF ¢" 
- R ... 10kn 

VR'F o-JVV\ ... ~-~...--1/2-5B--t-~ ..... -,L-E-A-KA-G-E-!.-'-20-P-F --0 DUT2 

11-155 1/86, Rev. A 



------------I~ PM·7524 CMOS a·BIT BUFFERED MULTIPLYING DIA CONVERTER 

INTERFACE LOGIC 

MODE SELECTION 
The mode selection is controlled by the CS and WR inputs. 

WRITE MODE 
The PM-7524 is in the WRITE mode when both the CS and WR 
are both LOW; the input latches are transparent and the output 
immediately follows the data input logic. See the MODE 
SELECTION TABLE. 

HOLD MODE 
The MODE SELECTION TABLE shows the output results when 
either CS or WR is HIGH. The output holds the value corre
sponding to the last digital inputs prior to CS or WR assuming 
the HIGH state. 

MODE SELECTION TABLE 

CS WR MODE DAC RESPONSE 

L L 

H x 

x H 

WRITE 

HOLD 

HOLD 

OAC responds to data bus 
(OBO - OB7) inputs (trans
parent) 

Data bus (DBO - OB7) is 
locked out 

OAC holds last data present 
when WR or CS assumes a 
HIGH state 

L = Low State, H = High State, X = Don't Care. 

WRITE CYCLE TIMING DIAGRAM 

DATA IN 
(080- OB71 ___ ....J 

NOTES: 
1. ALL INPUT SIGNAL RISE AND FALL TIMES 

MEASURED FROM 10% TO 90'10 OFVoo- VDD 
"+5~ t,,, If" 2Ons; YDD" +15~ t, =" = 4On .. 

2. nMiNGMEASUREMENTREFEAENCELEVEL 
IS VIH+ VJL 

2 

3·Ios+toHISAPPROXIMATELYCONSTANTAT 
145n1 MIN AT +25°C, VDD = +5V AND Iwt = 
170ns MIN. THE PM-7524IS SPECIFIED FOR 
A MINIMUM tDH OF Ulna, HOWEVER, IN 
APPLICATIONS WHERE toM> 1Ons., IDS MAY 
BE REDUCED UP TO THE LIMIT los = 65ns, 
toH= 8OnI. 

Supply current (100) versus Logic input voltage (V1N) is shown in 
Figure 3. This plot shows the supply current for both Voo = +5V 
and Voo = +15V. 

FIGURE 3: Supply Current vs Logic Level 

~ 
" c 
~ 

" 

14 

12 

10 

.E' • 

o 

Voo 
-=+5V 

11 
~ 

o 

1 400 

TA - +26°C 
ALL DIGITAL INPUTS 
TIED TOGETHER 

1200 

1000 

~ 
800 II 

~ 
J\r:OO· +15V 

600 1 
j 

400 

t..... 200 ...... 
1'-. o 

6 10 12 14 

VIN (VOLTS) 

APPLICATIONS 

FIGURE 4: Unipolar Binary Operation 
(2-Quadrant Multiplication) 

±10V 
VREF Voo 

GNO 
NOTES: 
1. RT AND R2 USED ONLY IF GAIN 

ADJUSTMENT IS REQUIRED. 
2. C1 PHASE COMPENSATION (10pF -15pFI 

MAV BE REQUIRED WHEN USING HIGH 
SPEED AMPLIFIERS TO PREVENT 
RINGING OR OSCILLATION. 

TABLE I: Unipolar Binary Code Table 

DIGITAL INPUT 
MSB LSB ANALOG OUTPUT 

-VREF (~: ) 
0 0 0 0 0 0 -VREF ( 129 ) 

256 

0 0 0 0 0 0 0 -VREF (~~ ) 
VREF 

--2-

0 -VREF U~) 
0 0 0 0 0 0 0 -VREF ( 2~6 ) 

0 0 0 0 0 0 0 0 -VREF (2~ ) =0 

NOTE: 
_ 1 

1 LSB = (2 8)(VREF) = 2s6 (VREF) 
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------------11fM:D PM-7524 CMOS 8-BIT BUFFERED MULTIPLYING DIA CONVERTER 

FIGURE 5: Bipolar (4-Quadrant) Operation 

MSB 
DATA 
INPUTS I LSB 

cs 
WR 

±10V 
(ACCR DC) 

VREF Voo 

15 ,. 
11 

PM-7524 
12 

13 

GND 

TABLE II: Bipolar (Offset Binary) Code Table 

DIGITAL INPUT 
MSB LSB ANALOG OUTPUT 

( 127 ) 
128 

o 0 0 0 0 0 ( 1~8 ) 

o 0 0 0 0 0 0 o 

o 

o 0 0 0 0 0 0 ( 127 ) 
128 

o 0 0 0 0 0 0 0 ( 128 ) 
128 

NOTE: 
_ 1 

1LSB = (2 7) (VREF) = 128 (VREF) 

FIGURE 6: PM-7524/8085A Interface 

R5 

Your 

NOTES: 
1. ADJUST Rl FOR Vour::: OV AT CODE 10000000. 
2. Cl PHASE COMPENSATION (10 - 15pF) MAY BE 

REQUIRED IF AllSA HIGH SPEED AMPLIFIER. 

FIGURE 7: PM-7524/MC6800 Interface 

AO-A1S 

VMA 1-..... ---+/ 
6BOO 

.21--",-_ 

00-07 
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-----'--------I[fMD PM-7524 CMOS a-BIT BUFFERED MULTIPLYING D/A CONVERTER 

FIGURE 8: Power Generation Connection 

DATA c;>-~~~;f.-+I 
INPUr .. D .. 6-+ ...... __ +I 

os 0-++-...... +1 

CIRCUIT EQUATIONS 

v, = - (VilE') (D) 
V2 = + (VREf) (D2) 
Vn = - (VAEII) (0"), n AN ODD INTEGER 
Vn = + (VREF) (on), n AN EVEN INTEGER 

WHERE: 

D = D2~7 + D2~6 + .. ,0;0 

AND 

DBn "" 1 ora 

v, 

v" 

FIGURE 9: Divider 
(Digitally Controlled Gain) 

DATA 
INPUT "0," 

EQUATIONS 

-VIN 
VOUT =-0 

MSB 
DB7 

PM-7524 

os WR 

" ,. I. 
VREF 

-VOUT 1 
Av = YiN = - 0 WHERE: Ay = VOLTAGE GAIN 

11-158 

AND WHERE: 

o = D2~7 + D2~6 + , .. D2~O 

DBN = 10rO 

EXAMPLES 

o = 00000000, Av = - AOl (OP AMP) 
o = 00000001, Ay = - 256 

D = 10000000, Ay = - Wa = -2 

D "" 11111111, Av "" - ~ 

VDD 

RFB v,. 

VOUT 
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Precision Monolithics Inc. 

FEATURES 

• On-Chip Latches For Both DACs 
• +5V To +15V Single Supply Operation 
• DACs Matched To 1% 
• Four-Quadrant Multiplication 
• TTL/CMOS Compatible 
• 8-Blt Endpoint Linearity (±1/2 LSB) 
• Full Temperature Operation 
• Low Power Consumption 
• Microprocessor Compatible 

APPLICATIONS 

• Digital Gain/Attenuation Control 
• Digital Control Of Filter Parameters 
• Digitally-Controlled Audio Circuits 
• X-Y Graphics 
• DigitallSynchro Conversion 
• Robotics 
• Ideal For Battery-Operated Equipment 

ORDERING INFORMATIONt 

PACKAGE: 20-PIN** 

MILITARY' INDUSTRIAL COMMERCIAL 
RELATIVE GAIN TEMPERATURE TEMPERATURE TEMPERATURE 

ACCURACY ERROR -SS"C TO +12S"C -2S"C TO +85"C O"C TO +70"C 

±1/2 LSB ±2 LSB PM-7528BR 

±1/2 LSB ±1 LSB PM-7528AR 

PM-7528FR 

PM-7528ER 

PM-7528HP 

PM-7528GP 

• For devices processed in total compliance to MIL-STD-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

** Package designation: Suffix R: Hermetic Dip, Suffix P: Plastic Dip 
t All commercial and industrial temperature range parts are available with 

burn-in. For ordering information see 1986 Data Book, Section 2. 

FUNCTIONAL DIAGRAM 

PM-7528 
DUAL 8-BIT BUFFERED 

MULTIPLYING CMOS D/A CONVERTER 

CROSS REFERENCE 

TEMPERATURE 
PMI ADI RANGE 

PM7528AR AD7528UD 
PM7528BR AD7528TD MILITARY 
PM7528BR AD7528SD 

PM7528ER AD7528CQ 
PM7528FR AD7528BQ INDUSTRIAL 
PM7528FR AD7528AQ 

PM7528GP AD7528LN 
PM7528HP AD7528KN COMMERCIAL 
PM7528HP AD7528JN 

GENERAL DESCRIPTION 
The PM-7528 contains two 8-bit multiplying digital-to-analog 
converters. Excellent DAC-to-DAC matching and tracking re
sults from monolithic construction. The PM-7528 consists of 
two thin-film R-2R resistor-ladder networks, two data latches, 
one input buffer, and control logic. Operation from a 5 to 15 volt 
single power supply dissipates only 20mW of power. 

Digital input data is directed into one of the DAC data latches 
determined by the DAC selection control line DAC A/DAC B. 
The 8-bit wide input data path provides TTL/CMOS compati
bility. The data load cycle is similar to the write cycle of a 
random access memory. The PM-7528 is bus compatible with 
most 8-bit microprocessors, including the 6800,8080,8085, and 
Z80. 

The PM-7528 saves PC board space with the narrow 20-pi n 0.3" 
wide DIP. A set of internal tracking span resistors is included, 
minimizing external parts. 

PIN CONNECTIONS 

11-159 

20-PIN EPOXY DIP 
(P-Suffix) 

20-PIN HERMETIC DIP 
(R-Suffix) 

1/86, Rev. A 
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----------l~ PM-752a DUAL a-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTER 

ABSOLUTE MAXIMUM RATINGS 
(TA = +25°C, unless otherwise noted.) 

VDD to AGND .................................. OV, +17V 

VDD to DGND .................................. OV, +17V 
AGND to DGND ................................... VDD 
DGND to AGND ................................... VDD 
Digital Input Voltage to DGND .•••.•••.•........ -0.3\1, VDD 
VPIN 2, VPIN 20 to AGND ••.••...•............... -0.3V, VDD 
VREF A, VREF B to AGND ........................... ±25V 
VRFB A, VRFB B to AGND ........................... ±25V 
Power Dissipation (Any Package) to +75°C •......• 450mW 

Derate Above +75°C by .•..••.•...•....•.....• 6mW/oC 
Operating Temperature Range 

AR, BR Versions ...••.......•...••.... -55°C to +125°C 
ER, FR Versions .•..••..........•.•..... -25°C to +85°C 
GP, HP Versions .•••....•.....•.•...•..... O°C to +70°C 

Dice Junction Temperature ........•.•••..•.....•• +150°C 
Storage Temperature .............•.••... -65°C to +150°C 
Lead Temperature (Soldering, 60 sec) •............ +300°C 
CAUTION: 
1. Do not apply voltages higher than VOD or less than GND potential on any 

terminal except VAEF. 
2. The digital control inputs are zener-protected; however, permanent damage 

may occur on unprotected units from high-energy electrostatic fields. 
Keep units in conductive fo~m at aU times until ready to use. 

3. Do not insert this device into powered sockets; remove power before 
insertion or removal. 

4. Use proper anti-static handling procedures. 
5. Stresses above those listed under "Absolute Maximum Ratings" maycause 

permanent damage to the device. 

ELECTRICAL CHARACTERISTICS atVDD = +5V, VREFA = VREF B = +10V, OUT A= OUT B = OV; TA = -55°C to +125°C apply for 
PM-7528AR/BR; TA = -25° C to +85° C apply for PM-7528ER/FR; TA = 0° C to + 70° C apply for PM-7528GP/HP, unless otherwise noted. 

PM-7528A/E/G PM-7528B/F IH 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

STATIC ACCURACY 
(Note 1) 

Resolution N Bits 

Relative Accuracy 
NL ±1/2 ±1/2 LSB 

(Note 2) 

Differential Nonlinearity 
(Note 3) 

DNL ±1 ±1 LSB 

Full Scale 
TA = +25°C 

Gain Error GFSE 
±1 ±2 

LSB 
(Note 4) TA = Full Temp. Range ±3 ±4 

Gain Temperature 

Coefficient 
TCG FS (aGainl aTemperature) 

±0.007 ±0.007 %/(>C 

(Notes 4, 10) 

Output Leakage Current 
TA = +25°C ±50 ±50 

Out A (Pin 2)IOut B (Pin 20) ILKG nA 
(Note 5) 

TA = Full Temp. Range ±400 ±400 

Input Resistance 

(VREF A, VREF B) RREF 8 15 15 kQ 

(Note 6) 

VREF AIVREF B 
aVREFA. B 0.1 ±1 0.1 ±1 % 

(Input Resistance Match) 

DIGITAL INPUTS 
(NoteS) 

Digital Input High V1NH 2.4 2.4 V 

Digital Input Low V1Nl 0.8 0.8 V 

Input Current TA = +25'C .001 ±1 .001 ±1 
/1A (Note 7) liN TA = Full Temp. Range ±10 ±10 

Input Capacitance DBO-DB7 10 10 

(Note 10) C'N pF 
WR. CS, DAC A/DAC B 15 15 
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~ PM·7528 DUAL 8·BIT BUFFERED MULTIPLYING CMOS DIA CONVERTER 

ELECTRICAL CHARACTERISTICS at VDD = +5V, VREF A = VREF B = +10V, OUT A = OUT B = OV; TA = -55°C to +125°C apply for 

PM· 7528AR/BR; TA = -25° C to +85° C apply for PM·7528ER/FR; TA = 0° C to +70° C apply for PM· 7528GP/HP, unless otherwise noted. 

(Continued) 

PM·7528A1E/G PM-75288/F IH 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

SWITCHING CHARACTERISTICS 
(Notes 10. 11) 

Chip Select to TA ::: +25°C 200 200 
tcs ns 

Write Set-Up Time TA " Full Temp. Range 230 230 

Chip Select to TA ::: +25°C 20 20 
tCH ns 

Write Hold Time TA :::: Full Temp. Range 30 30 VJ 

DAC Select to TA := +25°C 200 200 
c;r: 

tAS ns ..,.;j 
Write Set-Up Time TA = Full Temp. Range 230 230 

~ 
DAC Select to TA " +25°C 20 20 

tAH ns 

~ Write Hold Time TA " Full Temp. Range 30 30 

Data Valid to TA =+25°C 110 110 
Write Set-Up Time tos TA = Full Temp. Range 130 130 

ns 0 
U 

Data Valid to 
0 0 C) tDH ns 

Write Hold Time 0 
Write Pulse Width 

TA = +25°C 180 180 

~ tWA ns 
TA = Full Temp. Range 200 200 

POWER SUPPLY ~ 
(Note 12) 0 

Supply Current All Digital Inputs V,NL or V,NH mA ~ 
(Note 21) 100 

fJ.A ~ All Digital Inputs OV or VOD 100 100 

AC PERFORMANCE ....... 
CHARACTERISTICS C) 
(Note 13) ....... 

Cl 
DC Supply Rejection 

TA ::: +25°C 0.02 0.02 
(IIGain! IIVDO) PSRR %/% 

TA = Full Temp. Range 0.04 0.04 
(Note 14) 

Propagation Delay TA = +25°C 220 220 
tpD ns 

(Notes 15, 16, 17) TA = Full Temp. Range 270 270 

Current Settling Time TA = +25°C 350 350 
t, ns 

(Notes 16, 17, 22) TA = Full Temp. Range 400 400 

Digital Charge Injection 
Q TA =+25°C 

(Note 18) 
160 160 nVs 

COUT A DAC Latches Loaded 50 50 

COUT B with 00000000 50 50 
Output Capacitance pF 

COUT A DAC Latches Loaded 120 120 

COUT B with 11111111 120 120 

VAEF A to OUT A; 

FTA TA =+2SoC -70 -70 

AC Feedthrough TA = Full Temp. Range -65 -65 

(Note 19) dB 
VAEF B to OUT B; 

FTB TA=+25°C -70 -70 

TA = Full Temp. Range -65 -65 
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---------f~ PM-752a DUAL a-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTER 

ELECTRICAL CHARACTERISTICS at VDD = +5V, VREF A = VREF B = +10V, OUT A = OUT B = OV; TA = -55°C to +125°C apply for 

PM-7528AR/BR; TA = -25°C to +85°C apply for PM-7528ER/FR; TA = O°C to +70° C apply for PM-7528GP/HP, unless otherwise noted. 

(Continued) 

PM-7528A/E/G PM-7528B/F/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

AC PERFORMANCE 
CHARACTERISTICS 
(Note 13) 

VREF A to OUT B; 
VREF A = 20Vp-p Sinewave 

CCIBA @f = 100kHz -77 -77 
VREF B = OV. 

Channel-to-Channel TA =+25"C 
Isolation (Note 20) 

VREF B to OUT A; 
dB 

VREF B = 20Vp-p Sinewave 
CCIAB @f= 100kHz -77 -77 

VAEF A = OV. 
TA = +25°C 

For Code Transition From 

Digital Crosstalk Q 00000000 to 11111111. 30 30 nVs 
TA = +25"C 

Harmonic Distortion THO 
V,N = 6Vrms @ f = 1 kHz. 
TA = +25°C 

-85 -85 dB 

ELECTRICAL CHARACTERISTICS at VDD = +15V, VREF A = VREF B = +1 OV, OUT A = OUT B = OV; TA = -55° C to +125° C apply for 

PM-7528AR/BR; TA = -25° C to +85° C apply for PM-7528ER/FR; TA = 0° C to +70° C apply for PM-7528GP/HP, unless otherwise noted. 

PM-7528A/E/G PM-7528B/F/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

STATIC ACCURACY 
(Note 1) 

Resolution N 8 Bits 

Relative Accuracy 
NL ±1/2 ±1/2 LSB 

(Note 2) 

Differential Nonlinearity 
DNL ±1 ±1 LSB 

(Note 3) 

Full Scale 
TA = +25°C ±1 ±2 

Gain Error GFSE LSB 
TA = Full Temp. Range ±1 ±3 

(Note 4) 

Gain Temperature 
Coefficient 

TCG FS ±0.0035 ±0.0035 %I'C - -
~Gai nl ~ Temperatu re 
(Notes 4, 10) 

Output Leakage Current 
TA=+25°C 5 ±50 ±50 

Out A (Pin 2)/Out B (Pin 20) ILKG nA 
TA = Full Temp. Range ±200 ±200 

(NoteS) 

Input Resistance 

(VAEF A, VAEF B) RREF 15 15 kQ 
(Note 6) 

VAEF AIVREF B 
~VAEFA. B 0.1 ±1 0.1 ±1 % 

(Input Resistance Match) 

DIGITAL INPUTS 
(Note 9) 

Digital Input High V1NH 13.5 13.5 V 

Digital Input Low V,NL 1.5 1.5 V 
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~ PM-7528 DUAL 8-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTER 

ELECTRICAL CHARACTERISTICS at VDD = +15V, VREF A = VREF B = +1 OV, OUT A = OUT B = OV; TA = -550 C to +1250 C apply for 
PM-7528AR/BR; TA = -25 0 C to +850 C apply for PM-7528ER/FR; TA = 00 C to + 700 C apply for PM-7528GP/H P, unless otherwise noted, 
(Continued) 

PM-7528A/E/G PM-7528B/F/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

DIGITAL INPUTS 

(Note g) 

Input Current 
liN 

TA :::: +25°C ±1 ±1 
/lA 

(Note 7) TA = Full Temp, Range ±10 ±10 

Input Capacitance DBO-DB7 10 10 

(Note 10) 
C'N pF 

WR, CS, DAC A/DAC B 15 15 VJ 

SWITCHING CHARACTERISTICS el 
(Notes 10, 11) ~ 

Chip Select to TA = +25°C 60 60 

~ Write Set-Up Time tcs TA = Full Temp. Range 80 80 
ns 

Chip Select to TA :::: +25°C 10 10 0 
Write Hold Time tCH TA = Full Temp. Range 15 15 

ns 
U 

DAC Select to TA :::: +25°C 60 60 C) 
Write Set-Up Time 

tAs TA = Full Temp. Range 80 80 
ns 0 

DAC Select to TA ::: +25°C 10 10 

~ tAH ns 
Write Hold Time TA = Full Temp. Range 15 15 

Data Valid to TA= +25'C 50 50 
Write Set-Up Time 

t DS 
TA = Full Temp. Range 70 70 

ns 

~ Data Valid to 
10 10 

Write Hold Time tDH ns 

~ Write Pulse Width 
TA :::: +25°C 60 60 

tWR ns 
TA = Full Temp. Range 80 80 C) ...... 

POWER SUPPLY Cl 
(Note 12) 

Supply CUrrent All Digital Inputs V,NL or V,NH mA 

(Note 21) IDD 
All Digital Inputs OV or VDD 100 100 /lA 

AC PERFORMANCE 

CHARACTERISTICS 

(Note 13) 

DC Supply Rejection 
TA =+2SoC 0.01 0.01 

(<1Gain/<1VDD) PSRR %1% 
(Note 14) 

TA = Full Temp. Range 0.02 0.02 

Propagation Delay 
tpD 

TA :::: +25°C 80 80 
(Notes 15,16,17) TA = Full Temp. Range 100 100 

ns 

Current Settling Time TA :::: +25°C 180 180 

(Notes 16, 17, 22) 
t, ns 

TA = Full Temp. Range 200 200 

Digital Charge Injection 
Q TA = +25°C 440 440 nVs 

(Note 18) 
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----------1!W PM-752a DUAL a-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTER 

ELECTRICAL CHARACTERISTICS at VDD = +15V, VREF A = VREF B = +10V, OUT A = OUT B = OV; TA = -55' C to +125'C apply for 

PM-7528AR/BR; TA = -25'Cto +85'C apply for PM-7528ER/FR; TA = O'C to +70'C apply for PM-7528GP/HP, unless otherwise noted. 

(Continued) 

PM-7528A/E/G PM-7528B/F/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

AC PERFORMANCE 
CHARACTERISTICS 
(Note 13) 

CouTA DAC Latches Loaded 50 50 

COUT B with 00000000 50 50 
Output Capacitance pF 

CouTA DAC Latches Loaded 120 120 

COUTB with 11111111 120 120 

VREF A to OUT A; 

FTA TA = +25'C -70 -70 
AC Feedthrough TA = Full Temp. Range -65 -65 

dB 
(Note 19) 

VREF B to OUT B; 

FTB TA = +25'C -70 -70 

TA = Full Temp. Range -65 -65 

VREF A to OUT B; 
VREF A = 20Vp-p Sinewave 

CCIBA @f= 100kHz -77 -77 
VREF B = OV. 

Channel-to-Channel TA = +25'C 
dB 

Isolation (Note 20) 
VREF B to OUT A; 
VREF B = 20Vp-p Sinewave 

CCIAB @f= 100kHz -77 -77 
VREF A = OV. 
TA = +25'C 

For Code Transition From 
Digital Crosstalk Q 00000000 to 11111111. 60 60 nVs 

TA = +25'C 

Harmonic Distortion THO 
V'N = 6Vrms @ f = 1 kHz. 

-85 -85 dB 
TA = +25'C 

NOTES: 11. See timing diagram. 

1. Specifications apply to both DAC A and DAC B. 12. See Fig ure 3. 

2. This Is an endpoint linearity specification. 13. These characteristics are for design guidance only and are not subject 

3. All grades guaranteed to be monotonic over the full operating to test. 

temperature range. 14. ~Voo=±5%. 

4. Measured using internal RFB A and RFB B. Both DAC latches loaded with 15. From digital input to 90% of final analog-output current. 

11111111. Gain error is adjustable using circuits of Figures 5 and 6. 16. VREF A = VREF B = + 10V; OUT A, OUT B load = 1000, CEXT = 13pF. 

5. DAC loaded with 00000000. 17. Wl'i, "CS' = OV. DBO-DB7 = OV to Voo or Voo to OV. 

6. Input resistance TC = +300ppm/'C; typical Input resistance = 11 kO. 18. For code transition 00000000 to 11111111. 

7. V'N = OV or Voo. 
19. VREF A. VREF B = 20Vp_p Sinewave @ f = 100kHz. 

8. For all data bits DBO-DB7. WR."CS'.~/DAC B. 20. Both DAC latches loaded with 11111111. 

9. Logic inputs are MaS gates. Typical input current (+25'C) is less than 21. 100 = 500l'A at TA = Full Temp. Range. 

InA. 22. Extrapolated: ts (1/2 LSB) =tpD + 6.2T. where T = the measured first time 

10. Guaranteed and not tested. constant of the final RC decay. 
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----------I~ PM-752a DUAL a-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTER 

DICE CHARACTERISTICS 

DIE SIZE 0.135 x 0.110 Inch, 14,850 oq. mil. 

(3.429 x 2.794 mm, 9.58 sq. mm) 

For additional DICE I"'onnellon ref., to 
1988 Data Book, Section 2. 

1. ANALOG GROUND (AGND) 

2. OUTPUT A (OUT A) 

3. DAC A FEEDBACK RESISTOR (R •• A) 

4. DAC A REFERENCE INPUT (VRE.A) 

5. DIGITAL GROUND (DGND) 

6. DIGITAL SELECTION (DAC A1DAC B) 

7. DIGITAL INPUT DB7 (MSB) 

8. DIGITAL INPUT DB6 

9. DIGITAL INPUT DB5 

10. DIGITAL INPUT DB4 

11. DIGITALINPUT DB3 

12. DIGITAL INPUT DB2 

13. DIGITAL INPUT DBI 

14. DIGITAL INPUT DBO (LSB) 

15. CHIP SELECT (CS) 

16. WRITE (WiI) 

17. POSITIVE POWER SUPPLY (VDD) 

18. DAC B REFERENCE INPUT (VRE.B) 

19. DAC B FEEDBACK RESISTOR (RFBB) 

20. OUTPUT B (OUT B) 

WAFER TEST LIMITS at VDD = +5V or +15V, VREF A = VREF B = +10V, OUT A = OUT B = OV; TA = 25°C, unless otherwise noted. 

PARAMETER SYMBOL 

Relative Accuracy NL 

Differential Nonlinearity DNL 

Gain Error GFSE 

Output Leakage 'LKG 

Input Resistance RREF 

VREFAIVREFB Input 
<lVREFA, B 

Resistance Match 

Digital Input 
V,H High 

Digital Input 
V'L Low 

Input Current 'iN 

Supply Current 'DD 

DC Supply Rejection 
PSRR 

(<lGain/<lVDD) 

NOTE: 

CONDITIONS 

Endpoint Linearity Error 

DAC Latches Loaded with 11111111 

DAC Latches Loaded with 00000000 

Pad 2 and 20 

Pad 4 and 18 

VDD = SV 
VDD = 1SV 

VDD = SV 

VDD = 1SV 

Y,N = OV or VDD 

All Digital Inputs V,NL or V,NH 
All Digital Inputs OV or VDD 

VDD = ±S% 

PM-7528G 

LIMIT UNITS 

±I> LSB MAX 

±1 LSB MAX 

±2 LSB MAX 

±SO nAMAX 

8/1S 
KOMIN/ 
KOMAX 

±1 % MAX 

2.4 
VM1N 13.S 

0,8 
VMAX 

l.S 

±1 J1AMAX 

0,1 
mAMAX 

0,02 %/%MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at VDD = +5Vor +15V, VREF A = VREF B = +10V, OUT A = OUT B = OV; TA = 25°C, 

unless otherwise noted. (Note 13) 

PM-7528G 
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS 

Digital Input Capacitance C'N 6 pF 

CouTA 
22 

pF 
COUTB DAC Latches Loaded with 00000000 22 

Output Capacitance 
CouTA 

40 

COUTB DAC Latches Loaded with 11111111 40 
pF 

Propagation Delay 
tpD 

VOD = 1SV 70 
(Notes 1S, 16, 17) VDD = SV 1S0 

ns 
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---------lm PM-752a DUAL a-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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_______ --f~PM-752a DUAL a-BIT BUFFERED MULTIPLYING CMOS DIA CONVERTER 

TYPICAL PERFORMANCE CHARACTERISTICS 

TOTAL HARMONIC DISTORTION 
vs FREQUENCY 

ANALOG CROSSTALK 
VB FREQUENCY 

POWER SUPPLY REJECTION 
VB TEMPERATURE 

VOO=15V rill 

VREF" 6 VRMS 
-20 TA = 25°C 

OP-01 OUTPUT OP AMP 

-40 1-+++t+t1Ht--+--t-JI+tHII-----1-+-tfftltl 

-100 1-+-++tffiftt--+-HI+tttt+-----1-+++HtH 

-120 L......l-.l...LllUUL..-L...J..JL.l..l.WJ..--.J-L.J.JJLl.W 
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________ --IIEMDPM-7528 DUAL 8-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTER 

PARAMETER DEFINITIONS 
RELATIVE ACCURACY 
Relative accuracy, or endpoint nonlinearity, is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the OAC transfer function. It is measured after 
adjusting for zero and full scale, and is normally expressed in 
LSB's or as a percentage of full scale reading. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of ±1 LSB maximum 
over the operating temperature range ensures monotonicity. 

GAIN ERROR 
Gain error, or full-scale error, is a measure of the output error 
between an ideal DAC and the actual device output. The ideal 
full-scale output is VREF minus 1 LSB. Gain error of both DAC's 
in the PM-7528 is adjustable to zero with external resistance. 

OUTPUT CAPACITANCE 
Capacitance from OUT A or OUT B to AGND. 

DIGITAL CHARGE INJECTION 
The amount of charge injected from the digital inputs to the 
analog output when the inputs change states. This is normally 
specified as the area of the glitch in either pAsecs or nVsecs, 
depending upon whether the glitch is measured as a current or 
voltage signal. Digital charge injection is measured with VREF A, 
VREF B = AGND. 

PROPAGATION DELAY 
This is a measure of the internal delays of the circuit. It is 
defined as the time from a digital input change to the analog 
output current reaching 90% of its final value. 

CHANNEL-TO-CHANNEL ISOLATION 
The portion of input signal from one DAC's reference input 
which appears at the output of the other DAC, expressed as 
a ratio in dB. 

DIGITAL CROSSTALK 
The glitch energy transferred to the output of one converter, 
due to a change in digital input code to the other converter, 
specified in nVsec. 

WRITE CYCLE TIMING DIAGRAM 

AC FEEDTHROUGH 
AC signal due to capacitive coupling from VREF to output with 
all switches "off." 

INTERFACE LOGIC INFORMATION 
DAC SELECTION 
Both DAC latches share a common 8-bit input port. The control 
input OAC AlDAC B selects which DAC can accept data from 
the input port. 

MODE SELECTION 
The inputs CS and WR control the operating mode of the 
selected DAC. See Mode Selection Table below. 

WRITE MODE 
When CS and WR are both low, the selected DAC is in the write 
mode. The input data latches of the selected DAC are trans
parent and its analog output responds to the data on the data bit 
lines OBO-DB7. 

HOLD MODE 
The selected DAC latch retains the data which was present on 
the data lines just priorto CS or WRassuming a high state. Both 
analog outputs remain at the values corresponding to the data 
in their respective latches. 

MODE SELECTION TABLE 

DACAlDACB CS WR DACA DACB 

L L L WRITE HOLD 

H L L HOLD WRITE 

X H X HOLD HOLD 

X X H HOLD HOLD 

L = Low State H = High State X = Don't Care 

CIRCUIT INFORMATION-D/A SECTION 
The PM-7528 contains two identical8-bit multiplying digital-to
analog converters, DAC A and DAC B. Each DAC includes a 
stable thin-film R-2R resistor ladder and eight NMOS current 
steering switches. Figure 1 shows a simplified equivalent circuit 

CHIP SELECT -----{ 

DACAlOACB -----{ 

,cs-t-~H}~ VOO 

'~-l-'AH}~ ____ VOO 

_ ~'WR~~_VOO 
WRITE ~ _Y 

______ • e'OS -I- t,:-"----VOO 

DATA IN IOBO-OB7) ~TA IN STABLE X 
11-168 

NOTES: 
1. ALL INPUT SIGNAL RISE AND FALL 

TIMES MEASURED FROM 10% TO 90% 

OF Voo' 
Voo = +5V, tr = t f '" 20n5; 

VOO = +15V, tr = 1t = 4On5. 

2. TIMING MEASUREMENT REFERENCE 

lEVEL IS V1H + V1L 
2 
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-----------l1EHD PM-752a DUAL a-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTER 

of either DAC. The inverted R-2R ladder takes a voltage or 
current reference and divides it in a binary manner among the 
eight current steering switches. The number of switches 
selected to the output (OUT) add their currents together 
forming an analog output current representation of the switch 
selection. The DAC OUT and analog ground (AGND) should be 
maintained at the same voltage for proper operation. 

'-----+-+--,...-?i'--.;...4--4-----oAGND 

AND DRIVERS 

FIGURE 1: Simplified functional circuit for DAC A or DAC B. 

EQUIVALENT CIRCUIT ANALYSIS 
The equivalent circuit of DAC A shown in Figure 2 is similar to 
DAC B. DAC A and DAC B both share the analog ground pin 1 
(AGND). With all digital inputs high, the reference current flows 
to OUT A. A small leakage current (ILEAKAGE) flows across 
internal junctions, doubling every 1Q°C. The R-2R ladder 
termination resistor generates a constant 1/256 current which is 

RO"" 11kH 

VREF O--'lIV'.-.... ---..... ---..... ~--oOUT A 

FIGURE 2: PM-7528 DAC A equivalent circuit. All digital inputs 
high. 

1 LSB of the reference current (IREF)' COUT is the parallel 
combination of the NMOS current steering switches. The value 
of COUT depends on the number of switches connected to the 
output. The range of COUT is 50pF to 120pF maximum. The 
equivalent output resistance Ro varies with input code from 
O.8R to 3R, where R is the nominal ladder resistor of the R-2R 
ladder. 

CIRCUIT INFORMATION-DIGITAL SECTION 
The digital inputs provide TTL input compatibility (V1NH ~ 2.4, 
V1NL ~ O.8V) when the PM-7528 operates with VDD of +5V. The 
digital inputs effect the amount of quiescent supply current as 
shown in Figure 3. Peak supply current occurs as the digital 
input (V1N) passes through the transition voltage. Maintaining 
the digital input voltages as close as possible to the supplies 
(VDD and DGND) minimizes supply current consumption. 
When operating the PM-7528 from CMOS logic the digital 
inputs are driven very close to the supply rails, minimizing 
power consumption. 

Digital input protection from electrostatic discharge and electro
static buildup occurs in the input network shown in Figure 4. 

30 

TA '" 2SoC 
ALL DIGITAL INPUTS 
TIED TOGETHER 

i--- ~~:::;: -

-
Voo i 5V 

J )(ll"-J. 
a 

a 10 15 

V1N - DIGITAL INPUT (VOLTS) 

FIGURE 3: Typical plots of supply current, IDD vs logic input 
voltage (V1N), for VDD ~ +5V, +10V, and +15V. 

T 

FIGURE 4: Simplified equivalent gate-input protection circuit. One of eight current switches, and its associated internal CMOS
drive-circuitry, is shown. 
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----------IIEM:D PM-7528 DUAL B-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTER 

BURN-IN CIRCUIT 

+lDV 1kl! +15V 

13 12 11 
5kl! 

PM-7528 

l00kn 

10 

C IS A PARALLEL COMBINATION OF 4.7pF 
ON EVERY TENTH SOCKET. 

APPLICATIONS INFORMATION 
The most common application of this DAC is voltage output 
operation. Unipolar output operation provides a a to 10 volt 
output swing when connected, as shown in Figure 5. The 
maximum output voltage polarity is the inverse of the input 
reference voltage, since the op amp inverts the input currents. 
The transfer equation for unipolar operation is VOUT = -VIN X 
0/256, where D is the decimal value of the data bit inputs DBa 
thru DB7 and VIN is the reference input voltage. The transfer 
equation highlights another popular application of CMOS 
DAC's, multiplication. The output voltage is the product of the 

DATA 
INPUTS 
IDI 

DONO 

NOTES: 

1 Rl, R2 AND R3. R4 USED ONLY IF GAIN ADJUSTMENT IS 
REQUIRED. see TABLE FOR RECOMMENDED VALUES. 
MAKE GAIN ADJUSTMENT WITH DIGITAL INPUT OF 255. 

2 Cl, C2 PHASE COMPENSATION (10pF-15pF) IS REOUIRED 
WHEN USING HIGH SPEED AMPLIFIERS TO PREVENT 
RINGING OR OSCILLATION. 

reference voltage and the digital input code. The reference 
input voltage can be any value in the range of ±25 volts for both 
DC or AC signals. The circuit in Figure 5 performs two-quadrant 
multiplication. Table 1 provides example analog outputs for the 
given digital input codes. 

For bipolar output operation connect the PM-7528 as shown in 
Figure 6. This circuit configuration provides an offset current, 
derived from the reference, to enable the output op amp to 
swing in both polarities. The digital input coding becomes 
offset bi nary. Table 2 provides some example analog outputs for 
various digital inputs (D). The transfer equation for bipolar 
operation is VOUT = VIN X (0/128 - 1), where 0 is the decimal 
value of the data bit inputs DBa thru DB7. This circuit provides 
full four-quadrant multiplication able to accept both polarities 
on all inputs as well as the circuit output. 

APPLICATION HINTS 
To ensure system performance consistent with PM-7528 specifi
cations, careful attention must be given to the following pOints: 

1. GENERAL GROUND MANAGEMENT: AC or transient 
voltages between the PM-7528 AGND and DGND can 
cause noise injection into the analog output. The simplest 
method of ensuring that voltages at AGND and DGND are 
equal, is to tie AGND and DGND together at the PM-7528. 
In more complex systems where the AGND-DGND con
nection is on the back-plane, it is recommended that diodes 
(1 N914 or equivalent) be connected in inverse parallel 
between the PM-7528 AGND and DGND pins. 

R1' 

RECOMMENDED TRIM RESISTOR VALUES VI GRADE 

TRIM RESISTOR 

Rl, R3 
R2, R4 

HP/FR/BR 

500Il 
1501l 

GP/ER/Aft 

200Il 
82ll 

FIGURE 5: Dual DAC Unipolar Binary Operation (2 Quadrant Multiplication). See Table 1. 
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---------l1fM!) PM-7528 DUAL a-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTER 

2. 

3. 

OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a code
dependent differential nonlinearity term at the amplifier 
output with a maximum magnitude of 0.67 Vas (Vas is 
amplifier input-offset voltage). This differential nonlinearity 
term adds to the R/2R differential nonlinearity. To maintain 
monotonic operation, it is recommended that amplifier Vas 
be no greater than 10% of 1 LSB over the temperature range 
of interest. 

HIGH-FREQUENCY CONSIDERATIONS: The output 
capacitance of a CMOS DAC works in conjunction with the 
amplifier feedback resistance to add a pole to the open-loop 
response; this can cause ringing or oscillation. Stability can 
be restored by adding a phase-compensation capacitor in 
parallel with the feedback resistor. 

VIN A 
(±10V) 

4. DYNAMIC PERFORMANCE: The dynamic performance of 
the two DACs in the PM-7528 will depend upon the gain and 
phase characteristics ofthe output amplifiers, together with 
the optimum choice of the PC board layout and decoupling 
components. 

5. CIRCUIT LAYOUT SUGGESTIONS: Analog and digital 
ground traces should be routed between package pins to 
isolate the digital inputs from the analog circuitry. Analog 
ground traces should also be placed between pins 17-18, 
18-19, 3-4, 4-5 to minimize reference feedthrough to the 
output in multiplying applications. A power supply bypass 
capacitor (0.1pF) is recommended across Vee to DGND. 

R5 

~---------------------------, 

DATA 
INPUTS 

DACAl 
DACS 

15 os 
WR 

16 

DGNO 

NOTES: 
1 Rl, A2 AND R3, R4 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED. 

see TABLE IN FIGURE 5 FOR RECOMMENDED VALUES. 
ADJUST Rl FOR Your A '" OV WITH CODE 10000000 IN OAe A LATCH. 
ADJUST R3 FOR Your B '" OV WITH CODe 10000000 IN OAe B LATCH. 

2 MATCHING AND TRACKING IS ESSENTIAL FOR RESISTOR PAIRS 
R6, R7 AND R9. R1D, 

3 Cl, C2 PHASE COMPENSATION 110pF-15pF) MAY BE REQUIRED IF Al/A3 
IS A HIGH-SPEED AMPLIFIER. 

'0"" 

20kn 

R6' 
20kn 

AGNO 

20k11 

VaurA 

FIGURE 6: Dual DAC Bipolar Operation (4 Quadrant Multiplication). See Table 2. 
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----------I1fMD PM·752a DUAL a·BIT BUFFERED MULTIPLYING CMOS D/A CONVERTER 

TABLE 1: Unipolar Binary Code Table 

DAC LATCH CONTENTS ANALOG OUTPUT 
MSB LSB (DAC A or DAC B) 

11111111 (255 ) -VIN 256 

10000001 ( 129) -VIN 256 

10000000 -VIN (128) =_~ 
256 2 

01111111 ( 127) -VIN 256 

00000001 -VIN ( 2~6) 
00000000 -VIN ( ~ ) = 0 

256 

TABLE 2: Bipolar (Offset Binary) Code Table 

DAC LATCH CONTENTS 
MSB LSB 

11111111 

10000001 

10000000 

01111111 

00000001 

00000000 

ANALOG OUTPUT 
(DAC A or DAC B) 

( 127 ) 
+VIN 128 

o 

( 127 ) 
-VIN 128 

( 128 ) 
-VIN 128 

SINGLE SUPPLY OPERATION 
With the PM·7528 connected in the voltage switching mode of 
operation, Figure 7, only one power supply is necessary. There 
is no voltage inversion between the reference input polarity and 
the output in the voltage switching mode. 

Two characteristic curves in the typical performance character
istics section were generated using this voltageswitching mode 
of operation. The first graph, linearity error versus input 
reference voltage, shows that to maintain a ±'h LSB maximum 
linearity error, VREFShould be less than 1.5 volts for Voo = 5 volts 
or less than 6 volts for Voo = 15 volts. The gain-phase response 
graph shows a dominant pole response for single supply 
applications where the reference input is an AC signal. In this 
application the reference input should remain between 1.5 volts 
and ground when Voo = 5 volts. Additionally settling time 
measures 400 to 500 nano seconds for a digital input change of 
255 to 0 when Voo = 5V. 

The output terminal in the voltage switching mode has a 
constant output resistance (= 11 K 0) independent of the digital 
input code. The output should be buffered with a voltage 
follower when driving low impedance loads. 

,---------oVOUT 

~~~~\:"Io-------+-------, 

+15V 

FIGURE 7: PM-7528 in Single Supply, Voltage 
Switching Mode 
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________ --1~PM-752a DUAL a-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTER 

PROGRAMMABLE WINDOW COMPARATOR 
A programmable window-comparator in Figure 8 will determine 
if voltage inputs applied to the DAC feedback resistors are 
within limits programmed into the PM-7528 data latches. The 

TEST INPUT 

input signal range depends on the reference and polarity, that is 
the test input rangeisOto minus VREF. TheAand Bdata latches 
are programmed with the upper and lower test limits. A signal 
within the programmed limits will drive the output to logic high. 

Voo 

o TO -VREF 
RFSA 

DATA INPUTS 

C!: 

WR 16 

DACA/DACB 

+VREF 
18 

VREF B 

DGND 5 

3 17 

,. 
RFB B 

OUT A 

1 AGNO 

aUTB 
20 

1kn 

PASS/FAIL 
OUTPUT 

FIGURE 8: Digitally Programmable Window Comparator {Upper and Lower Limit Detector}. 

MICROPROCESSOR INTERFACE 

AO-A15 

CPU 
6800 

00-07 

ADDRESS BUS 

IOACA) 
PM-752S* 

B 

DATA BUS 

*ANALOG CIRCUITRY HAS BEEN OMITTED FOR CLARITY. 
UA = DECODED 7528 ADDR OAe A 

A + 1 .. DECODED 7528 ADDR OAC B 

AS-A15 

CPU 
8085 

ALE 

ADO-AD7 

ADDRESS BUS 

I DACA} 

PM-7528* 

I OAe B) 

ADDR/DATA BUS 

* ANALOG CIRCUITRV HAS BEEN OMITTED FOR CLARITY. 
** A = DECODED 7528 ADDR OAC A 

A + 1 = DECODED 7528 ADOR OAC B 

NOTE: 
8085 INSTRUCTION SHLD (STORE H & L DIRECT) CAN UPDATE 
BOTH OACS WITH DATA FROM HAND L REGISTERS. 

FIGURE 9: PM-7528 Dual DAC to 6800 CPU Interface. FIGURE 10: PM-7528 Dual DAC to 8085 CPU Interface. 
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---------I~ PM-752a DUAL a-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTER 

DIGITALLY CONTROLLED SIGNAL ATTENUATOR generate logarithmic attenuation, Table 4 was generated based 
Figure 11 shows the PM-7528 configured as a two-channel on the equation: 
programmable attenuator. Applications include stereo, audio, Digital Input = 256 X exp (-Attenua2toion (dB)) 
and telephone signal-level control applications. In order to 

VDD o-----'-'7'"1 

VOUTA 

DB. 

PM-7528 DB7 

~'~5 ______ ~~ 

~',,-·------~WR 
2. I-''---------og~g :1 

VOUTB 
!-_-I-"'8'--______ --o VIN B 

AGND 1 

'9 DGNO 5 

FIGURE 11: Digitally-Controlled Dual Telephone Attenuator. 

TABLE 4: Attenuation vs. DAC A, DAC B Code for the Circuit of Figure 11 

CODE IN CODE IN 
ATTN. dB DAC INPUT CODE DECIMAL ATTN. dB DAC INPUT CODE DECIMAL 

0 11111111 255 8.0 01100110 102 

0.5 11110010 242 8.5 01100000 96 

1.0 11100100 228 9.0 0101 101 1 91 

1.5 11010111 215 9.5 01010110 86 

2.0 11001011 203 10.0 01010001 81 

2.5 11000000 192 10.5 01001100 76 

3.0 10110101 181 11.0 01001000 72 

3.5 10101011 171 11.5 01000100 68 

4.0 10100010 162 12.0 01000000 64 

4.5 10011000 152 12.5 00111101 61 

5.0 10010000 144 13.0 00111001 57 

5.5 10001000 136 13.5 00110110 54 

6.0 10000000 128 14.0 00110011 51 

6.5 01111001 121 14.5 00110000 48 

7.0 01110010 114 15.0 00101110 46 

7.5 01101100 108 15.5 00101011 43 
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Precision Monolithics Inc. 

FEATURES 

• 10-Bit Resolution 
• Full Four-Quadrant Multiplication 
• Nonlinearity: 1/2 or 1 LSB 
• TTL/CMOS Compatible 
• Improved Gain Errorand Linearity Error from +5Vto +15V 
• Low Power Consumption 
• Low Feedthrough Error 
• Low Cost 
• AD7520 and AD7533 Replacement 
• Full Temperature Operation 

APPLICATIONS 

• DigitallSynchro Conversion 
• Programmable Gain Amplifiers 
• Ratiometric A/D Conversion 
• Function Generator 
• CRT Graphics Generator 
• Digitally-Controlled Attenuator 
• Digitally-Controlled Power Supplies 
• Digital Filters 
• Linear Automatic Gain Control 

ORDERING INFORMATIONt 

PACKAGE: 16-PIW' 

MILITARY' INDUSTRIAL COMMERCIAL 
TEMPERATURE TEMPERATURE TEMPERATURE 

NONLINEARITY -55°C to +125°C -25°C to +85°C O°C to +70°C 

±O.l% (±1 LSB) PM7533BQ PM7533FQ PM7533HP 
±O.05% (±1/2 LSB) PM7533AQ PM7533EQ PM7533GP 

• For devices processed in total compliance to MIL-STD-883, add /883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book. Section 2. 

"Package Designation: Suffix Q: Hermetic DIP, Suffix P: Epoxy DIP 

CROSS REFERENCE 

TEMPERATURE 
PMI ADI RANGE 

PM7533AQ AD7533UD 
PM7533BQ AD7533TD MILITARY 
PM7533BQ AD7533SD 

PM7533EQ AD7533CD 
PM7533FQ AD7533BD INDUSTRIAL 
PM7533FQ AD7533AD 

PM7533GP AD7533LN 
PM7533HP AD7533KN COMMERCIAL 
PM7533HP AD7533JN 

PM-7533 
CMOS LOW COST la-BIT MULTIPLYING 

O/A CONVERTER 

GENERAL DESCRIPTION 
The PM-7533 is a 10-bit 4-quadrant multiplying DAC. It is 
manufactured using thin film on an oxide-isolated, silicon
gate, monolithic CMOS wafer fabrication process. PMl's 
advanced thin-film resistor processing provides true 10-bit 
linearity and excellent long-term stability achieved without 
laser trimming. 

The PM-7533 is pin and function equivalent to the AD7520 
and AD7533. 

The PMI PM-7533 applications flexibility allows direct inter
face to TTL or CMOS circuitry and operation from +5V to 
+15V power supplies. Output scaling is provided by the inter
nal feedback resistor and an external op amp; both positive 
and negative reference voltages can be accommodated. 

PIN CONNECTIONS 

FUNCTIONAL DIAGRAM 

10kn 10kH 

16-PIN EPOXY DIP 
(P-Suffix) 

16-PIN HERMETIC DIP 
(Q-Suffix) 

10kn 

'--+-+ ..... -+-:-0"",'-++-..... ----0 'OUT2 

'-:--~+_--<>--'...--T~-.,f_~...."._::_-o laun 

BtT 1 (MSB) BIT 2 BIT 10 (lSB) 

DIGITAL INPUTS (OlL/TTl/CMOS COMPATIBLE) 

(SWITCHES SHOWN FOR DIGITAL INPUTS "HIGH") 

RFEEDBACK 
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----------l~ PM-7533 CMOS LOW COST 10-BIT MULTIPLYING D/A CONVERTER 

ABSOLUTE MAXIMUM RATINGS (TA = +25°C, unless 
otherwise noted) 

VDD (to GND) ••••••••••••••••.•.••••••••.•. -D.3V, +17V 

VREF (to GND) '''''''''''''''''''''''''''''''''''' ±25V 
RFB (to GND) ..••.••••••••••••••••.••••.•.•.••••• ±25V 

Digital Input Voltage Range •••••..•.•••...• -0.3V to VDD 
Output Voltage (Pin 1, Pin 2) •••.••.•.••.•.• -0.3V to VDD 

Power Dissipation (Package) 

Ceramic (Suffix Q) 

To +70°C .••..••••.•••.••.••••••.•...•••.•• 450mW 

Derates Above +75°C By .•••.•••••.••••••. 6mW/oC 
Plastic (Suffix P) 

To +70°C .•.•••••••••••••.•••••.•••••••.•.• 670mW 

Derates Above +70°C By ••••••••.•••••••• 8.3mW/oC 
Operating Temperature Range 

Military (AQ, BQ Versions) ••••••.•... -55°C to +125°C 

Industrial (EQ, FQ Versions) •••••••.•.• -25°C to +85°C 

Commercial (GP, HP Versions) •••••..••• DOC to +70°C 

Dice Junction Temperature ••.•••..••.••••••.••. +150°C 

Storage Temperature •.•..••••••••••••. -65°C to +150oC 

Lead Temperature (Soldering, 60 sec) ••••••••.••• +300°C 
CAUTION 
1. Do not apply voltages higher than Voo or less than GND potential on any 

terminal except VREF (Pin 15) and RFB (Pin 16). 
2. The digital control inputs are zener protected, however, permanent 

damage may occur on unconnected units from high energy electrostatic 
fields. Keep units in conductive foam at all times until ready to use. 

3. Use proper anti-static handling procedures. 
4. Absolute Maximum Ratings apply to both packaged devices and DICE. 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. 

ELECTRICAL CHARACTERISTICS at VDD = +l5V, VREF = +10V, AGND = DGND = OV, VOUTI = VOUT2 = OV, TA = -55°C 
to +125°C apply for PM-7533AQ/BO, TA = -25°C to +85°C apply for PM-7533EQ/FO, TA = O°C to +70°C apply for 

PM-7533GP/HP, unless otherwise noted. 

PM-7533A/E/G PM-7533B/F/H 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TYP MAX UNITS 

STATIC ACCURACY 

Resolution 10 10 Bits 

Relative Accuracy 
±O.OS ±0.1 %FSR 

(Note 1) 

Gain Error TA = +2S'C ±1.4 ±1.4 
%FS 

(Notes 2. 3) TA = Full Temp. Range ±1.S ±1.S 

Power Supply Rejection 
PSRR 

TA =+2S'C 0.005 0.005 
%1% 

<1Gain/<1Voo (Note 4) TA = Full Temp. Range O.OOB 0.008 

Output Leakage Current 
ILKG1 

TA =+2S'C ±SO ±SO 
nA 

loun (Pin 1) (Note 6) TA = Full Temp. Range ±200 ±200 

Output Leakage Current 
ILKG2 

TA =+25'C ±50 ±50 
nA 

IOUT2 (Pin 2) (Note 7) TA = Full Temp. Range ±200 ±200 

DYNAMIC ACCURACY 

Output Current TA = +25'C (Note 10) 600 600 
Settling Time (Notes 5. B) ts TA = Full Temp. Range 800 800 

ns 

Feedthrough Error TA = +2S'C ±O.OS ±O.OS 
%FSR 

(Notes 5. 10) TA = Full Temp. Range ±0.1 ±0.1 

REFERENCE INPUT 

Reference Input 
Resistance R'N 5 20 20 kO 
(Pin 15) (Note 11) 

ANALOG OUTPUTS 

Output Capacitance Coun Digital Inputs = V,NH 
220 220 

pF 
(NoteS) COUT2 80 60 

Output CapaCitance C OUT1 Digital Inputs = V,NL 
120 120 

(NoteS) COUT2 165 165 
pF 
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---------l~ PM-7533 CMOS LOW COST 10-BIT MULTIPLYING D/A CONVERTER 

ELECTRICAL CHARACTERISTICS at VDD = +15V, VREF = +1aV, AGND = DGND = av, VOUTI = VOUT2 = av, TA = -55°C 
to +125°C apply for PM-7533AQ/8Q, TA = -25°C to +85°C apply for PM-7533EQ/FQ, TA = aoc to +7aoC apply for 

PM-7533GP/HP, unless otherwise noted. (Continued) 

PARAMETER 

DIGITAL INPUTS 

Digital Input High 

Digital Input Low 

Input Leakage 
Current 

Input Capacitance 
(Note 5) 

POWER REQUIREMENTS 

Power Supply Voltage 

Power Supply 
Voltage Range 

Supply Current 

NOTES: 
1. "FSR" is full-scale range. 

SYMBOL 

Voo 

PSR 

100 

CONDITIONS 

V,N = OV and Voo 

Accuracy is not guaranteed 
over this range 

Digital inputs = V1NL or V1NH 

2. Full-scale (FS) = -(VREF) (~) ; Digital inputs = V,NH. 
1024 

3. Maximum gain change from TA = +25'C to TMIN or TMAX is ±0.1% FSR. 
4. Digital inputs = V,NH, Voo = +14V to +17V. 
5. Guaranteed and not tested. 
6. Digital inputs = V,NL. 
7. Digital inputs = V,NH. 
8. Settles to 0.05% FSR; RLOAO = 1000; digital inputs = V,NH to V,NL orV,NL to 

V,NH· 
9. AC parameters sample tested to ensure spec compliance. 

10. Digital input = V1NL; VREF = 20Vp_p • f = 100kHz Sinewave. 
11. Absolute temperature coefficient is approximately +300ppm/'C. 

11-177 

PM-7S33A/E/G 
MIN TYP MAX 

2.4 

0.8 

±1 

10 

+15±10% 

+5 +16 

PM-7S338/F/H 
MIN TYP MAX 

2.4 

0.8 

±1 

10 

UNITS 

V 

V 

pA 

pF 

+15±10% V 

+5 +16 V 

mA 

1/86, Rev. A 
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________ --I~PM-7533 CMOS LOW COST 10-BIT MULTIPLYING D/A CONVERTER 

DICE CHARACTERISTICS 

DIE SIZE 0.106 X 0.110 inch, 11,660 sq. mils 
(2.692 X 2.794 mm, 7.52 sq. mm) 

1. CURRENT OUTPUT 1 
2. CURRENT OUTPUT 2 
3. GROUND 
4. DIGITAL INPUT BIT 1 (MOST SIGNIFICANT BIT) 
5. DIGITAL INPUT BIT 2 
6. DIGITAL INPUT BIT 3 
7. DIGITAL INPUT BIT 4 
8. DIGITAL INPUT BIT 5 
9. DIGITAL INPUT BIT 6 

10. DIGITAL INPUT BIT 7 
11. DIGITAL INPUT BIT 8 
12. DIGITAL INPUT BIT 9 
13. DIGITAL INPUT BIT 10 (LEAST SIGNIFICANT BIT) 
14. POSITIVE POWER SUPPLY 
15. REFERENCE INPUT VOLTAGE 
16. INTERNAL FEEDBACK RESISTOR 

For additional DICE information refer 10 

1986 Dala Book, Seclion 2. 

WAFER TEST LIMITS at Voo = +15V, VREF = +1aV, AGND = DGND = av. VOUT1 = VOUT2 = av, TA = +25°C. unless otherwise 
noted. 

PARAMETER 

STATIC ACCURACY 

Resolution 

Relative Accuracy 

(Notes " 2) 

Gain Error 
(Notes 2, 3, 4) 

Power Supply Reiection 
<lGain/<lVoo (Notes 2, 5, 6) 

Output Leakage Current 

IOUT1 (Notes 2, 7) 

Output Leakage Current 

IOUT2 (Notes 2,8) 

REFERENCE INPUT 

Reference Input 
Resistance (Notes 2, 9) 

SYMBOL CONDITIONS 

PSR 

11-178 

PM-7533G 
LIMIT UNITS 

10 Bits MIN 

±0.1 % FSR MAX 

±1.4 % FS MAX 

0.005 %/%MAX 

±50 nAMAX 

±50 nAMAX 

5/20 kilMIN/MAX 
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-----------l~ PM-7533 CMOS LOW COST 10-BIT MULTIPLYING D/A CONVERTER 

WAFER TEST LIMITS at VDD = +15V, VREF = +1aV, AGND = DGND = av, VOUT1 = VOUT2 = av, TA = +25°C, unless otherwise 
noted. (Continued) 

PM-7533G 
PARAMETER SYMBOL CONDITIONS LIMIT UNITS 

DIGITAL INPUTS 

Digital Input High 
V1NH (Note 2) 

2.4 VMIN 

Digital Input Low 
V1NL (Note 2) 

O.B VMAX 

Input Leakage Current 
liN (Note 2) 

±1 ~AMAX V,N ~ OV and Voo 

POWER REQUIREMENTS 

Power Supply Voltage Voo +15 ±10% VMAX 

Supply Current (Note 2) 100 Digital Inputs = VNL or V1NH mAMAX 

NOTES: 
1. "FSR" is full-scale range. 
2. DICE final electrical tests are: relative accuracy, gain error, output leakage 

current, V,NH , V,NL , PSR, R,N,I'N and 100 at +25'C. 

3. Full-scale (FS) ~ -(VREF) (1023 ) ; Digital inputs ~ V,NH. 
1024 

4. Maximum gain change from TA = +25°C to TMIN or TMAX is ±O.1% FSR. 

5. Digital inputs ~ V,NH , VDO ~ +14V to +17V. 
6. Guaranteed and not tested. 

7. Digital inputs = V1NL. 

8. Digital inputs = V1NH. 

9. Absolute temperature coefficient is approximately +300ppmfOC. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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________ -l[fWPM-7533 CMOS LOW COST 10-BIT MULTIPLYING D/A CONVERTER 

TYPICAL PERFORMANCE CHARACTERISTICS 

VREF FREQUENCY 
RESPONSE 

12 

TA = +2~!~ "'" e- 16 

VOO = +15V 
f-V REF = lOV PEAK AC 

DIGITAL INPUT = 1111111111 12 
RL = 1000 

r-

-3 

-6 

-12 o 
0.001 0.01 0.1 1.0 10 o 

FREQUENCY (MHz) 

11-180 

2.0 

1.5 

1.0 

0.5 

o 

2.0 

1.5 

1.0 

0.5 

o 

o 

o 

GAIN ERROR vs 
SUPPLY VOLTAGE 

'-

5 10 

VOO (VOLTS) 

LINEARITY ERROR vs 
SUPPLY VOLTAGE 

\ 

10 

VOO (VOLTS) 

LOGIC INPUT THRESHOLD 
VOLTAGE vs 

SUPPLY VOLTAGE (Voo) 

TA = +25°C 

VREF = +10V 

VINH=2.4~~ 

V,NL .o.'~"'~~ 

10 15 20 

VOO (VOLTS) 

15 

16 
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________ ~~ PM-7533 CMOS LOW COST 10-BIT MULTIPLYING D/A CONVERTER 

DEFINITIONS 

RESOLUTION 
The resolution of a DAC is the number of states (2n) that the 
full-scale range (FSR) is divided (or resolved) into, where n is 
equal to the number of bits. Resolution in no way implies 
linearity. 

RELATIVE ACCURACY 
Relative accuracy or end-point (nonlinearity) is a measure of 
the maximum deviation from a straight line passing through 
the end-points of the DAC transfer function. It is measured 
after adjusting for ideal zero and full-scale and is expressed 
in % or ppm of full-scale range or (sub) multiples of 1 LSB. 

SETTLING TIME 
Time required forthe output function of the DAC to settle to 
within 1/2 LSB for a given digital input stimulus, i.e., zero to 
full scale. 

GAIN 
Ratio of the DAC's external operational amplifier output 
voltage to the VREF input voltage when using the DAC's 
internal feedback resistor. 

GAIN ERROR 
Gain error or full-scale error is a measure of the output error 
between an ideal DAC and the actual device output. 

FEEDTHROUGH ERROR 
Errorcaused by capacitive coupling from VREFtO output with 
all switches off. 

OUTPUT CAPACITANCE 
Capacitance from I OUT1 and IOUT2 terminals to ground. 

OUTPUT LEAKAGE CURRENT 
Current which appears on IOUT1 terminal with all digital 
inputs low or on IOUT2 terminal when all inputs are high. 

CIRCUIT DESCRIPTION 
The PM-7533 is a 10-bit multiplying DI A converter. It consists 
of a silicon-chrome thin-film R-2R resistor ladder network 
and ten pairs of NMOS current steering switches, all on a 
monolithic chip. The NMOS current steering switches are 

controlled by CMOS inverters. Most applications require the 
addition of only an operational amplifier and a current or 
voltage reference. 

An inverted R-2R ladder network in a simplified D/A con
verter circuit is shown in Figure 1. The current through each 
ladder leg is switched between IOUT1 and IOUT2 under the 
control of the digital inputs. This allows a constant current to 
be maintained in each ladder leg regardless of the digital
input switch states. 

10kn. 10kn 10kn. 

L---t-+---1r-:--+--f~-H-----<l 'OUT2 

'--+--*-c----+--'---iI'---;----1r---O 'oun 

BIT 1 (MSB) BIT 2 BIT3 BIT 10 (LSB) 

DIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE) 

(SWITCHES SHOWN FOR DIGITAL INPUTS "HIGH") 

FIGURE 1: SIMPLIFIED DAC CIRCUIT 

RFEEDBACK 

Figure 2 shows one of ten digital input CMOS inverters 
driving an NMOS switch. The size of devices 1, 2, and 3 are 
optimized to make the digital inputs DTL/TTL/CMOS com
patible over the full military temperature range. The input 
stage drives the two inverters (4, 5) and (6,7), which drives 
the two NMOS switches (8 and 9). The switch "ON" resis
tances are binarily-scaled so that the voltage drop across 
each switch is the same; that is, switch S1 in Figure 1 (8 and 9 
of Figure 2) was designed for an "ON" resistance of 200hms, 
switch S2 for40 ohms, etc. With a 10V reference input, switch 
S1 current is O.5mA, switch S2 is O.25mA, etc. This will 
maintain a constant 10mV drop across each switch. It is 
essential that each switch voltage drop be equal so that the 
D/A converter accuracy is maintained. 

v+------~----~----1~ 

+ TO R-2R RESISTOR LADDER 

FIGURE 2: CMOS SWITCH 
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---------l~ PM-7533 CMOS LOW COST 10-BIT MULTIPLYING D/A CONVERTER 

EQUIVALENT CIRCUIT ANALYSIS 
Figures 3 and 4 show equivalent circuits of the DAC with all 
digital inputs high and low respectively. With all digital inputs 
in the high state as shown in Figure3, the reference current is 
switched to the IOUT1 terminal, and the IOUT2 terminal is 
open-circuited. Only the output capacitance, surface, 
leakages, and junction leakages appear at the louT2terminal. 
The 1/1024 current source is a constant 1-bit current drain 
through the termination resistor of the R-2R ladder network. 
The ILEAKAGE current source represents a combination of 
surface and junction leakages to the substrate. The "ON" 
capacitance of the output NMOS switch is higher on the 
IOUT1 terminal when all digital inputs are high (MOS tran
sistor gate capacitance increases with applied gate voltage). 

RFEEOBACK 

o--_>N-....... ---~_---...... -~-----<> laUT1 
VREF 

r----....... ------c 'OUT2 

FIGURE 3: EQUIVALENT DAC CIRCUIT 
(All digital Inputs HIGH). 

""'10kO 

RFEEDBACK 

,.----_+_-....... --o'OUTl 

o--'\III\r-...... -------<o-----...... ------<> laUT2 
VREF 

FIGURE 4: EQUIVALENT DAC CIRCUIT 
(All digital Inputs LOW). 

When the conditions are reversed with all digital inputs low as 
shown in Figure 4, the IOUT1 terminal is open-circuited and 
the current is directed towards the IOUT2 terminal. 

APPLICATIONS INFORMATION 

Figure 5 shows a simple unipolar circuit using the PM-7533. 
Resistors R1 and R2 are used to trim for full scale. Full-scale 
output voltage = -VREF X (1023/1024) with all digital inputs 
high. Full scale can also be adjusted using VREF thereby 
eliminating resistors R1 and R2.ln many applications, R1 and 
R2 are not required. Zero-scale output ,l?ltage (with all 
digital inputs low) should be adjusted to less than 10% of 1 
LSB using the opamp offset adjust. This will help to keep the 
nonlinearity errors to a minimum. Capacitor C1 provides 
phase compensation and helps prevent overshoot and ringing 
when using high-speed op amps. 

The circuit of Figure 5 can be used either as a fixed reference 
digital-to-analog converter, orcan be used with an AC signal 
at the VREF terminal. Used with a fixed reference voltage, the 
output voltage range wi II be from zero to -VREF' (the op amp 
inverts the voltage). The circuit behaves as an attenuator 
when used with an AC VREF signal. The input voltage range is 
±20V, but this voltage will be limited by the op amp voltage 
range. The digital-input-code versus analog-output-voltage 
is shown is Table I. The transfer function is: 

Vo = -VIN (~+ ~ + ... A10) 
21 22 210 

where A1 ... A 10 assumes a val ue of 1 for an ON bit and 0 for 
an OFF bit. 

DB9-DBO 

NOTES: 
1. Rl AND R2 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED. 
2. Cl MAY BE REQUIRED WHEN USING HIGH SPEED OP AMPS. 

FIGURE 5: UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 

11-182 1/86, Rev. A 



----------I~ PM-7533 CMOS LOW COST 10-BIT MULTIPLYING D/A CONVERTER 

TABLE I: UNIPOLAR BINARY CODE TABLE 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 
MSB LS8 (VOUT as shown in Figure 5) 

-VREF C023
) 1024 

0 0 o 0 0 0 0 0 -VREF ( 513 ) 
1024 

0 o 0 0 o 0 0 0 0 -VREF ( 512 ) 
1024 

0 -VREF ( 511 ) 
1024 

0 0 0 0 0 0 0 0 0 -VREF CO~4) 
0 o 0 0 0 0 0 0 0 0 -VREF CO~4) 
NOTES: 
1. Nominal full scale tor the circuit 01 Figure 5 is given by 

FS ~ -VREF (:~~~). 
2. Nominal LSB magniiude for the circuit of Figure 5 is given by 

LSB ~ VREF (10~4) or VREF (2-n) . 

VREF 

2 

0 

Figure 6 shows a simple bipolar output circuit using the 
PM-7533 and a PMI OP-215 dual op amp. The circuit uses 
offset binary coding and a fixed DC voltage for VREF. 

Digitally-controlled attenuation of an AC signal occurs when 
the signal is used as the signal source at VREF. Negative 
output full-scale is adjusted by setting the digital inputs to all 
zeros and adjusting the value of the VREF voltage or R5. The 
zero-scale output voltage is adjusted while the digital inputs 

VIN 15 V AEF 

are set to 1000000000 and adjusting R1 for a zero output 
voltage (less than 10% of 1 LSB). Resistors R3. R4 and R5 
must be selected for matching and tracking in order to keep 
offset and full scale errors to a minimum. Resistors R1 and R2 
temperature coefficients must be taken into account if they 
are used. C1 phase compensation capacitor may not be 
needed and should be selected empirically. The digital input 
code versus analog output voltage is shown in Table II. 

TABLE II: BIPOLAR (OFFSET BINARY) CODE TABLE 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 
MSB LSB (VOUT as shown in Figure 6) 

o 0 0 0 0 000 

o 0 0 0 0 0 0 0 0 

o 

o 0 0 000 000 

o 0 0 0 0 0 0 0 0 0 

NOTES: 

+VREF (~) 
512 

+VREF (_1_) 
512 

o 

-VREF ( 5~2 ) 
-VREF (~) 

512 

-VREF (~) 
512 

1. Nominal full scale for the circuit of Figure 6 is given by 

FSR ~ VREF (;~~). 
2. Nominal LSB magnitude for the circuit of Figure 6 is given by 

LSB ~ VREF (5~2). 

~n VOUT 

DATA INPUT 

ANALOG 
COMMON 

FIGURE 6: BIPOLAR OPERATION (4-QUADRANT MULTIPLICATION) 
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----------l1fMD PM-7533 CMOS LOW COST 10-BIT MULTIPLYING D/A CONVERTER 

The PM-7533 may be used in the voltage output operation as 
shown in Figure 7. This circuit configuration will lend itself to 
single-supply operation because signal inversion does not 
occur. The output should be buffered due to its high output 
resistance (10kO) to prevent loading errors. The reference 
voltage should be kept to +1.5 volts maximum to keep 
nonlinearity errors to less than 1 LSB as shown in Figure 8. 

By connecting the DAC in the feedback of an op amp as 
shown in Figure 9, the circuit behaves as a programmable 
gain amplifier (analog/digital divider). The transfer function is: 

Vo= (~+.;: ... ~ ) 
21 22 210 

where A1 •.. A10 assumes a value of 1 or o. 

+5V 

NOTES: 
1. V REF <;;+1.5V TO KEEP NONLINEARITY ERRORS < 1 LSB. 

2. ROUT"" 10kn. THIS HIGH OUTPUT RESISTANCE SHOULD 
BE BUFFERED TO PREVENT LOADING ERRORS. 

3. THIS CIRCUIT WILL LEND ITSELF TO SINGLE SUPPLY 
OPERATION. 

FIGURE 7: VOLTAGE OUTPUT OPERATION 

TA = +2SoC 

Veo = +5V 

~ ~ 
-1 

-2 
o 256 512 768 

DIGITAL CODE (DECIMAL) 

FIGURE 8: VOLTAGE MODE 

V ,N 0------, 
(tl0mV TO ±10V 
RANGE 
DEPENDING ON 
GAIN SETTING) 

DIGITAL INPUT (0) 

PM-7533 

1024 

>---"""-0 Vour =-V'N X2~O 
(±10V RANGE) 

GAIN TABLE 
o AV (VOUTN,N) 

1023 -1.00097 
512 -2 
256 -4 

-512 
-1024 
OPEN LOOP 

FIGURE 9: PROGRAMMABLE GAIN AMPLIFIER 
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Precision Monolithics Inc. 

FEATURES 

• Full Four-Quadrant Multiplication 
• 12-Bit Endpoint Linearity (±1/2 LSB) 
• Pretrimmed Gain 
• TTL/CMOS Compatible 
• Low Power Consumption 
• Low Feedthrough Error 
• Direct Replacement for AD7521 and AD7541 
• Superior Power Supply Rejection from +5V to +15V 
• Low Gain and Linearity Tempcos (TYP 2ppm of FSR/°C) 
• Latch-Up Resistant 

APPLICATIONS 

• Dlgltal/Synchro Conversion 
• Programmable Amplifiers 
• Ratlometrlc AID Conversion 
• Function Generator 
• CRT Graphics Generator 
• Digitally-Controlled Attenuator 
• Digitally-Controlled Power Supplies 
• Digital Filters 

ORDERING INFORMATIONt 

PACKAGE: 18-PIN"" 

MILITARY" INDUSTRIAL COMMERCIAL 
TEMPERATURE TEMPERATURE TEMPERATURE 

NONLINEARITY -SS·C TO +12S·C -2S·C TO +8S·C O·C TO +70·C 

1 LSB 
1/2 LSB 

PM7541BX 
PM7541AX 

PM7541FX 
PM7541EX 

PM7541HP 
PM7541GP 

• For devices processed in total compliance to MIL-STD-883, add /883 after 
part number. Consult factory for 883 data sheet. 

(also available in Side Braze-XB) 
t All commercial and industrial temperature range parts are available with 

burn-in. For ordering information see 1986 Data Book, Section 2 . 
.. Package Designation: 

Suffix X: Hermetic DIP (XB - Side Braze) 
Suffix P: Epoxy DIP 

FUNCTIONAL DIAGRAM 

10kn 

20kn 

10kQ 10kn 

20kn 20kU 

10kn 

20k.l1 

PM-7541 
CMOS 12-BIT MONOLITHIC MULTIPLYING 

D/A CONVERTER 

CROSS REFERENCE 

TEMPERATURE 
PMI ADI RANGE 

PM7541AX AD7541TD 
MILITARY 

PM7541BX AD7541SD 

PM7541EX AD7541BD 
INDUSTRIAL 

PM7541FX AD7541AD 

PM7541GP AD7541KN 
COMMERCIAL 

PM7541HP AD7541JN ~ 
~ 

GENERAL DESCRIPTION ~ 
The PMI PM-7541 is a 12-bit, 4-quadrant multiplying digital-to- 0 
analog converter. It is manufactured using an advanced oxide- U 
isolated, silicon-gate, monolithic CMOS technology. C) 

Laser-trimmed thin-film resistors on CMOS circuitry provide 0 
true 12d-~it .Iine~rity and hexcel.lehnNt aMbososlute accuracy. The low ~~, 
power Isslpatlon, toget er Wit temperature-compen
sating switches, assures the performance over the full temper-
ature range. It is a pin-compatible replacement for Analog 0 
Devices AD7521 and AD7541 with equal or better performance. f-;< 

PIN CONNECTIONS ~ 

20kn 20kH 

18-PIN EPOXY DIP 
(P-Sufflx) 

18-PIN HERMETIC DIP 
(X-Suffix) 

C) 
Q 

SPDT 
NMOS 

SWITCHES L-+-+-+--+-l---"""'~++"""-H""----<l IOUT2 

L+-_-+-+_~"-+-~<~""'+--",,-+--,----o 'OUT1 
10kn 

L....W\,-oO RFEEDBACK 

BIT 1 (MSB) BIT 2 BIT 3 
(SWITCHES SHOWN FOR DIGITAL INPUTS "HIGH'" 
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---------I~ PM-7541 CMOS 12-BIT MONOLITHIC MULTIPLYING D/A CONVERTER 

ABSOLUTE MAXIMUM RATINGS 
(TA = +25°C, unless otherwise noted.) 

VDD (to GND) ••••.••••.•••••••••••.•••••••••••••••• +17V 

VREF (to GND) •••••.••••..•.••••••.•••••••.••••.•• ±25V 

Digital Input Voltage Range ••.••.•.•••••••••• VDD to GND 

Output Voltage (Pin 1, Pin 2) •••••••.••.••.•.• -O.3V to VDD 
Power Dissipation (Package) •....•..••••••••••••• 450mW 

Derate Above +75°C ••..••.••••.•.••..•..•.•.• 6mW/oC 

Operating Temperature Range 

Ax/BX Versions ••.••••.•••••••.••...•. -55°C to +125°C 

EX/FX Versions •••.••...•••..•••••••••• -25°C to +85°C 

GP/HP Versions .•..•....•....•..•.•...... O°C to +70°C 

Dice Junction Temperature. • • • • • . • • • • • . • • . • • • • • •• +150°C 

Storage Temperature .•.••••••••••••••••• -65°C to +150°C 

Lead Temperature (Soldering, 60 sec) •••..••••.•••. 300°C 

CAUTION: 
I. 00 not apply voltages higher than Voo or less than GND potential on any 

terminal except VREF (Pin 17) and RFB (Pin 18). 
2. The digital control inputs are zener protected; however. permanent 

damage may occur on unprotected units from high~energy electrostatic 
fields. Keep units in conductive foam at all times until ready to use. 

3. Use proper anti-static handling procedures. 
4. Absolute Maximum Ratings apply to both packaged devices and DICE. 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to t~e device. 

ELECTRICAL CHARACTERISTICS atVDD = +15V, VREF =+10V,AGND= DGND =OV, VOUTt = VOUT2 =OV; and TA =-55°Cto+125°C 

apply for PM-7541 AX/BX; TA = -25°C to +85°C apply for PM-7541 EX/FX; and TA = O°C to +70°C apply for PM-7541GP/Hp, 

unless otherwise noted. 

PM-7S41A/E/G PM-7S41 B/F/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

STATIC ACCURACY 

Resolution N 12 12 Bits 

Nonlinearity 
INL ±112 ±I LSB 

(Notes I. 2) 

Gain Error 
GER 

TA = +25°C ±12.5 ±12.5 
LSB 

(Notes 3, 4) TA = Full Temp. Range ±16.7 ±16.7 

Power Supply VOD = +14.5V to +15.5V 
Rejection PSRR TA = +25°C ±0.01 ±0.01 

%/% 
aGain/aVoo TA = Full Temp. Range ±0.02 ±0.02 

Output Leakage 
TA = +25°C ±50 ±50 

Current (loun) IlKG nA 
(Notes 5, 6) 

TA = Full Temp. Range ±200 ±200 

DYNAMIC PERFORMANCE 

Output Current 
Settling Time ts To ±112 LSB of FSR 1.0 1.0 f.IS 
(Note 7) 

Feedthrough Error VREF = 20Vp_p @ f = 10kHz 
1.0 1.0 mVp_p 

(Note 7) All digital inputs low 

REFERENCE INPUT 

Input Resistance 
RREF 5 20 20 kll 

(Note 8) 

DIGITAL INPUTS 

Digital Input High VIH 2.4 2.4 V 

Digital Input Low VIL 0.8 0.8 V 

Input Leakage 
I'L VIN = 0 to 15V ±I ±I p.A 

Current 

Input Capacitance 
CIN 10 10 pF 

(Note 7) 

Input Coding (Tables I, 2) Binary or Offset Binary or Offset 
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-------------l~ PM-7541 CMOS 12-BIT MONOLITHIC MULTIPLYING CIA CONVERTER 

ELECTRICAL CHARACTERISTICS at VDD = +15V, VREF = +101/, AGND = DGND = OV, VOUT1 = VOUT2 = OV; and TA = -55° C to +125°C 
apply for PM-7541 AX/BX; TA = -25°C to +85°C apply for PM-7541 EX/FX; and TA = O°C to +70°C apply for PM-7541GP/HP, 
unless otherwise noted. (Continued) 

PARAMETER SYMBOL CONDITIONS 

ANALOG OUTPUTS 

Output Capacitance COUT1 Digilallnputs = V,H 
(Notel) COUT2 

Output Capacitance COUT1 Digital Inputs = V1L 
(Notel) C OUT2 

POWER SUPPLY 

Voo Range Voo 
Accuracy is not guaranteed 

over this range. 

Supply Current 100 Digital Inputs = V,H or V,L 

NOTES: 
1. A/E/G versions are monotonic to 12-bits. 
2. B/F/H versions are monotonic to 11-bits. 
3. Using internal feedback resistor. 
4. Maximum gain change from +25°C to TMAX or TMIN is ±4.2 LSB 

maximum. 

BURN-IN CIRCUIT 

+10V 

C3 

PM-7541A/E/G PM-7541 B/F/H 
MIN TYP MAX MIN TYP MAX UNITS 

189 220 
36 60 

189 220 

36 60 
pF 

95 120 
134 165 

pF 
95 120 

134 165 

+5 +16 +5 +16 V 

2 mA 

5. Digital Inputs = V,L. 
6. Specification also applies for 'OUT2 with all digital inputs = V1H. 
7. Guaranteed and not tested. 
8. Absolute temperature coefficient is approximately +300 ppmfOC. 

C2 

C1 

18 OO~ 
0,09"F 
4.7J,lF 

lkH 

IOUT2 V REF 
17 

GNO V OD 
16 

5kS2 

B1 (MSB) (LSB) B12 
15 

100kH 

82 811 
,. 

B3 B10 
13 

B' B9 
12 

B B' B8 
11 

NOTES: 

B6 B7 
10 1. ALL RESISTORS ARE 1/4 WATT 5% TOLERANCE. 

2. Cl IS A 4.7j.lF ELECTROLYTIC CAPACITOR. 
3. C2 AND C3 ARE O.OlJ,lF CERAMIC CAPACITORS. 
4. C1 AND C2 ONCE EVERY 10 DEVICES. 
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---------l~ PM-7541 CMOS 12-BIT MONOLITHIC MULTIPLYING D/A CONVERTER 

DICE CHARACTERISTICS 

DIE SIZE 0.110 X 0.106 inch, 11,660 sq. mils 
(2.692 X 2.794 mm, l52 sq. mm) 

For addilional DICE informalion reler 10 
19B6 Dala Book, Secllon 2. 

1. CURRENT OUTPUT 1 

2. CURRENT OUTPUT 2 

3. GROUND 

4. DIGITAL INPUT (BIT 1) (MOST SIGNIFICANT BIT) 

5. DIGITAL INPUT (BIT 2) 

6. DIGITAL INPUT (BIT 3) 

l DIGITAL INPUT (BIT 4) 

B. DIGITAL INPUT (BIT 5) 

9. DIGITAL INPUT (BIT 6) 

10. DIGITAL INPUT (BIT 7) 

11. DIGITAL INPUT (BIT B) 

12. DIGITAL INPUT (BIT 9) 

13. DIGITAL INPUT (BIT 10) 

14. DIGITAL INPUT (BIT 11) 

15. DIGITAL INPUT (BIT 12) (LEAST SIGNIFICANT BIT) 

16. POSITIVE POWER SUPPLY 

1l REFERENCE INPUT VOLTAGE 

1B. INTERNAL FEEDBACK RESISTOR 

WAFER TEST LIMITS at VDD = +15V, VREF = +10V. AGND = DGND = OV, VOUT1 = VOUT2 = OV, TA = +25°C. 

PM-7541G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

STATIC ACCURACY 

Resolution N 12 

Nonlinearity INL ±1 

Gain Error 
GER ±12.5 

(Note 1) 

Power Supply 
PSRR Voo = +14.5V to +15.5V ±0.01 

Rejection 

Output Leakage 

Current (lOUT1) ILKG Digital Inputs = V,L ±50 
(Note 2) 

REFERENCE INPUT 

Input Resistance RREF 5 20 

DIGITAL INPUTS 

Digital Input High V,H 2.4 

Digital Input Low V,L 0.8 

Input Leakage 
I,L V,N = 0 to 15V ±1 

Current 

POWER SUPPLY 

Supply Current 100 
Digital Inputs = V,H 

2 
orV1L 

NOTES: 
1. Using Internal feedback resistor. 
2. Specification also applies for IOUT2 but all Digital Inputs = V,H. 

UNITS 

Bits 

LSB 

LSB 

%/% 

nA 

kn 

V 

V 

/lA 

mA 

Electrical tests are performed at wafer probe to the limits shown, Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

11-188 1/86, Rev. A 



----------I~ PM-7541 CMOS 12-BIT MONOLITHIC MULTIPLYING CIA CONVERTER 

TYPICAL PERFORMANCE CHARACTERISTICS 

1.00 

0.75 

0.50 

0.25 

-0.25 

-0.50 

-0,75 

-1.00 

NONLINEARITY ERROR 
VB DIGITAL CODE 

TA = +2SOC 

Veo= +5V 
VREF = +10V 

~ ~. 1M 

~"rnII 
. 'f1 

o 1024 2048 3072 

OrGITAL INPUT CODE (DECIMAL) 

NONLINEARITY VB 

SUPPLY VOLTAGE 

4096 

1.25 r----...,....-------r-------, 
TA = +2SoC 

VREF = +10V 

1.00 ~---+_----+-----l 

0.75 ~---+_----+-----l 

0.50 1-----+----+----1 

O.251----J::::::::::j:~~~~ 

o~------~------~------~ o 10 

Voo (VOLTS) 

15 

1.00 

0.75 

0.50 

0.25 

-0.25 

-0.50 

-0.75 

-1,00 

NONLINEARITY ERROR 
VB DIGITAL CODE 

TA = +2SC C 

Veo = +1SV 
VREF = +10V 

~ ~ .... . ~ 
'" 

' ...... 

o 1024 2048 3072 

DIGITAL INPUT CODe (DECIMAL) 

GAIN ERROR VB 

SUPPLY VOLTAGE 

4096 

12.5 r-------...,....-------r--------, 

~ 
« 
0 

ffi 
z 
;; 

" 

TA = +2So C 

VAEF '" +10V 

10.0 ~---+----+-----l 

7.5 

5.0 

2.51-----+----+-------1 

o~------~------~------~ o 10 15 

Veo (VOLTS) 

LOGIC INPUT THRESHOLD 
VOLTAGEvs 

SUPPLY VOLTAGE (Voo) 
16r-----...,....-----r---~-----, 

TA = +2SOC 

VREF = +10V --+_---t-----I 

12~--+_---t---__l----1 

VJNH=2.4V~ 

I"" 
°0L.....----..L.-----,~0-----",5-----'20 

1000 

900 

800 

700 

600 

500 

400 

300 

200 

100 

o 
o 

Vao (VOL IS) 

SUPPLY CURRENT VB 

SUPPLY VOLTAGE 

TA = +2SOC 

I 
I 
I 

I 
/ 

V[H=+2.4V/ 

V 
L 

.-/ V 1H = Veo 

10 

Vao {VOLTS} 

NONLINEARITY ERROR 
VB REFERENCE VOLTAGE 

NONLINEARITY ERROR 
vs REFERENCE VOLTAGE 

1.00 

TA = +25°C TA = +2SoC 

0.75 Vao = +5V +-+-+-+-+-+-+---1 0.75 VDO = +15V 

0.50 ~+_-+-t'-+-+__l-+-+-+--l 0.50 

0.25 ~ 

~ 
-0.25 

-0.50 ~+_-+-t-+-+__l-+-+-+--l -0.50 
II 

-0.75 1--+-+----1-+-+-+-+-+-+-1 -0.75 

-1.00 L.......L.....L--.J_.L......L--"_L-...L--'-___' -1.00 
-10 -8 -6 -4 -2 8 10 -10 -8 -6 -4 -2 8 10 

VREF (VOL IS) V REF (VOLTS) 
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----------I~ PM-7541 CMOS 12-BIT MONOLITHIC MULTIPLYING D/A CONVERTER 

TYPICAL PERFORMANCE CHARACTERISTICS 

~ 0 
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The resolution of a DAC is the number of states (2n) that the 
full-scale range (FSR) is divided (or resolved) into, where "n" is 
equal to the number of bits. 

SETTLING TIME 
Time required for the output function of the DAC to settle to 
within 1/2 LSB for a given digital input stimulus; i.e., zero to full 
scale. 

GAIN 
Ratio of the DAC's external-operational-amplifier output volt
age to the VREF input voltage. 

FEEDTHROUGH ERROR 
Error caused by capacitive coupling from VREF to output with all 
switches OFF. 

OUTPUT CAPACITANCE 
Capacitance from loun or IOUT2 terminals to ground. 

OUTPUT LEAKAGE CURRENT 
Current which appears on loun terminal with all digital inputs 
LOW, or on 10UT2 terminal when all inputs are HIGH. 

~ 

'" 

FEEDTHROUGH ERROR 
vs FREQUENCY 

Voo '" +15V 
VREF = 20Vp _p 

DIGITAL INPUT = 111111111111 -+-t-I--UfIt+I gO"II __ ffi 
:z: 

" ~ / 
;: 

~ 0,01 ~IIII~II 

FREQUENCY (Hz) 

CIRCUIT DESCRIPTION 

GENERAL CIRCUIT INFORMATION 
The PM-7541 is a 12-bit multiplying D/A converter consisting of 
a highly-stable, silicon-chrome thin film R-2R ladder network 
and twelve pairs of NMOS current steering switches on a 
monolithic chip. Most applications require the addition of a 
voltage orcurrent reference and an output operational amplifier. 

A simplified circuit of the PM-7541 is shown in Figure 1. The 
R-2R inverted ladder binarily divides the input currents that are 
switched between IOUT1 and IOUT2 BUS lines. This switching 
allows a constant current to be maintained in each ladder leg 
independent of the input code. 

FIGURE 1: SIMPLIFIED DAC CIRCUIT 
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-----------t1fHD PM-7541 CMOS 12-BIT MONOLITHIC MULTIPLYING CIA CONVERTER 

FIGURE 2: CMOS SWITCH 

v+----------~--------~----~--

One of the twelve CMOS switches is shown in Figure 2. The 
digital input stage, devices 1, 2, and 3, drives the two inverters, 
devices 4, S, 6, and 7; these inverters in turn drive the two output 
current steering switches, devices 8 and 9. Devices 1, 2, and 3 
are designed such that the digital control inputs are DTL, TTL, 
and CMOS compatible overthe full military temperature range. 

The twelve output current-steering switches are in series with 
the R-2R resistor ladder, and therefore, can introduce bit errors. 
It is essential then, that the switch "ON" resistance be binarily 
scaled so that the voltage drop across each switch remains 
constant. If, for example, switch 1 of Figure 1 was designed with 
an "ON" resistance of 10 ohms, switch 2 for 20 ohms, etc., then 
with a 10 volt reference input, the current through switch 1 is 
O.SmA, switch 2 is 0.2SmA, etc., a constant SmV drop will then 
be maintained across each switch. 

EQUIVALENT CIRCUIT ANALYSIS 
Figures 3 and 4 showtheequivalent circuits for all digital inputs 
LOWand HIGH respectively. The reference current is switched 
to IOUT2 when all inputs are LOW and IOUT1 when inputs are 
HIGH. The ILEAKAGE current source is the combination of 
surface and junction leakages to the substrate; the 1/4096 
current source represents the constant 1-bit current drain 
through the ladder terminating resistor. The output capacitance 
is dependent upon the digital input code, and is therefore 
modulated between the low and high values. 

FIGURE 3: PM-7541 EQUIVALENT CIRCUIT 
(ALL INPUTS LOW) 

R = lOkn 

RFEEDBACK 
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FIGURE 4: PM-7541 EQUIVALENT CIRCUIT 
(ALL DIGITAL INPUTS HIGH) 

RFEEDBACK 
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VREF 
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DYNAMIC PERFORMANCE 

OUTPUT IMPEDANCE 
The output resistance, as in the case of the output capacitance, 
is also modulated by the digital input code. The resistance 
looking back into the IOUT1 terminal, may be anywhere 
between 10kO (the feedback resistor alone when all digital 
inputs are low) and 7.5kO (the feedback resistor in parallel with 
approximately 30kO of the R-2R ladder network resistance 
when any Single bit logiC is high). The static accuracy and 
dynamic performance will be affected by this modulation. The 
gain and phase stability of the output amplifier, board layout, 
and power supply decoupling will all affect the dynamic 
performance of the PM-7541. The use of a compensation 
capacitor may be required when high-speed operational 
amplifiers are used. It may be connected across the amplifiers 
feedback resistor to provide the necessary phase compensation 
to critically damp the output. 

The considerations when using high-speed amplifiers are: 

1. Phase Compensation (See Figures 5 and 6). 
2. Power supply decoupling at the device socket and use of 

proper grounding techniques. 
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--------~lfMD PM-7541 CMOS 12-BIT MONOLITHIC MULTIPLYING D/A CONVERTER 

APPLICATIONS INFORMATION 

APPLICATION TIPS 
Linearity depends upon the potential of IOUT1 and IOUT2 (pins 1 
and 2) being exactly ",qual to GND (pin 3).ln most applications, 
the DAC is connected to an external op amp with its non invert
ing input tied to ground, see Figures 5 and 6. The amplifier 
selected should have a low input bias current and low drift over 
temperature. The amplifier's input offset voltage should be 
nulled to less than ±200/lV (less than 10% of 1 LS8). 

The operational amplifiers usual bias current compensation 
resistor in the noninverting input should not be used; the input 
should be connected directly to ground with a low-resistance 
wire. This resistor can cause a variable offset voltage contribu
ting an error. All pins gOing to ground should be taken to a 
common point to avoid ground loops. The Voo power supply 
should have a low noise level and not have transients greater 
than +17V. 

FIGURE 5: UNIPOLAR BINARY OPERATION (2-QUADRANT) 
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FIGURE 6: UNIPOLAR BINARY OPERATION (2-QUADRANT) 
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Unused digital inputs must always be grounded or taken to 
Voo; this will prevent noise from triggering the high impedance 
digital input resulting in output errors. It is also recommended 
that the used digital inputs be taken to ground or Voo via a high 
value (1 MO) resistor; this will preventthe accumulation of static 
charge whenever the PC card is disconnected from the system. 

OUTPUT AMPLIFIER CONSIDERATIONS 
For low speed or static applications, AC speCifications of the 
amplifier are not very critical. In high-speed applications, slew 
rate, settling time, open-loop gain, and gain/phase margin 
specifications of the amplifier should be selected for the desired 
performance. It has already been pointed out that an offset can 
be caused by including the usual bias current compensation 
resistor in the amplifier's noninverting input-terminal. This 
resistor should not be used. Instead, the amplifier should have a 
bias current which is low over the temperature range of interest. 
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-------------l~ PM-7541 CMOS 12-BIT MONOLITHIC MULTIPLYING D/A CONVERTER 

The static accuracy is affected by the variation in the DAC's 
output resistance. This variation is best illustrated by using the 
circuit of Figure 8 and the equation: 

Error Voltage = Vos (1 + :~B) 
where Ro = function of digital code. 

Ro"" 10kO for more than 4-bits of logic 1. 
Ro "" 30kO for any single bit logic 1. 

Therefore, the offset gain varies as follows: 

( 10kO) At code 001111111111: VERROR 1 = Vos 1 + 10kO = 2 Vas 

( 10kO) 4 \l 
At code 010000000000: VERROR 2 = Vas 1 + 30kO =:3 as 

The error difference is 2/3 Vos. 

Since one LSB has a weight (for VREF = +10V) of 2.5mV for the 
PM-7541 DAC, it is clearly important that Vos be nulled, either 
using the amplifier's nulling pins or an external network. 

APPLICATIONS 
Figures 5, 6, and 7 show simple unipolar and bipolar circuits 
with their associated waveforms using the PM-7541 and two 
PMI types of output amplifiers. A small feedback capacitor 
should be used across the amplifier to help prevent overshoot 
and ringing when using high-speed op amps. Resistor R1 is 
used to trim for full scale, lowtempco (approximately 50ppm/OC) 
resistors ortrimpots should be selected when gain adjustments 
are required. 

FIGURE 7: BIPOLAR OPERATION (4-QUADRANT) 
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VREFo--W~_--------------, 

BIT 1 
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BIT 12 
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"2 

UNIPOLAR BINARY OPERATION (2-QUADRANT) 
The circuits of Figures 5 and 6 can either be used as a fixed 
reference D/A converter, or as an attenuator with an AC input 
voltage. In the fixed reference mode, the DAC provides an 
analog output voltage in the range of zero to plus or minus VREF, 
depending on VREF polarity. The reference input voltage can 
range between -20V to +20V; this is due to the ability of VREF 
being able to exceed Voo, the limiting factor being the op amp 
voltage range. Table 1 shows the code relationship for the 
circuit of Figure 6. R1 can be omitted with a resulting maximum 
gain error of 0.3% of full scale. 

Table 1: Code Table for Circuit of Figure 6 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 

111111111111 -0.99975 VREF 
100000000000 -0.50000 VREF 
011111111111 -0.49975 VREF 
000000000000 o 

BIPOLAR BINARY OPERATION (FOUR-QUADRANT) 
The recommended circuit and code relationship is shown in 
Figure 7 and Table 2. The digital input is offset binary coded and 
multiplies VREF per Table 2. Resistors R3 and R4 should be equal 
within 0.1% at all temperatures, but need not track the resistors 
within the PM-7541. The network comprised of R5, R6, and R7 
sums 1/2 LSB of current into IOUT2 to ensure correct coding at 
zero. R1 can be adjusted to produce the outputs shown in Table 
2. However, when the application permits it, R1 and R2 should 
be omitted. The maximum gain error in this condition is 0.3% of 
full scale. R5 may be replaced by a 1000 fixed resistor; the 
maximum zero error is then 0.015%of full scale. The input offset 
voltage of both amplifiers should be adjusted to less than 0.1 mV 
and be better than 0.5mV over the temperature range of inter
est. With VREF set to 10V, R5 is adjusted so that with code 
100000000000, VOUT = OV ±0.2mV. R1 is adjusted so that code 
000000000000 causes VOUT to equal VREF' 

Table 2: Code Table for Circuit of Figure 7 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 

111111111111 -0.99951 VREF 
100000000001 -0.00049 VREF 
100000000000 o 
010000000000 +0.50000 VREF 
000000000000 +1.00000 VREF 

11-193 1/86, Rev. A 

III 



---------lm PM-7541 CMOS 12-BIT MONOLITHIC MULTIPLYING D/A CONVERTER 

OFFSET ADJUSTMENT 
1. Adjust VREF to approximately +10V. 
2. Set R5 to zero. 
3. Connect ali digital inputs to "Logic 1". 
4. Adjust IOUT2 amplifier offset trimpotforOV ±O.1 mVat IOUT2 

amplifier output. 
5. Connect a short circuit across R4. 
6. Connect ali digital inputs to "Logic 0". 
7. Adjust IOUT2amplifieroffsettrimpotforOV±O.1mVat IOUT1 

amplifier output. 
8. Remove short circuit across R4. 
9. Connect MSB (Bit-1) to "Logic 1" and all other bits to 

"Logic 0". 
10. Adjust R5 for OV ±0.2mV at VOUT. 

GAIN ADJUSTMENT 
1. Connect ali digital inputs to Vee. 

2. Monitor VOUT for -VREF ( 1 - ;,,) volts reading while 
adjusting Rl 

FIGURE 8: SIMPLIFIED CIRCUIT 

ANALOG/DIGITAL DIVISION 
The transfer function for the PM-7541 connected in the multi
plying mode as shown in Figure 6 is: 

Vo = -VIN (~+ ~ + ~ + ........ ~;:) 
where Ax assume a value of 1 for an "ON" bit and 0 for an 
"OFF" bit. 

The transfer function is modified when the DAC is connected in 
the feedback of an operational amplifier as shown in Figure 9, 
it now is: 

The above transfer function is the division of an analog 
voltage (VREF) by a digital word. The amplifier goes to the rails 
with all bits "OFF" since division by zero is infinity. With all bits 
"ON", the gain is 1 (±1 LSB). The gain becomes 4096 with the 
LSB, bit 12, "ON". 

FIGURE 9: ANALOG/DIGITAL DIVIDER 
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Precision Monolithics Inc. 

PM-7542 
12·BIT (4·BIT BYTE INPUTI 

MULTIPLYING CMOS D/A CONVERTER 

ADVANCEPRODUCTINFO~TION 

FEATURES 

• ± 1/2 LSB Nonlinearity Over Temperature 
• Low Gain Tempco .................... 5ppm/oC Max 
• Microprocessor Compatible 
• Four Quadrant Multiplication 
• Low AC Feedthrough 
• Low Power Dissipation ...................... 40mW 
• LowCost 
• Small 16·Pin 0.3" DIP Package 
• Latch·Up Resistant 

APPLICATIONS 

• Industrial Automation 
• Process Controls 
• Instrumentation Equipment 

ORDERING INFORMATIONt 

PACKAGE: 16·PIN DIP" 

GAIN MILITARY' INDUSTRIAL COMMERCIAL 
ERROR TEMPERATURE TEMPERATURE TEMPERATURE 

±1 LSB 
±6LSB 

PM7542AO 
PM7542BO 

PM7542EO 
PM7542FO 

PM7542GP 
PM7542HP 

• For devices processed in total compliance to MIL·STD·883, add 1883 after part 
number. Consult factory for 883 data sheet. 

"Package Designation: Suffix 0: Hermetic DIP; Suffix P: Epoxy DIP. 
t All commercial and industrial temperature range parts are available with burn·in. 

For ordering information see 1986 Data Book, Section 2. 

PIN CONNECTIONS 

16·PIN HERMETIC DIP 
(Q·Suffix) 

16·PIN EPOXY DIP 
(P·Suffix) 

GENERAL DESCRIPTION 

The PM· 7542 is a 12·bit monolithic, CMOS digital·to·analog 
converter. It consists of three 4·bit data registers, a 12·bit DAC 
register, a 12·bit multiplying DAC, and address decoding. 

Data is accepted in three 4·bit bytes that facilitate direct interfac· 
ing to 4 or B·bit microprocessors. Data loading is similar to a 
static RAM's write cycle. A CLR pin is provided to reset the DAC's 
internal registers to zeros. 

CROSS REFERENCE 

PMI ADI 

PM7542AO AD7542GTD 
PM7542BO AD7542TD 
PM7542BO AD7542SD 

PM7542EO AD7542GBD 
PM7542FO AD7542BD 
PM7542FO AD7542AD 

PM7542GP AD7542GKN 
PM7542HP AD7542KN 
PM7542HP AD7542JN 

FUNCTIONAL DIAGRAM 

TEMPERATURE 
RANGE 

MILITARY 

INDUSTRIAL 

COMMERCIAL 

R" 

OUT 1 
OUT2 

VDD 
DGND ViR 

os 
AO 

A1 

t~~~~~OO(LS.) 01 

0' 
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This advance product Informallon describes a product In development at the time of this printing. Final specifications may vary. Please contact 
local sales office or distributor for IInal data sheet. 
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Precision Monolithics Inc. 

PM-7S43 
12-BIT SERIAL-INPUT 

MULTIPLYING CMOS D/A CONVERTER 

ADVANCEPRODUCTINFO~TION 

FEATURES 

• ± 1/2 LSB Nonlinearity Over Temp 
• Low Gain Tempco .•............•.•... 5ppm/oC Max 
• Serial Load on Positive or Negative Strobe 
• Asynchronous CLEAR Input for Initialization 
• Low AC Feedthrough 
• No Schottky Diode Output Protection Required 
• Four Quadrant Multiplication 
• Low Power Dissipation 
• Single Supply Operation 
• LowCost 
• Small 16-Pin 0.3" DIP 
• Latch-Up Resistant 

ORDERING INFORMATIONt 

PACKAGE: 16·PIN DIP" 

RELATIVE GAIN 
MILITARY' INDUSTRIAL COMMERCIAL 

ACCURACY ERROR 
TEMPERATURE TEMPERATURE TEMPERATURE 
-SS·C to + 12S"C -2S·C to + B5·c O·Clo +70"C 

±112LSB ±1 LSB PM7543AQ PM7543EQ PM7543GP 
±112LSB ±6LSB PM7543BQ PM7543FQ PM7543HP 

• For devices processed in total compliance to MIL-STD-663. add 1883 after part 
number. Consult factory for 883 data sheet. 

"Package Designation: Suffix Q: Hermetic DIP; Suffix P: Epoxy DIP. 
t All commercial and industrial temparature range parts are available with burn-in. 

For ordering information see 1986 Data Book, Section 2. 

PIN CONNECTIONS 

16-PIN EPOXY DIP 
(P-Suffix) 

16-PIN HERMETIC DIP 
(Q-Sufflx) 

CROSS REFERENCE 

PMI ADI 
TEMPERATURE 

RANGE 

PM7543AO AD7543GTD 
PM7543BO AD7543TD MILITARY 
PM7543BO AD7543SD 

PM7543EO AD7543GBD 
PM7543FO AD7543BD INDUSTRIAL 
PM7543FO AD7543AD 

PM7543GP AD7543GKN 
PM7543HP AD7543KN COMMERCIAL 
PM7543HP AD7543JN 

GENERAL DESCRIPTION 
The PM-7543 is a monolithic, serial input, 12-bit CMOS digital
to-analog converter. It is intended for applications where serial 
input data is used. Serial input reduces pin count and is, there
fore, well-suited where PC board space is at a premium. 

The PM-7543 contains a 12-bit serial-in parallel-out input re
gister, a 12-bit shift register, and a 12-bit DAC. A signal at the 
strobe pin clocks the serial data input on the leading or trailing 
edge of the strobe signal; selection is at the user's discretion. 
Data at the serial-in input register is then loaded onto the shift re
gister with the load input controls. A CLR input pin is provided to 
asynchronously reset the shift register. 

The PM-7543 operates from a single +5V supply and is pack
aged in a small 16-pin 0.3" wide DIP. 

FUNCTIONAL DIAGRAM 

r-----------~(lLnmrr1 
VREF<>-"'t------I OUT 2 

LD2O-,'+-....... _ 

STB1O-,,+---....... r-, 
81B4 

8182 

+----+-"-OAGND 

SRI 

Yo. 

DGNO 

This advance product information describes a product In development at the time of this printing. Final specifications may vary. Please contact 
local sales office or distributor for final data sheet. 
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Precision Monolithics Inc. 

FEATURES 

• Preadjusted Full Scale ... ± 1 LSB Maximum Gain Error 
• Low Gain Temperature Coefficient ....•.•••. 2ppmJ°C 
• Small 20-Pin 0.3" Wide DIP 
• PM-7545 TTL Compatible for VDD = 5V 
• PM-7645 TTL and 5V CMOS Compatible for VDD = 15V 

ORDERING INFORMATIONt 

PACKAGE: 2D-PIN" 

MILITARY"" INDUSTRIAL COMMERCIAL 
MAXIMUM TEMPERATURE TEMPERATURE TEMPERATURE 

GAIN ERROR -55°C to -25°C to DOC to 

±1 LSB 
±3LSB 

±1 LSB 
±3LSB 

PM7545AR 
PM7545BR 

PM7645AR 
PM7645BR 

'Package designation: 
Suffix R: Hermetic DIP 
Suffix P: Plastic DIP 

PM7545ER 
PM7545FR 

PM7645ER 
PM7645FR 

PM7545GP 
PM7545HP 

PM7645GP 
PM7645HP 

"For devices processed in total compliance to MIL-STD-883, add /883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

CROSS REFERENCE 

TEMPERATURE 
PMI ADI RANGE 

PM7545AR AD7545GUD 
PM7545BR AD7545UD 

MILITARY PM7545BR AD7545TD 
PM7545BR AD7545SD 

PM7545ER AD7545GCQ 
PM7545FR AD7545CQ 

INDUSTRIAL PM7545FR AD7545BQ 
PM7545FR AD7545AQ 

PM7545GP AD7545GLN 
PM7545HP AD7545LN 

COMMERCIAL PM7545HP AD7545KN 
PM7545HP AD7545JN 

I»1Vl-7545/I»1Vl-7645 
12-BIT BUFFERED 

MULTIPLYING CMOS D/A CONVERTERS 

GENERAL DESCRIPTION 
The PM-7545/PM-7645 are 12-bit CMOS multiplying DACs with 
internal data latches. Digital data is input in a 12-bit wide data 
format, while CS and WR control inputs are active low. During 
this time the latches are transparent allowing digital inputs direct 
connection to the DAC. When WR is returned to logic high, the 
current data word in the latch is saved. 

The PM-7545 operates from 5 to 15 volt power suppl ies, offering 
TTL logic compatibility at VDO of 5V and CMOS logic compat
ibility at VDO of 15V. The PM-7645 is specified for operation at 
VOD of 15V, offering TTL logic input compatibility. 

PIN CONNECTIONS 

2o-PIN EPOXY DIP 
(P-Suffix) 

2o-PIN HERMETIC DIP 
(R-Sufflx) 

FUNCTIONAL DIAGRAM 

PM-7545/PM-7645 

r------'\-.L-+-o OUT 

VREF o-t------j 12-BIT 
MULTIPLYING OAC 

iiiiRo--f--............. 
CS o--+---L...-' 

L __ ....." ....... __ r--t-o AGND 

INPUT DATA LATCHES 

DGNO 
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--------l~ PM-7545/PM-7645 12-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTERS 

ABSOLUTE MAXIMUM RATINGS 

(TA = 25°C unless otherwise noted.) 

VDD to DGND ...•••.•.••.•.••......••••••.•.• -0.3V, +17V 
Digital Input Voltage to DGND ...•...•..•..••..• -o.3V, VDD 
AGND to DGND .•..•.•.•.•.••..•....•.••.•..• -0.3V, VDD 
VRFB, VREF to DGND ••••.••.•.•••.•.•..•.••. . • . • . .• ±25V 

VPIN I to DGND ............................... -0.3V, VDD 
Power Dissipation (Any Package) to +75°C .••••.•• 450mW 

Derates Above +75°C by ...................... 6mW/oC 
Operating Temperature Range 

Military (AR, BR) Grades •..••.•.•••..•. -55°C to + 125°C 
Industrial (ER, FR) Grades .••.•.•••••••. -25°C to +85°C 
Commercial (Gp, HP) Grades •••...••.••... O°C to +70°C 

Dice Junction Temperature .•.••....•••.••.•.•••• , +150°C 
Storage Temperature •••••..........••..• -65°C to +150°C 
Lead Temperature (Soldering, 60 sec) ••.•••.••..•• +300°C 

CAUTION: 
1. Stresses above those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. This is a stress rating only and functional 
operation at or above this specification is not implied. Exposure to above 
maximum rating conditions for extended periods may affect device reliability. 

2. Do not apply voltages higher than VDD or less than GND potential on any 
terminal except VAEF' 

3. The digital inputs are zener protected, however, permanent damage may 
accuran unprotected units from high-energy electrostatic fields. Keep units 
in conductive foam at all times until ready to use. Use proper anti-static 
handling procedures. 

4. Remove power before inserting or removing units from their sockets. 

ELECTRICAL CHARACTERISTICS at VDD = +5V, VREF = +10V, VOUT = OV, AGND = DGND = OV; TA = -55° C to +125° C apply for 
PM-7545AR/BR, TA = -25° C to +85° C apply for PM-7545ER/FR, TA = 0° Cto + 70° C apply for PM-7545GP/HP, unless otherwise noted. 
For 15V operation, see pages 4 and 5. 

PM-7S4SAlE/G PM-7S4SB/F/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

STATIC ACCURACY 

Resolution N 12 12 Bits 

Relative 
INL TA = Full Temp. Range ±1/2 ±112 LSB 

Accuracy 

Differential DNL TA = Full Temp. Range 
±I ±1 LSB 

Nonlinearity (Note 1) 

Gain Error 
GFSE 

TA = +25°C ±I ±3 
LSB 

(Notes 2, 3) TA = Full Temp. Range ±2 ±4 

Gain Temperature 

Coefficient TCGFS (Note 4) ±2 ±5 ±2 ±5 ppmloC 
.6.Gainl L). Temperature 

DC Supply Rejection 
PSS TA=+25°C (dV =±5'10) 0.002 0.002 

dGain/dVOD TA = Full Temp. Range DO 0.004 0.004 
%1% 

TA = +25°C, WR = CS = OV, 
10 10 

Output Leakage All Digital Inputs = OV 

Current at OUT ILKG nA 
TA = Full Temp. Range 
AlB Versions 200 200 
ElF/G/H Versions 50 50 

DYNAMIC PERFORMANCE 

Propagation Delay 
tpD 

TA = +25°C 300 300 
(Notes 4.5,6,7) (OUT Load = lOOn, CEXT = 13pF) 

ns 

TA = Full Temp. Range 
Current Settling Time t, (To 1/2 LSB) (Note 4) ,.,s 

lOUT Load = loon 

Digital Charge 
TA = +25°C • 

300 300 
Q TA = Full Temp. Range nVs 

Injection 
VAEF = AGND (Note 4) 

400 400 

AC Feedthrough 
TA = Full Temp. Range 

FT VAEF = ±IOV, , = 10kHz 5 mVpMp 
at lOUT All Digital Inputs = OV 
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~PM-7545/PM-7645 12-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTERS 

ELECTRICAL CHARACTERISTICS at VDD = +5V, VREF = +10V, VOUT = OV, AGND = DGND = OV; TA = -55 0 C to +1250 C apply for 
PM-7545AR/BR, TA = -250 C to +850 C apply for PM-7545ER/FR, TA = 0° C to +700 C apply for PM-7545GP/Hp, unless otherwise noted. 
For 15V operation, see pages 4 and 5. (Continued) 

PM-7545A/E/G PM-7545B/F/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

REFERENCE INPUT 

Input Resistance 
RREF 

TA = Full Temp. Range 
(Pin 19 to GND) Input Resistance 

11 15 11 15 kQ 

ANALOG OUTPUTS 

Output Capacitance TA = Full Temp. Range 
(Note 4) COUT DBO-DB11 = OV. WR = CS = OV 70 70 pF 

~ COUT DBO-DB11 = Vee, WR = CS = OV 150 150 
~ 

DIGITAL INPUTS ba 
Input High Voltage V,NH 2.4 2.4 

~ TA = Full Temp. Range V 
Input Low Voltage V1NL 0.8 0.8 

Input Current liN 
TA=+25°C 

/1A 0 
TA = Full Temp. Range 10 10 U 

Input Capacitance 
C'N 

TA = Full Temp. Range 
pF 

(j 
DBO-DB11, WR. CS V,N = 0 (Note 4) 0 

.....:I 
SWITCHING CHARACTERISTICS See Timing Diagram 

~ (Notes 4, 8, 9) 

Chip Select to 
tcs 

TA = +25°C 280 200 280 200 ~ 
Write Setup Time TA = Full Temp. Range 380 270 380 270 

ns 
0 

Chip Select to 
tCH TA = Full Temp. Range 0 0 ~ 

Write Hold Time ns 

~ Write Pulse TA =+2SoC 250 175 250 175 
Width tWR 

TA = Full Temp. Range 380 270 380 270 
ns ...... 

(j 
Data Setup TA = +25"C 140 100 140 100 

...... 
Time 

tes 
TA = Full Temp. Range 210 150 210 150 

ns 0 

Data Hold Time teH TA = Full Temp. Range 10 10 ns I POWER SUPPLY 

TA = Full Temp. Range 
lee (All Digital Inputs V,NL or V,NH ) 

rnA 

Supply Current 
TA = +25°C 

100 100 
lee TA = Full Temp. Range 

100 5 100 
/1A 

(All Digital Inputs OV or Vee) 

NOTES: 
1. 12-bit monotonic over full temperature range. 6. All digital inputs = OV to VDD ; or Voo to av. 
2. Includes the effects of 5ppm max. gain TC. 1. Logic inputs are MOS gates, typical input current (at +250 C) is less than 
3. Using internal RFB. DAC register loaded with 111111111111. Gain error is 1nA. 

adjustable using the circuits of Figures 4 and 5. 8. Sample tested at +25°C to ensure compliance. 
4. GUARANTEED and NOT TESTED. 9. Chip select CS must be coincident or present before and/or after write WR; 
5. From digital input change to 90% of final analog output. that is, tcs 2: tWR' tCH ?: O. 
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~ PM-7545/PM-7645 12-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTERS 

ELECTRICAL CHARACTERISTICS at VDD = +15V, VREF = +10V, VOUT = OV, AGND = DGND = OV; TA = -550 C to +1250 C apply for 
PM-7545/PM-7645ARlBR, TA = -250 C to +850 C apply for PM-7545/PM-7645ERlFR, TA = 00 C to +700 C apply for PM-7545/PM-7645G P/Hp, 
unless otherwise noted. 

PM-7545A/E/G PM-7545B/F/H 
PM-7645A/E/G PM-7645B/F/H 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

STATIC ACCURACY 

Resolution N 12 12 Bits 

Relative 
Accuracy 

INL TA = Full Temp. Range ±112 ±112 LSB 

Differential 
DNL TA = Full Temp. Range 

±1 LSB 
Nonlinearity (Note 1) 

±1 

Gain Error 
GFSE 

TA =+25°C ±1 ±3 

(Notes 2. 3) TA = Full Temp. Range ±2 ±4 
LSB 

Gain Temperature 

Coefficient lCGFS (Note 4) ±2 ±5 ±2 ±5 ppml"C 
~Gainl a Temperature 

DC Supply Rejection 
PSS TA =+25°C AV =±5% 0.002 0.002 

%/% 
AGain/AVDD TA = Full Temp. Range (DD ) 0.004 0.004 

TA = +25°C, WR = CS = OV. 
10 10 

Output Leakage All Digital Inputs = OV 

Current at OUT 'LKG nA 
TA = Full Temp. Range 

AlB Versions 200 200 

ElF/G/H Versions 50 50 

DYNAMIC PERFORMANCE 

Propagation Delay 
tpD 

TA = +25°C 
300 300 ns 

(Notes 4, 5. 6. 7) (OUT Load = 1000, CEXT = 13pF) 

TA = Full Temp. Range 

CUrrent Setting Time ts (To 1/2 LSB) (Note 4) I'S 

lOUT Load = 1000 

Digital Charge 
TA = +25°C 

300 300 

Injection 
Q TA = Full Temp. Range 

400 400 
nVs 

VREF = AGND (Note 4) 

AC Feedthrough 
TA = Full Temp. Range 

at 'OUT 
FT VREF = ±10V. f = 10kHz mVp•p 

All Digital Inputs = OV 

REFERENCE INPUT 

Input Resistance 
RAEF 

TA = Full Temp. Range 
11 15 11 15 kO 

(Pin 19 to GND) Input Resistance 

ANALOG OUTPUTS 

Output Capacitance TA = Full Temp. Range 

(Note 4) COUT DBO-DBll = OV, WR = CS = OV 70 70 pF 

COUT DBO-DBll = VDD, WR = CS = OV 150 150 

DIGITAL INPUTS 

Input High Voltage V,NH 13.5 13.5 
TA = Full Temp. Range, PM-7545 V 

Input Low Voltage V1NL 1.5 1.5 

Input High Voltage V1NH 2.4 2.4 
TA = Full Temp. Range, PM-7645 V 

Input Low Voltage V1NL 0.8 0.8 

Input Current liN 
TA =+25°C 

I'A 
TA = Full Temp. Range 10 10 

Input Capacitance 
C'N 

TA = Full Temp. Range 
8 pF 

DBO-DB11, WR, CS V,N = 0 (Note 4) 
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---------I~ PM-7545/PM-7645 12-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTERS 

ELECTRICAL CHARACTERISTICS at VDD = +15V, VREF = +10V, VOUT = OV, AGND = DGND = OV; TA = -550 C to +1250 C apply for 
PM-7545/PM-7645AR/BR, TA = -250 C to +850 C apply for PM-7545/PM-7645ER/FR, TA = 0 0 C to +700 C apply for PM-7545/PM-7645GP/HP, 

unless otherwise noted. (Continued) 

PM-7545A/E/G PM-7545B/F/H 

PM-764SA/E/G PM-7645B/F/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLY 

100 
TA = Full Temp. Range 

mA 
(All Digilal Inpuls V,NL or V,NH ) 

Supply Current 
TA ::: +25°C 100 100 

100 TA ::: Full Temp. Range 100 100 /JA 
(All Digital Inputs OV or VOO ) 

SWITCHING CHARACTERISTICS See Timing Diagram 

(Notes 4,8,9) 
PM-7545 A/E/G PM-7545 B/F/H 

Chip Select to TA =+2SoC 180 120 180 120 

Write Setup Time tes 
TA = Full Temp. Range 200 150 200 150 

ns 

Chip Select to 

Write Hold Time teH TA = Full Temp. Range ns 

Write Pulse TA =+25°C 160 100 160 100 
tWR ns 

Width TA ::: Full Temp. Range 240 170 240 170 

Data Setup TA = +25°C 90 60 90 60 
Time tos TA ::: Full Temp. Range 120 80 120 80 

ns 

Data Hold Time toH TA = Full Temp. Range 10 10 ns 

SWITCHING CHARACTERISTICS See Timing Diagram 
PM-7645 A/E/G PM-7645 B/F/H 

(Notes 4, 8, 9) 

Chip Select to TA =+25°C 150 150 

Write Setup Time tes TA ::: Full Temp. Range 210 210 
ns 

Chip Select to 

Write Hold Time teH TA = Full Temp. Range ns 

Write Pulse TA ::: +250 C 150 150 

Width tWR 
TA = Full Temp. Range 210 210 

ns 

Data Setup TA = +25°C 225 225 
Time tos 

TA :: Full Temp. Range 300 300 
ns 

Data Hold Time toH TA ::: Full Temp. Range 10 10 ns 

NOTES: 
1. 12-bit monotonic over full temperature range. 6. All digital inputs = OV to Voo: or Voo to Ov. 
2. Includes the effects of 5ppm max. gain T.C. 7. Logic inputs are MOS gates, typical input current (at +25° C) is less than 
3. Using internal RFS . DAC register loaded with 1111 1111 1111. Gain error is 1nA. 

adjustable using the circuits of Figures 4 and 5. 8. Sample tested at +25°C to ensure compliance. 
4. GUARANTEED and NOT TESTED. 9. Chip select CS must be coincident or present before and/or after write WR; 
5. From digital input change to 90% of final analog output. that is, tcs ;::: tWR' tCH ;::: O. 
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_______ --l~PM-7545/PM-764512-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTERS 

DICE CHARACTERISTICS 

DIE SIZE 0.093 X 0.101 inch, 9.393 sq. mils 
(2.36 X 2.57mm, 6.07 sq. mm) 

1. OUT 
2. AGND 
3. DGND 
4. DB11 (MSB) 
5. DB10 
6. DB9 
7. DB8 
8. DB7 
9.DB6 

10. DB5 

11. DB4 
12. DB3 
13. DB2 
14. DB1 
15. DBO (lSB) 
16. CS 
17. WR 
18. Veo 
19. VREF 

20. RFB 

For additional DICE information refer 10 

1986 Data Book, Section 2. 

WAFER TEST LIMITS at VDD = +5 or +15V, VREF = +10\1, VOUT = OV, AGND = DGND = OV. 

PM-7545G/PM-7645G 
PARAMETER SYMBOL CONDITIONS LIMIT 

Relative Accuracy INL Endpoint Linearity Error ±1/2 

Differential Nonlinearity DNL ±1 

Gain Error G FSE DAC Latches Loaded with 1111 1111 1111 ±5 

Output Leakage ILKG 
DAC Latches Loaded with 0000 0000 0000 
Pad 1 

±10 

Input Resistance RREF Pad 19 7/15 

Digital Input V = 5V 2.4 
V1NH DO PM.7545 only 

High Voo = 15V 13.5 

Digital Input V = 5V 0.8 
V1NL DO PM.7545 only 

Low Voo = 15V 1.5 

Digital Input 
V1NH 

High 
Voo = 15V PM·7645 only 2.4 

Digital Input 
V1Nl Low 

Voo = 15V PM·7645 only 0.8 

Input Current "N VIN ::: OV or Voo ±1 

Supply Current 100 
All Digital Inputs V1NL or V1NH 
All Digital Inputs OV or Voo 0.1 

DC Supply Rejection 
PSS LlVoo = ±5% 0.02 

(t>Gainlt>Vooi 

NOTE: 

UNITS 

LSB MAX 

LSB MAX 

LSB MAX 

nAMAX 

kO MIN/kO MAX 

VMIN 

V MAX 

VMIN 

V MAX 

IJA MAX 

mAMAX 

%/% MAX 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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_______ --\~ PM-7545/PM-7645 12-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTERS 

TYPICAL ELECTRICAL CHARACTERISTICS at Voo = +5V or +15V, AGND = DGND = OV, VREF = +10V, OUT = OV; TA = 25°C, 
unless otherwise noted. (Note 1) 

PARAMETER 

Digital Input Capacitance 

Output Capacitance 

Propagation Delay 

(Notes 2, 3, 4) 

NOTES: 

SYMBOL CONDITIONS 

OAC Latches Loaded with 00000000 0000 

OAC Latches Loaded with 1111 1111 1111 

VDD = 15V 

VDD = 5V PM-7545 only 

1. These characteristics are for design guidance only and are not subject to test. 
2. From digital input change to 90% of final analog output. 
3. OUT load = lOOn, CEXT = 13pF. 
4. CS = WR = 0, DBO to OB11 = OV to VDD or VDD to Ov. 

TYPICAL PERFORMANCE CHARACTERISTICS 

PM-7545G/PM-7645G 
TYPICAL 

50 

110 

140 

230 

UNITS 

pF 

pF 

ns 

FULL-SCALE GAIN ERROR 
vs TEMPERATURE 

LOGIC THRESHOLD VOLTAGE 
vs SUPPLY VOLTAGE 

OUTPUT LEAKAGE CURRENT 
vs TEMPERATURE 

0.5 15 1000 
Voo = 15V 

0.4 
=VREF -lOV 

0.3 

0.2 

1 o. 
./ 

1 ./ 
..". 

-0. 

-0.2 
I 

-0.3 
PM;"" ~ 

-0.4 - - -' - pM-7645 
-0.5 o 1 
~ _ ~ 0 a w ~ ~ m o 10 

Voo SUPPLY VOLTAGE 

15 -75 -50 -25 25 50 75 100 125 

TEMPERATURE IOC) 

SUPPLY CURRENT 
vs TEMPERATURE 

PM-7545 

Voo 5V 

VIN - 2.4V 

O.O~7~5"'-_W=--_2:!::5--':-""2:!::5-:':50"'-7:':5-'C!-OO,---J'25 
TEMPERATURE (OC) 

11-203 

10 

1" 1 

i a 
~ 

~ 0.1 

0.01 

SUPPLY CURRENT 
vs TEMPERATURE 

PM-7645 

~VDD -15V 

VIN 2.4V -

~ 

VIN O.8V....-

~ 

,;' 
-75 -50 -25 25 50 75 100 125 

TEMPERATURE (OC) 

TEMPERATURE fOC) 
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---------I~ PM-7545/PM-7645 12-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTERS 

PARAMETER DEFINITIONS 

RELATIVE ACCURACY 
Sometimes referred to as endpoint nonlinearity, and is a 
measure ofthe maximum deviation from a straight line passing 
through the endpoints of the DAC transfer function. Relative 
Accuracy is measured after the zero and full-scale points have 
been adjusted, and is normally expressed in LSB or as a 
percentage of full scale. 

DIFFERENTIAL NONLINEARITY 
This is the difference between the measured change and the 
ideal change between any two adjacent codes. A differential 
nonlinearity of ±1 LSB maximum over the full operating tem
perature range will ensure that a device is monotonic (the 
output will increase for an increase in digital code applied). 

GAIN ERROR 
Gain or full scale error is the amount of output error between the 
ideal output and the actual output. The ideal output is VREF 
minus 1 LSB. The gain error is adjustable to zero using external 
resistance. 

OUTPUT CAPACITANCE 
The capacitance from OUT to AGND. 

PROPAGATION DELAY 
This is measured from the digital input change to the analog 
output current reaching 90% of its final value. 

DIGITAL CHARGE INJECTION 
This is a measure of the amount of charge injected to the analog 
output from the digital inputs, when the digital inputs change 
states. It is the area of the glitch and is specified in nVsec; it is 
measured with VREF = AGND. 

BURN-IN CIRCUIT 

PM-7545/PM-7646 

OUT RFB 

AGNO VREF 

DGND VDD 

011 (MSB) WR 

010 os 
09 (LSB) DO 

08 01 

07 02 

06 03 

10 
05 D4 

20 

19 

14 

13 

12 

11 

R2 

5'0 

Voo'" 15V± 5% 
VREF '" 10V ± 5% 
c, =C2=4.71Jf 
C3 =: C4 '" O.01tJF 

LOGIC INFORMATION 

WRITE CYCLE TIMING DIAGRAM 

----VOO 

DATA IN 
10BO-OBUI _____ , I~""'---...;r 

MODE SELECTION 

WRITE MODE: 
CS AND WR LOW, DAC RESPONDS 
TO DATA BUS (DBO-DB11) INPUTS. 

NOTES: 
Voo '" +5V; tr = tf = 20ns 
VOO = +15V; tr = 'It '" 40ns 

HOLD MODE: 
EITHER CS OR WR HIGH, DATA BUS 
(DBO-08111IS LOCKED OUT: OAC 
HOLDS LAST DATA PRESENT WHEN 
WR OR CS ASSUMED HIGH STATE. 

ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 
10% TO 90% OF VOO- V + V 
TIMING MEASUREMENT REFERENCE LEVEL IS~. 

THE PM·7645 USES AN INPUT LOGIC HIGH OF 5 VOLTS. 

D/A CONVERTER SECTION 

FIGURE 1: Simplified D/A Circuit of PM-7545 

'-;-+-<~;-~;-~ ~~t-...,.++~OUT 

'---+ ......... -~ e--;----; ....... -OAGNO 

I 
DB11 
(MSB) 

OB1 DBO 
ILSBI 

Figure 1 shows a simplified circuit of the D/A Converter section 
and Figure 2 gives an approximate equivalent switch circuit. R is 
typically 11 kO. 

The binary-weighted currents are switched between OUT 
and AGND by N-channel switches, thus maintaining a constant 
current in each ladder leg independent of the switch state. 

The capacitance at the OUT terminal, COUT, is code dependent 
and varies from 70pF (all switches to AGND) to 150pF (all 
switches to OUT). One of the current switches is shown in 
Figure 2. 

The input resistance at VREF (Figure 1) is always equal to RLDR 

(RLDR is the R/2R ladder characteristics resistance and is equal 
to value "Rn). Since the input resistance at the VREF pin is 
constant, the reference terminal can be driven by a reference 
voltage or a reference current, ac or dc, of positive or negative 
polarity. (If a current source is used, a low-temperature
coefficient external RFB is recommended to define scale factor.) 
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---------I~ PM·7545/PM·7645 12·BIT BUFFERED MULTIPLYING CMOS D/A CONVERTERS 

The internal feedback resistor (RFS) has a normally closed 
switch in series as shown in Figure 1. This switch improves 
performance over temperature and power supply rejection; 
however when the circuit is not powered up the switch assumes 
an open state. 

FIGURE 2: N-Channel Current Steering Switch 

TO LADDER 

INTERFACE ~ FROM~ 
LOGIC--. .... 

AGNO OUT 

DIGITAL SECTION 

Figure 3 shows the digital structure for one bit. The digital 
signals CONTROL and CONTROL are generated from CS 
and WR. 

FIGURE 3: Digital Input Structure 

r---... TO AGND SWITCH 

DIG/TAL TO OUT SWITCH 
INPUT 

CONTROL CONTROL 

The input buffers are simple CMOS inverters designed such 
that when the PM-7545 is operated with Voo = 5V, the buffers 
convert TTL input levels (2.4V and 0.8V) into CMOS logic levels. 
When the digital input is in the region of 1.0volts to 6.0volts, the 
input buffers operate in their linear region and draw current 
from the power supply. To minimize power supply currents, it is 
recommended that the digital input voltages be as close to the 
supply rails (Voo and DGND) as is practically possible. The 
PM-7545 may be operated with any supply voltage in the range 
5::S; Voo::S; 15 volts. With Voo = +15V, the input logic levels are 
CMOS compatible only, i.e., 1.5V and 13.5V. The PM-7645 
operates with Voo = 15V only; the buffers convert TTL input 
levels (2.4V and 0.8V) into CMOS logic levels. 

BASIC APPLICATIONS 

Figures 4 and 5 show simple unipolar and bipolar circuits using 
the PM· 7545/PM-7645. Resistor R1 is used to trim for full scale. 
The following versions (PM-7545AR, PM-7545ER, PM-7545GP) 
have a guaranteed maximum gain error of ±1 LSB at +25 0 C and 
Voo = +5V, and in many applications the gain trim resistors are 

not required. Capacitor C1 provides phase compensation and 
helps prevent overshoot and ringing when using high speed op 
amps. The circuits of Figures 4 and 5 have constant input 
impedance at the VREF terminal. 

The circuit of Figure 4 can either be used as a fixed reference 
D/A converter so that it provides an analog output voltage in the 
rangeOto-VIN (the inversion is introduced by the op amp); orVIN 
can be an ac signal in which case the circuit behaves as an 
attenuator (2-Quadrant Multiplier). VIN can be any voltage in the 
range -20 ::s; VIN ::s; +20 volts (provided the op amp can handle 
such voltages) since VREF is permitted to exceed Voo. Table 2 
shows the code relationship for the circuit of Figure 4. 

FIGURE 4: Unipolar Binary Operation 

V IN C>--4>-,i\.N"'""t9 V REF 
R'" 

DB11-0BO 

VOUT 

·SEE TABLE 1. 

TABLE I: Recommended Trim Resistor Value vs. Grades 

TRIM 
RESISTOR 

R1 

R2 

CR 

2000 

680 

HP/FR/BR GP/ER/AR 

1000 200 

330 6.80 

TABLE II: Unipolar Binary Code Table for Circuit of Figure 4 

BINARY NUMBER IN 
CAC REGISTER ANALOG OUTPUT 

1111 1111 1111 { 4095 } 
-VIN · 4096 

1000 0000 0000 { 2048} 
-VIN · 4096 -1/2VIN 

0000 0000 0001 -VIN . { 40~6 } 
0000 0000 0000 o Volts 

11·205 1/86, Rev. B 
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--------I~ PM-7545/PM-7645 12-BIT BUFFERED MULTIPLYING CMOS DIA CONVERTERS 

Figure 5 and Table 3 illustrate the recommended circuit and 
code relationship for bipolar operation. The D/A function itself 
uses offset binary code. The inverter U, on the MSB line, 
converts 2's-complement input code to offset binary code. The 
inverter U, may be omitted if the inversion is done in software. 

R3, R4 and R5 must match within 0.01 % and should be the same 
type of resistors (preferably wire-wound or metal foil), so that 
their temperature coefficients match. Mismatch of R3 value to 
R4 causes both offset and full scale error. Mismatch of R5 to R4 
and R3 causes full scale error. 

TABLE III: 2's Complement Code Table for Circuit of Figure 5 

DATA INPUT ANALOG OUTPUT 

0111 1111 1111 { 2047} 
+VIN · 2048 

0000 0000 0001 +VIN • { 20~8 } 
0000 0000 0000 o Volts 

1111 1111 1111 -VIN • { 20~8 } 
1000 0000 0000 { 2048} 

-VIN ' 2048 

FIGURE 5: Bipolar Operation (2's Complement Code) 

DATA INPUT 

APPLICATION HINTS 
Output Offset: CMOS D/A converters exhibit a code-dependent 
output resistance that causes a code-dependent error voltage 
at the output of the amplifier. The maximum amplitude of this 
offset, which adds to the D/A converter nonlinearity, is 0.67 Vas 
where Vas is the amplifier input-offset voltage. To maintain 
monotonic operation, it is recommended that Vas be no greater 
than 10% of 1 LSB over the temperature range of operation. 

General Ground Management: AC or transient voltages be
tween AGND and DGND can cause noise injection into the 
analog output. The simplest method of ensuring that voltages at 
AGND and DGND are equal is to tie AGND and DGND 
together at the PM-7545/PM-7645. It is recommended that two 
diodes (1 N914 or equivalent) be connected in inverse parallel 
between AGND and DGND pins in complex systems where 
AGND and DGND tie on the backplane. 

Digital Glitches: When WR and CS are both low, the latches are 
transparent and the D/A converter inputs follow the data inputs. 
Some bus systems do not always have data valid for the whole 
period during which WR is low. This will allow invalid data to 
briefly appear at the DAC inputs during the write cycle. This can 
cause unwanted glitches at the DAC output. Retiming the write 
pulse WR, so that it only occurs when data is valid, will eliminate 
the problem. 

ANALOG 
COMMON 

11-206 

*SEE TABLE 1, 
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--------I~ PM-7545/PM-7645 12-BIT BUFFERED MULTIPLYING CMOS D/A CONVERTERS 

INTERFACING THE PM-7545/PM-7645 TO 
MICROPROCESSORS 

The PM-7545 can be directly interfaced to either an 8 or 16-bit 
microprocessor via its 12-bit wide data latch using the CSand 
WR control signals. 

An 8-bit processor interface configuration is shown in Figure 6. 
It uses two memory addresses, one forthe lower 8-bits and one 
for the upper 4-bits of data into the DAC via the latch. 

FIGURE 6: B-Bit Processor to PM-7545/7645 Interface 

A15 
ADDRESS BUS 

AO 

CPU 

Wllp------j 

D71------' 
a-BIT DATA BUS 

DO~----=-------------I 
'-__ '" *00 = DECODED ADDRESS FOR OAe 

*0, = DECODED AODRESS FOR LATCH 

Connection to an 8-bit processor with a full 16-bit wide address 
bus (such as the 6800,8080, Z80) is shown in Figure 7. The 12 
lower address lines are fed directly to the PM-7545; this allows 
the PM-7545 to use 4k bytes for its address location. The 
address field of the instruction is organized so that the lower 
12-bits contain the DAC data. Data is written into the DAC using 
a single write instruction. 

FIGURE 7: Connecting the PM-7545/7645 to an 8-Bit Micro
processor via the Address Bus 

A1S 
16-BIT ADDRESS BUS 

AO 

CPU DBO 
PM·75451 
PM-7645 

WI! WI! 

D7 
DATA BUS 

DO 
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Precision Monolithics Inc. -'!,;! 

PM-7548 
12-BIT (8-BIT BYTE INPUT) 

MULTIPLYING CMOS D/A CONVERTER 

ADVANCEPRODUCTINFO~TION 

FEATURES 

• 12·Blt Resolution with an 8·Bit Data Bus 
• Direct Interface to Most 8·Bit Microprocessors 
• Selectable Input Data Format (Left or Right·Justified) 
• TTL/CMOS Compatible 
• Gain Drift •..••....••...........•...• 5ppm/oC Max 
• Guaranteed Monotonic Over Full Temperature Range 
• Single Supply Operation 
• Four Quadrant Multiplication 
• Latch·Up Resistant 
• Small 20·Pin 0.3" DIP Package 

APPLICATIONS 

• 8·Bit Microprocessor-Controlled Systems 
• Industrial Automation 
• Process Controls 
• Servo Control Systems 
• Programmable Filters and Amplifiers 

ORDERING INFORMATIONt 

PACKAGE: 20-PIN DIP" 

RELATIVE GAIN 
MILITARY' INDUSTRIAL COMMERCIAL 

ACCURACY ERROR 
TEMPERATURE TEMPERATURE TEMPERATURE 
-55'C 10 + 125'C -25'C 10 + 85'C O"Clo +70'C 

±1/2LSB ±3LSB PM7548AR PM7548ER PM7548GP 
±1 LSB ±6LSB PM7548BR PM7548FR PM7548HP 

• For devices processed in total compliance to MIL-STD-883, add 1883 after part 
number. Censun factory for 863 data sheet. 

"Package Designation: Suffix R: Hermetic DIP; Suffix P: Epoxy DIP. 
t All commercial and industrial temperature range parts are available with burn-in. 

For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The PM-7548 is a 12-bit monolithic, CMOS digital-to-analog 
converter with an 8-bit data input bus. Simple interfacing to 8-bit 
microprocessors results when using a two-step data-load opera
tion from the 8-bit data bus. The PM-7548 allows either left or 
right-justified data, This simplifies data-formatting when used 
with various types of microprocessors. 

In multiple DAC applications, it sometimes becomes necessary to 
simultaneously update the outputs. The PM-7548 is ideally 
suited for this application, providing a separate LDAC control pin 
that immediately updates an analog output from the input 
registers. 

CROSS REFERENCE 

PMI ADI 

PM7548AR AD7548TD 
PM7548BR AD7548SD 

PM7548ER AD7548BO 
PM7548FR AD7548AO 

PM7548GP AD7548KN 
PM7548HP AD7548JN 

PIN CONNECTIONS 

FUNCTIONAL DIAGRAM 

VDD 

18 

TEMPERATURE 
RANGE 

MILITARY 

INDUSTRIAL 

COMMERCIAL 

20·PIN HERMETIC DIP 
(R·Suffix) 

20·PIN EPOXY DIP 
(P·Suffix) 

[~~~E~j::=~Fr==::jf.g DF/DOR CTRL 

.... --1.::: •• '0 C9L§ij 

DGND 

This advance product Information describes a product In development at the time of this printing, Final speclflcatlona may vary. Please contact 
local sales office or distributor for final data sheet. 

11-208 1/86, Rev. A 
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GENERAL DESCRIPTION 

This data sheet covers the electrical requirements of the monoli
thic 8-bit digital-to-analog converters found in MI L -M-38510/113. 
Devices supplied to this data sheet are manufactured and tested 
at PMI's MIL-M-38510 certified facility and are listed in 
QPL-38510. 

Complete device requirements will be found in MIL-M-38510 
and MIL-M-38510/113 for Class B processed devices. 

Device Types shall be as follows: 
01 D/A Converter, 8 bit, 0.19% linearity 
02 D/A Converter, 8 bit, 0.10% linearity 

GENERIC CROSS-REFERENCE INFORMATION 

This cross-reference information is presented for the conven
ience of the user. The Generic-Industry types listed may not 
have identical operational performance characteristics across 
the military temperature range or reliability factors equivalentto 
the MIL-M-38510/113 devices. 

Military Device Type Generic-Industry Type 

01 DAC-08 

02 DAC-G8A 

CASE OUTLINE 

Per MIL-M-38510, Appendix C, Case Outline 0-2 (16-Lead 1/4" x 
7/8", dual-in-Iine). Package type designator "E". 

SIMPLIFIED SCHEMATIC 

VREF (+) o--!"4'+-_-l __ ~ 

VREF I-J o-!"5Cj--l 

,. 3 
caMP -Vee 

JDl38510/11301/11302 
JAN 8-BIT MULTIPLYING 

D/A CONVERTERS 

POWER AND THERMAL CHARACTERISTICS 

Package Cue ouBlne Maximum allowable Maximum Maximum 
power dllllpeUon 8J - C OJ - A 

Dual-in-line E 400mW at T ... = 125°C 35°CIW 12O"CIW 

PIN CONNECTIONS & ORDERING INFORMATION 

Jan Device Type 
JM38510/11301 BEC 
JM38510/11302BEC 
JM38510/11301BEB 
JM38510/11302BEB 

NOTES: Lead finish as follows 

PMI Device Type 
DAC08Q1I3851 0 
DAC08AQ1I3851 0 
DAC08Q2/3851 0 
DAC08AQ2/3851 0 

BEC: Gold Plate. side braze package 
BEB: Tin Plate, CERDIP Package 

Linearity 
0.19% 
0.10% 
0.19% 
0.10% 

11-209 1/86, Rev. A 
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----------I~ JM3a510111301111302 JAN a-BIT MULTIPLYING DlA CONVERTER 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage [+VCC- (-VcclJ ••••••••••••••••• 36Vdc 

Voltage, Digital Input to Negative Supply 

[Vlogic- (-VcclJ ........................... 0 to 36Vdc 

Voltage, Logic Control (VLcl •••••••••••••• -Vcc to +Vcc 
Reference Voltage In(!lut [(V14. V1S)] •••••••• -Vcc to +Vcc 
Reference Input Current (1 14) ....................... SmA 

Reference Input Differential Voltage 

[(V14-V1S)J ................................... ±18Vdc 
Lead Temperature (Soldering, 60 sec) ............. 300° C 

Junction Temperature ........................... 17SoC 
Storage Temperature ••••••••••••••••• -6SoC to +lS0°C 

RECOMMENDED OPERATING CONDITIONS 
Supply VOltage Range •••••••.••••••• ±SVdc to ±lSVdc" 

Ambient Temperature Range •••••••••• -SSo C to + 12So C 

"NOTE: 
A slight degradation in linearity can occur when the supply voltage is near the 
±5V end of the recommended operating range. 

ELECTRICAL CHARACTERISTICS at ±Vcc = ±lSVdc; Source resistance = SO ohms; IREF = 2.mA; Figure 1; Ambient 

temperature range = -SSo C to +12So C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

ali) Measure 10• (ION - 10N-l) " 0 at 

Monotonicity each major carry point 

a(T) Measure iQ. (ION -ION- 1) ,,0 at 

each major carry pOint 

Output Symmetry alFs IFS - IFS 

Full-Scale Current Te(lFS) All input bits high. Measure 10 
Temperature Coefficient Te(lFS) All input bits low. Measure ro 

IFS All input bits high. 

Full-Scale Current Measure 10 

IFS All input bits low. 
Measure iO 

Izs All input bits low 

Zero~Scale Current Measure 10 

~ All input bits high. 
Measure ~ 

INL+ Measure 10 

Positive Bit Errors (IPositive bit errors)/IFS 

Iiiit+ Measure ~ 
(I Positive bit errors)IWs 

INL- Measure 10 

Negative Bit Errors (INegative bit errors)/IFS 

INL- Measure iO 
(I Negative bit errors)/iFS 

aINL Measure 10 

Positive and Negative IINL+ I-I INL-I 

Bit Error Difference aIiiit M~ureiO 
IINL + I-I INL-I 

NL+ Measure 10 

Positive Relative Accuracy IINL+ I + I aINL I 
NL+ M~urero 

IINL+ I + I aINL I 

NL- Measure 10 

Negative Relative Accuracy 
iiit-

IINL-I + I aINL I 
Measure ro 
IIiiiI-I+laIiiiIl 

BII Error 
Bit error is the deviation of the analog output from its ideal value (after 
zero-scale and full-scale errors have been calibrated out) when turning on an 
individual bit. This Is measured for all n bits. 

Bit error (analog value) = Vn - (FSR/2n) 
Where Vn = analog output with bit n on only. 

FSR = full-scale range 
n = number of bits 

01 LIMITS 02 LIMITS 
MIN MAX MIN MAX UNITS 

0 16 16 

p.A 
0 16 0 16 

-8 8 -4 4 p.A 

-SO 50 -50 50 ppml"C 

1.94 2.04 1.984 rnA 

-2 -1 p.A 

0 0.19 0 0.10 % 

-0.19 0 -0.10 0 % 

-0.05 0.05 -0.03 0.03 % 

0 0.19 0 0.10 % 

0 0.19 0 0.10 % 

Summallon Nonlinearity (INL) 
Summation nonlinearity is the sum of all posilive bit errors or all negative bit 
errors, whichever is larger. By summing up all the bit errors In one direction, 
you obtain the worst possible nonlinearity (I.e. if bit2 is 1 LSB high and blt4 is 
1/2 LSB high. then bits 2 and 4 together will be 1 1/2 LSBs high. This is 
essentially the same as integral nonlinearity slnoe the bit errors are super
imposed on each other to give the worst case nonlinearity. 

11-210 1/86, Rev. A 



~ JM38510111301111302 JAN 8-BIT MULTIPLYING D/A CONVERTER 

ELECTRICAL CHARACTERISTICS at ±VCC = ±15Vdc; Source resistance = 50 ohms; IREF = 2.0mA; Figure 1; Ambient 

temperature range = -550 C to + 1250 C, unless otherwise noted. 

01 LIMITS 02 LIMITS 
PARAMEtER SYMBOL CONDITIONS MIN MAX MIN MAX UNITS 

'FsR, 
All input bits high. Measure '0. 

-Vee =-10V. VREF = ISV 2.1 2.1 

'FsR, 
All input bits low, Measure i;;: 

Output Current Range -Vee=-10V. VREF = ISV mA 
IFSR2 All input bits high. Measure '0 

-Vee = -12V. VREF = 2SV 4.2 4.2 

' Fs R2 
All input bits low, Measure ~ 
-Vee = -12V. VREF = 2SV 

V) 
Reference Bias Current 'REF- All input bits low -3 0 -3 0 I'A ffi 
High Level Input Current 'IH 

All input bits VIN = 18V. each -O.OS 10 -O.OS 10 I'A ~ input measured separately 

Low Level 'nput Current IlL 
All input bits VIN = 10V. each -10 -10 I'A ~ input measured separately 

IFS+ All input bits high. Measure 10• a 
Full-Scale Current VIO = 18V 1.90 2.08 1.94 2.04 mA 

U 
At + 18V Compliance 

'FS+ 
All Input bits low. Measure i;: Cj 
VIO = 18V a 

IFs - All input bits high. Measure 10• 1.90 2.08 1.94 2.04 mA 

~ Full-Scale Current VI0 =-10V 
At -10V Compliance 

IF..-
All input bits low, Measure r;. 
VI0 =-10V 

All input bits high. Measure 10• a 
~'Fse 2soC"TA" 12SoC -4 4 -4 4 ~ 

TA=-SSoC -8 8 -8 8 

~ Change In Full Scale Current VIO = 18V to -10V ,.A 
Due to Voltage Compliance All Input bits low. Measure i; 

~IFse 2SoC" TA" 12SoC -4 4 -4 4 Cj -TA=-SSoC -8 8 -8 8 Q 
VIO = 18V to -10V 

PSS'FS +1 
All input bits high. Measure 10• -4 4 -4 4 I + Vee = 4.SV to +S.SV. -Vee = -laV 

PSS'FS +1 
All input bits low. Measure i;;: 

Power Supply Sensitivity + Vee = 4.SV to +S.SV. -Vee = -laV I'A 
From +Vee PSS'FS+2 All input bits high. Measure 10• -a a -a a 

+Vee = 12V to laV. -Vee =:.!,av 

P;i;;+2 All input bits low. Measure 10• 
+Vee = 12V to lav. -Vee = -lav 

PSS 'Fs-l All input bits high. Measure '0. -a a -a a 
+ Vee = laV. -Vee = -12V to -laV 

Ps;i;;-1 All input bits low, Measure iQ, 
Power Supply Sensitivity + Vee = laV. -Vee = -12V to -lav 

From-Vee All input bits high. Measure 10• I'A 

Pss IFS -2 +Vee = laV. -Vee = -4.SV to -S.SV 

IREF= lmA -2 2 -2 2 
All input bits low. Measure 10" 

Pss 'Fs-2 + Vee = lav. -Vee = -4.SV to -S.SV 

'REF= lmA 

11-211 1/86, Rev. A 



----------I~ JM3a510111301111302 JAN a-BIT MULTIPLYING DlA CONVERTER 

ELECTRICAL CHARACTERISTICS at ±Vcc = ±15Vdc; Source resistance = 50 ohms; IREF = 2.0mA; Figure 1; Ambient 
temperature range = -550 C to + 1250 C, unless otherwise noted. 

Figure 1. Test Circuit For Static Tests 

+5V FOR VOUT 
OV FOR VciiIT VOUT 

>-__ -r ________ ~K4 

NOTES: 
1. THE REFERENCE D/A CONVER· 

TER SELECTED SHOULD HAVE 
A RESOLUTION OF 8 BITS OR 
MORE, AND A LINEARITY OF 
0.015% OR BETIER. 

2. THE VOLTAGE REfERENCE 
SHOULD HAVE AN ACCURACY 
OF ±O.O2% OR BETTER. 

3. ALL RELAYS ARE SHOWN IN 
THEIR NON·ACTUATED STATE. 

101<11 
0.01% 200kll 

1% 

Y,N 

-["J-10V~---- - 90% 

- - - 10% 

OV 

tr< 10ns 

Figure 3. Test Circuit For Slew Rate, Device Types 01, 02 

11·212 

ov---"'\ 
\---0.5V 

VOUT OR ~O~T ___ .1~ ~\ __ 1.5V 

-2V +iatl+ 
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-----------l~ JM3a510111301111302 JAN a-BIT MULTIPLYING DlA CONVERTER 

D.7V 

REF = lOV Skn 14 

SkU 15 

OPTIONAL WITH FET PROBE 

VL (SEE NOTE 1) 
r-----------, 
I I 
I I 

"f! I I 
I I 

r-----~~----~~~~----------._--~ I 

-15V 

"f! 

L __ _ 

100kO 2kn 

I 
I 
I 
I ______ .J 

-15V 

NOTES: 
to FOR TURN·ON VL = 2.7V; FOR TURN·OFF VL = O.7V 
2. MINIMIZE CAPACITANCE AT THIS NODE BY USING 

SHORT RUNS AND ADEQUATE SPACING BETWEEN 
RUNS. 

3. DIODES MUST BE SCHOTIKV TYPE (MBD 501 OR 
EQUIVALENT). 

4. BANDWIDTH OF OSCILLOSCOPE USED FOR WAVE· 
FORM MEASUREMENT SHOULD BE 50MHz MINI· 
MUM; SATURATION OF PREAMP MUST BE AVOIDED. 

_ I ! _ tr = tf < 10ns _ I I 
3V--~~~~~% __ ----"!:~--Jtf --

.;J: 10% 'X 
I : ~------. 
I I ±1/2LSB 

VOUT ~tsHL-I : l 
~' I Piffr ~~ I I " tPLH ;f: 

tPHL 6O~l 
~ ___ -+.....J 
T,'I2LSB .. 4mV ~tSLH~ 

TURN.()FF TURN-ON 

Figure 2. Test Circuit For Propagation Delay and Settling Time, Device Types 01 and 02 

BURN-IN 
Devices supplied by PMI have been subjected to burn-in 
per method 1015 of MIL-STD-883 using test condition C or 
test condition F with the circuit shown in Figure 4. 

+18V 

C2 

~ 

C1 Rl 

15 " 

-18V 

13 12 11 

D.UT. 

10 

Rl=9k,n±5% 
Cl = O.OO1~F. 50V 
C2 = O.Ol~F. 50V 

Figure 4. Test Circuit, Burn-In and Operating Life Test 

11-213 1/86, Rev. A 
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Precision Monol-ithics Inc. 

INTRODUCTION 
Analog-to-digital converters (ADC) translate 
analog input voltages into an equivalent digital 
value. PMI's ADCs use the general purpose 
successive approximation conversion (SAC) 
technique. The basic SAC architecture consists of 
a DAC, comparator, input scaling resistors, and a 
successive approximation register. A clock and a 
voltage reference make a complete ADC system. 

PMI uses both bipolar and CMOS technologies to 
optimize ADC designs. The bipolar technology 
lends itself to high speed ADC conversion and 
provides the complete ADC function including an 
internal reference. The CMOS technology offers 
ADC designs with very low power consumption 
and good interface versatility at lower prices. PMl's 
improved bipolar and oxide-isolated CMOS 
processes offer the best conversion speeds in the 
SAC architecture. 

A SAC ADC has inherent ratioing capability 
between the input voltage and the input reference 
level. The digital output is proportional to VINNREF. 

Important criteria for selection of AID converters 
include accuracy, conversion speed and resolution. 
Other requirements include temperature stability, 
output coding, output data format, reference 
stability, clock and power needs. 

At the digital output many interface data formats 
are available to match the wide variety of 
application needs. The ADC-910 provides a very 
complete microprocessor-controlled interface 
which contains data registers, control registers and 
hand-shaking lines. This architecture provides a 
complete microprocessor compatible system that 
allows total software control of all ADC functions. 
For stand-alone applications the ADC-8208 offers 
direct data output, start conversion and very low 
power dissipation. 

DEFINITIONS-
ANALOG-TO-DIGITAL CONVERTERS 
Accuracy-ADC total accuracy consists of the 
sum of integral nonlinearity (INL) error, zero error, 
gain error and reference error specifications. The 
INL is the most critical specification since no 
additional user calibration can be easily performed. 
Additional specifications affecting ADC device 
accuracy includes zero drift, gain drift, power 
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supply sensitivity, and noise. Proper circuit layout 
and grounding are also important factors in 
achieving rated performance. 

Aperture-The period of time during which an 
analog input to an ADC should not change more 
than 1/2 LSB. Determines maximum sampling 
frequency of the ADC. 

ADC-An acronym for Analog-to-Digital 
Conversion, sometimes written as ND. 
Binary Coding-The digital output of an ADC is 
considered binary-coded when outputs start at all 
zeros for a zero-scale analog input counting up to 
all-ones' output code for a full-scale analog input 
signal. 

Bipolar Mode-An ADC configured to convert 
both positive and negative input voltages. 

Bipolar Offset-The analog displacement of one 
half of full scale range when the ADC operates in 
the bipolar mode. The offset is generally derived 
from the converter reference circuit. 

Bus-A parallel path of binary information signals
usually 4,8, or 16 bits wide. 

Byte-A binary digital word often 8 bits long. 
Chip Select (CS)-A logic input signal activating 
data or control information transfer between the 
ADC and the digital circuitry. This Signal is usually 
active low designated by a bar over the top of (CS). 
CS is used in conjunction with additional quali
fying logic signals to determine the exact activities 
to take place. 

Clock (CK)-The operation of the successive 
approximation conversion process requires a 
clock. The clock sets the basic conversion rate. 
Some ADCs have an internal clock, using an 
external capacitor to set the frequency. Most ADCs 
have an external clock input. 

Code Width-The amount of input voltage change 
which occurs between output code transitions 
expressed in LSBs of full scale. The ideal code 
width is one LSB. 

Code Width Uncertainty-The dynamic variation 
or jitter in the code width due to noise. 

Coding-The format of the ADC digital output 
data. Common formats include binary, offset 
binary, complementary binary, two's complement, 
low byte and high byte. 
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Command Register-An internal register of the 
ADC that can be programmed by the user to select 
various modes of operation. For example, unipolar 
or bipolar conversion selection, range selection, 
data output format, etc. 

Control Lines-Digital inpuVoutput pins that 
activate/monitor and control ADC operation. For 
example, chip select, write, low byte, high byte, 
start convert, end of conversion, conversion 
complete, busy, read, etc. 

Conversion Complete (CC)-This digital output 
signal indicates the end of conversion. When this 
signal is in the opposite state the ADC is considered 
to be in the "busy" state. 

Conversion Time (tc)-The amount of time 
elapsed from the start-conversion control signal 
until the conversion complete signal occurs. 

Differential Nonlinearity (DNL)-The worst-case 
deviation of distance between transition voltages 
from the ideal 1 LSB code width. The parameter 
uses units of LSBs. DNL is one of an ADC's errors 
which cannot be removed by user adjustments. 
Drift-See Gain Drift, Zero Drift, and Offset Drift 
specifications. 

End Of Conversion (EOC)-This digital output 
signal flags the conversion complete and data 
ready condition of an ADC. 

Full Scale (FS)-Maximum input voltage of an 
ADG. A full-scale input voltage to a natural binary
coded ADC outputs the all-ones code. 

Full-Scale Error-This parameter applied to ADCs 
is the same as the gain error specification. See 
Gain Error. 

Full-Scale Range (FSR)-The difference between 
maximum and minimum analog values for an ADC 
input. 

Gain Drift-The change in the full-scale transition 
voltage measured over the operating temperature 
range This parameter has units of % of full scale, 
ppm of full scale, or LSB. It may also be expressed 
as % of FS/oC, ppm of FS/oC, etc. 

Gain Error-The difference between the actual 
full-scale transition voltage and the ideal full-scale 
transition voltage. The units of this parameter are 
in LSBs or percent of full scale. 
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Half-Step Offset-The half-step offset is necessary 
in ADCs to center the analog input voltages half 
way between the output code transition points. 
The SAC converter architecture inherently has a 1 
LSB transition voltage for the first code change if a 
half-step offset is not inserted. 

High Byte (HB)-In ADCs with resolutions greater 
than 8 bits, some products are offered in a high 
byte, low byte format to simplify interface to 8-bit 
microprocessor systems. The high byte contains 
the most significant bit and some or all of the 
upper 8 bits of the ADC output. Generally bits are 
loaded in a right or left justified format. Individual 
product data sheets should be consulted. 

Input Impedance (RIN)-Analog input resistance 
of the ADC. In SAC converters input impedance is 
primarily resistive, but should be buffered by an 
amplifier with a low output impedance at the clock 
frequency of the SAC ADC to maintain a stiff input 
voltage to the ADC. . 

Input Rarige-The analog voltage input range 
which results in a zero code to full-scale code 
digital output in a natural binary-coded ADC. This 
parameter is identical to full-scale range. Common 
preset ranges include 0 to 10V, -10 to +10V, -5 to 
+5V, etc. 

Integral Nonlinearity (INL)-This error 
specification is a measure of the straightness of 
the ADC transfer function. It is measured as the 
worst-case deviation in LSBs from a straight line 
drawn through the center of the first and last code 
widths. INL is one of the key error specifications of 
an ADC which cannot be calibrated by the user. 

Left Justified Data-In the byte-oriented data
output format, data bit sets shorter than 8 bits are 
placed starting in the left side of the data output 
transfer register. This could apply to the upper or 
lower byte. For example, a 12-bit ADC will have 4 
extra bits which could be left justified. 

Least Significant Bit (LSB)-The binary digit with 
the smallest numerical weighting, normally one 
LSB equals full-scale range divided by (2n), where 
n is the number of bits of the ADC. This parameter 
may be expressed in millivolts. 

Low Byte (LB)-In ADCs with resolutions greater 
than 8 bits, some products are offered in a high 
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byte, low byte format to simplify interface to 8-bit 
microprocessor systems. The low byte contains 
the least significant bit and some or all of the low 8 
bits of the ADC output. Generally bits are loaded 
in a right or left justified format. Individual product 
data sheets should be consulted. 

Major Transition-The digital output code change 
between one-and-all-zeros code and zero-and-all
ones code. For example an 8-bit ADC major 
transition occurs between the codes 1000 0000 and 
0111 1111 (half-scale). 

Missing Code-As an analog input voltage is 
swept from zero input to full scale, the output 
digital codes should change by 1 LSB as each 
transition voltage is reached. If an output code is 
skipped, we have a missing code. 

Most Significant Bit (MSB)-The binary digit of 
the resulting ADC conversion with the largest 
numerical weighting. Normally the MSB has a 
weighting of one-half full-scale range. 

Offset Binary Code-A digital binary code used to 
represent plus or minus input polarity analog 
voltages. Negative full-scale voltage is assigned all
zeros code. Zero input voltage has the MSB high 
(logic one) and the remaining bits at zero. Positive 
full-scale voltage is assigned all-ones code. 

Offset Drift-The change with temperature of 
analog zero for an ADC operating in the bipolar 
mode. It is generally expressed in ppm of FSR/o C 
or LSBs. 

Offset Error-The error at analog zero for an ADC 
operating in the bipolar mode. It has units of % of 
FSR or LSBs. 

Overrange-When analog input voltages exceed 
the input range, an overrange condition is in effect. 
Normally the digital output code stays at all ones 
for positive overrange and all zeros for negative 
overrange with standard binary coding. 

Power Supply Sensitivity (PSS)-The change in 
the full-scale transition voltage due to a change in 
power supply voltage. The units are in LSB, % of 
FS per % of supply voltage, or ppm of FS per % of 
supply voltage. 

Quantization Error-An ADC of n bits can only 
identify 2n output codes; however, there exists an 
infinite number of analog input values adjacent to 
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the LSB of the ADC which are assigned the same 
output code. The ±1/2 LSB limit to resolution is 
known as the fundamental quantization error of an 
ADC. 

R-2R Ladder-A resistor network providing the 
basic binary-current-division used in SAC ADCs. 

Reference (VREF)-Reference voltages determine 
ADC system's absolute conversion accuracy at full 
scale. At other voltages the INL and reference 
determine absolute accuracy. References may be 
internally or externally supplied. 

Relative Accuracy-Relative accuracy error, 
expressed in LSBs or % of full scale, is the 
deviation of the analog value at any code from its 
theoretical value after gain and offset is calibrated. 
PMl's usage of this specification is identical to the 
integral nonlinearity specification. 

Resolution-The resolution of an ADC is the 
number of states (2n) that the analog input voltage 
is divided (or resolved) into, where n is equal to the 
number of bits. 

Right Justified Data-In the byte-oriented data
output format, data bit sets shorter than 8 bits are 
placed starting in the right side of the data output 
transfer register. This could apply to the upper or 
lower byte. For example, a 12-bit ADC will have 4 
extra bits which could be right justified. 

Sampling Frequency-The rate at which the ADC 
can continuously convert analog inputs into digital 
outputs. In SAC ADCs clock frequency and data 
transfer overhead determines the sampling 
frequency. 

Short Cycling-Termination of the conversion 
sequence of an ADC to less than the total number 
of clock periods required for a full resolution 
conversion. 

Span-Sometimes used to describe the full-scale 
analog input Voltage. Some ADCs have resistor
selectable analog input ranges. 

Status Register-A register indicating current 
status of the analog-to-digital conversion with a 
busy signal or a conversion complete signal. 

Successive Approximation Conversion (SAC)
Successive approximation converters compare an 
analog input against an accurately-known binary 

I~ 
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fraction of a reference input. Starting with half the 
reference value (the MSB) the converter 
determines whether the input is greater than or 
less than this value. Next the converter divides the 
remaining value in half again determining whether 
the input value is in the upper or lower quarter. 
This process is continued until all bits have been 
tried. The digital result of each trial is a numerical 
representation of the analog input. 

Successive Approximation Register (SAR)-A 
digital circuit that controls the operation of a 
successive approximation ADC and accumulates 
the output digital word in its register. 

Three-State Output Buffer-A digital output circuit 
that can be programmed to output a logic low, 
logic high or a high output impedance state. These 
devices are generally connected to digital buses. 

Transition Noise-Width of the transition voltage 
region. 
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Transition Voltage-The transition voltage is the 
center of a finite band of analog input voltages 
where the digital output code of the ADC toggles 
between two adjacent codes. 

Unipolar Mode-Operation of an ADC with zero to 
full-scale voltage inputs of one polarity only. 

Word-A set of binary digits that represent the 
fundamental register size of the digital circuits 
being used. For example, Z80, 8085, and 6800 
microprocessor systems use 8-bit words, while 
68000 and 80186 microprocessor systems have 
16-bit words. 

Zero Drift-The change with temperature of 
analog zero for an ADC operating in the unipolar 
mode. It is generally expressed in ppm of FS/o C, 
or LSBs. 

Zero Error-The error at analog zero for an ADC 
operating in the unipolar mode. This is a user 
adjustable parameter. 



Precision MonoJithics Inc. 

FEATURES 
• Includes Clock, Reference, 3-State Buffered Outputs 
• Fast Conversion Time ............................ 61's 
• FourlnputRanges .. +/-2.5Y,+/-5.0Y,+5.0Yand+10.0Y 
• 1/2 LSB INL 
• No Missing Codes Over Temperature 
• Low ESD Sensitivity Due to Rugged Bipolar Processing 
.. Software Programmable Unipolar/Bipolar 
• Easily Interfaced to 8 and 16-BII I'P Bus 

ORDERING INFORMATIONt 

PMI MODEL NO. 

AOC910AT" 
ADC910ET 
ADC910GT 

TEMP RANGE 

-55' C/+ 125' C 
-25'C/+85'C 

O'C/+70'C 

• For devices processed in total compliance to MIL-STD-883, add 1883 after 
part number. Consult factory for BB3 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn·in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The ADC-910 is a 10-bit A/D converter designed specifically 
for interfacing with microprocessors. 3-state data outputs 
allow direct connection to an 8-bit data bus in an MSB byte of 
8 bits and an LSB byte of 2 bits. A command register with 

SIMPLIFIED SCHEMATIC 
MSB 

ADC-910 
HIGH -SPEED "MICROPROCESSOR COMPATIBLE" 

A/D CONVERTER 

PRELIMINARY 
read/write inputs and 3 Chip Select inputs to control the 10 
data lines is included. Interrupt enable. start conversion and 
bipolar/unipolar mode selection are controlled by the data 
bus. The use of high-speed Linear Differential Logic results 
in fast (61'5) conversion time and low power dissipation. 

PIN CONNECTIONS 

LSB 

28-PIN HERMETIC DIP 
(T-Suffix) 

Y Y f 89 88 B7 86 85 B4 B3 82 B1 so 

}- START 

UNI/SIP DIGITAL 
INE 
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OND 
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I CS3 
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3-5TATE BUFFERS (8) ANALOG 

"I 
~-

OND 

--0 v-

1 1 ~ 1~"I="t CS2 I 2 CH. 2 CH. BUFFERS I 
CSi MUX MUX (2) IMsa , 

VINB 

,....--
~~oo •••• ~ •••• ~ " 

R 
CLOCK IN V1NA 

CLOCK f----- COMP 
SAR 2R 

CCLK COMP 
OFFSET '"--

2R 

R 
'\ 

~7 VREF IN - ~ ~ 
10-BIT OAC 

VREF OUT 

REf 

VREF AOJ 

'"--
R 

'7 

This preliminary product Information Is based on testing of a limited number of devices. Final specifications may vary. Please contact local sales 
office or distributor for final data sheet. 
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ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range 

ADC-910AT/BT .•.•...•••.•...•.•.... -55°C to +125°C 
ADC-910ET/FT .•..•..••..•....•.•...• -25°C to +85°C 
ADC-910GT/HT ••....••.•...........•.. O°C to +lO°C 

Storage Temperature Range .•.....•.•• -65°C to +150°C 
Power Dissipation at TA = 125·C ••••.....•....•. 1000mW 
Lead Temperature (Soldering, 60 sec) .•...•.•...•. 300·C 
Supply Voltage (V+) .•.•.•..••••••.•••.•••.••.......• 6V 

Supply Voltage (V-) •..••..•.•.••••..•.•••.••••••.•.• 6V 
V+ to V- .............•....•...•.•••.••••••••••••.•. 12V 
Logic Inputs .........••.......•.••.••.•••••. +6V, -0.3V 
Logic Outputs (in 3-state) ..•.•.•.•......••••. +6V, -0.3V 
VINA ........•....•.•.••.....................•••••. 15V 
VINB .•.•••.•..•......•......•••..•...••...•••.••.. 7.5V 
Reference Inputs ...........•..•.•.•••.•••.••••••.• 3.0V 
Digital Ground to Analog Ground Voltage ••••.••••.• 0.5V 

ELECTRICAL CHARACTERISTICS at V+ = 5V, V- = -5V, VREF = 2.5V, fClK = 0.5MHz; TA = -55°C to +125·C apply for 
ADC-910AT/BT, unless otherwise noted. 

ADC-910AT ADC-910BT 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Integral Nonlinearity 
INl 

TA= 25'C 1/2 

(Note 3) TA = Full Temp. Range 3/4 
lSB 

Gain Drift 
TCGFS 

External Reference 25 30 
ppm FS/'C 

(Notet) Internal Reference 40 50 

Reference Line Regulation 4.75V < V+ < 5.25V 500 600 p.VIV 

Positive Supply Current 1+ 30 40 30 40 mA 

Negative Supply Current 1- 50 60 50 60 mA 

ELECTRICAL CHARACTERISTICS at V+ = 5V, V- = -5V, VREF = 2.5V, fClK = O.5MHz; TA = -25·C to +85°C apply for 
ADC-910ET/FT, unless otherwise noted. 

ADC-910ET ADC-910FT 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Integral Nonlinearity TA =25'C 1/2 

(Note 3) 
INL 

TA = Full Temp. Range 1/2 
lSB 

Gain Drift 
TCGFS 

External Reference 20 25 
ppm FS/'C 

(Note 1) Internal Reference 35 45 

Reference line Regulation 4.75V < V+ < 5.25V 500 600 p.VIV 

Positive Supply Current 1+ 30 40 30 40 mA 

Negative Supply Current 1- 50 60 50 60 mA 

ELECTRICAL CHARACTERISTICS at V+ = 5V, V- = -5V, VREF = 2.5V, fClK = 0.5MHz; TA = O·C to +70·C apply for 
ADC-910GT/HT, unless otherwise noted. 

ADC-910GT ADC-910HT 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Integral Nonlinearity 
INl 

TA=25'C 1/2 

(Note 3) TA = Full Temp. Range 3/4 
lSB 

Gain Drift External Reference 10 10 
(Note 1) 

TCG FS Internal Reference 25 25 
ppm FS/'C 

Reference line Regulation 4.75V < V+ < 5.25V 300 300 p.VIV 

Positive Supply Current 1+ 30 30 mA 

Negative Supply Current 1- 50 50 mA 

12-8 1/86, Rev. A 
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,j 

ELECTRICAL CHARACTERISTICS at V+ = 5V. V- = -5V. VREF = 2.5V. fCLK = O.5MHz; TA = 25°C. unless otherwise noted. 

ADC-910AT/ET/GT ADC-910BT/FT/HT 
PARAMET1:R SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Resolution N TA = Full Temp. Range 10 10 Bits 

Resolution for which 
TA = Full Temp. Range (Notes 2,3) 

No Missing Codes Guaranteed 
10 10 Bits 

Gain Error GFSE VREF = 2.500V (Notes 2, 3) 4 6 LSB 

Unipolar Mode 
VZSE TA = Full Temp. Range 1/2 LSB 

Offset Error 

Bipolar Mode 
VOSE 1.5 LSB 

Offset Error 

Bipolar Mode Zero-
TCVzs TA = Full Temp. Range (Note 1) 1.5 LSB 

Scale Offset Drift 

Analog Input Impedance R'NA Pin 20 3.5 3.5 kll (,/J 

Analog Input Impedance R'NB Pin 19 1.75 2.5 3.5 1.75 2.5 3.5 kll ~ 
~ 

Reference Input Resistance RREF Pin 22 1.75 2.5 3.5 1.75 2.5 3.5 kll ~ 
Reference Voltage Output VREFOUT Pin 17, Untrimmed 2.45 2.50 2.55 2.45 2.50 2.55 V 

~ Reference Voltage 
RT = 10kll ±50 ±50 mV 

Trim Range 0 
Reference Output 1mA<I<5mA, 

1.5 
U 

Load Regulation TA = Full Temp. Range 
1.5 mV/mA 

.....:l 

Positive Power 
+Pss 4.5V to 5.5V, VREF External 1/2 1/2 LSB ~ 

Supply Sensitivity -0 
Negative Power -Supply Sensitivity 

-Pss -4.5V to -5.5V, VREF External 1/2 1/2 LS8 0 , 
Conversion Time Tc fCLK= 1MHz (Note 5) 6 J.'s 0 
Conversion Time Tc fCLK = 0.5MHz (Note 6) 12 12 ,,5 f-:" 
Digital Input High V'NH TA = Full Temp. Range 2.0 2.0 V 0 

0 
Digital Input Low V,NL TA = Full Temp. Range 0.8 0.8 V 

~ Digital Input Current I'NH TA = Full Temp. Range 0.4 0.4 "A 

Digital Input Current I'NL TA = Full Temp. Range 10 20 10 20 "A <: 
Digital Output High VOH 

10H = -400"A. 2.4 3.7 2.4 3.7 V II TA = Full Temp. Range 

Digital Output Low VOL 
10L = 1.6mA, 

0.1 0.4 0.1 0.4 V 
TA = Full Temp. Range 

Digital Output Current 10H VOH = 2.4V -400 -400 "A 

Digital Output Current 10L VOL = OAV 1.6 1.6 mA 

Three-State 
'oz TA = Full Temp. Range 

Output Leakage 
10 5 10 "A 

NOTES: 
1. Change in 25°C value from 25°C to TMin or T Max. 
2. Tested in the 5V unipolar mode at 6.us conversion time. 
3. Tested in the ±5V bipolar mode at 121-'5 conversion time. 
4. Measured individually on V+ and V- supplies. 
5. Applies to SV input unipolar operation; see Figure 1 for connections. 
6. Applies to 10V input unipolar operation, and ±5V/±10V input bipolar 

operation; see Figure 1 for connections. 
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APPLICATIONS INFORMATION 
CIRCUit OPERATION (refer to the simplified schematic) 

The ADC-910 uses a successive approximation type A/D 
conversion routine. When a start command is received by the 
command register, the SAR, DAC and comparator begin a 
bit-by-bit trial against the analog input voltage. When Ilil ten 
bits have been tried, the ten data outputs of the SAR will 
contain a 1o-bit digital representation of the analog input 
voltage. 

When the conversion is complete, a read command and a 
chip selection will output the data through the 3-state output 
buffers. Selecting CS1 will output the eight MSBs (the high 
byte) and selecting CS2 will output the two LSBs (the low 
byte). Selecting both CS1 and the ~will cause all ten data 
bits to be output through the 3-state output buffers. 

When the conversion is complete, the SAR sends an end of 
conversion (EOC) signal to the command register, which 
turns on the interrupt output open-collector NPN transistor 
(INT), providing the interrupt disable bit (lNE) is set to "0". 
The EOC signal is also multiplexed into the input of the 
3-state buffer for bit 9 (B9). Also, at this time, the overrange 
signal appears at the SAR output and is multiplexed into the 
input of the 3-state buffer for bit 8 (B8). These two bits of 
information comprise the status register, which is multi
plexed to the data bus with a read command and a selection 
of CS3. 

Unipolar/bipolar mode selection and the enabling/disabling 
of the interrupt output is done when the start of conversion 

command is entered. In the unipolar mode, the IMSB current 
source is turned off~ For bipolar mode operation, the IMSB 
current source is applied to the summing mode of the 
comparator. This provides the proper offset of I MSB to do a 
bipolar conversion. 

BASIC CONNECTIONS (refer to Fig. 1) 
Power Supply Connections: The ADC-910 is operated on ±5 
volt power supplies. +5 volts is applied to pin 15 and -5 volts 
is applied to pin 23. These lines should be bypassed near the 
device with a 0.1~F capacitor in parallel with a large value 
capacitor such as 1O~F. 

Analog and Digital Ground: Separate analog and digital 
grounds are provided to maintain optimum noise rejection. 
Care should be maintained to insure that digital switching 
noise is not introduced into the analog ground line. This can 
be accomplished by making the final ground point as close 
(physically and electrically) as possible to the analog ground 
pin of the ADC-910. 

Analog Inputs: There are two analog voltage inputs to the 
ADC-910. VINA (pin 20) accepts input signals between 0 volts 
and +10volts in the unipolar mode and between-5 volts and 
+5 volts in the bipolar mode. V INB (pin 19) accepts input 
signal levels between 0 volts and +5 volts in the unipolar 
mode and between -2.5 volts and +2.5 volts in the bipolar 
mode. The input resistance is nominally 5kfi forVINAand 2.Skfi 
for VINB. The comparator offset pin (pin 18) is left open when 
using VINA, and is tied to analog ground when using VINB. 
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FIGURE 1: BASIC CONNECTIONS 

ADC-910 

14 
BO V+ 

13 
BB V1NA 

12 
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11 
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I. 

B5 
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B4 
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-4:T==O'"'M"'IC=R"'O=PR=O"=C"'ESSO=R:-'''f WR 
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FIGURE 2: START CONVERSION AND OPERATING MODE SELECTION 
(WRITE MODE WR = "LOW", CS3 = "LOW") 

MSB 
B8 B8 B7 B6 B5 B4 B3 B2 

(
Interrupt) (UniPOlar/) 
Disable/ Bipolar 
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(
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BO 
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FIGURE 3: READING DATA AND STATUS 
(READ MODE RD = "LOW") 

12-11 
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CS3 = "Low" 
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FIGURE 4: ADC-910 TIMING DIAGRAMS 

(a) Write Cycle 

(b) Read Cycle 

(c) Stand-Alone 
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reference adjust pin (pin 16). Voltage Reference: The Yoltage reference for the ADC-910 is 
nominally +2.5 Yolts. To use this internal reference, the refer
ence output pin (pin 17) should be tied to the reference input 
pin (pin 22). Adjustment of the reference Yoltage may be 
done by applying a 10k!} trimpot between the reference out
put and analog ground with the center tap wiper tied to the 

To use an external reference with the ADC-910, simply apply 
it to the VREF input pin (pin 22). This Yoltage should be 
bypassed to analog ground with a 0.1 ~F capacitor. 
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Clock: For internal clock operation, the external capacitor 
(CClK) sets the conversion rate. The conversion rate graph 
provides the relationship of CClK and temperature to con
version rate. The CClK capacitor is connected between CClK 
(pin 25) and the V- supply (pin 23), see Figure 1. The clock 
input (pin 26) is connected to the V+ supply (pin 15). Internal 
clock operation exhibits a conversion time variation from 
device to device for a given CClK, due to capacitor and 
internal resistor tolerances of the basic R-C oscillator. For 
operation at the upper frequencies of 0.5 and 1 MHz, an 
external clock input is recommended. 

For external clock operation, no clock capacitor is required. 
The CClK pin (pin 25) should be tied to the-5voltsupply and 
the external clock is applied to the clock input (pin 26). 
1.0MHz clock maximum may be used. This will result in a 6,.,s 
conversion time. Slower clock rates will result in slower 
conversion speeds. 

Conversion time ~ 6 x -f 1 
ClK 

40 

35 

_ 30 

-" w 
~ 25 
i= 
z 
o 20 

~ 
> 15 z 
8 

10 

o 

r-.... r-.. 
r-t-- r- l"'-t--I-- CEXT 3000pF 

CEXT 1900pF 

CEXT 800pF 

-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (QC) 

CHIP SELECT, READ AND WRITE INPUTS (refer to Fig. 2) 
Start Commands: To start a conversion the WR input (pin 2) 
must be held "low" while CS3 (pin 3) is held "low" and a logic 
"high" is applied to bit 2 (pin 7). Another way to start a 
conversion is to hold CS1 (pin 28) and WR (pin 2) "low" for a 
complete clock cycle. 

Operating mode selection is done when the start command is 
applied. As with the start command, WR and CS3 are held 
"low". A logic "high" applied to bit 4 (pin 9) disables the 
interrupt and a logic "low" enables the interrupt. A logic 
"high" applied to bit 3 (pin 8) selects unipolar mode and a 
logic "low" selects bipolar-mode operation. 

READING DATA AND CONVERSION STATUS 
(refer to Fig. 3) 
Data can be read in two ways: a single 10-bitword or in a 8-bit 
"high byte" with a 2-bit "low byte". When interfacing to a 

12-13 

16-bit bus, single 10-bit word reading is possible. When using 
an 8-bit data bus, the "high byte" and "low byte" can be 
multiplexed onto a single 8-bit bus as indicated in Fig. 5. 

To read all10bits at once, the RD (pin 1), CS1 (pin 28) and CS2 
(pin 27) are all held "low". This turns on 3-state output buffers 
and all data bits can be read. 

To read the 8-bit "high byte", the RD (pin 1) and CS1 (pin 28) 
lines are held "low". 

To read the 2-bit "low byte", the RD and CS2 lines are held 
"low". 

Included on the ADC-910 is a 2-bit status register which is 
multiplexed onto the data bus on lines B9 and B8. 

To read the status register, RD (pin 1) and CS3are held "low". 
End of conversion (EOC) is indicated by a "low" bit 9 (pin 14) 
and overrange (OR) is indicated by a "high" in bit 8 (pin 13). 

CALIBRATION (10 Volt unipolar mode only) 
To adjust out gain error, a trimpot may be inserted in series 
with the analog input voltage input. Assuming a 2.500 volt 
reference is applied at the reference input, gain error trim
ming is accomplished by adjusting the input trimmer so that 
the final digital output code transition occurs for an input 
voltage of VA = 9.985 volts (this is the transition from 
1111111110to 1111111111). When using the internal reference 
or an adjustable external reference, gain error trimming may 
be accomplished by adjusting the reference voltage until the 
final digital output code transition occurs at VA = 9.985 volts. 

DRIVING THE ANALOG INPUT 
To insure 10-bit accuracy the input to the ADC-910 must be 
driven by a source which has an output impedance of less 
than 0.5 ohms at 1 MHz. 

INTERFACING THE ADC-910 TO THE 6502,.,P 
(refer to Fig. 5) 
An example of direct connection to an 8-bit data bus is shown 
in Fig. 5. Notice that the two least significant bits are con
nected to data bits B3 and B4. This allows a 10-bit data 
transfer over an 8-bit bus. In this example, a Synertek Sys
tems SYM-1 Educational Computer Board supports the 
6502,.,P. The flow charts and op codes for a variety of conver
sion exercises are shown below. 

INTERFACING THE ADC-910 TO THE MC68000 
(refer to Fig. 6) 
An example of a direct connection to a 16-bit data bus is 
shown in Fig. 6. The 10-bit output of the ADC-910 is con
nected directly to the 10 least significant bits of the MC68000 
data bus. In this example a Motorola MC68000 Computer 
Board supports the 68000,.,P. A flow chart and assembly 
language program isshown below for a simplified 10-bit wide 
conversion. 
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FIGURE 5: ADC-910 INTERFACE TO 6502"P ON SYM-1 BOARD 
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FIGURE 6: ADC-910 INTERFACE TO MC68000 COMPUTER BOARD 
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ADC-910 INTERFACE SOFTWARE AND FLOW CHART FOR 6502,..P (SYM-1) 
Unipolar Mode, Interrupt Disabled 

PC MNEMONIC OPCODE 

0302 LOA#$07 A907 
0304 STA$1803 800318 
0307 NOP EA 
0308 NOP EA 
0309 LOA$1801 AD 0118 
030C STA$03AO 80 AO 03 
030F LOA$1802 AD 0218 
0312 ANO#$03 2903 
0314 STA$03A1 80 A1 03 
0317 JMP$0302 4C 02 03 

12-15 

COMMENT 

Select Mode 
Start Conversion 
Wait 2,..s 
Wait 2,..s 
Read High Byte 
Store High Byte 
Read Low Byte 
Mask Bits B7-B2 
Store Low Byte 
Go to 0302 

1/86, Rev_ A 



------I~ ADC-910 HIGH-SPEED "MICROPROCESSOR COMPATIBLE" AID CONVERTER - PRELIMINARY 

ADC-910 INTERFACE SOFTWARE AND FLOW CHART FOR 6502",P (SYM-1) 
Polled Mode, Overrange Test 

PC MNEMONIC OPCODE 

0200 LDA#$OX A90X 

0202 STA$1803 8D 0318 
0205 LDA$1803 AD 0318 
0208 AND#$80 2980 
020A BNE-7 DO F9 
020C LDA$1803 AD 0318 
020F AN 0#$40 2940 
0211 BEQ+3 F003 
0213 JMP$0227 4C 2702 
0216 LDA$1801 AD 0118 
0219 STA$024E 8D4E02 
021C LDA$1802 AD 0218 
021F AN 0#$03 2903 

0221 STA$024F 80 4F 02 
0224 JMP$0200 4C 00 02 

0227 LDA$1800 AD 0018 
022A JMP$02oo 4C 0002 

024E 
024F 

Mode Selection: 
X=I: Bipolar Mode, Interrupt Enabled 
X=3: Unipolar Mode, Interrupt Enabled 
X=5: Bipolar Mode, Interrupt Disabled 
X=7: Unipolar Mode, Interrupt Disabled 

12-16 

COMMENT 

Select Mode: X = 
1,3,5 or 7 (see below) 
Start Conversion 
Read Status Register 
Mask for EOC Bit 
Loop Until EOC 
Read Status Register 
Mask for OR Bit 
If Not OR, go to 0216 
Else Go to 0227 
Read High Byte 
Store High Byte at 024E 
Read Low Byte 
Mask for 2 LSBs 
(Low Byte) 
Store Low Byte at 024F 
Loop Back to Start 
(0200) 
Light LED for OR 
Loop Back to Start 
(0200) 
High Byte 
Low Byte 

1/86, Rev. A 



-----I~ ADC-910 HIGH-SPEED "MICROPROCESSOR COMPATIBLE" AID CONVERTER - PRELIMINARY 

ADC-910 INTERFACE SOFTWARE AND FLOW CHART FOR 65021'P (SYM-1) 
Interrupt-Driven Conversion 

INTERRUPT SERVICE ROUTINE: 

PC MNEMONIC 

0200 LOA#$02 
0202 STA$A679 
0205 LOA#$10 
0207 STA$AS78 
020A LOA#$03 

020C STA$I803 
020F JMP$20A 

OPCODE 

A902 
8079 AS 
A912 
8078AS 
A903 

800318 
4COA02 

Interrupt Service Routine 

0212 LOA$1801 AD 0118 
0215 STA$024E 804E02 
0218 LOA$1802 AD 0218 
021B ANO#$03 2903 
0210 STA$024F 80 4F 02 
0220 LOA#$03 A903 
0222 STA$1803 800318 
0225 RTI 40 

COMMENT 

Set Interrupt Vector 

Select Mode (Unipolar, 
Interrupt Enabled) 
Start Conversion 
Jump to 20A 
(Loop Until Interrupt) 

Read High Byte 
Store High Byte at 024E 
Read Low Byte 
Mask Out Bits 9-4 
Store Low Byte at 024F 
Select Mode 
Start Conversion 
Return from Interrupt 

12-17 1/86, Rev. A 
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-----I1fMD ADC-910 HIGH-SPEED "MICROPROCESSOR COMPATIBLE" AID CONVERTER - PRELIMINARY 

ADC-910 INTERFACE SOFTWARE AND FLOW CHART FOR 16-BITJ.lP 
MC68000 Computer Board Start Sequence 

PC MNEMONIC 

1000 MOVEQ #12, DO 
1002 MOVE ~O, $50000 
1008 NOP 
100A NOP 
100C NOP 
100E MOVE $20000, 01 
1014 ANOI #1023, 01 

1008 JMP $1000 

COMMENT 

Select Mode' 
Start Conversion 

Delay 

Read Data 
Mask out B15-B10 
leaving B9-BO 
Jump to 1000 

• Loading a decimal 12 into DO will apply the following binary word to the 
command register at the start of the conversion: 
B9 B8 B7 B6 B5 B4 B3 B2 B1 BO 
o 0 0 000 1 100 
This results in unipolar mode selection with the interrupt disabled. 

ADC-910 INTERFACE SOFTWARE AND FLOW CHART FOR 16-BITJ.lP 
MC68000 Computer Board Polling Status Register 

PC MNEMONIC 

1000 MOVEQ#X,DO 
1002 MOVE DO, $50000 
1008 MOVE $50000,01 
100E AND #512,01 

1012 BNE.L $1008 
1016 MOVE $50000,02 
101C AND #256,02 

1020 BEQ.L $102E 
1024 MOVE 03,$40000 
102A JMP $1000 
102E MOVE $20000,04 
1032 AND #1023,04 
1036 JMP $1000 

COMMENT 

Select Mode' 
Start Conversion 
Read Status Register into 01 
Mask for EOC Bit (1000000000 = 
512 Decimal) 
Loop Until EOC 
Read Status Register 
Mask for OR Bit (0100000000 = 
256 Decimal) 
Branch to $102E Unless OR 
Light OR Indicator 
Start Over 
Read and Store 1o-Bit Data 
Mask Unwanted 6 LSBs 
Start Over 

'For Bipolar Mode with Interrupt Enabled: X = 4 Decimal 
For Unipolar Mode with Interrupt Enabled: X = 12 Decimal 
For Bipolar Mode, Interrupt Disabled: X = 20 Decimal 
For Unipolar Mode, Interrupt Disabled: X = 28 Decimal 

12-18 1/86, Rev. A 
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ADC-S20S 
MICROPROCESSOR-COMPATIBLE 

8 -BIT CMOS AID CONVERTER 

ADVANCEPRODUCTINFO~TION 

FEATURES 

• Fast Conversion Time .•..•...•.••.•.•........ 5!,-s 
• 8·Blt Accuracy ..•.•..••....•.•. ± 1/2 LSB Max INL 
• Memory·Mapped Inter1ace 
• Low Power Dissipation .......•..........•... 30mW 
• Operates from Single + 5V 
• Fits AD7574 Sockets, with Improved Conversion Time 
• Space Saving 0.3 Inch Wide 18·Pin DIP 

GENERAL DESCRIPTION 

The ADC-S20S is an S-bit microprocessor compatible AID con
verter which uses the successive-approximation conversion 
technique to provide a 5!,-s maximum conversion time. Control 
logic and three-state data output buffers constitute the memory
mapped microprocessor interface. The CS and RD control lines 
reset the converter, start conversion, and read output data. The 
BUSY output indicates conversion in progress. 

FUNCTIONAL DIAGRAM 

VDD 

~ 

V,. 

The ADC-S20S provides an improved second-source to the 
AD7574, providing a three-times faster conversion time. 

This low power device is ideal for process control, instrumenta
tion, naVigation, and general data-acquisition systems. 

PIN CONNECTIONS 

elK 

INTERFACE 

18·PIN CERDIP 
(Q-Suffix) 

18·PIN EPOXY DIP 
(P·Sufflx) 

r~ SAR & CONTROL 
LOGIC 

cs 
RD 

BUSY 

BOFS 

DAC 

t' 1 
AGND 

b 
DGNO 

THREE~ 
STATE 

BUFFERS 

) DATA OUT 
DBO-DB7 

This advance product Information describes a product In development at the time 01 this printing. Final specifications may vary. Please contact 
local sales office or distributor for final data aheet. 

12·19 1/86, Rev. A 
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INTRODUCTION 
Analog multiplexers and switches find applica
tions in data acquisition, metrology, telemetry, 
process control and telephony systems. Multi
plexers are multiple analog switches which 
share a common output. An on-chip address 
decoder selects the appropriate input by means 
of a binary code. All channels may be deacti
vated by an enable/disable control pin. 

In the past multiplexers/switches have been 
manufactured with hybrid, monolithic CMOS or 
dielectrically isolated CMOS technologies. The 
merging of ion implant techniques with the 
standard bipolar process creates a fourth tech
nological alternative - the bipolar-JFET 
process. High-quality ion implanted p-channel 
FET's can now be compatibly processed with 
bipolar devices. 

The cost of hybrid devices limits their use to 
applications which require the extremely low 
"RON" resistance made possible by discrete 
FET's. MOS technologies are inherently plagued 
by SCR "latch up" problems and analog signal 
overvoltage destruction. The use of buried lay
ers and expensive dielectric isolation processing 
can eliminate the SCR failure mode, but the 
overvoltage blowout problems can be solved 
only by adding large series input resistance with 
each switch. This increases system errors since 
the equivalent "RON" may typically be over 
1000 ohms. 
JFET switches have no SCR "latch up" tendency 
and can withstand analog input overvoltages 
while maintaining low "RON" resistance. In 
addition, the special handling required with 
CMOS devices is not necessary with JFET 
switches. 

In selecting analog multiplexers, attention must 
be paid to several key specs. Break-before-make 
switching insures no two-channel inputs are 
simultaneously connected. This prevents input 
sensor damage and misoperation. Acquiring 
analog input signals within a specified time and 
error band are primary concerns affected by 
"RON" resistance and "COUT" capacitance speci
fications. A low "RON" insures minimum signal 
attenuation and maximum accuracy. The 
"COUT" capacitance forms on R-C time constant 

ANALOG SWITCHES 
MULTIPLEXERS 

13-3 

with "RON" placing fundamental limits on signal 
acquisition time. Low "RON" and "COUT" insures 
minimum elapsed time between the channel 
select command and the acquisition of data to 
within a specified error band. High cross talk 
and off isolation specifications prevent unse
lected input signals from affecting the signal 
path. 

PMI offers a wide selection of single-ended and 
differential multiplexers and switches. Sixteen 
and eight-channel multiplexers as well as differ
ential eight and four-channel devices are availa
ble. Dual and Quad SPST switches in normally 
closed and open configurations are also availa
ble. All devices are pin-for-pin replacements for 
many industry standard CMOS devices. 

DEFINITIONS 
Analog Current Range (IA. Is) - The minimum 
range of currents the switch is capable of 
conducting in the ON state without degrading 
ON resistance. It is measured as the value of 
conduction current that does not cause more 
than a doubling of the RON value for the 
product grade. 

Analog Input Leakage Current (IS(OFF» - The 
algebraic sum of diode current losses from an 
OFF-channel source input to the power supp
lies, ground and through the channel. Specified 

ID(OFF). IS(OFF) Test Condition Definitions 

10 (OFF) 

NOTES: 
1. SWITCHES TURNED "OFF" VIA ENABLE PIN OF DECODER 

LOGIC FOR 10 (OFF), IS (OFF) MEASUREMENTS. 

2. IS (OFF) IS TESTED AT EACH INPUT (SOURCE) TERMINAL. 
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as an absolute value, as the direction of current 
flow is not predictable. 

Analog Output Leakage Current (IO(OFF) - The 
algebraic sum of diode current losses from an 
OFF-channel "0" output to the power supplies, 
ground and through the channel. Specified as an 
absolute value, as the direction of current flow is 
not predictable. 

Analog Output-To-Input Capacitance (COS(OFF) 
- The equivalent capacitance which shunts an 
open switch effectively between "S" and "0" 
output. 

Analog Input Capacitance (CS(ON) - The capac
itance between an analog "S" input and ground 
with the channel ON. 

Analog Input Capacitance (CS(OFF) - The cap
acitance between an analog "S" input and ground 
with the channel OFF. 

Analog Output Capacitance (CO(OFF) - The 
capacitance between the analog (ORAIN) output 
and ground with the channel OFF. High
frequency transmission and output settling time 
characteristics are highly influenced by this 
parameter in conjunction with RON. 

Analog Output Capacitance (CO(ON) - The 
capacitance between the analog "0" output and 
ground with the channel ON. 

Analog Voltage Range (VAl - The range of 
analog-voltage amplitudes, with-respect-to 
ground, over which the analog switch operates 
(ON/OFF) within the RON and leakage specifica
tions - IS(OFF), IO(OFF) and IO(ON) + IS(ON). 

Break-Before-Make Delay (tOPEN) - The 
elapsed time between the turn-off of one analog 
input and the subsequent turn-on of another 
input as determined by the appropriate instan
taneous change in the digital input code for 
both inputs measured between the outputs' 50% 
transition pOints. 

Channel Capacitance (CSS(OFF). COO(OFF) -
The capacitance between the O(S) terminals of 
any two channels. 

ANALOG SWITCHES 
MULTIPLEXERS 
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Charge Transfer (a) - Charge transfer appears 
as a voltage step (pedestal) on the output capac
itor after switch turn OFF. The undesirable 
charge AC couples directly from the logic-control 
driver to the switch contact. 

Crosstalk (CT) - The proportionate amount of 
cross-coupling from an analog input channel to 
another output channel, expressed in dB. 

Digital Input Capacitance (CDIG) - The capa
citance between a digital input and ground. 

Insertion Loss - Insertion loss measures the 
amount of signal power absorbed by the switch 
ON resistance at a given measurement fre
quency. Insertion loss is defined in decibels as a 
ratio of the output-voltage amplitude (Vo) ver
sus the input-voltage amplitude (Vs) with a 
specified load impedance. 

IVol 
Insertion Loss (dB) = 20 log I vsl 

At low frequencies this equation simplifies to: 

Insertion Loss (dB) = 20 10g~RL:LRON) 
Logic "0" Input Current (IINL) - The current 
flowing into a digital input when a specified low
level voltage is applied to that input. 

Logic "0" Input Voltage Level (VINU - The max
imum (or most-positive) d!gitallow-Ievel input 
voltage for which proper operation of the device 
is guaranteed. 

Logic "1" Input Voltage Level (VINH) - The min
imum (or least-positive) digital high-level input 
voltage for which proper operation of the device 
is guaranteed. 

Negative Voltage Supply (V-) - The most nega
tive voltage supply with respect to ground. 

Positive Voltage Supply (V+) - The most posi
tive voltage supply with respect to ground. 
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OFF Isolation (ISO(OFF» - The proportionate 
amount of a high-frequency analog input signal 
which is coupled through the channel of an OFF 
device. This feedthrough is transmitted through 
COS(OFF) to a load comprised of CO(OFF) in 
parallel with an external load. Isolation generally 
decreases by 6dB/octave with increasing 
frequency. 

ON Resistance (RON) - The series ON -
channel resistance measured between "S" input 
and "D" output terminals under specified 
conditions. 

ON Resistance Match (RON Match) - The 
channel-to-channel matching of ON resist
ance when channels are operated under identi
cal conditions. 

Rj- RAVG 
RON Match = R X 100% 

AVG 

where 

N = # of channels in package (i.e., for MUX-08 
N = 8, for MUX-16 N = 16, etc.) 

Rj = Each channel's ON resistance 

I(ON) Test Condition Definitions 

S2 O----+---<':T 

S3O----+----<':T 

NOTES: 

SEQUENCE EACH 
SWITCH ON 

1. TEST IS REPEATED FOR EACH SWITCH WITH SOURCE CON
NECTED TO DRAIN. 

2. Vo '" +10V AND -10V. 

ANALOG SWITCHES 
MULTIPLEXERS 
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ON Resistance Variation (~RON) - The vari
ation of ON resistance produced by the speci
fied analog input voltage change with a constant 
load current. 

~RON(%)= 

RON @ VA=-10V- RON@ VA = +10V 
----:R-O-N-,:@~V:-A-=-O-V---- X 100% 

ON Channel Analog Leakage Current (ID(ON) + IS(ON» 
Current loss (or gain) through an ON-channel 
resistance creating a voltage offset across the 
device. As the direction of current flow is not 
predictable, only the magnitude is specified at 
various temperature ranges. 

Output Enable Delay Time OFF (tOFF(EN» -
Multiplexers - The time required to disconnect 
the analog output from the analog input deter
mined by the digital address input code. It is 
measured from the 50% point of ENABLE input 
logic change to the time the output reaches 
10% of the initial value. 

Output Enable Delay Time ON (tON(EN» -
Mutiplexers - The time required to connect the 
analog output to the analog input determined by 
the digital address input code. It is measured 
from the 50% point of the ENABLE input logic 
change to the time the output is within 90% 
of final value. 

Output ON Switching Time (tON) - The time 
required to connect the analog output to the 
analog input. The time is measured from the 
50% point of the logic input change to the 
time the output reaches 90% of the final 
value. 

Output OFF Switching Time (tOFF) - The time 
required to disconnect the analog output from 
the analog input. The time is measured from the 
50% point of the logic input change to the time 
the output reaches 10% of the initial value. 

Output Settling Time (ts) - The elapsed time for 
the analog output to reach its final value within a 
specified error band after the corresponding 
digital input code has been changed. It is 
measured from the 50% pOint of the logic input 
change to the time the output reaches final 
value within specified error band. 
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Power Supply Rejection (PSRR) - The ratio of 
the change in switch contact voltage (Vo) to the 
change in voltage supply (V+ or V-) that causes 
it. 

+PSRR (dB) = 20 log ( AVO) 
AV+ 

-PSRR (dB) = 20 log ( AVo) 
AV-

Switching Time (tTRAN) - Multiplexers - The 
time required to switch and slew from one 
analog input channel to another analog input 
with a full-scale differential between inputs with 
a high impedance output load. The time is 
measured from the 50% pOint of the logic input 
change to the time the output reaches 80% of 
the final value. 

Total Harmonic Distortion (THO) - The ratio of 
the signal power at the fundamental frequency 
to the signal power of all harmonics observed at 
the switch output (Vo) with a pure sinusoid 
applied to the switch input (Vs). 

ANALOG SWITCHES 
MULTIPLEXERS 
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FEATURES 

• Low RON VI Temperature ................... 0.03%/° C 
• Low Ablolute RON .............................. 850 
• Low RON Variation VI Analog Signal ............... 7"/. 
• High Speed ........... . . . . . . . . . . . . . . . . . . . . . . .. 300nl 
• Low Leakage Current .......................... 0.2nA 
• Overvoltage and Supply LOll Protected 
• SW-01 I. Improved Pin Compatible Device for DG201, 

ADG201, LF11201 
• SW-02 II Improved Pin Compatible Device for DG202, 

LF11202, IH202 

ORDERING INFORMATIONt 

16-PIN HERMETIC DUAL-IN-LiNE PACKAGE 

FUNCTION 

N.C. 
N.O. 

MILITARY· 

SW01BQ 
SW02BQ 

INDUSTRIAL 

SW01FQ 
SW02FQ 

• For devices processed in total compliance to M I L-STO-883, add /883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 

The SW-01/02 are four-channel single-pole, single-throw 
analog switches which offer operating characteristics un
available in other JFET or CMOS devices. A unique circuit 
design provides a nearly constant RON over the full operating 
temperature span. RON drift typically runs under 300ppm/o C. 

The SW-01 102 are pi n compati ble with the DG201/202. An Ion 
Implanted FET switch inherently exhibits low RON variations 

SIMPLIFIED SCHEMATIC DIAGRAM (TYPICAL SWITCH) 

DIGITAL Q1 
INPUT 
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SW-Ol/SW-02 
QUAD SPST JFET ANALOG SWITCHES 
(TEMPERATURE COMPENSATED RONI 

vs. analog input signals. The junction FET construction also 
reduces static discharge destruction prevalent in CMOS 
devices. 

Low RON sensitivity to temperature and voltage is comple
mented by guaranteed high-speed operation and low-leakage 
currents. Logic inputs may operate directly from either 
CMOS or TTL logic levels and are supply voltage indepen
dent. The SW-01/02 are protected during supply voltage 
power loss and against input signal overvoltages. 

PIN CONNECTIONS 

16-PIN DUAL-IN-LiNE PACKAGE 
(Q-Package) 

CONTROL LOGIC 

LOGIC SWITCH STATE 
INy SW-01 SW-02 

o ON 
OFF 

NOTE: INy = INPUT 1-4 

OFF 
ON 

1/86, Rev. A 



__________ ~~ SW-01/SW-02 QUAD SPST JFET ANALOG SWITCHES 

ABSOLUTE MAXIMUM RATINGS (TA = 25· C, unless otherwise noted). 

Operating Temperature Range 
SW-01/02BQ ....................... -55·C to +125·C 

SW-01/02FQ ........................ -25· C to +85· C 
DICE Junction Temperature (Tj) ••••••• -65·C to +150·C 

Storage Temperature Range ••••••••• •• -65· C to + 150· C 

Power Dissipation (Q-Package) ••••••••••••••••• 900mW 

Lead Temperature (Soldering, 60 sec) ••••••••••••• 300·C 

Maximum Junction Temperature •••••••••••••••••• 150·C 

V+ Supply to V- Supply. • • • • • • • • • • • • . • • • • • • • • • • • • •• 36V 
V+ Supply to Ground ••••••.••••••••••••••••••••••• 36V 

Logic Input Voltage •••••••••••• (V- or -4V) to V+ Supply 
Analog Input Voltage 

Continuous ••••••• V- Supply -25V to V+ Supply +25V 
For V+ = V-= 0 •••••••••••••••••••••••••••••••• ±15V 

Maximum Current Through Any Pin ••••••••••••••• 30mA 
Peak Current, 

(Pulsed at 1ms, 10% Duty Cycle) ••••••••••••••••• 70mA 

NOTE: Absolute ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, and TA = 25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

"ON" Resistance RON -10V"VA" 10V, 10 " lmA 

RON Match (Note 1) 

Analog Voltage Range VA Full Temperature Range (Note 8) 

t.RONvs VA t.RON VA:sl0V, 10 " lmA 

Analog Current Range IA VA ,,10V 

Source Current in "OFF" Condition IS(OFF) Vs = 10V, Vo = -10V 

Drain Current in "OFF" Condition 1010FF) Vs = 10V, Vo = -10V 

Leakage Current in "ON" Condition 1010N)+ Vs = ±10V, (Note 2) 
ISION) 

"OFF" Isolation ISOOFF Test Figure 2 

Crosstalk CT Test Figure 3 

Turn-On-Time TON Test Figure, (Note 3) 

Turn-Off-Time TOFF Test Figure 1, (Note 3) 

Break~Before-Make Time TON - TOFF Test Figure 1. (Note 7) 

Source Capacitance CS(OFF) VA:sl0V 

Drain Capacitance COIOFF) VA:Sl0V 

Logic "1" Input Voltage V,NH Full Temperature Range (Note 8) 

Logic "0" I nput Voltage V1NL Full Temperature Range (Note 8) 

Logic "1" Input Current I'NH 2" V,N " 15V 

Logic "0" Input Current I'NL 0" V,N " 0.8V 

Positive Supply Current 1+ (NoteS) 

Negative Supply Current 1- (NoteS) 

Ground Current IG (NoteS) 

NOTES: 
1. VA = OV, 10 = 100p,A. Specified as a percentage of RAVERAGE where: 

R - RON1 + RON2 + RON3 RON' 
AVERAGE - 4 

2. The conditions listed specify the worst case leakage current. The leakage 
currents apply equally to source or drain. 

3. Sample tested. 
4, Parameter tested at TA = 125D C for military temperature range device. 
5. Power supply and ground currents specified for switch "ON" or "OFF'·. 

The "OFF" state consumes highest power. 

6. TC = RON@TH-RON@25°C X 100' where TH=125°CforBgrade 
R RON @25'CX(TH-250C)' T H= 85'Cfor F grade 

7. Switching is guaranteed to be break-before-make. 

8. Guaranteed by leakage currents and RON tests. For normal operation 
analog signal voltages should be restricted to less than (V+) - 4V. 

13-8 

SW-01/02B SW-01/02F 
MIN TYP MAX MIN TYP MAX UNITS 

85 100 85 120 0 

4 10 4 10 % 

+10 +tl 
-10 -15 

+10 +11 
-10 -15 V 

10 10 % 

5 rnA 

0.2 0.2 nA 

0.2 0.2 2 nA 

2 nA 

58 58 dB 

70 70 dB 

300 400 300 400 ns 

200 300 200 300 ns 

100 100 ns 

7 pF 

5.5 5.5 pF 

2 V 

0.8 0.8 V 

3 3 ~ 

3 p,A 

6.3 8.0 6.3 9.0 rnA 

3.2 4.5 3.2 5.5 rnA 

3.0 4.0 3.0 4.5 rnA 

1/86, Rev. A 



-----------l~ SW·01/SW·02 QUAD SPST JFET ANALOG SWITCHES 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, and -55°C:s TA:S + 125°C for SW-01l02B and -25°C:s TA:S 85°C for 
SW-01/02F, unless otherwise noted. 

SW·01/02B SW·01/02F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

"ON" Resistance RON -10V:5 VA :5 10V, 10:5 lmA 120 140 n 

RON Match (Note 1) 10 15 10 15 % 

RON Temperature 
TC R Coefficient - Average 

VA = OV, 10 = 100"A, (Note 6) 0.03 0.20 0.03 0.15 %/oC 

Source Current In "OFF" Condition ISIOFF) Vs =10V, Vo =-10V, (Note 4) 10 10 nA 

Drain Current in "OFF" Condition 1010FF) Vs= 10V, Vo =-10V, (Note 4) 10 10 nA 

10 10 nA Leakage Current in "ON" Condition 10ION)+ Vs = ±10V, (Notes 2, 4) 
ISION) 

Turn-On-Time TON Test Figure 1, (Note 3) 500 600 500 600 ns 

Turn-Off-Time TOFF Test Fig ure I, (Note 3) 400 500 400 500 ns 

Break-Before-Make Time TON-TOFF Test Figure I, (Notes 3,7) 100 100 ns 

Logic "1" Input Current IINH 2 :5V'N:5 15V 5 "A 

Logic "0" Input Current IINL o :5V'N :50.8V 5 "A 

Positive Supply Current 1+ (NoteS) 11 12 mA 

Negative Supply CUrrent 1- (NoteS) 6 7 mA 

Ground Current IG (NoteS) 5 6 mA 

NOTES: 
I. VA = OV, 10= IOO"A. Specified as a percentage of RAVERAGEwhere: 

R - RON1 + RON2 + RON3 RON4 
AVERAGE- 4 

2. The conditions listed specify the worst case leakage current. The leakage 
currents apply equally to source or drain. 

3. Guaranteed by design. 
4. Parameter tested at TA = 12SoC for military temperature range device. 
S. Power supply and ground currents specified for switch "ON" or "OFF". 

The "OFF" state consumes highest power. 

6. TC = RON@Tw RON@2SoC X 100· where TH=12SoCforBgrade 
R RON @ 2SoC X (T H 2S0C) , T H= 65°C for F grade 

7. Switching is guaranteed to be break-before-make. 
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------------l~ SW-01/SW-02 QUAD SPST JFET ANALOG SWITCHES 

DICE CHARACTERISTICS 

SW-01 

DIE SIZE 0.100 X 0.096 Inch, 9600 sq. mils 
(2.540 X 2.438 mm, 6.193 sq. mm) 

1. SWITCH (1) ADDRESS (IN1) 9. SWITCH (3) ADDRESS (IN3) 
2. SWITCH (1) DRAIN (01) 10. SWITCH (3) DRAIN (03) 
3. SWITCH (1) SOURCE (SI) 11. SWITCH (3) SOURCE (S3) 
4. NEGATIVE SUPPLY 12. NO CONNECTION 
5. GROUND 13. POSITIVE SUPPLY 
6. SWITCH (4) SOURCE (S4) 14. SWITCH (2) SOURCE (S2) 
7. SWITCH (4) DRAIN (04) 15. SWITCH (2) DRAIN (02) 
8. SWITCH (4) ADDRESS (IN4) 16. SWITCH (2) ADDRESS (IN2) 

SW-02 

DIE SIZE 0.100 X 0.096 Inch, 9600 sq. mill 
(2.540 X 2.438 mm, 6.193 sq. mm) 

1. SWITCH (1) ADDRESS (IN1) 9. SWITCH (3) ADDRESS (IN3) 
2. SWITCH (1) DRAIN (01) 10. SWITCH (3) DRAIN (03) 
3. SWITCH (1) SOURCE (SI) 11. SWITCH (3) SOURCE (S3) 
4. NEGATIVE SUPPLY 12. NO CONNECTION 
5. GROUND 13. POSITIVE SUPPLY 
6. SWITCH (4) SOURCE (S4) 14. SWITCH (2) SOURCE (S2) 
7. SWITCH (4) DRAIN (04) 15. SWITCH (2) DRAIN (02) 
8. SWITCH (4) ADDRESS (IN4) 16. SWITCH (2) ADDRESS (IN2) 

For additional DICE information refer to 1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs = ±15V, TA = 25° C, unless otherwise noted. 

SW-01/02N SW-01/02G 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT 

"ON" Resistance RON -10V"VA"10V.10 ,,lmA 100 120 

RON Match VA=OV.l o "looI'A 10 10 

.1RON vs VA .1RON VA"10V.1 0 ,,lmA 10 10 

Positive Supply Current 1+ (Note 1) 8 9 

Negative Supply Current 1- (Notel) 4.5 5.5 

Ground Current IG 4.0 4.5 

Analog Voltage Range VA (Note 2) ±10 ±10 

Logic "I" Input Voltage V'NH (Note 2) 

Logic "0" Input Voltage V'NL (Note 2) 0.8 0.8 

Logic "0" Input Current I'NL O"V'N" 0.8V 3 

Logic. "I" Input Current I'NH 2"V'N,,15V 3 

NOTE: 

UNITS 

o MAX 

'!loMAX 

'!loMAX 

mAMAX 

mAMAX 

mAMAX 

VMIN 

VMIN 

VMAX 

I'AMAX 

I'AMAX 

Electrical tests are performed at waler probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after psckaging is not 
guaranteed lor standard product dice. Consult lactory to negotiate specilications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V and TA = 25°C, unless otherwise noted. 

SW-01/02N SW-01/02G 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

"ON" Resistance RON -55'C" TA,,125'C 90 90 0 

RON Temperature Coefficient TCR VA = 0, 10 = IOOI'A 0.03 0.03 W'C 

Turn-On-Time TON RL = lk, CL = 13pF 300 300 ns 

Turn-Off-Time TOFF RL = lk. CL = 13pF 200 200 ns 

Drain Current in "OFF" 
10(OFF) Vs= 10V. Vo =-10V 0.2 0.2 nA 

Condition 

"OFF" Isolation ISOOFF I = 500kHz, RL = 6800 58 58 dB 

Crosstalk CT I = 500kHz, RL = 6800 70 70 dB 

NOTES: 
1. Power supply and ground current specilied lor switch "ON" or "OFF". 2. Guaranteed by RON and leakage current measurements. 
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__________ ---\~ SW-01/SW-02 QUAD SPST JFET ANALOG SWITCHES 

TEST CIRCUITS 

LOGIC 
INPUT 
tr" 20ns 
tf" 20ns 

SWITCH 
INPUT 

SWITCH 
OUTPUT 

3.0V 
LOGIC 0 '" SW ON 

+15V 
Vo = Vs RL + ~~Slonl 

SWITCH SWITCH 

:~T_5V 8, OUTPUT 
o-~--------~:A-~<r.-----~VO 

RL 
'kn 

GND -15V 

INVERT LOGIC INPUT FOR SW-G2 

TEST FIGURE 1 

VA =5VRMS 
AT f = 600kHz 

(REPEAT TEST FOR 1N2. IN3 AND IN4) 

r---.---=t--.£ "'o--j-=--.----.---{)vo 

"OFF" ISOLATION - 20 LOG [V~~T ] 

TEST FIGURE 2 

VA "SVRMS 
ATf - 500kHz 

CL .. 7pF RL .. lIOn 

''CROSSTALK'' • 20 LOG ~ 

TEST FIGURE 3 

VD' 

RL-lI8On 

13-11 

APPLICATIONS INFORMATION 
This analog switch employs ion-implanted JFETs in a switch 
configuration designed to assure break-before-make action. 
The turn-off time is much faster than the turn-on time to 
guarantee this feature over the full operating temperature 
and input voltage range. Fabricated with Bipolar-JFET pro
cessing ratherthan CMOS, special handling is not necessary 
to prevent damage to these switches. Because the digital 
inputs only require a 2V logic "1" input level, power
consuming pull-up resistors are not required for TTL com
patibility to insure break-before-make switching as is most 
often the case with CMOS switches. The digital inputs utilize 
PNP input transistors where input current is maximum at the 
logic "0" level and drops to that of a reverse-biased diode 
(about 10nA) as the input voltage is raised above ~ 1.4V. 

The "ON" resistance, RON, of the analog switches is constant 
over the wide input voltage range of -15V to +11V with 
VSUPPLY = ±15V. For normal operation, however, positive 
input voltages should be restricted to 11V (or4V less than the 
positive supply). This assures that the VGS of an OFF switch 
remains greater than its Vp, and prevents that channel from 
being falsely turned ON. Individual switches are "ON" with
out power applied. 

Proper switching requires the "Source" terminal to be con
nected to the input driving signal. 

PROGRAMMABLE ATTENUATOR (1 to 0.0001) 

VIN 1QMS"! Your 

.11Mn 101kSl 10kn 9100 

14 11 

'3 v+ 

2,7,10,15 
sw"'" v-

(+ 1 ATTENUATION WHEN ALL SWITCHES OFF) 
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-----------flfM]) SW·01/SW·02 QUAD SPST JFET ANALOG SWITCHES 

TYPICAL PERFORMANCE CHARACTERISTICS 
(SW-01/02) 

1 
!f, 

4.0 

3.0 

2.0 

1.0 

-1,0 

OVERVOLTAGE 
CHARACTERISTIC 

V+ • +15.OV 

VI" -lj.ov 

I L'/02 -n _ _ VA RL'"'oo 

I r V 

I 
11 

-40 -30 -20 -10 0 10 20 30 40 

280 

ANALOG INPUT VOLTAGE - VA (VOL TSI 

SWITCHING TIME va 
ANALOG VOLTAGE 

260 ~ -... -- '-- --......... 240 

TON 
220 

200 

180 -TOFF 

160 
-10 -5 0 5 10 

ANALOG INPUT VOLTAGE - VA (VOLTS) 

CROSSTALK AND "OFF" 
ISOLATION va FREQUENCY 

100 

90 

........ 

........... 

40 
lOOk 

t'--. .... 

t'-.. 
CROSSTALK 

Nil 
OFF1'SJAJION 

'N II 
1M 

FREQUENCY (Hz) 
10M 

160 

100 

50 

1 
!f, 

-50 

-100 

-150 

350 

300 

250 

200 

150 

100 

50 

POWER SUPPLY 
LOSS CHARACTERISTIC 

V+.V- • .l 
/ 

I 
SW-Ol/02 

n _VA RL=oo 

-10.0 -5.0 0 5.0 
ANALOG INPUT VOLTAGE (VOLTS) 

,/ 

L 

SWITCHING TIMES vs 
TEMPERATURE 

K~ 
V V V""-TOFF 

V V 

10.0 

-V -

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

10,000 

1.000 

100 

TEMPERATURE (OC) 

LEAKAGE CURRENT vs 
TEMPERATURE 

10 (ON) + IS (ONI 

18~~)h 

'0 (OFF) 

L / 

./ V / 

1/ ~ V 1/ 
--60 -20 20 60 100 140 

TEMPERATURE lOCI 

13-12 

"ON" RESISTANCE vs 
ANALOG VOLTAGE (VA) 

oor-----~----,_----,_----, 

§ ~~----t-----+-----+-----1 
z 

.p 
75~----+-----+-----+---~ 

v+ '" +15V 
v- = -15V 

70 ~----t-----+-- TA· 25"C -

65 '-____ .1-____ "-____ '8.1 1=_'_m_A~ 
-10 -5 0 +5 +10 

ANALOG INPUT VOL rAGE - VAIVOLTS) 

RONVSTEMPERATURE 
130 

120 

110 

100 
§ ........ RON = 85,n @I 25°C 
i5 90 

a: 
80 

70 

60 

40 
-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (OC) 

16 

14 

12 

10 

SWITCH CAPACITANCE VI 
ANALOG VOLTAGE 

Cs (ON) 

./ 
/' 

Cs (OFF) i-"'" 
V "" -r--- - -rOTF) 

-10 -6 -2 10 

ANALOG INPUT VOLTAGE -VA (VOLTS) 

1/86, Rev. A 



---------------l~ SW-01/SW-02 QUAD SPST JFET ANALOG SWITCHES 

The SW-01/02 designs have been optimized for low "ON" 
resistance variation with temperature. signal voltage. and 
supply voltage changes. Fast switching response and low 
leakage currents at high temperature are also key perfor
mance improvements over older circuit designs. 

The static-electricity-resistant JFET switches and additional 
overvoltage-protection circuitry make the precision switches 
extremely durable in most application environments. 

The SW-01/02 are well suited to applications requiring 
analog currents <5mA with driving source impedances 
<1000. Applications using op amps. buffers or voltage 
sources as input drive sources are typical of those fulfilling 
these conditions. Within the given range of source impedance 

TYPICAL APPLICATIONS 

DUAL SLOPE AID CONVERSION 

and analog current near ideal signal transfer accuracy is 
obtainable. 

Applications needing very high analog current capability 
(>5mA) or where the switch is driven from high source 
impedances (>1000) should use the SW-201 (pin Compatible 
to SW-01) or the SW-202 (pin Compatible to SW-02) high
current quad switches. 

Although the SW-201/202 do not offer the same "ON" 
resistance temperature coefficient. many other premium 
characteristics are similar. In addition. the SW-201/202 offer 
exceptionally low signal distortion over a wide signal voltage 
and frequency range. 

V'N' 0--1------<1' ....... ---+-

+15V 

r----...l 

I 
V,N2 o--jr----,----<:J', ...... ---+-.; 

I 

r - - j 

VIN3 o--I---,--t--.<J" I ...... ---+-+--M~---<O----l 
I 

r J 

I 

13-13 

L-____________ ~~---~CLOCK 

-TEMPERATURE COMPENSATED SWITCHES 
MINIMIZE GAIN eRROR DRIfT OVER 
TEMPERATURE 
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PreCISion Monohthu:o.; JIlL 

FEATURES 
• Low "ON" Resistance 25° C .................. 700 Max 

125°C ................ 1000 Max 
• Accurate Switching (IDION) x RON @ 125° C) 

VERROR Worst Case ......•................... 10l'V 
• Low RON Variation With Analog Input Voltage ...... 5% 
• Improved Switching Speed .......... TON = 450n8 Max 

T OFF = 400ns Max 
• Resistant to Static Discharge Damage 
• Higher Resletance to Radiation Than Analog Switches 

Designed With MOS Devices. 
• Latch Proof 
• Digital Inputs TTL and CMOS Compatible 
• Dual or Single Power Supply Operation 
• Pin Compatible With DG200, IH200, H1200, ADG200 

GENERAL DESCRIPTION 
The monolithic SW-05 provides two independently selectable 
single-pole-single-throw (SPST) analog switches. The units are 

ORDERING INFORMATIONt 
PLASTIC HERMETIC PACKAGE OPERATING 

14-PIN TO-100 14·PIN TEMPERATURE 
DIP 1G-PIN DIP RANGE 

SW05BK' SW05BY' MIL 
SW05FK SW05FY IND 

SW05GP COM 

• For devices processed In total compliance to MIL-STD-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

t All commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Sectlbn 2. 

SCHEMATIC DIAGRAM (~pical Switch) 

IN 

Manufactured under one or more of the following patents: 4,228,367. 

13·14 

sw-os 
DUAL SPST JFET 

ANALOG SWITCH 

fabricated with Precision Monolithics' ion-implant JFET-bipolar 
technology. The JFETswitch structure parametrically improves 
RON variation with input voltages, total harmonic distortion, 
lowers noise, and reducessusceptibilityto power supply feed
through when compared to the CMOS switch technology. 

The JFET -bipolar process inherently reduces susceptibility to 
electrostatic voltage destruction commonly experienced in the 
CMOS process technology. Additionally, the elimination of 
MOS devices results in a circuit less susceptible to radiation. 

An internal logic reference voltage maintains logic compatibility 
with full noise immunity over full temperature range and all 
variations of power supply voltage. 

PIN CONNECTIONS 

v+ 

IN2:N~' ::_ • s:~ 
GND 3 : 7 NC 

4 • 
Sz 5 v-

02 

TO-100 (K-Sufflx) 

LOGIC SWITCH 

o ON 

OFF 

DUAL-IN·LINE 
(Y or P·Suffix) 

Switches shown in 
logic "1" state. 
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------------~1fMD SW-05 DUAL SPST JFET ANALOG SWITCH 

ABSOLUTE MAXIMUM RATINGS (TA = 25°C, unless otherwise noted) 

Operating Temperature Range 

SW05BY, SW05BK ..••••.•.•••.••••. -55°C to +125°C 

SW05FY, SW05FK ................... -25°C to +85°C 

SW05GP ............................... O°C to +70°C 

Storage Temperature Range •.•.•..••.• -65°C to +150°C 

Power Dissipation 

K, Y Packages ••..•••.••••.•.••••.•••.•••••.•• 900mW 

P Package ...••..••••.....•.••....•....•.••.• 500mW 

Derate K, Y Package by 12mW/oC Above 75°C 

Derate P Package by 10mW/oC Above 25°C 

Lead Temperature (Soldering, 60 sec) .••.•.•.••..• 300°C 

Maximum Junction Temperature ..•.••...••••••••. 150°C 

V+ Supply to V- Supply ............................ 36V 

V+ Supply to Ground .............................. 36V 

Logic Input Voltage •••••••..••• (-4V or V-) to V+ Supply 

Analog Input Voltage Range 

Continuous .••••.•.•.••• V- Supply to V+ Supply +20V 

Maximum Current Through any Pin •.••.••••••••••. 30mA 

Switch Current 1ms, 10% Duty Cycle Max .•••••••• 100mA 

ELECTRICAL CHARACTERISTICS at V+ = 15V, V-= -15V and TA = 25°C, unless otherwise noted. 

SW-OSB SW-OSF SW-OSG 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Vs=OV.IS=lmA 45 70 45 60 45 60 
"ON" Resistance RON 11 

Vs = ±10V. Is = lmA 45 70 45 60 45 60 

RON Match Between 
RON Match Vs = OV. Is = loo"A (Note 1) 

Switches 
10 10 15 % 

10 11 10 11 10 11 
Analog Voltage Range VA Is = lmA (Note 4) 

-10 -15 -10 -15 
V 

-10 -15 

Analog Current Range IA Vs =±10V 10 15 12 10 mA 

aRON vs Applied Voltage aRON -10V" Vs" 10V.ls= lmA 10 10 15 % 

Source Current in Vs = 10V. Vo = -10V. 
"OFF" Condition ISIOFF) VIN =2V 

nA 

Drain Current in Vs = 10V. Vo = -10V, 
1010FF) nA 

"OFF" Condition VIN=2V 

Leakage Current in )SION)+ Vs = Vo = ±10V. 
nA 

"ON" Condition 1010N) VIN =0.6V 

Logical "1" Input Voltage V1NH Full Temp. Range (Note 4) V 

Logical "0" Input Voltage V1NL Full Temp. Range (Note 4) O.B 0.6 0.6 V 

Logical "1" Input Current IINH VIN = 2 to 15V (Note 3) 10 "A 

Logical "0" Input Current IINL VIN = O.BV 1.5 1.5 1.5 10 "A 

Turn-On-Time tON 
See Switching Time 

Test Circuit (Note 2) 
325 450 325 450 325 450 ns 

Turn-Off-Time tOFF 
See Switching Time 

Test Circuit (Note 2) 
310 400 310 400 310 400 ns 

Source Capacitance CSIOFF) Vs=OV. V'N=2V pF 

Drain Capacitance COIOFF) Vo=OV. V'N=2V pF 

Channel "ON" COlON) + Vs = Vo = OV 15 15 15 pF 
Capacitance CSION) 

"OFF" Isolation ISOIOFF) 
Vs = 5VRMS. RL = 6BOn. 
CL = 7pF. 1 = 500kHz 

62 62 62 dB 

Crosstalk CT 
Vs = 5VRMS. RL = 6BOn. 
CL = 7pF. 1 = 500kHz 

76 78 78 dB 

Positive Supply Current 1+ VIN = 0.6 or 2V 2.6 6 mA 

Negative Supply Current 1- VIN = O.B or 2V 1.5 mA 

NOTES: 
I. Vs = OV. 10 = 1001'A. Specified as a percentage 01 RAVERAGE where: 

R - RON1 + RON2 
AVERAGE- 2 

2. Sample tested. 

3. Current tested at VIN = 2.0V. This Is worst case condition. 

4. Guaranteed by RON and leakage tests. 
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___________ --I~SW-05 DUAL SPST JFET ANALOG SWITCH 

ELECTRICAL CHARACTERISTICS at V+ = 15V, V- = -15V, -55°C::; TA::; +125°C for SW-05BY and SW-05BK; 
-25°C::; TA::; +85°C for SW-05FY and SW-05FK; O°C::; TA::; 70°C forSW-05GP, unless otherwise noted. 

SW-05B SW-05F SW-05G 
PARAN!ETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Temperature Range TA Operating -55 125 -25 85 70 

"ON" Resistance 
Vs=OV.ls=1mA 100 100 100 

RON 
Vs = ±10V.ls = 1mA 100 100 100 

RON Match Between 
RON Match Vs = OV.ls = 100pA (Note 1) 

Switches 
10 15 15 20 

Is = 1mA (Note 5) 10 10 10 
Analog Voltage Range VA 

-10 Is=1mA -10 -10 

Analog Current Range IA Vs =±10V 10 

Il.RON with Applied 
Il.RON 

-10V';Vs :S+10V, 
10 10 15 

Voltage Is=1mA 

Source Current in 
Vs = 10V. Vo = -10V. 

'S(OFF) VIN = 2V, TA = Max. 50 50 50 
"OFF" Condition 

Operating Temp. (Note 4) 

Drain Current in 
Vs = 10V. Vo = -10V. 

10(OFF) V,N = 2V. TA = Max. 50 50 50 
"OFF" Condition 

Operating Temp. (Note 4) 

Leakage Current in IS(ON)+ Vs = Vo = ± 10V. V,N = 0.8V 

"ON" Condition 10(ON) TA = Max. Operating Temp. 100 100 100 

(Note 4) 

Logical "1" Input Current I'NH V,N = 2V to 15V (Note 3) 10 10 15 

Logical "0" Input Current I'NL V,N =0.8V 4 10 10 15 

Turn~On-Time tON 
See Switching Time 

Test Circuit (Note 2) 
600 600 600 

Turn-Off-Time tOFF 
See Switching Time 

Test Circuit (Note 2) 
500 500 500 

Positive Supply Current 1+ V,N = Oor 2V 10 

Negative Supply Current 1- V,N = Oor 2V 4.5 4.5 

NOTES: 
1. Vs = OV, 10 = 100pA. Specified as a percentage of RAVERAGE where: 

R - RON1 + RON2 
AVERAGE-

2 

2. Parameter guaranteed by design. 

3. Current tested at V,N = 2V. This is worst case condition. 

4. Parameter tested only at TA = 125'C for military grade device. 

5. Guaranteed by RON and leakage tests. For normal operation maximum 
analog signal voltages should be restricted to (V+) -4V. 

UNITS 

'C 

n 

% 

V 

mA 

% 

nA 

nA 

nA 

pA 

pA 

ns 

ns 

mA 

mA 
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-------------l~ SW-OS DUAL SPST JFET ANALOG SWITCH 

DICE CHARACTERISTICS 

DIE SIZE 0.067 x 0.067 inch, 4489 sq mils 
(1.702 x 1.702 mm, 2.896 sq. mm) 

1. IN1 
2.IN2 
3. GND 
4. S2 
S.D2 

6. V- (SUBSTRATE) 
7. NC 
8.01 
9. S1 

10. V+ 

For additional DICE Information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at V+ = 15V, V- = -15V and TA = 25°C, unless otherwise noted. 

SW-OSN SW-OSG 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT 

"ON" Resistance RON -10V" VA ,,10V. Is "lmA 70 SO 

RON Match Between Switches RON Match VA = OV. Is "100~A 10 10 

ARON VS VA ARON -10V" VA"10V.l s ,,lmA 10 10 

Positive Supply 1+ (Note 1) 6 

Negative Supply Current 1- (Note 1) 3 

Analog Voltage Range VA Is=lmA ±10 ±10 

Logic "1"lnput Voltage V,NH (Note 3) 

Logic "0" Input Voltage V,NL (Note 3) O.S O.S 

Logic "0" Input Current 'tNL OV " Y,N " O.SV 5 5 

Logic "I" Input Current 'INH 2V " Y,N " 15V (Note 2) 5 5 

Analog Current Range 'A Vs =±10V 10 S 

NOTE: 

UNITS 

OMAX 

%MAX 

%MAX 

mAMAX 

mAMAX 

VMIN 

VMIN 

V MAX 

~AMAX 

~AMAX 

mAMIN 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at V+ = 15V, V- = -15V and TA = 25°C, unless otherwise noted. 

SW-OSN SW-OSG 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

"ON" Resistance RON 45 45 0 

Turn-On-Time tON 325 325 ns 

Turn-Olf-Time tOFF 310 310 ns 

Drain Current in 
"OFF" Condition 10(OFF) Vs = 10V. Vo = -10V 0.3 0.3 nA 

Leakage Current in IS(ON)+ 
"ON" Condition 'O(ON) 

0.3 0.3 nA VS=VO=±10V 

"OFF" Isolation ISO(OFF) f = 500kHz. RL = 6S00 62 62 dB 

Crosstalk CT f = 500kHz, RL = 6S00 76 76 dB 

NOTES: 
1. Power supply and ground current specified for switch "ON" or "OFF". 
2. Current tested at V1N = 2V. This is worst case condition. 
3. Guaranteed by RON and leakage tests. 
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___________ -I~SW-05 DUAL SPST JFET ANALOG SWITCH 

TYPICAL PERFORMANCE CHARACTERISTICS 

"ON" RESISTANCE VI 

POWER SUPPLY VOLTAGE 
100r---~--.----r---'--~--~ 

VA"'DV 
IS= 1mA 
TA - 2S"C 

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

I w 40r---+---1----r---+---1--~ 
II: 

~ 
20r---+---1----r---+---1--~ 

°O~--~--~~--~~1~2~~16~~,'. 
±SUPPl V VOLTAGE WOL lSI 

20 

-20 

SWITCH CURRENT 
VI VOLTAGE 

v+ = 15V 
V-" -15V 
TA = 2SoC 

"'" 
I 

/ 
I SLOPE = 1/ RON 

/ 

/ 

-

-2 -1 

-1 

-2 

-100 

-200 

-300 

-400 

15 

VSD VOLTAGE ACROSS SWITCH (VOLTS) 
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--------------l~ SW-05 DUAL SPST JFET ANALOG SWITCH 

TYPICAL PERFORMANCE CHARACTERISTICS 
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-------------l~ SW-05 DUAL SPST JFET ANALOG SWITCH 

TYPICAL PERFORMANCE CHARACTERISTICS (Single Supply Operation) 
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-------------l1EHD SW-05 DUAL SPST JFET ANALOG SWITCH 

APPLICATIONS INFORMATION 
The SW-05 provides a rugged JFET alternative to the industry 
standard CMOS generic DG200 device. The basic differ
ences in process (CMOS vs Bipolar-JFET) effecting switch 
characteristics result from the parallel connected enhance
ment mode FETs used in CMOS versus the single depletion 
mode JFET used by the Bipolar-JFET process. The junction 
technology is far less susceptible to electrostatic damage 
(ESD), and offers a higher resistance to radiation exposure. 
No extensive threshold shifts take place as commonly found 
in CMOS. 

The basic JFET switch design inherently results in a more 
linear "ON" resistance overthe designed analog signal range 
of -15 to +11 volts. The "ON" resistance is independent of 
analog voltage and supply voltage, but does have a positive 
temperature coefficient of O.4%fDC. Leakage currents stay in 
the low picoamps at room temperature providing very high 
"OFF" resistance characteristics. 

The logic control inputs are TTL input compatible with full 
400mV noise immunity over the full operating temperature 
range. The PNP input structure requires very little logic drive 
current resulting in minimum output loading to both TTL and 

FIGURE 1: Pulse Input Latching SPOT Analog Switch 

+15V 

+5V ,. 
PULSE 

" 
V+ 

INPUT 
Vee 

CHANNEL 1 

Il 
3 elK' Q1 5 

o FLIP FLOP 
1/27474 SW-05 

INITIALIZE 1 CHANNEL 2 

Q1 6 

2 D1 
GND 

3 GND 

'::' 

'::' -15V 

CMOS logic. Since the SW-05 incorporates a standard two 
forward diode drop logic voltage reference, pin 7 in the metal 
can and pin 12 in the DIP package were left unconnected. 
This allows direct plug-in compatibility with DG200's requir
ing external logic threshold adjustment to their VREF pin 
when operating from supplies other than ± 15 volts. No logic 
threshold adjustment is necessary with the SW-05 operating, 
for example, at ± 12 volts. 

The addition of a 7474 latch in front of the SW-05 (Figure 1) 
results in a pulse input latching SPDT analog switch. A 
positive edge of an input pulse to the TTL D type flip flop 
causes the 0 andQ outputs to change state. Taking advan
tage of the complementary outputs turns the SW-05 into a 
break-before-make SPDT analog switch. The short dead time 
between switch closures prevents damaging current flowing 
between the two row impedance sources. The photograph 
illustrates the dead time when VOUT is pulled to ground by the 
1 k ohm termination resistor. 

The initialize input, connected to the D flip flop reset (clear) 
input, resets 01 sending an active low to the IN1 terminal of 
the SW-05 closing switch 1. 

+5V 
SOURCE 1 

VOUT 

+2V 
SOURCE 2 

PIN OUT FOR 
METAL CAN PACKAGE 
SHOWN 
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PrecIsion Monohthics Tnc. 

FEATURES 

• Two Normally Op,n and Two Normally Closed SPST 
Switches with Disable 

• Switches can be Easily Configured as a Dual SPDT or 
a DPDT 

• Highly Resistant to Static Discharge Destruction 
• Higher Resistance to Radiation Than Analog Switches 

Designed with MOS Devices 
• Guaranteed RON Matching . . . . . • • • . . • . . • • . • .. 10% Max 
• Guaranteed Switching Speeds •...... TON = SOOns Max 

TOFF = 400ns Max 
• Guaranteed Break-Befora-Make Switching 
• Low "ON" Resistance ........................ 800 Max 
• Low RON Varlaflon from Analog Input Voltage ....... 5% 
• Low Total Harmonic Distortion ...........•.•.... 0.01% 
• Low Leakage Currenta at High Temperature: 

TA = 1250 C ................. 100nA Max 
TA = 8So C ................... 30nA Max 

• Digital Inputs TTL/CMOS Compatible and Independent 
ofV+ 

• Improved Specifications and Pin C!)mpatlble to LF-113331 
13333 

• Dual or Single Power Supply Operation 

PIN CONNECTIONS 

Switches are shown in the logic "0" 
input state and DIS = "I" 

TOP VIEW 

16-PIN DUAL-IN-LINE 
PACKAGE 

(0 OR P Package) 

SW-06BRC/883 
LCCPACKAGE 

(RC-Sulflx) 

ORDERING INFORMATIONt 

ORDER OPERATING 
PACKAGE IS PART TEMPERATURE 
16-PIN DIP NUMBER LCC RANGE 

SW06BO' SW06BRC/663 MIL 
HERMETIC SW06FO INO 

SW06GQ COM 
EPOXY SW06GP COM 

• For devices processed in total compliance to MIL-STD-883. add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 

SW-06 
QUAD SPST JFET 

ANAWG SWITCH 

The SW-06 is a four channel single-pole, single-throw analog 
switch that employs both bipolar and ion-implanted FET 
devices. The SW-06 FET switches use bipolar digital logic 
inputs which are more resistant to static electriCity than 
CMOS devices. Ruggedness and reliability are inherent in 
the SW-06 design and construction technology. 

Increased reliability is complemented by excellent electrical 
specifications. Potential error sources are reduced by min
imizing "ON" resistance and contrOlling leakage currents at 
high temperatures. The switching FET exhibits minimal RON 
variation over a 20V analog signal range and with power 
supply voltage changes. Operation from a single positive 
power supply voltage is possible. With V+ = 36V, V- = OV, the 
analog signal range will extend from ground to +32V. 

PNP logic inputs are TTL and CMOS compatible to allow the 
SW-06 to upgrade existing designs. The logic "0" and logic 
"1" input currents are at micro-ampere levels reducing load
ing on CMOS and TTL logic. 

FUNCTIONAL DIAGRAM 

v, 
'2 

3 

~S' 

LEVEL ~Ol 

IN , 0---...... ;--, 

SHIFT 
6 

_~S2 

~D2 

IN20---I-.......... 

[" 
10 03 

IN 3 <>-"-+-a;--, 

t S4 

15 04 

IN. o..:.'6'--1-ar-, 

13 
DIS GNO v-

TRUTH TABLE 

SWITCH STATE 

DISABLE LOGIC CHANNELS CHANNELS 
INPUT INPUT 1&2 3&4 

0 X OFF OFF 
10rNC 0 OFF ON 
1 or NC ON OFF 
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~ SW-06 QUAD SPST JFET ANALOG SWITCH 

ABSOLUTE MAXIMUM RATINGS (Note 1) V+ Supply to V- Supply ....••.•....••........•..... 36V 

Operating Temperature Range V+ Supply to Ground .............................. 36V 

SW-06BQ, BRC ...................... -55'C to +125'C Logic Input Voltage ............ (-4V or V-) to V+ Supply 

SW-06FQ ............................ -25'C to +85'C Analog Input Voltage Range 

SW-06GP .............................. O'C to +70'C Continuous ............. V-Supply to V+ Supply +20V 

Storage Temperature Range ........... -65'C to +150'C Maximum Current Through 

Power Dissipation (Note 2) Any Pin Including Switch •...................... 30mA 

QPackage ................................... 900mW NOTES: 

P Package 500mW 1. Absolu1e ratings apply to both DICE and packaged parts, unless otherwise ................................... 
noted. 

Lead Temperature (Soldering 60 sec) ............. 300'C 2. Q Package derated 12mW/' C above 75' C, P Package derated 10mW/' C 
Maximum Junction Temperature .................. 150'C above 25'C. 

ELECTRICAL CHARACTERISTICS at V+ = 15V, V-= -15V and T A = 25'C, unless otherwise noted. 

SW-068 SW-06F SW-06G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

"ON" Resistance RON 
Vs~OV, Is~ lrnA 60 80 60 100 100 150 

n 
Vs~±10V, Is~lrnA 65 80 65 100 100 150 

RON Match Between 
RON Match Vs ~ OV, Is ~ 100pA (Note 1) 10 20 20 % 

Switches 

~ Analog Voltage Range Is ~ lrnA (Note 8) +10 +11 +10 +11 +10 +11 
VA V 

IS= lmA -10 -15 -10 -15 -10 -15 

Analog Current Range IA Vs ~ ±10V 10 15 12 10 rnA ~ 
ARoN vs Applied p.. 

ARON -10V:::;Vs S;10V, Is= 1.0mA 15 10 20 10 20 % ..... 
Voltage b 

Source Current in Vs ~ 10V, Vo ~ -10V ;:J 
ISIOFF) 0.3 2.0 0.3 2.0 0.3 10 nA 

"OFF" Condition (Note 5) 

~ Drain Current In Vs ~ 10V, Vo ~ -10V 
1010'F) 0.3 2.0 0.3 2.0 0.3 10 nA <;I) 

"OFF" Condition (Note 5) ~ 

Source Current in IS(ON)+ Vs = VD = ±10V :r: 
0.3 2.0 0.3 2.0 0.3 10 nA ~ "ON" Condition 1010N) (Note 5) 

Logical "1" Input Full Temperature Range 
V,NH 

Voltage (Notes 6,8) 

..... 
2.0 2.0 2.0 V ~ 

Logical "0" Input 
V,NL 

Full Temperature Range 
0.8 0.8 0.8 V C) 

Voltage (Notes 6,8) 0 
Logical "1" Input 

I'NH 
V,N ~ 2.0V to 15.0V 

10 "A ~ Current (Note 4) 

Logical "0" Input I'NL VIN ~ 0.8V 1.5 5.0 1.5 5.0 1.5 10.0 pA 

Turn-an-Time tON 
See Switching Time 

340 500 340 600 340 700 

II Test Circuit (Notes 6,9) 
ns 

Turn-Off-Time tOFF 
See Switching Time 

200 400 200 400 200 500 ns 
Test Circuit (Notes 6, 9) 

Break-Before-Make 

Time 
tON-tOFF (Note 9) 50 140 50 140 50 140 ns 

Source Capacitance CSIOFF) Vs ~ OV (Nole 5) 7.0 7.0 7.0 pF 

Drain Capacitance COIOFF) Vs ~ OV (Note 5) 5.5 5.5 5.5 pF 

Channel "ON" CC(ON)+ Vs ~ Vo ~ OV (Note 5) 15 15 15 pF 
Capacitance CSION) 

"OFF" Isolation ISOIOFF) 
Vs ~ 5VRMS, RL ~ 68011, 

CL ~ 7pF, f ~ 500kHz (Note 5) 
58 58 58 dB 

Crosstalk CT 
Vs ~ 5VRMS' RL ~ 68011, 

CL ~ 7pF, f ~ 500kHz (Note 5) 
70 70 70 dB 

Positive Supply 
1+ 

All Channels "OFF", 
5.0 6.0 5.0 9.0 6.0 9.0 

Current DIS ~ "1' (Note 5) 
rnA 

Negative Supply 
1-

All Channels "OFF", 
3.0 5.0 4.0 7.0 4.0 7.0 rnA 

Current DIS ~ '0" (Note 5) 

Ground Current IG 
All Channels "ON" or 

"OFF" (Note 5) 
3.0 4.0 3.0 4.0 3.0 5.0 rnA 
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------------l\fMD SW-06 QUAD SPST JFET ANALOG SWITCH 

ELECTRICAL CHARACTERISTICS at V+ = 15V. V-=-15V. -55°C STAS +125°C forSW-OS8Q. -25°CSTAS+85°C for 
SW-OSFQ and O°C S TA:5 70°C for SW-OSGP. unless otherwise noted. 

SW-06B SW-06F SW-06G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Temperature Range TA Operating -55 125 -25 85 70 ·C 

Vs = OV. Is = 1.0mA 75 110 75 125 75 175 
"ON" Resistance RON n 

Vs = ± 10V. Is = 1.0mA 80 110 80 125 80 175 

RON Match Between 
RON Match Vs = OV. Is = l00~A (Note I) 

Switches 
20 25 10 % 

Is= 1.0mA +10 +11 +10 +11 +10 +11 
Analog VOltage Range VA IS = 1.0mA (Not. 8) V 

-10 -IS -10 -IS -10 -IS 

Analog Current Range IA VS=±10.0V 12 II II mA 

<1RON With Applied 
<1RON 

-10V S Vs S +10V, 

Voltage Is= 1.0mA 
10 12 15 % 

Source Current In 
Vs = 10V, Vo = -10V, 

IS(OFF) TA = Max. Operating Temp. 80 30 80 nA 
"OFF" Condition 

(Notes 5,7) 

Drain Current In 
Vs = 10V, Vo = -10V, 

10(OFF) TA = Max. Operating Temp. 60 30 60 nA 
"OFF" Condition 

(Notes 5,7) 

Leakage Current in IS(ON)+ 
Vs = Vo = ±10V, 

TA = Max. Operating Temp. 100 30 60 nA 
"ON" Condition IO(ON) (Notes 5,7) 

Logical "I" Input 
I'NH 

V,N = 2.0V to 15.0V 

Current (Note 4) 
10 10 IS ~A 

Logical "0" Input 
I'NL V'N=0.8V 

Current 
10 10 IS ~A 

Turn-On-Time tON 
See Switching Time 

Test Circuit (Notes 2, 6) 
440 900 500 900 lOaD ns 

Turn-Off-Time tOFF 
See Switching Time 

Test Circuit (Notes 2, 6) 
300 500 330 500 500 ns 

Break-Bafora-Make 

Time 
tON-tOFF (Note 3) 70 70 50 ns 

Positive Supply Current 1+ All Channels "OFF" (Note 5) 9.0 13.5 13.5 rnA 

Negative Supply Current 1- All Channels "OFF" (Note 5) 7.5 10.5 10.5 mA 

Ground Current IG 
All Channels "ON" or "OFF" 

(Note 5) 
6.0 7.5 7.5 rnA 

NOTES: 
1- Vs = OV, Is = 100~A. Specified as a percentage of RAVERAGE where: 

R - RON1 + RON2 + RONa + RON' 
AVERAGE - 4 

2. Guaranteed by design. 
3. Switch is guaranteed to provide break-before-make operation. 
4. Current tested at V,N = 2.0V. this is worst case condition. 
5. Switch being tested ON or OFF as indicated, V,NH = 2.0V or V,NL = 0.8V, 

per logiC truth table. 
6. Also applies to disable pin. 
7. Parameter tested only at TA = + 125· C for military grade device. 
8. Guaranteed by RON and leakage tests. For normal operation maximum 

analog signal voltages should be restricted to less than (V+) -4V. 
9. Sample tested. 
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--------------l~ SW-06 QUAD SPST JFET ANALOG SWITCH 

DICE CHARACTERISTICS 

DIE SIZE 0.100 X 0.096 inch, 9600 sq. mils 
(2.540 X 2.438 mm, 6.193 sq. mm) 

1. IN (1) 
2. 0 (1) 
3. S (1) 
4. GND 
5. V- (SUBSTRATE) 
6. S (2) 
7.0(2) 
8. IN (2) 
9. IN (3) 

10. 0 (3) 
11. S (3) 
12. V+ 
13. DISABLE 
14. S (4) 
15. 0 (4) 
16. IN (4) 

For additional DICE information refer to 
1986 Dala Book, Section 2. 

WAFER TEST LIMITS at V+ = 15V, V - = -15V, TA = 25'C, unless otherwise noted. 

SW-06N SW-06G 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT 

"ON" Resistance RON -10V';VA';10V.l s ';1mA 80 100 

RON Match Between Switches RON Match VA~OV.ls'; 100~A 15 20 

aR ON VS VA ARoN -10V,;VA';10V.l s ';1mA 10 20 

Positive Supply Current 1+ (Note 1) 6.0 9.0 

Negative Supply Cu rrent 1- (Note 1) 5.0 7.0 

Ground Current IG (Note 1) 4.0 4.0 

Analog Voltage Range VA Is~1mA ±10.0 ±10.0 

Logic "1" Input Voltage V1NH (Note 3) 2.0 2.0 

Logic "0" Input Voltage V 1NL (Note 3) 0.8 0.8 

Logic "0" Input Current IINL OV:::; V1N ::; O.BV 5.0 5.0 

Logic "1" Input Current IINH 2.0V'; V,N ,; 15V (Note 2) 

Analog Current Range IA Vs~ ±10V 10 

NOTE: 

UNITS 

OMAX 

%MAX 

%MAX 

mAMAX 

mAMAX 

mAMAX 

VMIN 

V MIN 

V MAX 

~AMAX 

~AMAX 

mAMIN 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at V+ = 15V, V- = -15V and TA = 25° C, unless otherwise noted. 

SW-06N SW-06G 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

"ON" Resistance RON 60 60 n 

Turn-an-Time tON 340 340 ns 

Turn-Oft-Time tOFF 200 200 ns 

Drain Current in 

"OFF" Condition IO(OFF) Vs ~ 10V, Vo ~ -10V 0.3 0.3 nA 

"OFF" Isolation ISO(OFF) f ~ 500kHz, RL ~ 680n 58 58 dB 

Crosstalk CT f ~ 500kHz, RL ~ 680n 70 70 dB 

NOTES: 
1. Power supply and ground current specified for switch "ON" or "OFF" 3. Guaranteed by RON and leakage tests. 
2. Current tested at VIN = 2.0V. This is worst case condition. 
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--------------1~ SW-06 QUAD SPST JFET ANALOG SWITCH 

TYPICAL PERFORMANCE CHARACTERISTICS 
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-------------I~ SW-06 QUAD SPST JFET ANALOG SWITCH 

TYPICAL PERFORMANCE CHARACTERISTICS 
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--------------1~ SW-06 QUAD SPST JFET ANALOG SWITCH 

TYPICAL PERFORMANCE CHARACTERISTICS (OPERATING SINGLE SUPPLY) 
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NOTE: These single-supply-operation characteristic curves 
are valid when the negative power supply V-is tied to 
the logic ground reference pin "GND". TTL input 
compatibility is still maintained when "GND" is the 
same potential as the TTL ground. t'OFF is measured 
from 50% of logic input waveform to 0.9 Yo. The 
analog voltage range extends from 0 to V+ -4V, the 
switch will no longer respond to logic control when 
VA is within 4 volts of V+. 

SIMPLIFIED SCHEMATIC DIAGRAM (TYPICAL SWITCH) 

DIGITAL 01 
INPUT 

INX 

DIS 
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--------------iw SW-06 QUAD SPST JFET ANALOG SWITCH 

OFF ISOLATION TEST CIRCUIT 

VA '"5VRMS 
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SWITCH 
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13-29 
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LOGIC INPUT IS INVERTED FOR SWITCH 1 & 2 
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------------I~ SW-06 QUAD SPST JFET ANALOG SWITCH 

Figure 1: Functional Applications of SW-06 

QUADSPST 

~' ~-i~ I~ __ -

L D. 

I~ __ ~~ 
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IN 1,IN 2 

°IN 3,IN4 

DPDT 

)
".'4 )82,83 

1>-- --- -
1 1 

04 01 D3 02 

APPLICATIONS INFORMATION 
This single analog switch product configures, by appropriate 
pin connections, into four switch applications. As shown in 
Figure 1, the SW-06 connects as a QUAD SPST, a DUAL 
SPDT, a DUAL DPST, ora DPDT analog switch. This versatil
ity increases further when taking advantage of the disable 
input (DIS) which turns all switches OFF when taken active 
low. 

lon-implantation of the JFET analog switch achieves low ON 
resistance and tight channel to channel matching. Combin
ing the low ON resistanc;e and low leakage currents results in 
a worst case voltage error figure VERROR@ 12S"C = ID(ON) X 
RSD(ON)= l00nA X 100n = 11 microvolts. This amount of error 
is negligible considering dissimilar-metal thermally-induced 
offsets will be in the S to 15microvolt range. 

LOGIC INPUTS 

The logic inputs (INx) and disable input (DIS) are referenced 
to a TTL logic threshold value of two forward diode drops 
(1.4V at 25" C) above the GND terminal. These inputs use 
PNP transistors which draw maximum current at a logic "0" 
level and drops to a leakage current of a reverse biased diode 
as the logic input voltage raises above 1.4 volts. Any logic 
input voltage greater than 2.0 volts becomes logic "1", less 
than 0.8 volts becomes logic "0" resulting in full TTL noise 
immunity not available from similar CMOS input analog 

13-30 

o IN1,IN4 

OlN2,IN3 

o IN 1,IN2 

DUAL SPDT 

l~ 1>---
1 

04 01 

f-1>-- -
1 D. 02 

DUAL DPST 

r r 
1>- -~- -~-

L L 

O~'N'.IN4 1>_ J~ _ r_ 
t. t04 

switches. The PNP transistor inputs require such low input 
current that the SW-06 approaches fan-ins of CMOS input 
devices. These bipolar logic inputs exceed any CMOS input 
circuit in resistance to static voltage and radiation suscepta
bility. No damage will occur to the SW-06 if logic high vol
tages are present when the SW-06 power supplies are OFF. 
When the V+ and V- supplies are OFF, the logic inputs 
present a reverse bias diode loading to active logic inputs. 
Input logiC thresholds are independent of V+ and V- supplies 
making single V+ supply operation possible by simply con
necting GND and V- together to the logic ground supply. 

ANALOG VOLTAGE AND CURRENT 
ANALOG VOLTAGE 

These switches have constant ON resistance for analog VOl
tages from the negative power supply (V-) to within 4 volts of 
the positive power supply. This characteristic shown in the 
plots results in good total harmonic distortion, especially 
when compared to CMOS analog switches that have a 20 to 
30 percent variation in ON resistance versus analog voltage. 
Positive analog input voltages should be restricted to 4 volts 
less than V+ assuring the switch remains open circuit in the 
OFF state. No increase in switch ON resistance occurs when 
operating at supply voltages less than ±1S volts (see plot). 
Small signals have a 3dS down frequency of 70MHz (see 
insertion loss versus frequency plot). 
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--------------1~ SW-O& QUAD SPST JFET ANALOG SWITCH 

ANALOG CURRENT 

The analog switches in the ON state are JFETs biased in their 
triode region and act as switches for analog current up to the 
IA specification (see plot of los vs Vosi. Some applications 
require pulsed currents exceeding the IA spec. For example, 
an integrator reset switch discharging a shunt capacitor will 
produce a peak current of IA(PEAKI = VCAp/RoS iONI. In this 
application, it is best to connect the source to the most 
positive end of the capacitor, thereby achieving the lowest 
switch resistance and fastest reset times. The switch can 
easily handle any amount of capacitor discharge current 
subject only to the maximum heat dissipation of the package 
and the maximum operating junction temperature from 
which repetition rates can be established. 

SWITCHING 

Switching time tON and tOFF characteristics are plotted ver
sus V ANALOG and temperature. In all cases, tOFF is designed 
faster than tON to insure a break-before-make interval for 
SPDT and DPDT applications. The disable input (DIS) has 
the same switching times (tON and tOFF) as the logic inputs 
(INx)· 

TYPICAL APPLICATIONS 

OPERATION FROM SINGLE POSITIVE POWER SUPPLY 

v+ ~+36V 

13 

V+ 
1/4SW06 

VOUT 

13-31 

Switching transients occurring at the source and drain con
tacts results from AC coupling of the switching FETs gate-to
source and gate-to-drain coupling capacitance. The switch 
turn ON will cause a negative going spike to occur and the 
turn OFF will cause a positive spike to occur. These spikes 
can be reduced by additional capacitance loading, lower 
values of RL, or switching an additional switch (with its extra 
contact floating) to the opposite state connected to the spike 
sensitive node. 

DISABLE NODE 

This TTL compatible node is similar to the logic inputs INx 
but has an internal 2/lA current source pull-up. If disable is 
left unconnected. it will assume the logic "1" state, then the 
state of the switches is controlled only by the logic inputs INx. 

POWER SUPPLIES 

This product operates with power supply voltages ranging 
from ± 12 to ± 18 volts; however, the specifications only gua
rantee device parameters witb ± 15 volt ±5% power supplies. 
The power supply sensitive parameters have plots to indicate 
effects of supply voltages other than ± 15 volts. 

4-CHANNEL SAMPLE HOLD AMPLIFIER 

-15V 

SWOG 
Vl +15V 

V2 ,. 15 VOUT 

V3 11 10 

V4 I" = 1000pF 

DISABLE ALL 

SWITCHES 
CHANNEL SELECT 

1/86, Rev. A 



-------------t1fM!} SW-GS QUAD SPST JFET ANALOG SWITCH 

HIGH OFF ISOLATION SELECtOR SWITCH (Shunt-Series SwItch) 

+15V +16V 

2K 
SW-06 V+ 

2K +15V 

CONTROL 
INPUT 

HI-CHANNEL 1 ON 
LO-CHANNEl 2 ON 

THIS SWITCH ARRANGEMENT IMPROVES OFF ISOLATION BY lOdB 

-15V 

NC 

-15V 

SINGLE POLE DOUBLE THROW SELECTOR SWITCH WITH BREAK-BEFORE-MAKE INTERVAL 

v, 

+16V 

12 

V+ 

~~ ______ ~'~'~ __ -,,~o-~,~,'~O __ -, __ -oVo 

+4V 
1K 

LOGIC IN 
(VOLTS) 

Vo 
(VOLTS) 

During Ihe BBM inlervallhe 1 kO resislor pulls Ihe oulpullo ground assuring 
Ihal no shorting belween V, and V2 occurs. 
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PrecIsion Monohthics Inc 

FEATURES 
SW-201 

• Normally "ON" for Logic 0 Input 
• Improved Performance and Pin Compatible With DG-201, 

LF11201/13201, HI201, and IH201 

SW-202 

• Normally "OFF" For Logic 0 Input 
• Improved Performance and Pin Compatible With 

LF11202I12202/13202 and IH202 

Both SW-201 and SW-202 

• Highly Resistant to Static Discharge Destruction 
• Guaranteed Break-Before-Make Switching (tOFF < tow 
• Low "ON" Resistance ..•.•.••....•.•••..•..• 80n Max 
• Guaranteed RON Matching .........•....•..• 15% Max 
• Low RON Variation from Analog Input Voltage .•..• 5% 
• High Analog Current Operation ••..••...•.. 10mA Min 
• Low Leakage Currents at High Temperatures: 

TA = 125°C •..•...•.•..••.... SOnA Max 
TA = 85°C ••..•...•••..•...•. 30nA Max 

• Guaranteed Switching Speeds: 
tON = SOOns Max tOFF = 400ns Max 

• Digital Inputs are TTL and CMOS Compatible 
• Dual or Single Supply Operation 

ORDERING INFORMATIONt 

OPERATING 
DIP 

PACKAGE 
SWITCH CONFIGURATION TEMPERATURE 

NC NO RANGE 

16-PIN HERMETIC 
16-PIN HERMETIC 
16-PIN EPOXY 

SW201BO" 
SW201FO 
SW201GP 

SW202BO" 
SW202FO 
SW202GP 

MIL 
INO 

COM 

"For devices processed in total compliance to MIL-STO-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The SW-201 and SW-202 each consist of four independent. 
single-pole. single-throw (SPST) analog switches. which 

SIMPLIFIED SCHEMATIC DIAGRAM (ONE SWITCH) 

DIGITAL 
INPUT 

Manufactured under the following patent: 4,228,367 

03 

13-33 

SW-201/SW-202 
QUAD SPST JFET 

ANALOG SWITCHES 

may be independently digitally contrOlled. Each SW-201 
switch is normally closed (NC). whereas each SW-202 is 
normally open (NO) when the corresponding digital control 
input is a zero. The SW-201 and SW-202 are otherwise 
identical. 

The judicious combination of bipolar and FET devices in a 
single monolithic IC results in a product with performance 
characteristics and ruggedness that are superior to those of a 
similar circuit fabricated using CMOS technology. 

Increased reliability is complemented by excellent electrical 
specifications. Potential error sources are reduced by min
imizing "ON" resistance and contrOlling leakage currents at 
high temperatures. The switching FET exhibits minimal RON 
variation over a 20V analog signal range and with power 
supply voltage changes. Operation from a single positive 
power supply voltage is possible. With V+ = 36V. V- = OV. the 
analog signal range will extend from ground to +32V. 

The PNP logic inputs are TTL and CMOS compatible. Logic 
input currents are at micro-ampere levels which improves circuit 
fan in. 

PIN CONNECTIONS 

16-PIN DUAL-IN-LiNE PACKAGE 
(0 or P Package) 

SW-201 CONTROL LOGIC SW-202 CONTROL LOGIC 
LOGIC SWITCH LOGIC SWITCH 

o ON o OFF 

OFF ON 

010 

ANALOG 

J1' IN (S) 

+-~-~--+--+--++J OUT (D) 
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-----------I~ SW-201/SW-202 QUAD SPST JFET ANALOG SWITCHES 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Operating Temperature Range 
SW-201 BQ, SW-202BQ .............. -55' C to +125' C 
SW-201 FQ, SW-202FQ ....•..•.•••.•. -25' C to + 85' C 
SW-201GP, SW-202GP •••••..•.••...•... O'Cto +70'C 

DICE Junction Temperature (Tj) ••.•..• -65'C to +150'C 
Storage Temperature Range •••••.••... -65' C to + 150' C 

P-Suffix ..............•...••.•...•.. -65'C to +125'C 
Power Dissipation (Note 2) ••••.•••••..••..•..••. 900mW 
Lead Temperature (Solderjng, 60 sec) ...•........• 300'C 
Maximum Junction Temperature •••..•..••....•••. 150'C 
V+ Supply to V- Supply ............................ 36V 

V+ Supply to Ground .............................. 36V 
Logic Input Voltage ...........• (-4V or V-) to V+ Supply 
Analog Input Voltage Range 

Continuous •.•.••.•..•. V- Supply to V+ Supply +20V 
1% Duty Cycle and Driving 

all 4 Inputs with 
500l'sec pulse ..... V- Supply -15V to V+ Supply +20V 

Maximum Current Through Any Pin •......•..•...• 30mA 

NOTES: 
1. Absolute ratings apply to both 01 CE and packaged parts, unless otherwise 

noted. 
2. Derated 12mW/' C above 75' C. 

ELECTRICAL CHARACTERISTICS at V± = ±15V and TA = 25'C, unless otherwise noted. 

PARAMETER 

"ON" Resistance 

RON Match Between 

Switches 

Analog Voltage Range 

Analog Current Range 

.1RON V8 Applied Voltage 

Source Current In 

"OFF" Condition 

Drain Current In 

"OFF" Condition 

Leakage Current In 

"ON" Condition 

Logical "1" Input Current 

Logical "0" Input Current 

Turn-On-Time 

Turn-Off-Time 

Break-Batare-Make Time 

Source Capacitance 

Drain Capacitance 

Channel "ON" Capacitance 

"OFF" Isolation 

Crosstalk 

Positive Supply Current 

Negative Supply Current 

Positive Supply Current 

Negative Supply Current 

Ground Current 

SYMBOL 

RON Match 

IS (OFF) 

tOFF 

CS(OFF} 

Co (OFF) 

ISO (OFF) 

1+ 

1-

1+ 

1-

CONDtnONS 

VA =OV,IS=lmA 

VA=±10V,ls=lmA 

VA = OV, 10= 100pA; 

(Note 1) 

IS = 1.0mA (Nato 6) 
Is= 1.0mA 

VS=±10V 

Vs" 10V. Is = lmA 

Vs= 10V, Vo =-10V, 

(NoteS) 

VS= 10V. Vo =-10V, 

(NoteS) 

Vs = Vo = ±10V, (Note 5) 

Y,N = 2V to 15V, (Note 4) 

See Switching Time 

Test Circuit, (Note 7) 

See Switching Time 

Test Circuit, (Note 7) 

(Nato 7) 

VA = OV, (Note 5) . 

VA = OV, (Note 5) 

Vs = Vo = OV, (Note 5) 

Vs = 5VRMS, RL = 680n, 

CL = 7pF, f = 500kHz, (Note 5) 

Vs = 5VRMS• RL = 680n, 

CL = 7pF, f = 500kHz, (Note 5) 

All Channels "ON", (Note 5) 

All Channels "ON", (Note 5) 

All Channel. "OFF", 

(NotoS) 

All Channel. "OFF", 

(Nato 5) 

All Channels "ON" 

or "OFF" 

SW-201B 
SW-202B 

MIN TVP MAX 

60 

65 

5 

+10 +11 

-10 -15 

10 15 

5 

0.3 

0.3 

0.3 

60 

60 

15 

15 

2.0 

2.0 

2.0 

1.5 5.0 

340 500 

200 400 

50 140 

5.5 

15 

58 

70 

4 9 

5 

9 

3 4 
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SW-201F 
SW-202F 

MIN TVP MAX 

60 100 

65 100 

20 

+10 +11 

-10 -15 

12 

10 20 

0.3 2.0 

0.3 2.0 

0.3 2.0 

1.5 5.0 

340 600 

200 400 

50 140 

5.5 

15 

58 

70 

4 10.5 

6 

10.5 

3 4 

SW-201G 
SW-202G 

MIN TVP MAX 

100 150 

100 150 

20 

+10 +11 

-10 -15 

10 

10 20 

10 

10 

10 

10 

1.5 10.0 

340 700 

200 500 

50 140 

5.5 

15 

58 

70 

12 

6.5 

6 12 

4 8 

3 8 

UNITS 

o 

v 

mA 

nA 

nA 

nA 

ns 

ns 

ns 

pF 

pF 

pF 

dB 

dB 

mA 

mA 

mA 

mA 

mA 
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-----------l~ SW·201/SW·202 QUAD SPST JFET ANALOG SWITCHES 

ELECTRICAL CHARACTERISTICS at V± = ± 15V; -55° C:S TA:S +125° C for SW·201 80/20280; -25°C:S TA:S +85·C for 
SW·201 FO/202FO; O· C :s TA:S 70· C for SW-201 GP/202GP, unless otherwise noted. 

SW-201B SW-201F SW-201G 
SW-202B SW-202F SW-202G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Temperature Range TA Operating -55 125 -25 85 70 ·C 

VA = OV. 10= lmA 75 110 75 125 175 
"ON" Resistance RON n 

VA = ±10V.lo = lmA 80 110 80 125 175 

RON Match Between 
RON Match 

VA = OV. 10 = 100.A; 
20 25 10 % 

Switches (Note 1) 

Analog Voltage Range VA Is = 1.0mA (Note 6) +10 +11 +10 +11 +10 +11 
V 

Is= t.OmA -10 -15 -10 -15 -10 -15 

Analog Current Range (A VS=±10.0V 12 11 11 mA 

<IRON With Applied Voltage /IRON 
VS,,+10V 

Is=lmA 
10 12 15 % 

Source Current in 
Vs = 10V. Vo = -10V. 

Is (OFF) (NoteS) 60 30 60 nA 
"OFF" Condition 

TA == Max. Operating Temp. 

Drain Current in 
Vs = 10V. Vo = -10V. 

10 (OFF) (NoteS) 60 30 60 nA 
"OFF" Condition 

TA == Max. Operating Temp. 

Leakage Current in 'S(ONI+ Vs = Vo = ±10V, (Note 5) 
100 30 60 nA 

"ON" Condition 'O(ON) TA == Max. Operating Temp. 

Logical "1" Input Voltage V1NH (Note 6) V 

Logic "0" Input Voltage V1NL (Note 6) 0.8 0.8 0.8 V 

Logical "1" Input Current 'INH V'N = 2V to 15V, (Note 4) 10 to 15 .A 

Logical "0" Input Current 'INL V'N = 0.8 10 10 5 15 pA 

Turn-On-Time tON 
See Switching Test Circuit, 

440 
(Note 2) 

900 500 900 1000 ns 

TUrn-Off-Time tOFF 
See Switching Test Circuit, 

300 500 330 500 500 ns 
(Note 2) 

Break-Before-Make Time tON-tOFF (Note 3) 70 70 50 ns 

Positive Supply Current 1+ All Channels "ON", (Note 5) 13.5 14.0 15.8 mA 

Negative Supply Current 1- All Channels "ON", (Note 5) 8.5 11.0 14.5 mA 

Positive Supply Current 1+ 
All Channels "OFF", 

(Note 5) 
13.5 14.0 18 mA 

Negative Supply Current 1-
All Channels "OFF". 

(Note 5) 
8.5 11.0 14.5 mA 

Ground Current IG 
All Channels "ON" 

or "OFF" 
6.0 7.8 10.0 mA 

NOTES: 
1. VA = OV, 10 = IOOIlA. Specified as a percentage of RAVERAGE where: 

RONt + RON2 + RON3 + RON4 
RAVEAAGE= 4 

2. Guaranteed by design. 
3. Switch is guaranteed to provide break-bafore-make operation. 
4. Current tested at V'N = 2V. This is worst case condition. 
5. Switch being tested ON orOFF as indicated, V'NH=2Vor V'NL =0.8V, per 

logic truth table. 

6. Guaranteed by RON and leakage tests. For normal operation analog signal 

voltages should be restricted to less than (V+) -4V. 

7. Sample tested. 
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------------I~ SW-201/SW-202 QUAD SPST JFET ANALOG SWITCHES 

DICE CHARACTERISTICS 

DIE SIZE 0.100 X 0.096 Inch, 9600 sq. mils 
(2.540 X 2.438 mm, 6.193 sq. mm) 

WAFER TEST LIMITS at V+ = 15V, V- = -15V, TA 

PARAMETER SYMBOL CONDITIONS 

1. IN1 
2.01 
3. S1 
4. V- (SUBSTRATE) 
5. GND 
6. S2 
7.02 
8.IN2 

9.IN3 
10. 03 
11. S3 
12. V+ 
14. S4 
15. 04 
18. IN4 

For additional DICE information refer to 
1986 Data Book, Section 2. 

25°C, unless otherwise noted. 

SW-201N SW·201G 
SW·202N SW·202G 

LIMIT LIMIT 

"ON" Resistance RON -10V" VA,,10V, Is" lmA 80 100 

RON Mismatch RON Match VA = OV, Is "IOOjAA 15 20 

<iRONv. VA <iRON Vs ,,10V, Is= lmA IS 20 

Poaltlve Supply 1+ (Note I} 9 10.5 

Negative Supply Current 1- (Note I) 6 7 

Ground Current IG 4 4 

Analog Voltage Range VA Is = lmA (Note 3) ±10 ±IO 

Logic "I" Input Voltage V,NH (Note3) 2 2 

Logic "0" Input Voltage V,NL (Note3) 0.8 0.8 

Lagle "0" Input Current I'NL OV " Y,N " 0.8V 5 

Logic "1" Input Current IINH 2V" V,N " 15V, (Note 2) 5 

Analog Current Range IA Vs=±IOV 10 

NOTE: 

UNtTS 

o MAX 

% MAX 

% MAX 

mAMAX 

mAMAX 

mAMAX 

VMIN 

VMIN 

V MAX 

~A MAX 

~AMAX 

mAMIN 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS V+ = 15V, V- = -15V and TA = 25° C, unless otherwise noted. 

SW·201N SW·201G 
SW·202N SW·202G 

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

"ON" Resistance RON -IOV "VA"IOV, Is"lmA 60 60 0 

Turn-On-Time tON 340 340 ns 

Turn-Olf-Time tOFF 200 200 ns 

Drain Current In 
10 (OFF) "OFF" Condition 

0.3 0.3 nA Vs = 10V, Vo = -IOV 

"OFF" Isolation Iso (OFF) f = 500kHz, RL = 6800 58 58 dB 

Crosstalk CT f = 500kHz, RL = 680n 70 70 dB 

NOTES: 
1. Power supply and ground current specified for switch "ON" or "OFF". 
2. Current tested at V1N = 2V. This is worst case condition. 
3. Guaranteed by RON and leakage tests. 
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_________ --lIEMDSW-201/SW-202 QUAD SPST JFET ANALOG SWITCHES 

TYPICAL PERFORMANCE CHARACTERISTICS 

"ON" RESISTANCE n 
ANALOG VOLTAGE (VA) 

75r-----,-----,-----,-----, 
V+ '" +15V 
v- '" -15V 

70 f-TA=2"C ----+---+---1 
IS=lmA 

~~--~--~--~-~ 

~r----f----~----_+----_1 

45~--~--+---+--~ 

~~---~----~----~--~ 
-10 -5 10 

75 

70 

§60 

ti 
a: 55 

~ 

45 

40 

V 
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RON VI TEMPERATURE 
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...... V 

/ 
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/' 
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500 

-
300 

200 

100 

o 

SWITCHING TIME n 
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CL = 10pF 

~ 
V 

T1.. ",.., 

V r" /~ -V 
~ ...- ",.-

-66 -25 0 25 50 75 100 126 
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100 
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", 

40 
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v+ = 15V f=1MHz 

28 r--- V-=-15V 
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20 

16 
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_________ --ImSW-201/SW-202 QUAD SPST JFET ANALOG SWITCHES 

TYPICAL PERFORMANCE CHARACTERISTICS 

SW·201 

tONl'tOFF SWITCHING RESPONSE 

TOP TRACE: LOGIC INPUT (SV/OIVI 
BOTTOM TRACE: SWITCH OUTPUT (1V/DIV) 

OFF ISOLATION TEST CIRCUIT 

-ofP'" IIOLATION-ID LOG [~] 
YOUT 

SWITCHING TIME TEST CIRCUIT 

SWITCH 
INPUT 

S, 

+lSY 

Y+ 

VS=-5V 0--1------<>' 

LOGIC 
INPUT 

REPEAT TEST FDA 1~.INa. AND '"" 

CROSSTALK TEST CIRCUIT 

VA = 6VRMS 
@f-5OOkHz 

s'" 

8, 

.. 

CROS8TALK ... aOLOG ~ 
YD' 

D, 

R, 
yo;Vs --

RL +'Ds(ON) 

R, 

"'" 
C, 

SWITCH 
OUTPUT 

l13.5.F 

SW·202 
tONl'tOFF SWITCHING RESPONSE 

TOP TRACE: LOGIC INPUT 15V/DIV) 
BOTTOM TRACE: SWITCH OUTPUT (W/DIV) 

SW·201 WAVEFORMS 

* 3.5V 
LOGIC INPUT 'J 50% 1/ 

tr,tf<20ns 
I'. 

OV 

~O.9VO ) 
a.1Va 

SW-201 OUTPUT 

Vo 
-sv 

~'oN--l I-tOFF~ 

*SWITCH OUTPUT WAVEFORM SHOWN FOR 'Is = CONSTANT WITH LOGIC INPUT 
WAVEFORM AS SHOWN. Vo IS THE STEADY STATE OUTPUT WITH SWITCH ON. 

SW·202 WAVEFORMS 

* 

13-38 

3.SV 

OV 

Vo 
-SV 

LOGIC INPUT 
tr,tf<20ns 

SW-20T OUTPUT 

, 
50% 

a.1Ve 

a.9Va J 
I--'ON~ ~'oFF~ 

*SWITCH OUTPUT WAVEFORM SHOWN FOR "s ~ CONSTANT WITH LOGIC INPUT 
WAVEFORM AS SHOWN. Vo IS THE STEADY STATE OUTPUT WITH SWITCH ON. 
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-----------I~ SW-201/SW-202 QUAD SPST JFET ANALOG SWITCHES 

APPLICATIONS INFORMATION OPERATION FROM SINGLE POSITIVE POWER SUPPLY 

This analog switch employs ion-implanted JFETs in a switch 
configuration designed to assure break-before-make action. 
The turn-off time is much faster than the turn-on time to 
guarantee this feature over the full operating temperature 
and input voltage range. Fabricated with Bipolar-JFET pro
cessing ratherthan CMOS, special handling is not necessary 
to prevent damage to these switches. Because the digital 
inputs only require a 2V logic "1" input level, power
consuming pullup resistors are not required for TTL com
patibility to insure break-before-make switching as is most 
often the case with CMOS switches. The digital inputs utilize 
PNP input transistors where input current is maximum at the 
logic "0" level and drops to that of a reverse-biased diode as 
the input voltage is raised above ~ 1.4V. 

The "ON" resistance, RON, of the analog switches is constant 
over the wide input voltage range of -15V to +11V with 
VSUPPLY = ±15V. For normal operation, however, positive 
input voltages should be restricted to 11V (or4V less than the 
positive supply). This assures that the VGS of an OFF switch 
remains greater than its Vp, and prevents that channel from 
being falsely turned ON. Individual switches are "ON" with
out power applied. 

TYPICAL APPLICATIONS 

o :SVANALOG :SY+ -4V 3 

V+ :$;+3fiV 

13 

V+ 
1/4SW201 

I 
I 
I 
I 

r------, I 
I TTL OR CMOS ~I -..:..L.... .. "'~-' L __ G~~ __ J 

PROGRAMMABLE GAIN NONINVERTING AMPLIFIER WITH SELECTABLE INPUTS 

+15V -15V 

+15V +15V 

SW-201 

1X 

18k.l1 9.9k.,n 

1. 
10X 

10 
100X 

2kll tOOkn 

-=- -=-

13-39 

VOUT 

99.9kn 

l000X 

100kn 

-=-
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PrecisIon MOllolithics Inc. 

FEATURES 

• Pin Compatible with AD7510 DI, AD7511 DI 
• JFET Switches Rathar than CMOS 
• Highly Resistant to Static Discharge Damage 
• Radiation Resistant 
• No SCR Latch-up Problems 
• Low "ON" Reslltance - 750 Max 
• Superior "OFF" Isolation and Crol!stalk 
• Dlgltallnputl Compatible with TTL and CMOS 
• No Pull-Up Resistors Required to Inlure 

Break-Betore-Make Action with TTL Inputs 

ORDERING INFORMATIONt 

TYPICAL PACKAGE 
25°C HERMETIC TEMPERATURE 

RESISTANCE DIP RANGE 

60n 
SW7510AQ' MIL 
SW7510EQ INO 

80n 
SW7510BQ' MIL 
SW7510FQ INO 

80n 
SW7511AQ' MIL 
SW7511EQ INO 

80n 
SW7511BQ' MIL 
SW7511FQ INO 

• For devices processed in total compliance to MIL-STD-883, add /883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

SCHEMATIC DIAGRAM (Typical SW-7510 Switch) 

SlV-7510/SVV-7511 
QUAD SPST JFET 

ANALOG SWITCHES 

GENERAL DESCRIPTION 

The SW-7510/7511 are monolithic linear devices, each con
taining four independently selectable SPST analog switches. 
The SW-7510 operates normally-open with logic-low inputs. 
The SW-7511 operates normally-closed with logic-low inputs. 
All logic inputs are fully TTL input compatible. 

Performance advantages include exceptionally high "OFF" 
isolation, low leakage current and low crosstalk. Data con
version, position controllers, choppers, demodulators and 
programmable-gain amplifiers are popular SW-7510/7511 
circuit applications. 

The PMI Bipolar-JFET process reduces susceptibility to 
electrostatic destruction and offers a high resistance to 
radiation exposure. Plus, total freedom from the intrinsic 
SCR latch-up problems encountered in equivalently manu
factured CMOS products. 

PIN CONNECTIONS 

16-PIN HERMETIC DUAL-IN-LiNE 
(O-Sufflx) 

CONTROL LOGIC: 

SW-7510: Switch "ON" 
for Address "HIGH" 

SW-7511: Switch "ON" 
for Address "LOW" 

V'D---~--~~--~---------~-+--~--~--~---

LOGIC 
INPUT 

GROUNDo---~----------"""-------+----.J 
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-------------1~ SW-7S10/SW-7S11 QUAD SPST JFET ANALOG SWITCH 

ABSOLUTE MAXIMUM RATINGS (TA = 25°C. unless otherwise noted). 

Operating Temperature Range. 
SW-7510/7511AO. SO ............... -55°C to +125°C 
SW-7510/7511 EO. FO ................ -25°C to +85°C 

DICE Junction Temperature (Tj ) ••••••• -65°C to +150°C 
Storage Temperature Range ........... -65°C to +150°C 
Power Dissipation .............................. 500mW 

Derate above 100°C ........................ 10mW/oC 
Lead Temperature (Soldering. 60 sec) ............. 300°c 
Maximum Junction Temperature .................. 150°C 
V+ Supply to V- Supply. .. . .. .. . . .. . . . .. .. . .. .. .... 36V 

V+ Supply to Ground .............................. 36V 
Logic Input Voltage ............ (-2V or V-) to V+ Supply 
Analog Input Voltage 

Continuous ............. V- Supply to V+ Supply +20V 
1% Duty Cycle and Driving 
all 4 Inputs with 
500l's pulse ....... V- Supply -15V to V+ Supply +20V 

Maximum Current Through Any Pin ............... 25mA 
NOTE: Absolute ratings apply to both DICE.and packaged parts, unless 

otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V and TA = +25°C. unless otherwise noted. 

SW-7510AlE SW-7510B/F 
SW-7511AlE SW-7511B/F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNtTS 

"ON" Resistance RON Vo = OV, los = 1mA 60 75 80 100 ° 
aRON vs. Vo IVs) aR ON VaS 10V, 10= 1mA 15 15 % 

RON Match 01 Switches RON Match Vo=OV,los=1mA 1.5 10 1.5 10 % 

+10 +11 +10 +11 
Analog Voltage Range VA Is = 1mA INote 5) 

-10 -15 -10 -1S 
V 

"OFF" Leakage Current IS(OFF).IO(OFF) Vs = +10V, Vo = -10V, INote 1) 1.0 3.0 nA 

"ON" Leakage Current ISIONI + 1010NI Vs = Vo = +10V, INote 1) 1.0 3.0 nA 

Logic "1" Voltage V,NH INoteS) 2.0 2.0 V 

Logic "0" Voltage V,NL INote5) 0.8 0.8 V 

Logic "0" Current IINL V,N =+O.4V 1.S 3.S 1.5 3.S I'A 

Logic Input Capacitance COIG V,N = +O.4V 1.S 1.S pF 

"ON" Switching Time tON Vs = -SV, Rl = 1kO, Cl = 7pF, INote 4) 350 450 450 550 ns 

"OFF" Switching Time tOFF Vs = -5V, Rl = 1kO, Cl = 7pF, INote 4) 280 300 350 450 ns 

"OFF" Isolation ISOOFF (Note 2) 66 66 dB 

Crosstalk CT INote3) 70 70 dB 

Analog "OFF" Capacitance CS(OFF)' CO(OFF) Vs= IV, Vo=O 6.5 6.5 pF 

Analog "ON" Capacitance CSION)' COlON) Vs=OV, Vo=O 14 14 pF 

Feedthrough Capacitance COS(OFF) Vs=OV 0.8 0.8 pF 

Channel Capacitance CSS(OFF). Vs=OV 0.4 0.4 
pF 

COO(OFFJ Vs=OV 0.4 0.4 

Positive Supply Current 1+ Logic Inputs at "0" or "1" 5.0 9.0 3.0 9.0 mA 

Negative Supply Current 1- Logic Inputs at "0" or "1" 2.8 5.0 1.7 5.0 mA 

NOTES: 
1. The conditions listed specily the worst case leakage currents. The leakage 

currents apply equally to source (5) or drain(O). 
2. OFF isolation is measured by driving the source of any OFF switch and 

observing the voltage which appears on the drain. The conditions are: 
RL = 6800, Cl = 7pF, Vs = 5VRMS' 1 = 100kHz. 

3. Crosstalk is measured by driving source of any OFF switch and observing 
voltage which appears on any other "ON" output drain. The conditions 
are: RL = 6800, CL = 7pF, Vs = 5VRMS, 1 = 100kHz. 

4. Sample tested. 
5. Guaranteed by RON and leakage tests. For normal operation maximum 

analog signal voltages should be restricted to less than IV+) -4V. 
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__________ -I~SW-7510/SW-7511 QUAD SPST JFET ANALOG SWITCH 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, -55°C:s TA:S +125°C for SW-7510AO, BO and SW-7511AO, BO; and 
-25°C:S TA:S +85°C for SW-7510EO, FO and SW-7511 EO, FO, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

"ON" Resistance RON Vo=OV, los= lmA 

aRON vs. Temperature ARoN Drift Vo=OV,los= lmA 

Analog Voltage Range VA Is =lmA(Note4) 

"OFF" Leakage Current IS(OFF)I ID(OFF} Vs = +IOV, Vo = -IOV, (Notes I, 3) 

"ON" Leakage Current IsION) + 101ON) Vs = Vo = +IOV, (Notes I, 3) 

Logic "I" Voltage VINH (Note 4) 

Logic "0" Voltage VINL (Note 4) 

Logic "0" Current IINL VIN = +0.4V 

"ON" Switching Time tON Vs = -5V, RL = 1 kO, CL = 7pF (Note 2) 

"OFF" Switching Time tOFF Vs=-5V. RL = lkO, CL = 7pF (Note 2) 

Positive Supply Current 1+ Logic Inputs at "0" or "I" 

Negative Supply Current 1- Logic Inputs at "0" or "I" 

NOTES: 
1. The conditions listed specify the worst case leakage currents. The leakage 

currents apply equally to source (S) or drain(D). 
2. Guaranteed by design. 
3. Tested at 125°C only for "A" and "8" grades. 
4. Guaranteed by RON and leakage tests. 

13-42 

SW-7510AlE 
SW-7511A1E 

MIN TVP MAX 

100 

0.4 

+10 +11 
-10 -15 

90 

90 

2.0 

0.8 

5.0 

600 

500 

13 

7.5 

SW-7510B/F 
SW-7511B/F 

MIN TVP MAX UNITS 

150 0 

0.5 %/OC 

+10 +11 
-10 -15 

V 

lOa nA 

100 nA 

2.0 V 

0.8 V 

7.0 p.A 

1000 ns 

750 ns 

13 mA 

7.5 mA 
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------------I~ SW-7510/SW-7511 QUAD SPST JFET ANALOG SWITCH 

DICE CHARACTERISTICS 

SW-7510 (SWITCH ON FOR ADDRESS HIGH) SW-7511 (SWITCH ON FOR ADDRESS LOW) 

DIE SIZE 0.091 X 0.083 Inch, 7553 sq. mils 
(2.311 X 2.108 mm,1.918 sq. mm) 

1. NEGATIVE SUPPLY (SUBSTRATE) 9. DRAIN (04) 1. NEGATIVE SUPPLY (SUBSTRATE) 9. DRAIN (04) 
2. GROUND 10. SOURCE (84) 2. GROUND 10. SOURCE (S4) 
3. ADDRESS (A1) 11. DRAIN (03) 3. ADDRESS (A1) 11. DRAIN (03) 
4. ADDRESS (A2) 12. SOURCE (S3) 4. ADDRESS (A2) 12. SOURCE (S3) 
5. ADDRESS (A3) 13. DRAIN (02) 5. ADDRESS (A3) 13. DRAIN (02) 
6. ADDRESS (A4) 14. SOURCE (S2) 6. ADDRESS (A4) 14. SOURCE (S2) 
7. DISABLE (NO CONNECT) 15. DRAIN (01) 7. DISABLE (NO CONNECT) 15. DRAIN (01) 
8. POSITIVE SUPPLY 16. SOURCE (S1) 8. POSITIVE SUPPLY 16. SOURCE (S1) 

For additional DICE information refer to 1986 Data Book, Section 2. 

WAFER TEST LIMITS at V+ = +15V, V- = -15V, TA=25°C, unless otherwise noted. 

SW-7510N/ SW-7510G/ 
SW-7511N SW-7511G 

PARAMETER SYMBOL CONDITIONS LIMIT LIMIT UNITS 

"ON" Resistance RON Vo=OV, los= lmA 75 100 nMAX 

Logic "1" Voltage V,NH (Note 1) 2.0 2.0 VMIN 

logic "0" Voltage V1NL (Note 1) 0.8 0.8 VMAX 

Logie "0" Current I'NL V,N =+0.4V 3.5 3.5 p.AMAX 

Positive Supply Current 1+ Logic Inputs at "0" 9 9 mAMAX 

Negative Supply Current 1- Logic Inputs at "0" 5 5 mAMAX 

NOTES: 
1. Guaranteed by RON and leakage tests. 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging Is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at V+ = + 15V, V- = -15V and TA = 25° C, unless otherwise noted. 

SW-7510N/ SW-7510G/ 
SW-7511N SW-7511G 

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

"ON" Resistance RON Vo=OV, los= lmA 60 80 n 

RON vs. Temperature ROND.ift Vo= OV, los= lmA 0.4 0.5 %/°C 

"ON" Switching Time tON Vs =-5V, RL = lkn, CL = 7pF 350 450 ns 

"OFF" Switching Time tOFF Vs = -5V, RL = lkn, CL = 7pF 260 350 ns 
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__________ --l~SW-7510/SW-7511 QUAD SPST JFET ANALOG SWITCH 

TYPICAL PERFORMANCE CHARACTERISTICS (Apply to all models, unless otherwise noted) 

LARGE-SIGNAL SWITCHING 

~:;J 
:I --

r~ l' 
H =, 

r • I 

_I~ .-- ~;;oo -
,-

SMALL-SIGNAL SWITCHING 
WITH FILTERING 

LARGE-SIGNAL SWITCHING 

I~ 
,II • ,. I. · 

Il' I 
~ rj 

l • • • 
' I,~ -- 00 

I - .. 
SMALL-SIGNAL SWITCHING 

VA = -500mV,R L = lHI, CL = l3pF 

SMALL-SIGNAL SWITCHING 

[2] 
, • 

I'.: 
" i:lrJ·· ... iii: 

1]500 
.-;:,,:, 

I -

SMALL-SIGNAL SWITCHING 
WITH FILTERING 

' L;~ 

.1 
II 

, 
r;.1 

1'000oo 71 ~,7I 

VA = -500mV, RL = lkn, CL = 100pF 

SMALL-SIGNAL SWITCHING 
SMALL-SIGNAL SWITCHING 

WITH FILTERING 

NOTE: 
Upper Photo Traces: Logic Control Signal Ax (5V/DIV) 
Lower Photo Traces: Switch Outputs Vo 
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__________ ---j~ SW-7510/SW-7511 QUAD SPST JFET ANALOG SWITCH 

TYPICAL PERFORMANCE CHARACTERISTICS (Apply to all models, unless otherwise noted) 

"ON" RESISTANCE (RON) VI 

ANALOG VOLTAGE (VA) 

110 r- ~~: ~~~~ -+-----j-I---+-+--+----1 
TA '" 2!t'C 

100 r- lOS = ±lmA -+----1-+-+-+-+----1 
SW7510/11B, F -

90~~~ 
9: BOW-

Sl751J/ll} E 

~ 70'=l=:t~::f:~~~~~~=J 60~ 
-

50~+--+-----j-+-+--+-~+-+-~ 

~r-+--+-----j-t-+--+~r-t-+--i 
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__________ --1~SW-7510/SW-7511 QUAD SPST JFET ANALOG SWITCH 

AC TEST CIRCUITS 

CROSSTALK MEASUREMENT CIRCUIT 

+16V -16V 

CROSSTALK .. 20 LOG ~ 

'pF 

FOR SW-7511 REVERSE VOLTAGE TO A, & A2. 

ISOLATION MEASUREMENT CIRCUIT 
+15V -1SV 

v+ V-
OFF ISOLATION = 20 LOG ~~11 

S, 

SW-7510 
son 0, 

A, 

FOR SW-7511 CONNECT A, TO +6V. 

SWITCHING TIME TEST CIRCUIT 

+15V -15V 

+~~J1..Il.. 
~v+:--~!-, 

.--.--IA 

SW-7611 

APPLICATIONS INFORMATION 

'pF 

This analog switch employs ion-implanted JFETs in a switch 
configuration designed to assure break-before-make action. 
The turn-off time is much faster than the turn-on time to 
guarantee this feature over the full operating temperature 
and input voltage range. Because the digital inputs only 
require a 2.0V logic "1" input level, power-consuming pull-up 
resistors are not required for TTL compatibility to insure 
break-before-make switching as is most often the case with 
CMOS switches. The digital inputs utilize PNP input transis
tors where input current is maximum at the logic "O"level and 
drops to that of a reverse-biased diode (about 10nA) as the 
input voltage is raised above ~ l.4V. 

VSUPPLY = ±15V. Higher input voltage is tolerable provided 
that some form of current limiting is employed (such as that 
of an op-amp output stage) to avoid exceeding junction 
temperature and power dissipation requirements. For normal 
operation, however, positive input voltages should be 
restricted to l1V (or 4V less than the positive supply). This 
assures that the VGS of an OFF switch remains greater than its 
Vp, and prevents that channel from being falsely turned ON. 
Individual switches are "ON" without power applied. 

Proper switching requires the "Source" terminal be con
nected to the input driving signal. 

LATCHING DPDT SWITCH 

AD 

PR 

- . a 
1/2 

SN7474 

a 5 

CLR 

4 

A, 

Command 

Ao A1 
1 1 
o 1 
1 0 
o 0 

+15V 

v+ 
"'-1-'----0 INPUT 1 

OUTPUT 1 

....... ---IF----o INPUT 2 

"'-IF----O INPUT 3 

OUTPUT 2 

'<----If'D=-----<l INPUT 4 

-15V 

Truth Table 

State 01 Switches 
Alter Command 

52 and 53 51 and 53 
same same 

on off 
off on 
INDETERMINATE 

INTEGRATOR WITH ANALOG RESET AND 
START/STOP CAPABILITY 

1/, 
SW1510Fa 

RL 14 
.-'VV ..... -v 

r- -~RESET 
I 13 

Vo - tlRC f VINdt 
~--...... >---o 

The "ON" resistance, RON, of the analog switches is constant NOTE: Applications show SW-7510. For SW-7511 applications the logic is 
over the wide input voltage range of -15V to +11V with Inverted. 
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__________ ---1~SW-7510/SW-7511 QUAD SPST JFET ANALOG SWITCH 

TYPICAL APPLICATIONS 

ACTIVE LOW-PASS FILTER WITH DIGITALLY SELECTED BREAK FREQUENCY 

+15V 

fCO 
,. 

["~ ,. fC3 
SELECT 

TTL 
CONTROL 

fC2 '2 
SELECT 

fC' 
,. 

SELECT 

R1 '" 10k 

~-----------<I-~VOUT 

NOTE: Applications show SW-75tO. For SW-7511 applications the logic is 
Inverted. 

13-47 

'60 

'2. 

'll 
I 

zOO 

- ...... 
...... OP·02 OPEN 

,LOOP GAIN 

;; 
" 

..... 
w 

" ~ 40 

is! 

fC, 'C2 fC3 f'C4, VA 
............. ............. ............ ............. ..... 

............. ~ f~ ~ ~4'" 
............. ............ ............. ............ 

............ ........... ........... 
10 100 lK 10K lOOK 1M 

FREOUENCY - Hz 

AL (VOLTAGE GAIN BELOW BREAK FREQUENCY) = 

:~ = 100 (40dB) 

Ie (BREAK FREQUENCY) = 2"'~3CX 

IL (UNITY GAIN FREQUENCY) = 2"'~'Cx 
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Alto[-OS/nlInt-24 
8-CHANNELjDUAL 4-CHANNEL JFET ANALOG MULTIPLEXERS 

(OVERVOLTAGE AND POWER SUPPLY LOSS PROTECTEDl 
Precision MOllolithics Inc. 

FEATURES 

• JFET Switches Rather Than CMOS 
• Low "ON" Resistance ...................... 2200 Typ 
• Highly Resistant to Static Discharge Damage 
• No SCR Latch-Up Problems 
• Digital Inputs Compatible With TTL and CMOS 
• 1250 C Temperature Tested Dice Available 
• MUX-DS Pin Compatible With DG50S, HI-50SA, IH510S, 

IH610S, LF11S0S/12S0S/13S0S, AD7S06 
• MUX-24 Pin Compatible With DGS09, HI-S09A, IHS208, 

IH6208, LF11S09112S09/13S09, AD7S07 

ORDERING INFORMATIONt 

PACKAGE 

25°C ON HERMETIC PLASTIC TEMPERATURE 
RESISTANCE DIP DIP LCC RANGE 

MUX08AO' MIL 
2200 MUX08EO IND 

MUX08EP COM 

MUX08BO' MUX08BRC/883 MIL 
3000 MUX08FO IND 

MUX08FP COM 

MUX24AO' MIL 
2200 MUX24EO IND 

MUX24EP COM 

MUX24BO' MIL 
3000 MUX24FO IND 

MUX24FP COM 

'For devices processed in total compliance to MIL-STD-883. add /883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The MUX-OB is a monolithic eight-channel analog multi
plexer which connects a single output to one of the eight 
analog inputs depending upon the state of a 3-bit binary 
address. 

The MUX-24 is a monolithic four-channel differential analog 
multiplexer configured in a double pole, four-position (plus 
OFF) electronic switch array. A two-bit binary input address 
connects a pair of independent analog inputs from each 
four-channel input section to the corresponding pair of 
independent analog outputs. 

All switches in the MUX-OB/MUX-24 are turned OFF by 
applying logic "0" to the ENABLE pin, thereby providing a 
package select function. 

Fabricated with Precision Monolithics' high performance 
Bipolar-JFET technology, these devices offer low, constant 
"ON" resislance, low leakage currents and fast settling time 
with low crosstalk to satisfy a wide variety of applications. 
These multiplexers do not suffer from latch-up or static 
charge blow-out problems associated with similar CMOS 
parts. The digital inputs are designed to operate from both 
TTL and CMOS levels while always providing a definite 

break-before-make action without the need for external pull
up resistors over the full operating temperature range. 

For single sixteen-channel and dual eight-channel models, 
refer to the MUX-16/MUX-28 data sheet. 

PIN CONNECTIONS 

16-PIN DUAL-IN-LiNE PACKAGE 
(0 or P Package) 

MUX-08BRC/883 
LCC 

(RC-Sufflx) 

FUNCTIONAL DIAGRAMS 

DRAIN .. ., ....... , ... , 
ENABLE Al AO 

v. 

GND 

v-

DRAIN SlA S2A S3A S4A SlB S2B S3B S4B DRAIN 
A B 

v. 

GND 

v-
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--------I~ Mux-oa/MUX-24 a-CHANNEL/DUAL 4-CHANNEL JFET ANALOG MULTIPLEXERS 

ABSOLUTE MAXIMUM RATINGS (Note) 

Operating Temperature Range 
MUX-OS/24-AQ. BQ. BRC ........... -55°C to +125°C 
MUX-OS/24-EQ. FQ .................. -25°Cto+S5·C 
MUX-DS/24-EP. FP ...................... 0·Cto+70·C 

DICE Junction Temperature (Tj) ....... -65· C to + 150· C 
Storage Temperature Range ........... -65·C to +150·C 

P-Suffix ............................ -65·Cto+125·C 
Power Dissipation .............................. 500mW 

Derate above 100· C ........................ 10mW/· C 

Lead Temperature (Soldering. 60 sec) ............. 300·C 
Maximum Junction Temperature .......•.......... 150·C 
V+ Supply to V- Supply. . . . . .. . . .. . . . . . . . . . . . . . . . .. 36V 
Logic Input Voltage ............ (-4V or V-) to V+ Supply 
Analog Input Voltage .... V- Supply-20V to V+ Supply + 20V 
Maximum Current Through Any Pin ...••.......... 25mA 

NOTE: Absolute ratings apply to both DICE and packaged parts. unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at V+ = +15V. V-=-15V and TA = 25·C. unless otherwise noted. 

PARAMETER 

"ON" Resistance 

~RON With Applied Voltage 

RON Match Between Switches 

Analog Voltage Range 

Source Current (Switch "OFF") 

Drain Current (Switch "OFF") 

Leakage Current (Switch "ON") 

Digital Input Current 

Digital "0" Enable Current 

Digital Input CapaCitance 

Switching Time 

Output Settling Time 

Break-Before-Make Delay 

Enable Delay "ON" 

Enable Delay "OFF" 

"OFF" Isolation 

Crosstalk 

Source CapaCitance 

Drain CapaCitance 

Input to Output Capacitance 

Positive Supply Current 
(All Digital Inputs 
Logic "0" or "I") 

Negative Supply Current 
(All Digital Inputs 
Logic "0" or "I") 

NOTES: See next page. 

SYMBOL CONDITIONS 

-10V:S vs:S lOY, Is = 200"A 

RON Match Vs = OV. Is = 200"A 

Is (OFF) 

10 (OFF) 

I'NL (EN) 

tTAAN 

(Note 6) 

Vs= 10V. Vo =-10V (Note I) 

Vs= 10V. Vo =-10V (Note I) 

Vo = 10V (Note 1) 

Y,N = O.4V to 15V 

VEN = 0.4V 

(Notes 2. 5) Figure 1 
(Test Circuit) 

10V Step to 0.10% 

ts 10V Step to 0.05% 

tOPEN 

tOFF lEN) 

ISO OFF 

CT 

Cs (OFF) 

1+ 

1-

10V Step to 0.02% 

Figure 3 (Test Circuit) 

(Note 5) Figure 2 
(Test Circuit) 

(Note 5) Figure 2 

(Test Circuit) 

(Note 4) Figure 5 
(Test Circuit) 

(Note 3) Figure 4 
(Test Circuit) 

Switch "OFF". 

Vs=OV, Vo=OV 

Switch "OFF", 

Vs=OV. Vo=OV 

(Note 4) 

V+ = 15V 
V+=5V 

V+ = -15V 

V+=-5V 

MUX-OB 
MUX-24 

MUX-QB 

MUX-24 

MUX-OB 

MUX-24 

MUX-OB 
MUX-24 

MUX-OB 
MUX-24 

MUX-Qa 

MUX-24 

Mux-oa 

MUX-24 

MUX-Qa 
MUX-24 

13-49 

MUX-OSAJE 
MUX-24AJE 

MIN TYP MAX 

220 300 

+10 +10.4 
-10 -15 

0.01 

0.1 
0.05 

0.1 

0.05 

4 

3 

1.B 

1.3 

1.5 
2.3 

O.B 

0.1 

0.2 

60 
66 

70 
76 

2.5 

7 

4 

0.3 
0.15 

15 

1.0 

1.0 
1.0 

1.0 
1.0 

10 

10 

2.1 

0.4 

0.5 

10 12 
a 

3.0 3.a 

2.5 

MUX-OSB/F 
MUX-24B/F 

MIN TYP MAX 

300 400 

3 

9 

+10 +10.4 
-10 -15 

0.01 

0.1 
0.05 

0.1 
0.05 

4 

3 

1.B 

1.7 

1.9 
2.5 

1.0 

0.2 
0.3 

60 
66 

70 
76 

2.5 

4 

0.3 
0.15 

20 

2.0 

2.0 
2.0 

2.0 
2.0 

10 

10 

2.1 

0.4 
0.6 

6 12 

5 

2.0 3.8 
l.a 

UNITS 

II 

% 

% 

V 

nA 

nA 

nA 

pF 

ps 

ps 

"s 

"s 
dB 

dB 

pF 

pF 

pF 

mA 

mA 
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-------I~ MUX-OB/MUX-24 B-CHANNEL/DUAL 4-CHANNEL JFET ANALOG MULTIPLEXERS 

ELECTRICAL CHARACTERISTICS at V+ = 15V, V-=-15V and -55·C:S TA:S 125°C, unless otherwise noted. 

MUX-OSA/ MUX-OS81 
MUX-24A MUX-248 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

"ON" Resistance RON Vs $ 10V, Is $ 200I'A 400 500 il 

ARoN With Applied Voltage ARoN -10V $ Vs $10V, Is = 200l'A 1.5 4.5 % 

RON Match Between Switches RON Match Vs = OV, Is = 200l'A 10 15 % 

Analog Voltage Range VA (NoteS) 
+10 +10.4 +10 +10.4 
-10 -15 -10 -15 

V 

Source Current (Switch "OFF") ISIOFF) Vs = 10V, Vo = -10V (Notes 1,7) 25 50 nA 

Drain Current (Switch "OFF") 
Vs= 10V, Vo =-10V MUX-OB 100 500 

nA 1010FF) (Notes 1, 7) MUX-24 50 500 

Leakage Current (Switch "ON") 1010N) Vo= 10V (Notes 1, 7) 
MUX-08 100 500 

nA 
+ISIONI MUX-24 50 500 

Digital "I" Input Vollage V,NH (NoteS) 2 V 

Digital "0" Input Voltage V)NL (NoteS) 0.7 0.7 V 

Digital Input Current liN V,N = 0.4V to 15V 20 20 I'A 

Digital "a" Enable Current I'NLIENI VEN =0.4V 20 20 I'A 

Positive Supply Current 1+ 
All Digital Inputs Logic 
"O"or"I" 

15 15 mA 

Negative Supply Current 1-
All Digital Inputs 

LogiC "a" or "I" 
5 5 mA 

ELECTRICAL CHARACTERISTICS at V+ = 15V, V-= -15V and -25°C:S TA:S +85°C for MUX-08EQ, FQ and 
MUX-24EQ, FQ; O· C:S TA:S +70· C for MUX-08EP, FP and MUX-24EP, FP, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

"ON" Resistance RON Vs $10V, Is $ 200I'A 

ARoN With Applied Voltage ARoN -10V $ Vs $10V, Is = 2OOl'A 

RON Match Between Switches RON Match Vs = OV, Is = 200"A 

Analog Voltage Range VA (NoteS) 

Source Current (SWitch "OFF") Is (OFF) Vs= 10V, Vo =-10V (Notes 1, 7) 

Drain Current (Switch "OFF") 1010FFI 
Vs= 10V, Vo =-10V 
(Notes 1, 7) 

Leakage Current (Switch "ON") 1010NI Vo= 10V (Notes 1, 7) 
+ISIONI 

Digital "1" Input Voltage V1NH (NoteS) 

Digital "0" Input Voltage V,NL (NoteS) 

Digital Input Current liN V,N = O.4V to 15V 

Digital "0" Enable Current 'INL(EN) VEN = O.4V 

Positive Supply Current 1+ 
All Digital Inputs Logic 
"O"or"I" 

Negative Supply Current 1-
All Digital Inputs 
LogiC "0" or "1" 

NOTES: 
1. Conditions applied to leakage tests insure worst case leakages. Exceed

ing l1V on the analog input may cause an "OFF" channel to turn "ON". 
2. RL = 10Mil, CL = 10pF. 
3. Crosstalk is measured by driving channel 8 with channel 4 "ON". 

RL = 1 Mil, C L = 10pF, Vs = 5V RMS, f = 500kHz. 

MUX-DSEI MUX-OSFI 
MUX-24E MUX-24F 

MIN TYP MAX MIN TYP MAX UNITS 

400 500 il 

1.5 4.5 % 

10 15 % 

+10 +10.4 +10 +10.4 
-10 -15 -10 -15 

V 

10 10 nA 

MUX-08 100 100 
nA 

MUX-24 50 50 

MUX-OB 100 100 
nA 

MUX-24 50 50 

2 2 V 

O.B O.B V 

20 20 "A 

20 20 I'A 

15 15 mA 

5 5 mA 

4. "OFF" isolation is measured bydriving channelB with ALL channels "OFF". 
RL = lkil, C L = 10pF, Vs= 5V RMS, f=500kHz. Cos is computed from the 
OFF isolation measurement. 

5. Sample tested. 
S. Guaranteed by leakage current and RON tests. 
7. Leakage tests are performed only on military temperature grades at 125° C. 
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______ ~~ MUX-08/MUX-24 8-CHANNEL/DUAL 4-CHANNEL JFET ANALOG MULTIPLEXERS 

DICE CHARACTERISTICS (125° C TESTED DICE AVAILABLE) 

MUX-24 

DIE SIZE 0.090 X 0.061 Inch, 5490 sq. mill 
(2.286 X 1.549 mm, 3542 sq. mm) 

1. AD 9.58 
2. ENABLE 10. S7 
3. V- (SUBSTRATE) 11. S6 
4. S1 12. S5 
5. S2 13. V+ 
6. S3 14. GND 
7. S4 15. A2 
8. DRAIN 16. A1 

For additional DICE information refer to 
1986 Data Book, Section 2. 

1. AO 9.DRAINB 
2. ENABLE 10. S4 B 
3. V- (SUBSTRATE) 11. S3 B 
4. S1 A 12. S2 B 
5. S2A 13. S1 B 
6. S3A 14. V+ 
7. S4A 15. GND 
8. DRAIN A 16. A1 

WAFER TEST LIMITS at V+ = 15V, V- = -15V, TA= 25°C, unless otherwise noted. (Note 1) 

MUX-OS/ MUX-OS/ MUX-oS/ 
MUX-24NT MUX-24N MUX-24G 

PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT 

"ON" Resistance RON 
Vs ~ OV. 300 300 400 
Is ~ 200~A TA~ 125'C 400 

Digital "1" Input Voltage V 1NH (Note 2) 

Digital "0" Input Voltage V'NL (Note2) 0.8 0.8 0.8 

Digital "0" Input Current V'N~ 0.4V 
10 10 10 

IINL 
TA~125'C 20 

Digital "0" Enable Current 
10 10 10 

IINL(ENI V'N~ 0.4V 
TA~125'C 20 

Positive Supply Current 
1+ 

12 12 12 
(All Digital Inputs Logic "0") TA~125'C 15 

Negative Supply Current 3.8 3.8 3.8 
(All Digital Inputs Logic "0") 

1-
TA~ 125'C 5 

Analog Input Range VA (Note 2) ±10 ±10 ±10 

NOTE: 

UNITS 

llMAX 

VMIN 

VMAX 

~AMAX 

~AMAX 

mAMAX 

mAMAX 

VMIN 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly mehtods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at V+= 15V, V-=-15V and TA= 25°Cfor MUX-08/24N & G, TA= 125°C for 
MUX-08/24NT, unless otherwise noted. 

MUX-OS/ MUX-OS/ MUX-OS/ 
MUX-24NT MUX-24N MUX-24G 

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL UNITS 

Switching Time tTRAN (Note 1) 1.7 1.3 2.1 p.s 

Output Settling Time ts 10V Step to 0.1% (Note 1) 2.1 1.5 1.9 ~s 

Break-Belore-Make Delay tOPEN (Note 1) 0.8 0.8 1.0 ~s 

Crosstalk CT (Note 1) 70 70 70 dB 

aRON With Applied Voltage aRON -10V" Vs ,,10V, Is ~ 200p.A 6 % 

Leakage Current (Switch "ON") IO(ON) Vo ~ 10V (Note 1) 20 0.5 0.5 nA 

Analog Input Range VA +10.4/-15 +10.4/-15 +10.4/-15 V 

NOTES: 
1. The data shown is extrapolated from measurements made on the 2. Guaranteed by leakage current and RON tests. 

packaged devices. 
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~ MUX-OS/MUX-24 S-CHANNEL/DUAL 4-CHANNEL JFET ANALOG MULTIPLEXERS 

MUX-08 MUX-24 
LOGIC STATE LOGIC STATE 

"ON" "ON" 
A2 A, AO EN CHANNEL A, AO EN CHANNEL 

X X X L NONE X X L NONE 

L L L H L L H 

L L H H 2 L H H 2 

L H L H 3 H L H 3 

L H H H 4 H H H 4 

H L L H 5 

H L H H 6 

H H L H 7 

H H H H 8 

TYPICAL PERFORMANCE CHARACTERISTICS (Applies to all grades, unless otherwise noted.) 

MUX-08 
BREAK-BEfORE-MAKE 

SWITCHING 

RL = 1kO, CL = 10pF, V" 8 = tOV 
VOLTAGE = 2V!DIV 
TIME = 20Dns/DIV 

MUX-08 
SMALL-SIGNAL SWITCHING 

WITH fiLTERING 

RL '" lMO, CL" 500pF, v, = 500mV, Va = +500mV 
VOLT AGE'" 500mV IDIV 
TIME'" 1/-1s/DIV 

NOTE: 
Top waveforms: Digital Input 5V1DIV 
Bottom waveforms: Multiplexer Output 

MUX-08 
LARGE-SIGNAL SWITCHING 

AL = lMn, Cl = 10pF, V, = -10V, Va = +10V 

VOLTAGE = 5V!D1V 

TIME = l~s/DIV 

MUX-08 
SMALL-SIGNAL SWITCHING 

WITH 21's SAMPLE TIME 

RL = lMil, CL '" 10pF, V, = -500mV, Va = +50DmV 
VOLTAGE = SOOmV/DIV 
TIME = SOOns/DIV 

13-52 

MUX-08 
SMALL-SIGNAL SWITCHING 

RL"" lMn, CL = 10pF. V, = -500mV, Va = +500mV 
VOLTAGE = 500mV!OIV 
TIME'" lps/DIV 

MUX-08 
SMALL-SIGNAL SWITCHING 

WITH fiLTERING AND 
2.51'8 SAMPLE TIME 

RL = 1Mn, CL = 500pF, V, = -500mV, Va = +500mV 
VOLTAGE = 5OOmV!OIV 
TIME = 500ns/DIV 
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-------l~ Mux-oa/MUX-24 a-CHANNEL/DUAL 4-CHANNEL JFET ANALOG MULTIPLEXERS 

TYPICAL PERFORMANCE CHARACTERISTICS (Applies to all grades, unless otherwise noted.) 
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______ -ImMUX-oa/MUX-24 a-CHANNEL/DUAL 4-CHANNEL JFET ANALOG MULTIPLEXERS 

TYPICAL PERFORMANCE CHARACTERISTICS (Applies to all grades, unless otherwise noted.) 

~ .. 
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'" '" ::> 
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" :l 
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:J: 

i 

SWITCH LEAKAGE CURRENTS 
vs TEMPERATURE 

100 

10 
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0,01 
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~VD -lOV ID{OF~ 
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ISION) + IOION} / 
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TEMPERATURE (OC) 

MUX-24 
SMALL-SIGNAL SWITCHING 

RL'" 1MO, CL = 10pF, v, = -500mV, 
V4 = +500mV 
VOLTAGE = 500mV/DIV, TIME" l~sJDIV 

MUX-24 
SMALL-SIGNAL SWITCHING 

WITH fiLTERING 
AND 2.51's SAMPLE TIME 

RL ., lM.n. CL = 500pF. v, '" -50OmV, ' 
V4 = +60OmV 
VOLTAGE = 600mV/DIV, TIME = 500n./DIV 

NOTE: 
Top waveforms: Digital Input 5V!DIV 
Bottom waveforms: Multiplexer Output 
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SUPPLY CURRENTS 
vs TEMPERATURE 
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-55 -25 0 25 50 75 100 125 
TEMPERATURE (OC) 

MUX-24 
SMALL-SIGNAL SWITCHING 

WITH fiLTERING 

RL = lMO, CL = 500pF, v, = -soOmV. 
V4 = +5OQmV 
VOLTAGE = 500mV/DIV, TIME = l,Ms/DIV 

MUX-24 
BREAK-BEfORE-MAKE 

SWITCHING 

RL'" 1kn, CL = 10pF, V1, 4 = 10V 

VOLTAGE'" 2V!DIV, TIME = 200ns/DIV 

13-54 

12 

10 

MUX-08 
SWITCH CAPACITANCES 

vs ANALOG INPUT VOLTAGE 

I),L 1 V-
I- v- '" -15V 

CDIDNJ..-:~ TA = 25°C 

-~/cDIOFF) 
I- ..... " I- ..... f-

I-

eSIOFF) ...... 

-12 -8 -4 0 4 8 12 
VA - ANALOG INPUT VOLTAGE {VOLTS} 

MUX-24 
SMALL-SIGNAL SWITCHING 

WITH 21's SAMPLE TIME 

RL" 1Mn, CL '" 10pF, V, = -500mV, 
V4 = +500mV 
VOLTAGE'" SOOmV/DIV, TIME = 5OOns/DIV 

MUX-24 
LARGE-SIGNAL SWITCHING 

RL'" tMn, CL '" 10pF, Vt '" -tOY, V4 = +10V 
VOLTAGE'" 5V/DlV, TIME ='t/.ls/DIV 

1/86, Rev. A 



-------lIEMD Mux-oa/MUX-24 a-CHANNEL/DUAL 4-CHANNEL JFET ANALOG MULTIPLEXERS 

TYPICAL PERFORMANCE CHARACTERISTICS (Applies to all grades, unless otherwise noted.) 
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BREAK-BEFORE-MAKE TEST CIRCUIT 
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V+ 
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Figure 1 ( , DENOTES MUX-24 

ENABLE DELAY TIME TEST CIRCUIT 

·S18 +15V 
S2A, S28 
S3A, S38 
S4S, S4A 

V+ 

NC(DB) S1 (SlA) -1V 

EN 

A2(Ne) 52-SB 
(.) 

A1 

LOGIC Vo INPUT 

5Of! 

-=- -=- -=-
Figure 2 

( I DENOTES MUX-24 

13-55 

(MUX-24) 

1-.... ---1 ...... -oVO 

Figure 3 ( ) DENOTES MUX-24 

CROSSTALK MEASUREMENT CIRCUIT 

Figure 4 

CHANNEL 4(4A) IS ON 

+5V 

+15V • SlA, S2A 

V+ 

EN 

NC(Da) 

S4A 
S1B-S4a 

S1-871------, 
(.) 

+D.4V A2(NC) 

+5V A1 
MUX-08 

AD (MUX·24) 

( ) DENOTES MUX-24 

Vo 

50f! 
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--------l~ Mux-oa/MUX-24 a-CHANNEl/DUAL 4-CHANNEL JFET ANALOG MULTIPLEXERS 

A_C. TEST CIRCUITS 

OFF-ISOLATION MEASUREMENT CIRCUIT 

Figure 5 

ALL CHANNELS 

+15V " S1A. S2A 
S4A 
818-848 

ARE OFF V+ 

+O.4V EN 

NeIDS) 

A2INC) 

AI 

SI-871-------, 

1-' 

I-_ ...... --ovo 

{ , DENOTES MUX-24 

SWITCHING TIME WAVEFORMS 

SWITCH 
OUTPUT 
Vo 

(SEE FIG. 1) 

SWITCH 
OUTPUT 
Vo 

(SEE FIG. 2) 

SWITCH 
OUTPUT 
Vo 
(SEE FIG.3) 

LOGIC INPUT 

50" 

13-56 

APPLICATIONS INFORMATION 

These analog multiplexers employ ion-implanted JFETs in a 
switch configuration designed to assure break-before-make 
action. The turn-off time is much faster than the turn-on time 
to guarantee this feature over the full operating temperature 
and input voltage range. Fabricated with Bipolar-JFET pro
cessing, special handling as required with CMOS devices, is 
not necessary to prevent damage to this multiplexer. Because 
the digital inputs only require a 2.0V logic "1" input level, 
power-consuming pull-up resistors are not required for TTL 
compatibility to insure break-make switching as is most often 
the case with CMOS multiplexers. The digital inputs utilize 
PNP input transistors where input current is maximum at the 
logic "0" level and drops to that of a reverse-biased diode 
(about 10nA) as the input voltage is raised above ~ 1.4V. 

The "ON" resistance, RON, of the analog switches is constant 
over the wide input voltage range of -15V to +11V with 
VSUPPLY = ±15V. Higher input voltage is tolerable provided 
that some form of current limiting is employed (such as that 
of an op-amp output stage) to avoid exceeding junction 
temperature and power dissipation requirements. For normal 
operation, however, positive input voltages should be restric
ted to 11 V (or 4V less than the positive supply). This assures 
that the VGS of an "OFF" switch remains greater than its Vp, 

and prevents that channel from being falsely turned "ON". 
When operating with negative input voltages, the gate-to
channel diode will be turned on if the voltage drop across 
an "ON" switch exceeds -O.SV. While this condition will 
cause an error in the output, it will not damage the switch. In 
lab tests, the multiplexer output has been loaded with a 
0.01"F capacitor in the circuit of Figure 1. With V1 =-10V and 
Va = + 10V, the logic input was driven at a 1 kHz rate. The 
positive-going slew rate was 0.3V1 "s which is equivalent to a 
normal loss of 3mA. The negative-going slew rate was 
0.7V1"s which is equivalent to a "reverse" lossof 7mA. Note 
that when switch 1 is first turned "ON" it has a drop of -20V 
across its terminals. In spite of that fact, the current is limited 
to approximately twice its normal loss. 

CROSSTALK AND OFF-ISOLATION 

Crosstalk and off-isolation performance is influenced by 
the type of package selected. Epoxy (P) packaged devices 
typically exhibit a 12dB improvement in off-isolation 
(f = 500kHz) performance when compared to ceramic (a) 
packaged devices. Epoxy packaged devices typically exhibit 
a 15dB improvement in crosstalk (f = 500kHz) performance 
when compared to ceramic (a) packaged devices. 

SINGLE SUPPLY OPERATION OF JFET MULTIPLEXERS 

PMl's JFET multiplexers will operate from a single positive 
supply voltage with the negative supply pin at ground 
potential. The analog signal range will include ground. 

For complete single supply operation information, refer to 
application note, AN-32. 
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----------I~ Mux-oa/MUX-24 a-CHANNEL/DUAL 4-CHANNEL JFET ANALOG MULTIPLEXERS 

SIMPLIFIED MUX-08 SCHEMATIC 

v.o-----~--~--~--~--~--~--------~--------------, 

DRAIN 
--~...oOUTPUT 

(Vol 

FOR MUX ·24SWITCH PAIRSS1 - 85• 82 - Be.··· 84 - 88 ARE TURNED ON BY 

A REPROGRAMMED DECODING MATRIX AND A2 1S NO LONGER USED. 

THE COMMON ANALOG BUS IS SPLIT IN HALF TO PROVIDE (DRAIN BJ OUTPUT. 

The simplified MUX-oS/MUX-24 schematic shows that logic 
trip pOints are determined by two forward diode drops. An 
internal clamping diode between V- and ground prevents 
excessive current flow between V+ and ground in the event 
that V- becomes open circuit. The decoding matrix is 
accomplished by a programmed diode array. The switch cell 
consists of P channel JFET's with appropriate blocking 
diodes which ruggedizes the circuit's overvoltage and supply 
loss characteristics. 

PIFFERENTIAL MULTIPLEXERS 

One characteristic unique to differential multiplexers 
(MUX-24) is the ability to reject common-mode signals from 
becoming differential error signals. Common-mode rejection 
is a parameter which defines the amount of rejection in terms 
of dB. The MUX-24 exhibits a 106dB at 60Hz and 101dB at 
400Hz of CMRR using the test circuit of Figure 6. 

CMRR TEST CIRCUIT 

Figure 6 

13-57 

Vsup "'±15V 
AO=A,=OV 

EN = +5V 

X100Q 
GAIN 

CONFIGURATION 

CMRR = 20 log (va ) 
1000 X Vi 
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______ -I!EMDMUX-08/MUX-24 8-CHANNEL/DUAL 4-CHANNEL JFET ANALOG MULTIPLEXERS 

TYPICAL PERFORMANCE CHARACTERISTICS 
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MUX-16/MUX-28 
16-CHANNELjDUAL 8-CHANNEL 

JFET ANAWG MULTIPLEXERS (OVERVOLTAGE PROTECTED) 
Precision Monolithics Inc 

FEATURES 

• JFET Switches Rather Than CMOS 
• Highly Resistant To Static Discharge Damage 
• No SCR Latch-up Problems 
• Low "ON" Resistance - 2900Typlcal 
• Low Leakage Current 
• Digital Inputs Compatible With TTL and CMOS 
• Break-Before-Make Action 
• 1250 C Temperature-Tested Dice Available 
• Overvoltage Protected 
• Supply Loss Protection 
• MUX-16 Pin Compatible With DGS06, HI-506A, AD7506 
• MUX-28 Pin Compatible With DG507, HI-507A, AD7507 

ORDERING INFORMATIONt 

25°C PACKAGE TEMPERATURE 
RESISTANCE HERMETIC DIP LCC RANGE 

2900" MUX16AT MIL 
2900 MUX16ET INO 
4000- MUX16BT MUX16BTC/883 MIL 
4000 MUX16FT INO 
2900" MUX28AT MIL 
2900 MUX28ET INO 
4000" MUX28BT MIL 
4000 MUX28FT INO 

• For devices processed in total compliance to MIL-STO-883, add 1883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn~in. For ordering information see 1986 Data Book, Section 2. 

FUNCTIONAL DIAGRAMS 

MUX-16 

V+ 

GND 

v-

GENERAL DESCRIPTION 

The MUX-16 is a monolithic 16-channel analog multiplexer 
which connects a single output to 1 of the 16 analog inputs 
depending upon the state of a 4-bit binary address. Discon
nection of the output is provided by a logical "0" at the 
ENABLE input, thereby providing a package selection 
function. 

The MUX-28 is a monolithic 8-channel differential analog 
multiplexer configured in a double pole, 8-position (plus 
OFF) electronic switch array. A 3-bit binary input address 
connects a pair of independent analog inputs from each 
8-channel input section to the corresponding pair of inde
pendent analog outputs. Disconnection of both inputs is 
provided by a logical "0" at the ENABLE input, thereby offer
ing a package select function. 

Fabricated with Precision Monolithics' high performance 
Bipolar-JFET technology, these devices offer low, constant 
"ON" resistance. Performance advantages include low leak
age currents and fast settling time with low crosstalk to 
satisfy a wide variety of applications. These multiplexers do 
not suffer from latch-up or static discharge blow-out prob
lems associated with similar CMOS parts. The digital inputs 
are designed to operate from both TTL and CMOS levels 
while always providing a definite break-before-make action 
without the need for external pull-up resistors. For single 
8-channel and dual 4-channel models, refer to the 
MUX-08/MUX-24 data sheet. 

13-59 

EN 
A2 
A, 0--1---1 

MUX-26 

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

V+ 

GND 

V-
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--------1~ MUX-16/MUX-28 16-CHANNEL/DUAL a-CHANNEL JFET ANALOG MULTIPLEXERS 

ABSOLUTE MAXIMUM RATINGS(Ratings apply to both DICE and packaged parts, unless otherwise noted.) 

Operating Temperature Range, 
MUX-16/28-AT, BT, BTC .•••••••••••• -SS·C to +12S·C 

MUX-16/28-ET, FT ................... -2S·C to +8S·C 

Dice Junction Temperature (Tj) •••••• -6S·C to +1S0·C 
Storage Temperature Range ••••••••••• -6S·C to +1S0·C 

Power Dissipation ••••••••••••••••••••.•••••••• 1000mW 

Lead Temperature (Soldering, 60 sec) ••••••••••••• 300·C 
Maximum Junction Temperature •••••••••••••••••• 1SO·C 

V+ Supply to V- Supply •••••••••••••••••••••••••••• 36V 

Logic Input Voltage •••••••••••• (V- or -4V) to V+ Supply 
Analog I nput Voltage .... V-Supply -20V to V + Supply + 20V 

Maximum Current Through Any Pin ••••••••••••••• 2SmA 

ELECTRICAL CHARACTERISTICS at Vs = ± 1SV and TA = 2S· C, unless otherwise noted. 

MUX-16A1E MUX-16B/F 
MUX-28A1E MUX-2BB/F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

"ON" Resistance RON Vs'; 10V. Is:5 200"A 290 380 400 580 0 

aRON With Applied Voltage aRON -10V:5 Vs:5 10V. Is = 200"A 1.5 5 1.5 % 

RON Match Between Switches RON Match Vs = OV, Is = 2OOl'A 15 9 20 % 

Analog Voltage Range VA 
+10 +11 +10 +11 

(Note6) 
-10 -15 -10 -15 

V 

Source Current (Switch "OFF") IS (OFF) Vs = 10V, Vo = -10V (Note I) 0.01 0.01 2 nA 

Drain Current (Switch "OFF") lo(OFF} Vs= 10V, Vo =-10V (Note I) 
MUX-16 0.2 0.2 2 
MUX-28 0.1 0.1 2 

nA 

Leakage Current (Switch "ON") 
lo(ON} 

Vo= 10V (Note I) 
MUX-16 0.2 0.2 2 

+ls(ON} MUX-28 0.1 0.1 2 
nA 

Digital Input Current liN VIN = O.4V to 15V 10 10 I'A 

Digital "0" Enable Current I'NL(EN} VEN = O.4V 4 10 4 10 I'A 

Digital Input capacitance CO'G 3 3 pF 

Switching Time tTRAN 
(Notes 2, 5) Figure 1 

1.7 2.0 2.2 2.5 
(Test Circuits) I'S 

10V Step to 0.10% 1.5 1.9 
Output Settling Time ts 10V Step to 0.05% 1.7 2.1 I'S 

10V Step to 0.02% 2.5 2.7 

Break-Before-Make Delay tOPEN Figure 3 0.7 I'S 

Enable Delay "ON" tON lEN) 
(Note 5) Figure 2 

2 1.2 2.5 I'S (Test Circuits) 

Enable Delay "OFF" 
(Note 5) Figure 2 MUX-16 0.25 0.5 0.25 0.5 

tOFF (EN) (Test Circuits) MUX-28 0.25 0.5 0.25 0.6 1'8 

"OFF" Isolation ISOOFF 
(Note 4) Figure 4 

66 66 dB 
(Test Circuits) 

Crosstalk CT 
(Note 3) Figure 5 

75 75 dB 
(Test Circuits) 

Source CapaCitance CSIOFF) 
Switch "OFF", 

2.5 2.5 pF 
Vs=OV, Vo=OV 

Drain Capacitance COIOFF) 
Switch "OFF", MUX-16 13 13 
Vs=OV, Vo=OV MUX-28 8 8 

pF 

Input to Output Capacitance COSIOFF) (Note4) 0.15 0.15 pF 

Positive Supply Current V+= 15V 
MUX-16 15 19 9 19 
MUX-28 15 19 8 19 

(All Digital Inputs 1+ 
MUX-16 12 8 

mA 
Logic "0" or "I") V+=5V 

MUX-28 12 7 

Negative Supply Current 
MUX-16 5 7 3.5 

V-=-15V 
MUX-28 5 7 3 

(All Digital Inputs 1-
MUX-16 4 3 

mA 
Logic "0" or "I") V-=.-5V 

MUX-28 4 2.5 

NOTES: 4. "OFF" isolation is measured by driving channel 8 (8B) with ALL channels 
1. Conditions applied to leakage tests insure worst case leakages. OFF. RL = lkO, CL = 10pF. Vs=5V RMS. f=500kHz.Coslscomputedfrom 
2. RL = 10MO. CL = 10pF. the OFF isolation measurement. 
3. Crosstalk is measured by driving channel 8 (8B') with channel 7 (7B') ON. 5. Sample tested. 

RL = 1 MO, CL = 10pF, Vs = 5V RMS, f = 500kHz. 6. Guaranteed by leakage current and RON tests. 
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______ -I~MUX-16/MUX-2a16-CHANNEL/DUAL a-CHANNEL JFET ANALOG MULTIPLEXERS 

ELECTRICAL CHARACTERISTICS at Vs = ±15V. -55°C :5 TA:5 +125°C for MUX-16AT/BT and MUX-28AT/BT; and 
-25°C:5 TA:5 +85°C for MUX-16ET/FT and MUX-28ET/FT, unless otherwise noted. 

MUX-16A/E MUX-16B/F 
MUX-28A1E MUX-28B/F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

""ON" Resistance RON Vs'; 10. Is'; 200"A 500 BOO n 
aRON With Applied Voltage aRON -10V'; Vs'; 10V. Is = 200"A 2 5.5 % 

RON Match Between Switches RON Match Vs = OV. Is = 200"A 10 15 % 

Analog Voltage Range VA (Note 6) 
+10 +11 
-10 -15 

+10 +11 
-10 -15 V 

Source Current (SWitch ""OFF"") ISIOFF) Vs = 10V, Vo = -10V (Note 1) 25 50 nA 

Drain Current (SWitch ""OFF"") IOIOFF) Vs = 10V. Vo = -10V (Note 1) 75 250 nA 

Leakage Current (SWitch ""ON"") IOION) Vo = 10V (Note 1) 
+ISION) 

75 250 nA 

Digital ""1"" Input Voltage V1NH (Note B) 2 2 V 

Digital ""0"" Input Voltage V1NL (Note 6) 0.7 0.7 V 

Digital Input Current liN V,N = O.4V to 15V 20 20 "A 

Digital ""0"" Enable Current I'NL(EN) VEN = O.4V 20 20 "A 

Positive Supply Current 1+ All Digital Inputs Logic ""0"" or ""I"" 24 24 rnA 

Negative Supply Current 1- All Digital Inputs Logic ""0"" or ""I"" B.2 8.2 rnA 

PIN CONNECTIONS & TRUTH TABLES 

28-PIN HERMETIC DUAL-IN-LiNE (T-Sufflx) 

" :o! :l ;; !;! 
MUX-16 MUX-28 z 

" 
""ON"" ""ON" ""ON" 

A3 A. A1 Ao EN CHANNEL A3 A. A1 Ao EN CHANNEL A. A1 Ao EN CHANNEL 

X X X X NONE H L L H 9 
PAIR 

L L L L H H L H H 10 
X X X L NONE MUX-16BTC/883 

L L H LCC 
L L H H H L H L H 11 

(TC-Sufflx) 
H L H H L H H H 12 L H H 2 

L L H H H H H L H 13 L H L H 3 

L H L L H H H L H H 14 L H H H 4 

L H L H H H H H L H 15 H L L H 

H H H H H H H H 16 H L H H 

L H H H H H H L H 

H H H H 8 
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-------l~ MUX-16/MUX-28 16-CHANNEUDUAL 8-CHANNEL JFET ANALOG MULTIPLEXERS 

DICE CHARACTERISTICS (12S·C TESTED DICE AVAILABLE) 

1. POSITIVE SUPPLY 17. ADDRESS BIT 0 (AO) 
4. SOURCe 18 (SI8) 18. ENABLE 
5. SOURCE 15 (515) 19. SOURCE 1 (51) 
6. SOURCE 14 (514) 20. SOURCE 2 (52) 
7. SOURCE 13 (513) 21. SOURCE 3 (53) 
8. SOURCE 12 (SI2) 22. SOURCE 4 (54) 
9. SOURCE 11 (511) 23. SOURCE 5 (S5) 

10. SOURCE 10 (SI0) 24. SOURCE 8 (S8) 
11. SOURCE 9 (59) 25. SOURCE 7 (S7) 
12. GROUND 26. SOURCE 8 (S8) 

MUX-16 MUX-28 

DIE SIZE 0.109 x 0.075 Inch, 8175 oq. mil. 
(2.789 x 1.905 mm, 5274 oq. mm) 

For additional DICE Inlormatlon reler to 
1986 Data Book, Section 2. 

1. POSITIVE SUPPLY 
2. DRAIN B 
4. SOURCE 8 (S8B) 
5. SOURCE 7 (S7B) 
8. SOURCE 8 (88B) 
7. SOURCE 5 (S5B) 
8. SOURCE 4 (54B) 
9. SOURCE 3 (S3B) 

10. SOURCE 2 (S2B) 
11. SOURCE 1 (SIB) 

17. ADDRESS BIT 0 (AO) 
18. ENABLE 
19. SOURCE 1 (SIA) 
20. SOURCE 2 (S2A) 
21. SOURCE 3 (S3A) 
22. SOURCE 4 (S4A) 
23. SOURCE 5 (S5A) 
24. SOURCE 6 (88A) 
25. SOURCE 7 (S7A) 
28. SOURCE 8 (SSA) 

14. ADDRESS BIT 3 (A3) 27. NEGATIVE SUPPLY (SUBSTRATE) 12. GROUND 27. NEGATIVE SUPPLY (SUBSTRATE) 
15. ADDRESS BIT 2 (A2) 
18. ADDRESS BIT 1 (AI) 

28. DRAIN 15. ADDRESS BIT 2 (A2) 28. DRAINA 
16. ADDRESS BIT 1 (AI) 

WAFER TEST LIMITS at V+ = 15V, V- = -15V, TA = 25·C, unless otherwise noted. 

MUX-16! MUX-16! MUX-16! MUX-16! 
MUX-28NT MUX-28N MUX-28GT MUX-28G 

PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT 

"ON" Resistance 
Vs=OV, TA =25°C 380 380 580 580 

RON IS = 200l'A TA = 125°C 540 800 

Digital "I" Input VOltage VINH 2 2 2 

Digital "0" Input VOltage V1NL 0.8 0.8 0.8 0.8 

Digital "0" Input Current IINL V1N = 0.4V 20 10 20 10 

Digital "0" Enable Current IINLIEN) VEN=0.4V 20 10 20 10 

Positive Supply Current 
1+ 24 19 24 19 

(All Digital Inputs Logic "0") 

Negative Supply Current 
1- 8.2 8.2 7 

(All Digital Inputs Logic "0") 

Analog Input Range VA (Note 3) ±10 ±10 ±10 ±10 

NOTE: 

UNITS 

OMAX 

VMIN 

V MAX 

I'AMAX 

I'AMAX 

mAMAX 

mAMAX 

VMIN 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging Is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS for V+ = 15V, V-=-15Vand TA = 25·C, unless otherwise noted. 

MUX-16! MUX-16! MUX-16! MUX-16! 
MUX-28NT MUX-28N MUX-28GT MUX-28G 

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Switching Time ITRAN (Note 2) Figure 1 2 2.6 1.5 

Outpul Settling Time ts 10V Slep 10 0.1% (Nole 2) 2.5 1.5 2.9 1.9 

Break-Before-Make Delay tOPEN (Nole 2) Figure 3 (Test Circuits) 0.8 0.8 

Crosstalk CT (Note 2) Figure 5 (Test Circuits) 70 70 70 70 dB 

ARON With Applied Voltage ARON -10V" Vs" 10V, Is = 200I'A 1.5 1.5 1.5 1.5 % 

Leakage Current (Switch "ON") 10 ION) Vo = 10V (Nole 2) 20 0.2 20 0.2 nA 

Analog Input Range VA (Note 3) 
+11 +11 +11 +11 
-15 -15 -15 -15 

V 

NOTES: 2. The data shown is extrapolated from measurements made on the 
1. For MUX-16/28NT and MUX-16/28GT electrical characteristics apply at packaged devices. 

25°C and 125°C, unless otherwise noted. 3. Guaranteed by RON and leakage current tests. 
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-------I~ MUX-16/MUX-2a 16-CHANNEL/DUAL a-CHANNEL JFET ANALOG MULTIPLEXERS 

TYPICAL PERFORMANCE CHARACTERISTICS (apply to all grades. unless otherwise noted.) 

500 

"ON" RESISTANCE (RON) 
VI ANALOG VOLTAGE (V A) 

IS= +2001JA MUX-16/28 B, F 

4OO1-+-++-+-r-t-t--t--r--! 

IS = +200pA MUX-16128 A, E 
§ ~o~+-+-t~~t-~-r~--~ 
z 
.f 

2001--t-+-+---j-+-+--+--+-f--I 

v+ = +15V 

1001--t-+-+---j-+-+ V-=-15V -
TA =2SOC 

OL-~~~~ __ ~~~~~~ 
-10 -6 -2 0 2 

VA (VOLTS) 

10 

RON VI TEMPERATURE (T) 
600 

,-vi.+J5V ~ux.16/28IB.F r-v- =-15V ,/ 
,..TA -25"c 

V 
500 

,/ "",," 

,/ V 
§ 400 

J /"" ,/ MUX-l6/28 A,E 

: ....... ,/ 
300 

200 
y 

TEMPERATURE (OCI 

SWITCH LEAKAGE CURRENTS 
VI TEMPERATURE 

100 ~v+ +15V 
V = -15V 

'OIONI +::::; 

10~~~~~~~~~'~SI~ON~'~~~ ~ 'oIOFFI=>"~~ 

"O~ ••• II. v~ 
0.1 ~! .. ~~~'~"'~"~'·!~"~'SiIO~F~FI~=~~ 

0.01" .f ..... 
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TEMPERATURE 1°C) 

§ 
z 
0 

0: 

RON VI SWITCH VOLTAGE (VSD) 
600 

V~.+j5V 
500 

v-= -15V MUX-16/28 B, F 
TA ;25"C 

.J...1" 
400 V 

,/ MUX-~8A.E 
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.... ~ I-"'" 
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~ 

200 

100 
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10 

1 

MUX-16 SWITCH LEAKAGE 
CURRENTS VI ANALOG 

INPUT VOLTAGE (VAl 

_V+ +15V 
v- - -15V 

-TA -25"C 

'0 10FFI = 
I 

........... 'SIOFFI= 

'OIONI§ 
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c 
So 

RON VI SWITCH CURRENT (Is) 
600 

I-- vi= +,Jv 
V-"'-15V MUX-16/28 B. F I-- TA = 25"C 

.........r 
500 

./ 

..,../ MUX·16/28 A, E 

V ------~O 

200 

100 
-2000 -1000 1000 2000 

1.0 
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MUX-28 SWITCH LEAKAGE 
CURRENTS vs ANALOG 

INPUT VOLTAGE (VM 

V+ = +15V 
v- - 15V 
TA = 25°C 

ffi a: 0.1 10(OFF) 
0: 

8 
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g ...... 
"'- 'SCOFF) 

~ 0.01 
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0.001 
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26 

24 
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16 
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o 

ANALOG INPUT VOLTAGE (VA) 

SWITCH CAPACITANCES VI 

ANALOG INPUT VOLTAGE (VA) 

V~' .',5V ~JJ CoIO/ v- '" -15V 
I--T A = 25"C 

+--t-'1 loL, 
lJ- 0f;/ 

7~~ J--t-::: -c;; ONI 

~ux.2l _ ...... 
Col FFI 

I I CS(OFF) 
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ANALOG INPUT VOLTAGE (VAl 
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-------t1fMD MUX-16/MUX-2a 16-CHANNEL/DUAL a-CHANNEL JFET ANALOG MULTIPLEXERS 

TYPICAL PERFORMANCE CHARACTERISTICS (apply to all grades, unless otherwise noted,) 

1 '40 

" 

MUX-16 
OFF PERFORMANCE OF 

CHANNEL 8 

... 120 r"'-H-ttffilt-I-tt-tttttt-t++ 

! 100 H-H'I'!O!ft""lod-ttttllHI-tt+tlltt-1-H1-IttHI 
" is 
!5 80 

i 8O~HH~lt-rHTm~~~~~H#ffi 
~ 40 CR~T:vL~M~~ ~~:(~W~~~ i~~' 
I 300G,VEN =+5V 

~ 20 OF~L l~l~~~~O:s ~L5~ ~k~S. 
~ .L-~VUEN~·~+~·'_~~~~~UW~LLWllW 

lk 10k lOOk 1M 10M 
FREQUENCY (Hz) 

§ 140 

" ..I 120 

~ ... 100 

" is 
~ 80 

5 60 

~ .. 
~ 40 
I 

" > 2. 
+ 
>'" • 

MUX-28 
OFF PERFORMANCE OF 

CHANNEL 8 

CROS~T~LK (PIN ~~, G~O,u,~~:~b), UJIIIll 
I I OFF ISOLATION (PIN #3 

r-... GROUNDED) I I II 
CROSSTALK (PIN #3 

~ 
FLOATING)-

t-... 
r-... v+ = 15V I'-.. r-v- = -15V 

TA ~,~tC 
..... 

v 
OFF ISOLATION (PIN #3 FLOATING) 
m-~"OSSTA'K' ",,1M", C,'''pF, 'S'" 

RMS, RONtSWITCH#7B)=300U, VEN"'+5V 
OFF ISOLATION: RL=1Kn, CL=10pF, 

VS=5V RMS, V EN = +O.4V ,. 10k lOOk 1M 10M 
FREOUENCY (Hz) 

MUX·16 DYNAMIC CHARACTERISTIC CURVES 

SMALL·SIGNAL SWITCHING 

RL = lMn, CL '" 10pF~ v, = -500mV, 
V16 '" +500mV 

SMALL-SIGNAL SWITCHING 
WITH FILTERING AND 

21'S SAMPLE TIME 

NOTE: 
Top Waveforms: Digital Input 5V/Div 
Bottom Waveforms: Multiplexer Output (Vo) 

SMALL·SIGNAL SWITCHING 
WITH FILTERING 

RL = lMn, CL = 500pf, v, = -500mV, 
V16 "" +5OOmV 

BREAK·BEFORE-MAKE 
SWITCHING 

R(" lkn, CL = 10pF. V, =V16 =+10V 

13-64 

DIGITAL INPUT BIAS 
CURRENTSvsTEMPERATURE(T) 

v1, +\.v 
v- = -15V 
V EN = O.4V 

....... 
...... , 

........ 
r-.... 

r---.. 
NOTE: IINL (EN) PLOTTED SINCE OTHER -

DIGITAL INPUT CURRENTS ARE _ 

o 
-flO 

I ILESi' I I I I I I 
-20 0 20 60 100 

TEMPERATURE (OC) 

SMAI,.L-SIGNAL SWITCHING 
WITH 21'S SAMPLE TIME 

RL = 1MO, CL '" 10pF, V1 '" -700mV. 
V16 = +700mV 

LARGe:~SIGNAL SWITCHING 

Rt'" 1MO, CL '" 10pF, V, = -1OV, V16 = +1OV 

140 
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--------1~ MUX-16/MUX-26 16-CHANNEL/OUAL a·CHANNEL JFET ANALOG MULTIPLEXERS 

MUX-28 DYNAMIC CHARACTERISTIC CURVES 

SMALL-SIGNAL SWITCHING 

RL'" lMn. CL = lOpF. v, '" -500mV, Va" +500mV 

SMALL-SIGNAL SWITCHING 
WITH fiLTERING 

AND 2.5,,1 SAMPLE TIME 

SMALL-SIGNAL SWITCHING 
WITH fiLTERING 

RL = 1Mn., CL '" 500pF, v, '" -500mV, Va = +500mV 

BREAK-BEfORE-MAKE 
SWITCHING 

I T r 

SMALL-SIGNAL SWITCHING 
WITH 2,,1 SAMPLE TIME 

RL = lMn, CL = lOpF, v, '" -700mV, Va =:; +700mV 

LARGE-SIGNAL SWITCHING 

1.- j [ i, I 
f----T I I [ 

RL = 1Mn, CL = 500pF, v, = -700mV, Va = +70OmV 

NOTE: 
Top Waveforms: Digital Input 5V/Div 
Bottom Waveforms: Multiplexer Output (Vo) 

~ 11_1zmJ 
RL = 1KO, CL = 10pF, v, = Va =+10V 

Rl = lMn. CL = lOpF, v, = -1OV, Va '" +10V 

TYPICAL PERFORMANCE CHARACTERISTICS (apply to all grades, unless otherwise noted.) 
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3.0 
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o 
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140 
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______ -tmMUX-16/MUX-261S-CHANNELlOUAL a-CHANNEL JFET ANALOG MULTIPLEXERS 

A.C. TEST CIRCUITS 

TRANSITION TIME TEST CIRCUIT 

+5V 

+15V 

V+ 
EN MUX·16 

(MUX-28) 

NeIDB) S,IS1A} 

A3(NC) 52-815 

A2 (~~~=~~I--O------' 

Figure 1 

LOGIC 
INPUT 

A' ',.lseAI 

r---6--~ AO OIOAI 

RL CL 
'0 1 '0 
Mn pF 

( ) DENOTES MUX-28 CONNECTIONS 

ENABLE DELAY TIME TEST CIRCUIT 

+15V 

V+ 

.------1 EN (~~~~~) 

NelDal S,(SlAI 
A3(NC) 

82 -5,6 

fs~~~;)I---O---, 

LOGIC 
INPUT 

Figure 2 

OIOBII-~--, 

RL CL 
, '0 
kn Ipf 

-=- -= 
( ) DENOTES MUX·28 CONNECTIONS 

BREAK-BEfORE-MAKE TEST CIRCUIT 

+15V 

V+ 
+5V EN MUX·16 8, 

(MUX-281 
Vl,16 

Ne(Del 
',.lseAI 

A3(NC) 

A2 
52-8,5 

A' (~~~j~~) 
Vo 

AO OIOAI 

AL CL 
LOGIC , '0 
INPUT kG ,JPF 

-: -: -: -: 

Figure 3 ( ) DENOTES MUX·28 CONNECTIONS 

SWITCHING TIME WAVEfORMS 

V., 
0.8 VS1 

SWITCH 
OUTPUT 
Vo 

(SEE FIGURE 1.) 

SWITCH 
OUTPUT 
Vo 

(SEE FIGURE 2.' 

SWITCH 

O..-_-+-"'\ 
0.1 Vo 

0.9 Vo 
Va 
V8 

Vor---I..., 

OUTPUT 50% 
Vo 

(SEE FIGURE 3.) 

3.SV 

LOGIC INPUT 50% 
(Ax. En) 

Off ISOLATION TEST CIRCUIT 

+15V 
IVsl 

ISOOFF = 20 log -
IVol ALL CHANNELS 

ARE OFF 
NelDA) V+S:.!.s~'I-_____ -' 

Figure 4 
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EN (Wl.~~) 
A3 

MUX-16 
A2 (MUX·28) 

A' 
AO 

r-~~---IseI88BI 

( ) DENOTES MUX·28 CONNECTIONS 

Vo 
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-------I~ MUX-16/MUX-2a 16-CHANNEL/DUAL a-CHANNEL JFET ANALOG MULTIPLEXERS 

CROSSTALK MEASUREMENT CIRCUIT 

Figure 5 

CHANNEL 
7 IS ON 

+15V 

V' 

IVsl 
CT = 20 log -

IVol 

EN s:~s~~I--------, 
(~~) (~~~j~~) 
A3(NC) 

A2 

A' 
AO 

MUX·16 
(MUX·28) 

Vo 
0(0811---.--_._-0 

( I DENOTES MUX·28 CONNECTIONS 

APPLICATIONS INFORMATION 
These analog multiplexers employ ion-implanted JFETs in a 
switch configuration designed to assure break-before-make 
(B.B.M.) action. The turn-off time is much faster than the 
turn-on time to guarantee B.B.M. over the full operating 
temperature and input voltage range. Fabricated with JFET 
processing rather than CMOS, special handling is not 
necessary to prevent damage to this multiplexer. Because the 
digital inputs only require a 2.0V logic "1" input level, power
consuming pullup resistors are not required for TTL compat
ibility to insure break-before-make switching as is most often 
the case with CMOS multiplexers. The digital inputs utilize 
PNP input transistors where input current is maximum at the 
logic "0" level and drops to that of a reverse-biased diode 
(about 10nA) as the input voltage is raised above ~ 1.4V. 

The "ON" resistance, RON of the analog switches is constant 
over the wide input voltage range of -15V to +11V with 
VSUPPLY= ± 15V. The overvoltage and supply-loss V-I charac
teristics shown indicate typical performance when the multi
plexer is subjected to abnormal signals. For normal operation, 
however, positive input voltages should be restricted to 11V 
(or4V less than the positive supply). Thisassures that the VGS 
of an OFF FETswitch remains greater than its Vp, preventing 
that channel from being falsely turned ON. 

When operating with negative input voltages, the gate-to
channel diode will be turned on if the voltage drop across an 
ON switch exceeds -0.6V. While this condition will cause an 
error in the output, it will not damage the switch. In lab tests, 
the multiplexer output has been loaded with a O.D1I'F capaci
torinthecircuit of Figure 1. With V, =-10Vand V,s=+10V, the 
logic input was driven at a 1 kHz rate. The positive-going slew 
rate was 0.3V1I'Sec which is equivalent to a normal loss of 
3mA. The negative-going slew rate was 0.7V1l'sec which is 
equivalent to a "reverse" loss of 7mA. Note that when switch 
one (1) is first turned ON it has a drop of -20V across its 
terminals. In spite of that fact, the current is limited to 
approximately twice its normal loss. 

13-67 

OVERVOLTAGE MEASUREMENT TEST CIRCUIT 

V' 

.-----lNC(DBI 8,-8,51-----, 

'M" 

A3(NCI (~~~j~~) 
A2 

A, 
AO 

'M" -=- -=- VA 

J-J, 
() DENOTES MUX·28 CONNECTIONS 

OVERVOLTAGE V-I CHARACTERISTIC 

20 vl=+,15v 
v-= -15V 

15 ~!~ ;;05; +-+-+-+-1-+-+--1 

~~ 
'Ol-+--t--t-f-+-+--ft--+-t--i 

1 I 

u 
VPOSITIVE VA CURVE: E=-15V 

NEGATIVE VA CURVE: E = +lDV 

-~~~~~~~~-~'O~~O~'O~~~~~~~· 
VA (VOLTS) 

SUPPLY-LOSS V-I CHARACTERISTIC 

20 

LLot 
VEN =ov ,. TA = 25°C 
E = -TOV -V-'0 

I 
IJ 

./ 

-. 
-10 --8 -6 -4 2 2 4 6 8 10 
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-------l~ MUX·16/MUX·28 16·CHANNEL/DUAL 8·CHANNEL JFET ANALOG MULTIPLEXERS 

SIMPLIFIED SCHEMATIC (MUX-16) 

" 
V+O-----~--~--~---,---,--_1~------~~--------------_. 

t I 

V-

DRAIN ----+""'.0 OUTPUT 

DECODING 
MATRIX 

( 
( 
( 

(Vol 

~>-----+-----J 
FOR MUX-28 SWITCH PAIRS 8, - Sg. ~ - 510 ••.. 88 - 816 ARE TURNED ON BY 
A REPROGRAMMED DECODING MATRIX AND A3 IS NO LONGER USED. 

THE COMMON ANALOG BUS IS sPLIr IN HALF TO PROVIDE (DRAIN B) OUTPUT. 
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MUX-88 
8-CHANNEL ANALOG MULTIPLEXER FOR PCM CODECS 

(OVERVOLTAGE PROTECTEDj 
Precision MonolIthics Inc 

FEATURES 
• Compatible with Standards for Noise and Crosstalk In 

Telephony Systems 
• Pin Compatible with DG508. HI-508A. LF11508 
• JFET Switches Rather Than CMOS 
• Low "ON" Resistance - 2200 Typical 
• Low Output Leakage Current - 100nA Max 
• Digital Inputs Compatible with TTL and CMOS 
• Input Overvoltage and Supply Loss Protected 

ORDERING INFORMATIONt 

MODEL TEMP RANGE 

400n 
520n 

MUX-88EQ 
MUX-88FQ 

INO 
INO 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

FUNCTIONAL DIAGRAM 

ENABLE A2 A1 AD 

v+ 

GND 

v-

DRAIN sa 01 S6 S5 S4 S3 S2 81 
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GENERAL DESCRIPTION 
The MUX-88 is a monolithic eight-channel analog multiplexer 
ideally suited to shared-channel PCM CODEC systems. 
One-of-eight channels is selected upon the decoding of a 3 bit 
binary address. An enable input (En) disables all switches 
when logic low providing package select. All logic control 
inputs have true TTL input compatibility eliminating the need 
for pull-up resistors necessary for some CMOS equivalent 
products. 

Fabricated with Precision Monolithics' high performance 
Sipolar-JFET technology, this device offers low "ON" resis
tance, low leakage, fast settling time and excellent crosstalk 
isolation (98dS @ 20kHz). These characteristics make this 
device suitable for meeting system level communication 
requirements in shared-channel PCM CODECs. 

Additional ruggedization results from built-in overvoltage, 
supply loss, and latch-up free circuit characteristics. 

PIN CONNECTIONS 

TOltVIEW 
16-It'N HERMETIC DUAL-tN-UNE 

(O-Sufftx) 

TRUTH TABLE 

t'ON" 

At A1 AO EN CHANNEL 

X X X L NONE 

L L L H 

L L H H 2 

L H L H 3 

L H H H 4 

H L L H 5 

H L H H 6 

H H L H 7 

H H H H 8 
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---------f~ Mux-aa a-CHANNEL ANALOG MULTIPLEXER FOR PCM CODECS 

ABSOLUTE MAXIMUM RATINGS (TA = 25·C, unless otherwise noted) 

Operating Temperature Range, 
MUX-88EQ, FQ .........•............. -25· C to +85· C 

Storage Temperature Range ........•.. -65·C to +150·C 
Power Dissipation ..................•........... 500mW 

Derate above 100· C ..........•.•........... 10mW/· C 
Lead Temperature (Soldering, 60 sec) ............. 300· C 

V+ Supply to V- Supply. . . . . . .. . . . . . . ••• .. .• . . . . . .. 36V 
V+ Supply to Ground ..................•............ 18V 
Logic Input Voltage (Note 5) ........... (V- or -4V) to V+ 
Analog Input Voltage .... V-Supply-20Vto V+ Supply +20V 
Maximum Current Through Any Pin .•...•......... 25mA 

ELECTRICAL CHARACTERISTICS for V+ =-15V and -25·C:S TA:S 85·C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

"ON" Resistance Vs=OV.ls=200I'A 

.lRON With Applied Voltage -10V'; Vs'; 10V. Is = 200I'A 

RON Match Between Switches RON Match 

Source Current (Switch "OFF") ISIOFF) Vs = 10V. Vo = -10V. (Note 1) 

Drain Current (Switch "OFF") IOIOFF) Vs = 10V. Vo = -10V. (Note 1) 

Leakage Current (Switch "ON") IOION)+ ISION) Vo = 10V. (Note 1) 

Digital "1" Input Voltage vlNH (Note 5) 

Digital "0" Input Voltage 

Digital Input Current 

Digital "0" Enable Current 

Positive Supply Current 

Negative Supply Current 

Switching Time 

Output Settling Time 

Break-Belore-Make Delay 

Enable Delay "ON" 

Enable Delay "OFF" 

"OFF" Isolation 

Crosstalk 

I'NLIEN) 

1+ 

1-

ts 

tOPEN 

tONI EN) 

tOFFIEN) 

ISOOFF 

CT 

(Note 5) 

VIN = 0.7V to +5V 

All Digital Inputs Logic "0" 

All Digital Inputs Logic "0" 

Figure 1. (Note 2) 

10V Step 0.10% 
10V Step 0.05% 

10V Step 0.02% 

(Note 4) 

(Note 3) 

Source Capacitance CSIOFF) Switch "OFF". Vs = OV. Vo = OV 

Drain Capacitance COIOFF) Switch "OFF". Vs = OV. Vo = OV 

Input to Output Capacitance COSIOFF) (Note 4) 

NOTES! 
1. Conditions applied to leakage tests Insure worst case leakages. Exceed

Ing l1V on the analog input may cause an "OFF" channel to turn "ON". 
2. Sample tested. The measurement conditions 01 Figure 1 Insure worst case 

transition time. 
3. Crosstalk Is measured by driving channel 8 with channel 4 ON. 

RL = 1 MO. CL = 10pF. Vs = 5V RMS. I = 20kHz. (See Figure 2) 
4. OFF isolation is measured by driving channel 8 with ALL channels OFF. 

RL = lkO. CL = 10pF. Vs= 5V RMS. f = 20kHz. Cos is computed from the 
OFF isolation measurement. 

5. Guaranteed by RON and leakage current testing. For normal operation 
maximum analog signal voltages should be restricted to less than 
(V+) -4V. 

DICE 

For applicable DICE information see MUX~8/MUX-24 data sheet. 

13-70 

MUX-88E MUX-88F 
MIN TVP MAX MIN TVP MAX UNITS 

400 520 0 

1.5 4.5 % 

25 30 0 

10 10 nA 

100 100 nA 

100 100 nA 

2 V 

0.8 0.8 V 

20 20 I'A 

20 20 I'A 

15 15 mA 

5 5 mA 

1.8 2.1 2.2 2.5 I's 

1.3 1.7 

1.5 1.9 I'S 
2.3 2.5 

0.8 1.0 ,.. 
1.0 1.2 I'S 

0.2 0.2 I'S 

sa 88 dB 

98 98 dB 

2.5 2.5 pF 

7 pF 

0.3 0.3 pF 
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---------l~ Mux-aa a-CHANNEL ANALOG MULTIPLEXER FOR PCM CODECS 

TYPICAL PERFORMANCE CHARACTERISTICS 

SWITCH LEAKAGE CURRENTS 
VI ANALOG INPUT VOLTAGE 

10 

v+ +lSV 
V---15V 
TA _ +25"C 

1.0 

'OIOFFI 

0.1 
~ ..... 

IS(OFF) 

" 0.01 .I 'OIONI~ 

0.001 
-15 

1\ 
-10 -5 10 

VA - ANALOG INPUT VOLTAGE (VOLTS) 

LARGE·SIGNAL SWITCHING 

"RL = 10MO, cL = 10pF, V, =-10V, va = +10V 
Voltage = SV/Oiv, Time = 1/,6/0iv, See 
Transition Time Circuit of Figure 1. 

SMALL-SIGNAL SWITCHING 

"RL = 1MO, CL = 10pF, V, = -SOOmV, 
Vaa = +SOOmV Voltage = SOOmV/Oiv, 
Time= 1/,S/Oiv, Se. Transition Circuit of 
Figure 1. 

NOTE: 

15 

"Top Waveforms: Digital Input 5V/Div 
Bottom Waveforms: Multiplex Output 

1 
f!? 
il: 
0: 
0: 
::> 

" w 

" " '" ~ 
:t 
I:! 
~ 

SWITCH LEAKAGE CURRENTS 
VI TEMPERATURE 

100 

V+ +15V 
v- -1SV 
VS -+l0V 

10 Vo= -lOV 

'OIOFFI== .... 

0.1 

'S(OFF) 

0.01 V 'OIONI-

-55 -25 25 so 75 100 125 

TEMPERATURE (OCI 

BREAK-BEFORE-MAKE SWITCHING 

"Voltage=SOOmVlOiv, Time=SOOns/Oiv, See 
Break-Before-Make Circuit of Figure 3. 

SMALL·SIGNAL SWITCHING 
WITH FILTERING 

"RL = 1 MO, CL = SOOpF, V, = -SOOmV, 
Vaa = SOOmV Voltage = 500mVlOiv, 
Tim. = 1/,S/Oiv, Se. Transition Time 
Circuit of Figur. 1. 
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J 
w ,. 
;:: 

J 
w 

'" ;:: 

12 

10 

o 

SWITCH CAPACITANCE VI 

ANALOG INPUT VOLTAGE 

~+=~'5~ j~~ V-=-lSV 
TA'" +2SOC 

- ~ I--
~, CotOFFl 

-
... 

jS(OrFI 

-12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 

2.5 

2.0 

1.5 

1.0 

0.5 

2.5 

2.0 

1.5 

1.0 

0.5 

VA - ANALOG INPUT VOLTAGE (VOLTS) 

TRANSITION TIMES 
V8 TEMPERATURE 

V+ m +16V 
V- -15V MUX-S8F= 
AL "'lOMS'! 
Cl'" 10pF 

MUX-88E= 

-60 -25 25 60 75 100 125 

TEMPERATURE rei 

ENABLE DELAY TIME 
VI TEMPERATURE 

V+ '" +1SV MUX-BBE MUX-88F 
V---16V VSl '" +10V 

'ON VS2 "" VSS= OV MUX-88f 
RZ ~ lkn VS1 "+2V 

MUX-88E 

'oN 

MUX-88E MUX-88F 
'oFF 'oFF 

-50 -26 26 50 75 100 125 

TEMPERATURE (DC) 
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---------I~ Mux-aa a-CHANNEL ANALOG MULTIPLEXER FOR PCM CODECS 

TYPICAL PERFORMANCE CHARACTERISTICS (continued) 

OFF PERFORMANCE 
OF CHANNEL 8 RON vs SWITCH VOLTAGE (VSD) RON vs SWITCH CURRENT (Is) 

" i 
a: 

" a: 
o 

! ... ... 
o 
I 

40 CROSSTALK: 
Rt "'Mn, CL '" 10pF, Vs = +5V RMS, 
RONISWITCH 4) = 300n. 

OFF ISOLATION: 
RL'" lkil. CL = lOpF, Vs = +5V RMS 

OL-~~~~~~~~~~~~ 

600 

500 
§ 

r- V+ +15V 

r- V---15V 
f-- TA - +25cC 

1l z 

'" 400 
In 
iii 
a: 
z 300 0 
I 

~~L ~ 1 r-- D ..", 

z 
0 

a: 
200 -
100 

600 

V+ = +15V 
V-"'-15V 

50{) TA =+25"C 

MUX-88F 

MUX-88E -
§ 
w 

" z 400 
~ 
iii 
a: 
z 300 
0 
I 

f-- S MUX-80,> 

~~iIS 
.." 

f-- D 1000"" 
MUX-88E 

Z 
0 

a: 
200 

100 ,. 10k lOOk 1M 10M -800 -600 -400 -200 0 200 400 600 800 -2000-1600-1200-800-400 0 400 800120016002000 

FREQUENCY (Hz) VSD - SWITCH VOLTAGE (mV) 'S - SWITCH CURRENT (p.AI 

TYPICAL APPLICATION 

EIGHT-CHANNEL SHARED CO DEC PCM ENCODER 

2.5kn 

"::" 

CHl 

CH2 

CH3 

CH4 

WAVEFORMS CH5 

CH6 
CHANNEL INPUT ANALOG 

CH7 

MUX OUTPUT SIGNAL CH8 

SUCCESSIVE 
APPROXIMATION 
REGISTER (SARI 

DIGITAL 
OUTPUTS 

SIGN 
81T tt:1::fEESl CHORD IT~ BITS 

123456789 

-15V +15V 

l~fi: 
VREF 

+10V 

R11 

114-- l:::,:? 
12 IREF 

R12 
20kn 

SAMPLE/HOLD 5tH COMMAND ~ 
CHANNEL SELECT 

LOGIC 

SAMPLE/HOLD OUTPUT 

CROSSTALK IN PCM SYSTEMS 
In PAM or PCM systems crosstalk specifications for com
ponents, such as multiplexers, are related to overall system 
crosstalk specifications in a complex manner. Component 
specification must, of necessity, refer to the operation of 
the multiplexer in a non-sampling mode of operation. When 
rapid sequential sampling takes place, such as would be 
the case with a typical shared-channel CODEC, crosstalk 
will be caused by the off isolation properties of the 

13-72 

multiplexer as well as by storage elements on chip and PC 
card stray capacitance. For example, the capacitance has 
the effect of conferencing the channels and increasing 
crosstalk. Thus, system crosstalk in a shared-channel PCM 
CODEC is influenced by multiplexed characteristics as well 
as PC card layout and the timing relationship between the 
multiplexer and the sample-hold circuit. 
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----------I~ MUX-88 8-CHANNEL ANALOG MULTIPLEXER FOR PCM CODECS 

A.C. TEST CIRCUITS 

TRANSITION TIME 

INPUT 5VJL 
DRIVE 

OV 

EN 

A2 

+15V 

v+ 
SI 

52-87 
MUX-88 

AI S8 

AO 0 

GND -v 

-1SV 

BREAK-BEfORE-MAKE DELAY 

INPUT 5V'J'L 
DRIVE +15V 

OV 

Figure 3 

LOGIC 
INPUT .n. 

APPLICATIONS INFORMATION 

-15V 

RL = 10M,n 

Cl = lOpF 

+10V 

-10V 

These analog multiplexers employ ion-implanted JFETs in a 
switch configuration designed to assure break-before-make 
action. The turn-off time is much faster than the turn-on 
time to guarantee this feature over the full operating 
temperature and input voltage range. Because the digital 
inputs only require a 2V logic "1" input level, power-consuming 
pull-up resistors are not required for TTL compatibility to 
insure break-before-make switching as is most often the case 
with CMOS multiplexers. The digital inputs utilize PNP input 
transistors where input current is maximum at the logic "0" 
level and drops to that of a reverse-biased diode (about 10nA) 
as the input voltage is raised above ~ 1.4V. 

The "ON" resistance, RON, of the analog switches is constant 
over the wide input voltage range of -15V to +11V with 
VSUPPLY = ± 15V. Higher input voltage is tolerable provided 
that some form of current limiting is employed (such as that 
of an op-amp output stage) to avoid exceeding junction 
temperature and power dissipation requirements. For normal 

CROSSTALK MEASUREMENT CIRCUIT 

15V 

CHANNEL 4 IS ON 

-15V 

Figure 2 

Off ISOLATION MEASUREMENT CIRCUIT 

+15V 

Figure 4 

operation, however, positive input voltages should be 
restricted to 11V (or 4V less than the positive supply). This 
assures thatthe VGS of an OFF switch remains greater than its 
Vp , and prevents that channel from being falsely turned ON. 

When operating with negative input voltages, the gate-to
channel diode will be turned on if the voltage drop across an 
ON switch exceeds -0.6V. While this condition will cause an 
error in the output, it will not damage the switch. In lab tests, 
the multiplexer output load capacitor has increased to 0.01~F 
in the Transition Time circuit, Figure 1. With VS1 = -10V and 
Vss = +10V, the logic input was driven at a 1kHz rate. The 
positive-going slew rate was 0.3V/ ~sec which is equivalent to 
a normal loss of 3mA. The negative-going slew rate was 
0.7V1~sec which is equivalent to a "reverse" loss of 7mA. 
Note that when switch 1 is first turned ON it has a drop of 
-20V across its terminals. In spite of that fact, the current is 
limited to approximately twice its normal loss. 
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PrecIsion Monolithics Inc. 

FEATURES 
• Low Charge Transfer - 18pC Typ 
• Compatible with Standards for Noise and Crosstalk in 

Telephony Systems 
• Pin Compatible with DGS08, HI-S08A, LF12S08/13S08 
• JFET Switches Rather Than CMOS 
• Low "ON" Resistance - 220n Typ 
• Low Output Leakage Current - 100nA Max 
• Digital Inputs Compatible with TTL and CMOS 
• No Pull-up Resistors Required to Ensure 

Break-Before-Make Action with TTL Inputs 

ORDERING INFORMATIONt 

MODEL TEMP RANGE 

400n DMX88EO IND 

520n DMX88FO IND 

t All commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book. Section 2. 

GENERAL DESCRIPTION 
The DMX-88 is an 8-channel analog multiplexer optimized 
for minimum charge transfer, approximately 4 times lower 
than MUX-88 or MUX-08. This is important when a Multi
plexer is terminated in capacitive loads, as in shared-channel 
PCM decoder systems. Typical crosstalk at 20kHz is 98dB. 
Monolithic construction makes possible this kind of perfor
mance while keeping the price reasonable. The DMX-88 
makes use of digital logiC to select one-of-eight output 

FUNCTIONAL DIAGRAM & TRUTH TABLE 

ENABLE A2 Al AD 

v+ 

GND 

v-

s 00 ~ 00 00 ~ 00 ~ rn 
(INPUT) 

DMX-88 
8-CHANNEL ANALOG DE-MULTIPLEXER 

(LOW CHARGE TRANSFER) 

channels. In addition, there is an ENABLE input which 
permits turning OFF all channels. Using this function permits 
selection of any given circuit in a system employing multiple 
devices. 

Fabricated with Precision Monolithics' high performance 
Bipolar-JFET technology, this device offers low, constant 
"ON" resistance. In addition the multiplexer has fast settling 
times and low leakage currents necessary to satisfy the 
requirements of an 8-channel PCM DECODER. This de
multiplexer does not suffer from latch-up and is highly 
resistant to static charge blow-out problems associated with 
similar CMOS parts. The digital inputs are designed to 
operate from both TTL and CMOS levels while always 
providing a definite break-before-make action without the 
need for external pull-up resistors. 

PIN CONNECTIONS 

Az A1 AO 

X X X 

L L L 

L L H 

L H L 

L H H 

H L L 

H L H 

H H L 

H H H 

"X" = DON'T CARE 

13·74 

EN 

L 

H 

H 

H 

H 

H 

H 

H 

H 

16-PIN HERMETIC 
DUAL-IN-L1NE 

(Q-Sufflx) 

"ON" 
CHANNEL 

NONE 

2 

3 

4 

5 

6 

7 

8 
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-------------1~ DMX·aa a·CHANNEL ANALOG DE·MULTIPLEXER 

ABSOLUTE MAXIMUM RATINGS (TA = 25·C, unless otherwise noted.) 

Operating Temperature Range, 

DMX·88Ea, Fa ...................... -25·C to +85·C 

Storage Temperature Range. • • • • • • • • •• -65· C to + 150· C 

Power Dissipation •••••••••••••••••••••••••••••• 500mW 

Derate About 100·C •••••••••••••••••••••••• 10mW/·C 

Lead Temperature (Soldering, 60 sec) ••••••••••••• 300·C 

V+ Supply to V- Supply ............................ 36V 

V+ Supply to Ground ............................... 18V 

Logic Input Voltage •••••••••••• (-4V or V-) to V+ Supply 

Analog Input Voltage •••.•. V- Supply -20V to V+ Supply 

Maximum Current Through Any Pin ••••••••••••••• 25mA 

ELECTRICAL CHARACTERISTICS for V+ = 15V, V- = -15V and -25·C ~ TA ~ 85·C, unless otherwise noted. 

DMX·88E DMX·88F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

ON Resistance RON Vs ~ OV. Is ~ 200I'A 400 520 !l 

~RON With Applied Voltage ~RON -10V S Vs S 10V. Is ~ 2OOl'A 1.5 4.5 % 

RON Match Between Switches RON Match Vs ~ OV. Is ~ 200I'A 25 30 !l 

Analog Voltage Range 
10 10.4 +10 10.4 

V VA (Note 5) 
-10 -15 -10 -15 

Drain Current (Switch OFF) IO(OFF) Vs~ 10V, Vo~-10V (Note 1) 10 10 nA 

Source Current (Switch OFF) IS(OFF) Vs ~ 10V, Vo~ -10V (Note 1) 100 100 nA 

Charge Transfer Ot 
Rs ~ O. CL ~ 200pF 

18 25 18 25 pC 
V(N ~ 0 (Nole 4) 

Leakage Current (Switch ON) IO(ON)+IS(ON) Vo ~ 10V (Note 1) 100 100 nA 

Digital "I" Input Voltage V(NH (Note 5) 2 V 

Digital "0" Input Voltage V(NL (Note 5) 0.8 0.8 V 

Digital "0" Input Current IINL V(N ~ 0.7V 20 20 I'A 

Digital "0" Enable Current IINL(EN) VEN ~ 0.7V 20 20 I'A 

Positive Supply Current 1+ All Digital Inputs Logic "0" 15 15 mA 

Negative Supply Current 1- All Digital Inputs Logic "0" 5 mA 

Switching Time tTRAN Figure 3 CL ~ 10pF 0.8 1.5 I'S 

10V Step 0.10% 1.3 1.7 
Output Settling Time ts 10V Step 0.05% 1.5 1.9 I'S 

10V Step 0.02% 2.3 2.5 

Break·Belore-Make Delay tOPEN 0.8 I'S 

Enable Delay ON tON(EN) CL ~ 10pF IFigure 1) 1.2 I'S 

Enable Delay OFF tOFF(EN) CL ~ 10pF (Figure 1) 0.2 0.2 I'S 

OFF Isolation ISO (OFF) INote3) 88 88 dB 

Crosstalk CT INote2) 98 98 dB 

Drain Capacitance CO(OFF) Switch OFF, Vs ~ OV, Vo ~ OV 2.5 2.5 pF 

Source Capacitance CS(OFF) Switch OFF, Vs ~ OV, Vo ~ OV 7 pF 

Input to Output Capacitance COS(OFF) INote3) 0.3 0.3 pF 

NOTES: 
1. Conditions applied to leakage tests insure worst case leakages. Exceed-

ing ltv on the analog input may cause an OFF channel to turn ON. 
2. Crosstalk Is measured by driving channel 8 with channel 4 ON. 

RL ~ 1 M!l, CL ~ 10pF, Vs ~ 5V RMS, I ~ 20kHz. Isee ligure 2) 
3. OFF isolation is measured by monitoring channel 8 with ALL channels 

OFF. RL ~lk!l, CL ~ 10pF, Vs~5V RMS, 1~20kHz. Cosiscompuled Irom 
the OFF isolation measurement. (see ligure 4) 

4. Guaranteed by design. 
5. Guaranteed by leakage current and RON tests. 
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-------------I~ DMx-aa a-CHANNEL ANALOG DE-MULTIPLEXER 

TYPICAL PERFORMANCE CHARACTERISTICS 

SWITCH LEAKAGE CURRENTS 
vs ANALOG INPUT VOLTAGE 

10 
V+ - +15V 
V 15V 
TA 2SOC 

1.0 

IS (OFF~= -0.10 

ID (OFF) 

0.01 I'. 1 

IS {ON} 

0.001 \ 
-15 -10 -5 10 15 

VA - ANALOG INPUT VOLTAGE (VOLTS) 

LARGE-SIGNAL 
TRANSIENT RESPONSE 

(THROUGH A CLOSED SWITCH) 

SMALL-SIGNAL 
TRANSIENT RESPONSE 

(THROUGH A CLOSED SWITCH) 

Rl = lMfl, CL '" 100pF, VIN = ±O.SV 

NOTE: 

100 

10 

0.10 

0.Q1 

SWITCH LEAKAGE 
CURRENTSvsTEMPERATURE 

EV+ +1SV I=v 15V 
r- Vs +10V 

VD 10V 

IS (OFF) 

to (OFF) 
15 (ON11_ 

./ 
-55 -25 25 50 75 100 125 

TEMPERATURE (OC) 

LARGE-SIGNAL 
TRANSIENT RESPONSE 

(THROUGH A CLOSED SWITCH) 

SMALL-SIGNAL 
TRANSIENT RESPONSE 

(THROUGH A CLOSED SWITCH) 

RL = lMn, Cl = 1000pF. VIN '" ±O.5V 

Upper Waveform Photos: Input Voltage on SOURCE 
Lower Waveform Photos: Output Voltage on DRAIN 
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SWITCH CAPACITANCE 
vs ANALOG INPUT VOLTAGE 

12 
v+ = +15V 

C5t~ v- = -15V 
TA == 2SC C 10 

-~ ~FI .... r- ~ - t-~ ~ 

I CD (OFFI 
~ 

-12 -8 -4 12 

VA - ANALOG INPUT VOLTAGE (VOLTS) 

SWITCHING 
TIME vs TEMPERATURE 

5.0 

CL=llo~ -
V 

/"" 

V v+ = +15V 
v- == -15V 

4.0 

~ 3,0 

RL = 10M.\1; 

2.0 

1.0 CL = 10pF r----

V -
-25 +25 +50 +75 +100 

TEMPERATURE (OC) 

ENABLE DELAY 
TIME vs TEMPERATURE 

3.0 f-~+---+--+-

TON (EN) 

-25 +25 +50 +75 +100 
TEMPERATURE (OC) 
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-------------1~ DMX-81 I-CHANNEL ANALOG DE-MULTIPLEXER 

TYPICAL PERFORMANCE CHARACTERISTICS 

CROSSTALK AND OFF ISOLATION 
PERFORMANCE OF CHANNEL 8 

~ 140 

i 120 f~' ::r l_D_ RL OVD 

IE 100 1-1-H~IiP".uttttttl--+ 
<.> 
a: 
o 80 
z 
o 

~ ~1-1-H~~++ttttttl--~~lliP~~#m 
~ 
~ ~~LU~~~~~~JUmL-L~#m 
o 
I 

~20 

CROSSTALK: Rt = 1Mn. CL = 10pF, 
Vs '" 5V RMS, RON (SWITCH #4) = 300n 
OFF ISOLATION: RL = lkn, Cl = 10pF, 
Vs = 5V RMS '1' 

i:OL-u.J..JJ.JJIU-.L.J.J.WJJL..J..J.llIlJIl....J...J..UlllJI ,. 10' lOOk 
FREQUENCY (Hz) 

A.C. TEST CIRCUITS 

1M 10M 

ENABLE DELAY TIME tONIEN). toFFIEN) 

EN 
INPUT 
5V~ 
OV 

EN 

AO 

AI 

A2 

50 

~ 

~ 
z 
030 

~ 
iil 
~ 20 
a: 

5 
10 

r.;::: 

r--. 

CHARGE INJECTION va 
ANALOG VOLTAGE 

I 
:::::: :::::: 

I I I 
~ RS=10"" 

-....::t-- J 
........ 

.......... if}:::t-
Rs = 2.5kn .......... 

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

I 

~ 

...... 

600 

_ 500 
g 
w 
II 
~ 400 

iii 
a: 
j5 300 
I 

} 
200 

100 

RON VI SWITCH CURRENT (Is) 

v+ - +15V 

~~" 
v- '" -15V 
TA = 25°C 

r-
./ 

OMX·SSF ~ I---

./ 

DMX-88E -

--
--I---

-10 -8 -6 -4 -2 2 4 8 10 -2000 -1200 -400 0 400 1200 

IS - SWITCH CURRENT (pAl 

2000 

ANALOG VOLTAGE (VOL TSI 

SWITCHING TIME tTRAN 

INPUT5V-~ 
DRIVEOV~ ~ +15V 

V+ 
EN DI~-O-------+----, 

A2. 02-07 

,--,,------<;>----1 AI 
+5V 

+5V t.:_~D~8J---r-=-T---<> Your AO D8~o--.---, 

Figure 1 

CROSSTALK MEASUREMENT CIRCUIT 

CHANNEL 4 IS ON 

+5V ~--r.:EN;;-t;:;iiAI----'-----, 
+O.4V A2 

+5V Al 

CL 
10pF 

CL 
10pF 

Figure 3 

OFF ISOLATION MEASUREMENT CIRCUIT 

OFF ISOLATION = 20LOG ~ 
Vs 

50n 

~---'----'Vs 

CL I'OP
F 

Figure 2 Figure 4 
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---------------l~ DMX-88 8-CHANNEL ANALOG DE-MULTIPLEXER 

TYPICAL APPLICATION 

FOUR-CHANNEL SHARED CHANNEL PCM CODEC 

ANALOG 
CHANNELS 
IN 

ENCODE 
SECTION 

MULTIPLEXER 

MUX· 
88 

CHARGE TRANSFER 

SAMPLE/HOLD 

AID 

OAC-
88/89 

DE·MUL TIPlEXER 

DIA 

;"'~~..J DMX-
88 

) 

ANALOG 
CHANNELS 

OUT 

DECODE 
SECTION 

TEST CIRCUIT 
TYPICAL CHARGE TRANSFER 

OF DMX-88 

TYPICAL CHARGE TRANSFER 
OF CONVENTIONAL JFET 

SWITCH 

+s.ov 

..n.. 

EN 
A1 
AD 

A2 

RL = 1Mn 

CL = 1000pF 
TOP TRACE: ADDRESS INPUT 
BOTTOM TRACE: DRAIN OUTPUT 

TOP TRACE: ADDRESS INPUT 
BOTTOM TRACE: DRAIN OUTPUT 

APPLICATIONS INFORMATION 
These de-multiplexers employ ion-implanted JFETs in a 
switch configuration designed to assure break-before-make 
action. The turn-offtime is much faster than the turn-on time 
to guarantee this feature over the full operating temperature 
and input voltage range. Because the digital inputs only 
require a 2.0V logic "1" input level, power-consuming pull-up 
resistors are not required for TTL compatibility to insure 
break-before-make switching as is most often the case with 
CMOS devices. The digital inputs utilize PNP input transis
tors where input current is maximum at the logic "O"level and 
drops to that of a reverse-biased diode (about 10nA) as the 
input voltage Is raised above .. l.4V. 

The ON resistance, RON, of the analog switches is constant 
over the wide input voltage range of -15V to +llV with 
VSUPPLY = ± 15V. Higher input voltage is tolerable provided 
that some form of current limiting is employed (such as that 
of an op-amp output stage) to avoid exceeding junction 
temperature and power dissipation requirements. For normal 
operation, however, positive input voltages should be 
restricted to 11V (or 4V less than the positive supply). This 
assures thatthe VGsof an OFF switch remains greater than its 
Vp, and prevents that channel from being falsely turned ON. 

When operating with negative input voltages, the gate-to
channel diode will be turned on if the voltage drop across an 
ON switch exceeds -O.6V. While this condition will cause an 
error in the output, it will not damage the switch. 

CROSSTALK IN PCM SYSTEMS 
In PAM or PCM systems crosstalk specifications for compo
nents, such as multiplexers orda-multiplexers, are related to 
overall system crosstalk specifications in a complex manner. 
Component specification must, of necessity, refer to the 
operation of the multiplexer in a non-sampling mode of 
operation. When rapid sequential sampling takes place, such 
as would be the case with a typical shared-channel COOEC, 
crosstalk will be caused by the off isolation properties of the 
multiplexer as well as by storage elements on chip and PC 
card stray capacitance. For example, the capacitance has the 
effect of conferencing the channels and increasing crosstalk. 
Thus, system crosstalk in a shared-channel PCM COOEC is 
influenced by multiplexer characteristics as well as PC card 
layout and the timing relationship between the multiplexer 
and the sample-hold circuit. 

13-78 1/86, Rev. A 
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INTRODUCTION 
Sample-and-hold amplifiers "sample" an analog 
input signal and then "hold" the instantaneous 
input value upon the command of a logic con
trol signal. Basically the sample-and-hold is an 
"analog memory" where a capacitor serves as 
the storage element. Applications in which a 
time varying input cannot be tolerated require 
sample-and-hold circuits. A fast successive
approximation analog-to-digital converter is 
one application. Data acquisition, data distribu
tion, analog delay and telephony require 
sample-hold circuits to "freeze" the analog 
signal for further signal processing. 

PMI sample-and-hold amplifiers are functionally 
identical to track-and-hold circuits. They 
continously track input signals during the 
sample mode. PMI circuits should not be 
confused with AC controlled sample-and-holds. 
When an AC controlled sample-and-hold is 
commanded to sample, it will take a fast sample 
and immediately return to the hold mode. It can 
not continously track an input signal. 

A sample-and-hold circuit consists of an ampli
fier, switch, and capacitor. Many speCifications 
are similar to those of switches and operational 
amplifiers - bias currents, voltage gain, and 
charge injection are examples. These and other 
specifications pertaining uniquely to sample
and-hold circuits are defined below. 

The SMP-10 and SMP-11 are precision sample
and-hold amplifiers with high accuracy, low 
droop rate, and fast signal acquisition time. 
These circuits contain a high impedance input 
buffer, a diode bridge switch, a transconduc
tance or "Super-Charger" circuit to enhance 
slewing and a high speed output amplifier. The 
"Super-Charger" is capable of supplementing 
the capacitor charging current whenever the 
difference between input and output levels 
exceeds a given threshold. Settling to final value 
is under control of currents from the diode 
bridge, thus minimizing overshoot and instability. 
The inherent low offset voltage errors and low 
charge injection allows the residual zero-scale 
errors to be actively trimmed using PMl's 
zener-zapping technology without degrading 
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temperature performance. "Super Beta" 
transistors provides the high input-impedace 
amplifier needed for low droop rate and minimal 
Signal loading. 

The SMP-10 and SMP-11 have different droop 
rate and settling hold mode times specifications. 

The SMP-81 is characterized for the sampling 
requirements found in telecommunications 
appl ications. 

In addition to precision sample-and-hold ampli
fiers, two products with related capabilities are 
available. The GAP-01 general purpose analog 
processor provides the user with two independ
ently switched transconductance amplifiers, a 
unity gain buffer and an uncommitted voltage 
comparator. The GAP-01 is a non-dedicated 
functional block which has a wide variety of 
applications. The second device is the PKD-01 
monolithic peak detector. This device performs 
the peak detector function with accuracies 
approaching those obtainable with high cost 
hybrid modules at a cost approaching the low 
cost, low performance discrete designs. Data 
sheets for the GAP-01 and PKD-01 are located in 
the SPECIAL FUNCTIONS SECTION of this 
catalog. 

DEFINITIONS 
Acquisition Time (taq)- The mi ni m um ti me for the 
output voltage to begin tracking the input vol
tage, to within a specified error band, after the 
inception of the sample command. By conven
tion, acquisition time is defined for sampling of 
a DC level. For instance a circuit which is "hold
ing" a 10V output signal, and operating with 
zero input volts, is switched to the sample 
mode. The acquisition time is then the time 
required for the output to decrease to within a 
± 10mV (O.01%FS) band about ground potential 
(see timing diagram). 

Aperture Jitter (~ta) - The maximum amount of 
deviation in aperture time from sample to sam
ple. Errors resulting from aperture jitter increase 
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in proportion to the slew rate of the sampled 
analog input signal. Also called aperture 
uncertainty time. 
Aperture Time (tap) - The time between the 
inception of the hold command and the time the 
circuit output ceases tracking the input signal 
(see timing diagram). 

Change In Hold Step (.:lVHS)- Actual hold 
step less the hold step measured after sampling 
V = O. A change in hold step has two components: 
the first is a function of input voltage, the 
second is a function of the rise time of the S/H 
voltage. Note that rise time of S/H voltage 
dV(S/HVdt also effects ZERO-SCALE ERROR. 

Charge Transfer (Qt} - The amount of charge 
transferred to the holding capacitor due to the 
action of the switch. Charge is transferred to CH 
when the circuit is switched to the hold mode. 
Charge transfer causes a change in output 
voltage VZS as defined by the equation: 

V (V) = at(pC) 
ZS CH(pF) 

Note that for at = 5pC and CH = 5000pF offset 
error = 1 mY. The SMP-10/11/81 has been factory 
nulled for CH = 5000pF. For other values of CH 
the zero-scale shift can be calculated from the 
equation: 

at 
.:lVzs(V) = CH -1 mV 

Droop Rate (dVcwdt) - Droop rate dVcHldt is 
the rate of change of output voltage while the 
circuit is in the hold mode. dVcHldt is a direct 
function of droop current lOR: 

dVCH lOR --=--
dt CH 

where dVcHldt is expressed in p.V/ms, lOR in 
nanoamperes and CH in microfarads (see timing 
diagram). 
Feedthrough Attenuation Ratio (FA) - Feed
through attenuation is a measurement of the 
off-isolation of the analog switch (specified in 
dB). The parameter is a direct function of feed
through capacitance. 

Full Power Bandwidth (Fp) - The maximum 
frequency at which rated output voltage Ep can 
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be supplied without significant distortion. Full 
power bandwidth Fp is related to slew rate SR 
by the following equation: 

SR 
Fp = 21TEp 

Using this equation Fp of 160kHz can be com
puted. This is applicable only for pulsed condi
tions. Power dissipation limits Fp to 100kHz for 
C.W. operation. 

Gain Error - Voltage difference between input 
and output voltage measured over a specified 
voltage range, assuming the ideal gain is unity. 

Hold Capacitor Charging Current (ICH) - The 
current ICH which charges, or discharges, the 
hold capacitor CH while the circuit is in the 
sample mode. 

Hold Mode Settling Time (tHm) - The time for 
all output transients to settle within a specified 
error band. Measured from the inception of the 
hold command (see timing diagram). 

Hold Step (VHS) - Magnitude of step caused in 
the output voltage by switching the circuit from 
sample mode to hold mode. Hold step is some
times called pedestal error, or sample to hold 
offset (see timing diagram). 

Input Bias Current (IB) - Input terminal current 
with input voltage held at zero volts. 

Input Resistance (RIN) - AC impedance 
measured as a ratio of input voltage VIN to input 
current liN. 

Leakage (Droop) Current (IDR) - The current 
which flows out of holding capacitor CH while 
the circuit is operating in the hold mode. In general 
droop current lOR is defined positive when its 
direction is into the CH pin. This parameter is 
sometimes called drift current. 

Linearity Error - The maximum deviation from 
an ideal straight line drawn between the output 
voltage when VIN = 0 and the output voltage 
when VIN = maximum analog voltage, expressed 
as a percentage of the maximum analog voltage. 

Output Resistance (Ro) - An AC change in out
put voltage as a result of an AC change in load 
current. 
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Power Supply Rejection Ratio (PSRR) - The 
change in output voltage for a change in power 
supply voltage when the circuit is in the sample 
mode. The best power supply rejection ratio 
PSRR is obtained with the power supply voltage 
changing at a very low rate (DC). For essentially 
DC conditions PSRR for the hold mode of opera
tion is essentially the same as the PSRR for the 
sample mode. PSRR is degraded as the fre
quency of the disturbance increases. 

Sample Hold Current Ratio (lcHl'IOR) - The 
ratio of the peak charging current available to 
the droop current. 

Signal Transfer Nonlinearity - The total input 
to output, hold mode error caused by gain non
linearity, feedthrough, thermal transient, charge 
transfer and droop rate. These error terms can
not be corrected by offset and gain adjustments. 

Slew Rate (SR) - The maximum possible rate 
of change of the output voltage when supplying 
the rated output. For a sample-and-hold circuit, 
slew rate must be defined with a specified value 
of holding capacitor CH. Slew rate can either be 
measured by operating the circuit in the sample 
mode and applying a step function to the input, 

TIMING DIAGRAM 

LOGrC"1" 

VS/H 

LOGIC "0" 

10 

VOLTAGE 
(VOLTS) 

ACQUISITION 
TIME 

HOLD MODE 
SETTLING 

TIME 
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or by applying an input voltage which differs 
from the output voltage, with the circuit in the 
hold mode, then switching to the sample mode 
and observing the rate of change of the output 
voltage. 

Total Error - The algebraic sum of the following 
factors: 

i. ZERO-SCALE ERROR 

ii. Gain Error 
dV(S/H) 

iii. Hold Step Change versus dt 

iv. Hold Step Change versus VIN 

Voltage Gain (Av) - The ratio of the output voltage 
to the input voltage with the circuit operating in the 
sample mode. 

Zero-Scale Error (Vzs) - The magnitude of the out
put voltage when the circuit is switched from sam
ple to hold mode while holding the input at zero 
volts. ZERO-SCALE ERROR Vzs is the algebraic 
sum of the offset voltage and the charge transfer 
hold step voltage (see timing diagram). Vzs can 
be adjusted to zero (see ZERO-SCALE ERROR 
null adjustment). 

HOLD MODE 

,..,..l.-__ -'-___ ANALOG OUTPUT ZERO-SCALE ERROR 
DETAIL 

1 HOLD ZERO-SCALE 
, STEP (VHS) ERROR (Vzs) ov___ ____ _ - _______ -ANALOG INPUT 

OFFSET ERROR \ 
VOS~~-+--I-t-
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FEATURES 
SMP-10 
• Low Droop Rate ............................. 5.0,..Vlms 
• Low Signal Transfer Nonlinearity ............... 0.005% 
• High Sample/Hold Current Ratio . . . . • . . . . . . . . . .. 2x109 

SMP-11 
• Low Droop Rate over Temperature •..•........ 120,..Vlms 
• High Sample/Hold Current Ratio ..........•.... 1.7x108 

BOTH SMP-10 AND SMP-11 
• Fast Acquisition Time, 10V Step to 0.1"10 .••••••••• • 3.5,..s 
• High Slew Rate ................................ 10Vl,..s 
• Low Aperture Time .............................. 50ns 
• Trimmed for Minimum Zero-Scale Error ......... 0.45mV 
• Feedthrough Attenuation Ratio ................... 96dB 
• Low Power Dissipation ........................ 160mW 
• DTL, TTL & CMOS Compatible Logic Input 
• HA-2420, HA-2425, SHM-IC-1, and AD583 Socket 

Compatible 

ORDERING INFORMATIONt 

TA=+25°C 

DROOP PACKAGE OPERATING 
Yzs RATE IN 14·PIN DIP TEMPERATURE 

(mY) /lVlms HERMETIC LCC RANGE 

1.5 20 SMP10AY' MIL 
3.0 50 SMP10BY' MIL 
1.5 20 SMP10EY COM 
3.0 50 SMP10FY COM 
1.5 200 SMPllAY' MIL 
3.0 500 SMPllBY' SMPllBRC/883 MIL 
1.5 200 SMP11EY COM 
3.0 500 SMPllFY COM 
7.0 900 SMPllGY COM 

• For devices processed in total compliance to MIL-STD-883. add /883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

PIN CONNECTIONS 

14-PIN DIP (Y-Suffix) 

.. Pins 1 and 8 are not internally 
connected. in unity gain applications, 
SMP-l0 and SMP-ll can replace 
HA-2425. HA-2420, SHM-IC-l and 
AD-583 directly. 

.. Sample/Hold Control 

SMp·11 BRC/883 
LCCPACKAGE 

(RC-Suffix) 

14·6 

SMP.I0/SMP.ll 
LOW-DROOP-RATE/ACCURATE 

SAMPLE-AND-HOLD AMPLIFIERS 

GENERAL DESCRIPTION 
The SMP-10/11 are precision sample-and-hold amplifiers that 
provide the high accuracy, the low droop rate and the fast 
acquisition time required in data acquisition and signal pro
cessing systems. Both devices are essentially noninverting 
unity gain circuits conSisting of two very high input impe
dance buffer amplifiers connected together by a diode bridge 
switch. 

HIGH ACCURACY AND LOW DROOP RATE 
The high input impedance and the low droop rates of the 
SMP-10 and the SMP-11 are achieved by using bipolar Dar
lington circuits and an ion implant process that creates 
"super beta" transistors. 

The output buffer's input stage converts to a super beta 
Darlington configuration during the hold mode, which results 
in a very low droop rate with no penalty in acquisition time, 
The use of bipolar transistors achieves a low change in droop 
rate over the operating temperature range. 

FAST ACQUISITION 
A unique super charger provides up to SOmA of charging 
current to the hold capacitor, which results in smooth, fast 
charging with minimum noise, As the hold capacitor voltage 
nears its final value, the low current diode bridge controls the 
final settling time. This unique combination of linear func
tions in a monolithic circuit enables the system designer to 
achieve superior performance. 

FUNCTIONAL DIAGRAM 

HOLD CAPACITOR 

SAMPLE/HOLD r-__ ...,1;:...._L.:... ___ .j.:'~l ___ --. 

CONTROL 
(S/H) ~'"I I"'" 

(VLe) 

LOGIC 
CONTROL 

INPUT 

3 4 

NULL 

StH MODE 
o Sample 

Hold 

OUTPUT 

VLC "" OV for TTL input compatibilitV. 

Manufactured under the following patents: 4,109,215 and 4,142,117. 
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______ -lIf@SMP-10/SMP-11 LOW-DROOP-RATE/ACCURATE SAMPLE-AND-HOLD AMPLIFIERS 

ABSOLUTE MAXIMUM RATINGS (Note) 

Supply Voltage (V+ minus V-) ...................... 36V 
Power Dissipation .............................. SOOmW 
Derate Above 100· C ..........•............... 10mW/· C 
Input Voltage ......... . . . . . . . . .. Equal to Supply Voltage 
Logic and Logic Reference 

Voltage ...................... Equal to Supply Voltage 
Output Short-Circuit Duration ................. Indefinite 
Hold Capacitor Short-Circuit Duration ............ 60 sec 
Storage Temperature Range .......... , -6S· C to + 1S0· C 

Lead Temperature (Soldering, 60 sec) ............. 300·C 
Operating Temperature Range 

SMP-10AY, By ...................... -SS·Cto+12S·C 
SMP-10EY, FY .......................... 0·Cto+70·C 
SMP-11AY, BY, BRC .................. -SS·C to +12S·C 
SMP-11EY, FY, GY ........................ O·C to 70·C 

DICE Junction Temperature (Tj) ......• -6S· C to + 1S0· C 
NOTE: Absolute ratings apply to both DICE and packaged parts. unless 

otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs = ±1SV, CH = O.OOSI'F, VLC connected to ground, TA = 2S·C, unless otherwise 
noted. 

PARAMETER 

Zero-Scale Error 
(Hold Mode) 

Input Bias Current 

Leakage 
(Droop) Current 

Droop Rate 

Input Resistance 

Voltage Gain 

Acquisition Time 

Aperture Time 

Hold Mode 
Settling Time 

Charge Transfer 

Slew Rate 

Hold Capacitor 
Charging Current 

Sample/Hold 
Current Ratio 

Feedthrough 
Attenuation Ratio 

Full Power 
Bandwidth 

Input Voltage Range 
and/or Output 
Voltage Swing 

Output Resistance 

Power Supply 
Rejection Ratio 

Power 
Consumption (DC) 

NOTES: 

SYMBOL CONDITIONS 

VZS 

18 

Av 

Ot 

SR 

PSRR 

V,N=O 
VsIH =3.5V, (Note 3) 

Device Warmed Up SMP-10 
(See Note 2) SMP-11 

Device Warmed Up SMP-10 
(See Note 2) SMP-l1 

See Note 1 

Sample Mode 
Y,N = ± 10V, RL = 5kn 
or Y,N = ±5V, RL = 2.5kn 

10V step to within 10mV 
of final value (0.1%) 
10V step to within 1.0mV 
of final value (0.01%) 

Settling to 1 mV 
of final value. 

V,N =±10V 

RL = 2.5kn 

Input = 20Vp_p 1 kHz 
RL = 5kn, (Note 1) 

±10Vp•p 

SMP-10 
SMP-11 

SMP-10 
SMP-ll 

(Dissipation Limited) 

Sample Mode 
Vs= ±9V to ±18V 

Sample Mode V,N = 0 

1. Guaranteed by design. 

SMP-10AlE 
SMP-11A1E 

MIN TYP MAX 

0.45 

35 

5 
60 

2.0 3.0 

0.99963 0.99983 

3.5 

5.0 

50 

7 
1.5 

10 

30 50 

3Xl0. 2x109 

- 1.7x10· 

86 96 

100 

±11 ±11.5 

0.15 

82 92 

160 

1.5 

65 

0.10 
1.00 

20 
200 

180 

SMP-10B/F 
SMP-11B/F 

MIN TYP MAX 

0.60 

55 

5 
70 

1.4 2.5 

0.99953 0.99978 

3.5 

5.0 

50 

7 
1.5 

10 

20 50 

8Xl07 8x10· 
- 1.5x10· 

60 90 

100 

±10.5 ±11.5 

0.15 

77 92 

170 

3.0 

90 

0.25 
2.50 

50 
500 

210 

SMP-11G 
MIN TYP MAX UNITS 

1.5 7.0 mV 

90 160 nA 

4.5 
nA 

60 900 
I'Vlms 

2.0 Gn 

0.99940 0.99975 V/v 

3.5 I'S 

5.0 I'S 

50 ns 

1.5 
#,s 

5 pC 

10 VII's 

50 mA 

- 1.5X10· 
mNmA 

90 dB 

100 kHz 

±10.5 ±11.5 V 

0.15 n 

72 92 dB 

160 240 mW 

that there is a selection trade off between droop rate and hold mode 
settling time. 

2. These measurements are made with the devices warmed-up. It can be seen 3. Measured 500l's after hold command. 
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-------I/fMD SMP·10/SMP·11 LOW·DROOP·RATE/ACCURATE SAMPLE·AND·HOLD AMPLIFIERS 

ELECTRICAL CHARACTERISTICS - SMP-10 ONLY at Vs = ±15V, CH = O.005I'F, VLC = OV, TA = 25°C, device fully 
warmed-up, unless otherwise noted. 

SMP-10AlE SMp·10B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Hold Step VHS V,N=O -1.0 +1.S +4.0 -3.0 +1.S +6.0 mV 

Linearity Error NL Y,N = ±10V, RL = SkO O.OOS 0.007 %o110V 

Output Noise EN(RMS) 
Wideband Noise 100Hz 

40 SO I'VRMS to 100kHz Sample Mode 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, CH = O.005I'F, VLC connected to ground, O°C :5 TA:5 +70°C, unless 
otherwise noted. 

SMP-10E SMP·10F 
SMp·11E SMP·11F SMp·11G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Zero-Scale Error Vzs Y,N = 0, VSlH = 3.SV, (Note 3) 0.75 2.0 1.0 4.0 2.7 10 mV 

Input Bias Current 18 V,N=OV 50 90 80 140 120 250 nA 

Leakage 
lOR 

Device Warmed Up SMP-l0 O.OS 0.2S 0.080 0.65 
nA 

(Droop) Current (See Note 2) SMP-l1 0.5 1.8 0.6 2.8 0.7 5 

Droop Rale 
Device Warmed Up SMP-l0 10 50 16 130 

I'V/ms dVCH/dt 
(See Note 2) SMP-ll 100 360 120 560 140 1000 

Sample Mode 
Voltage Gain Av Y'N = ±10V, RL = 5kO 0.9995S 0.99976 0.99950 0.99972 0.99930 0.99970 VIV 

or Y,N = ±SV, RL = 2.5kO 

Power Supply 
PSRR 

Sample Mode 
80 90 75 80 70 90 dB 

Rejection Ratio Vs =±9Vto±18V 

Logic Control 
ILC VLC=OV -1 -2 -1 -3 -1 -4 lOA 

Input Current 

Sample Mode 
-S -15 -5 -15 -5 -15 /loA 

Logic Input ISIH 
VSlH = 0.6V 
Hold Mode 
VSlH =5.0V 

0.2 0.2 0.2 nA 

Differential Logic 
VTH 0.8 

Threshold 
1.3 2.0 0.8 1.3 2.0 0.8 1.3 2.0 V 

NOTES: 
1. Guaranteed by design. 
2. These measurements are made with the devices warmed-up. It can be seen 

that there is a selection trade off between droop rate and hold mode 
settling time. 

3. Measured 5ool's after hold command. 

14·8 1/86, Rev. A 



-----~lfMD SMP-10ISMP-11 LOW-DROOP-RATE/ACCURATE SAMPLE-AND-HOLD AMPLIFIERS 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, CH = O.005j.1F, VLC connected to ground, -55°C ~ TA ~ +125°C, 
otherwise noted. 

PARAMETER 

Zero-Scale Error 

Input Bias Current 

Leakage (Droop) Current 

Droop Rate 

Voltage Gai n 

Power Supply 
Rejection Ratio 

Logic Control Input Current 

Logic Input 

Differential Logic 
Threshold 

NOTES: 
1. Guaranteed by design. 

SYMBOL CONDITIONS 

Vzs V'N=O, Vs/H= 3.5V, (Note 3) 

Av 

PSRR 

ILC 

Is/H 

VTH 

TA=-55°C 
TA=+125°C 
T A = Full Range 
(See Note 2) 

TA=-55°C 
TA=+125°C 
TA = Full Range 
(See Note 2) 

Sample Mode 

SMP-l0 

SMP-ll 

SMP-l0 

SMP-ll 

V'N = ± 10V, RL = 5kO 
or V'N = ±5V, RL = 2.5kO 

Sample Mode 
Vs= ±9V to ±18V 

VLC=OV 

Sample Mode 
VSlH =0.6V 
Hold Mode 

Vs/H= 5.0V 

2. These measurements are made with the devices warmed·up. It can be seen 
that there is a selection trade off between droop rate and hold mode 
settling time. 

3. Measured 500",. after hold command. 

SMP-10A 
SMP-11A 

MIN TYP 

1.25 

90 

0.050 
6 

6 

10 
1200 

1200 

0.99950 0.99972 

78 88 

-1 

-5 

0.2 

0.6 1.3 

SMP-10B 
SMP-11B 

MAX MIN TYP MAX 

3.0 1.60 5.5 

180 160 260 

0.50 0.080 1.22 
7.5 8 10 

7.5 8 10 

100 16 250 
1500 1600 2000 

1500 1600 2000 

0.99940 0.99968 

72 90 

-3 -1 -5 

-15 -5 -15 

0.2 

2.0 0.6 .1.3 2.0 

unless 

UNITS 

mV 

nA 

nA 

",Vlrns 

VN 

dB 

",A 

",A 

nA 

V 
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DICE CHARACTERISTICS 

SMP-10 
2. INPUT 
3. NULL 
4. NULL 
5. NEGATIVE SUPPLY 

(SUBSTRATE) 
7. OUTPUT 
9. POSITIYE SUPPLY 

11. HOLD CAPACITOR (CH) 
13. LOGIC THRESHOLD 

CONTROL (VLC) 
14. SAMPLE/HOLD 

COMMAND 

DIE SIZE 0.081 X 0.086 Inch, 6986 sq. mil. 
(2.057 X 2.184 mm, 4.772 sq. mm) 

SMP-11 
2. INPUT 
3. NULL 
4. NULL 
5. NEGATIVE SUPPLY 

(SUBSTRATE) 
7. OUTPUT 
9. POSITIVE SUPPLY 

11. HOLD CAPACITOR (CH) 
13. LO,GIC THRESHOLD 

CONTROL (VLC) 
14. SAMPLE/HOLD 

COM",AND 

For additional DICE 
Information ref.r to 1986 
Data Book, Section 2. 

WAFER TEST LIMITS at Vs = ±15V, CH = O.005j.1F, VLC connected to ground, TA = 25°C, unless otherwise noted. 

SMP-10N SMP-10G 
SMP-11N SMP-11P 

PARAMETER SYMBOL CONDITIONS LIMIT LIMIT UNITS 

Zero-Scale Error Vzs 
V'N = 0, VSIH = 3.5V 

1.5 3.0 mVMAX 
Hold Mode, (Note 3) 

Input Bias Current 18 V'N=OV 60 90 nAMAX 

Leakage (Droop) Current lOR 
. SMP-l0 0.10 0.25 

nAMAX Dev,ce Warmed-Up SMP-ll 2.5 

Droop Rate dVcH/dt 
. SMP-l0 20 50 

"Vlms MAX Dev,ce Warmed-Up SMP-ll 200 500 

Sample Mode 
Voltage Gain Av V'N=±lOl1 0.99963 0.99953 VlVMIN 

orV'N=±5V 

Hold Capacitor 
ICH V'N- VOUT " ±3V 30 20 mAMIN 

Charging Current 

Input Voltage Range and/or 
RL = 2.5kO ±11 ±10.5 VMIN 

Output Voltage Swing 

Power Supply 
PSRR 

Semple Mode 
82 77 dBMIN 

Reiectlon Ratio Vs =±9Vto±18V 

Power Consumption Po Sample Mode V'N = 0 180 210 mWMAX 

Logic Control Input Current 
' LC 

VLC=OV -2 -3 I'AMAX 

Sample Mode 
-15 -15 I'AMAX 

Logic Input ISIH 
VSlH = 0.6V 
Hold Mode 
VSlH =5V 

0 0 nAMAX 

Differential Logic 
VTH VLC=O 

2.0 2.0 V MAX 
Threshold 0.8 0.8 VMIN 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations In assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate speCifications based on dlca lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, CH = O.005j.1F, VLC connected to ground, TA = 25°C, unless 
otherwise noted. 

SMP-10N SMP-10G 
SMP-11N SMP-11G 

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL UNITS 

Acquisition Time tag 10V step to 0.1% of final value 3.5 3.5 1'8 

Aperture Time ta~ 50 50 ns 

Charge Transfer at V'N=O, VSlH =3.5V 5 5 pC 

Slew Rate SR V'N = ± 10V, RL = 2.5kO 10 10 VII's 
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______ -f[f@SMP-10/SMP-11 LOW-DROOP-RATE/ACCURATE SAMPLE-AND-HOLD AMPLIFIERS 

TYPICAL PERFORMANCE CHARACTERISTICS 

-'0 

CHANGE IN HOLD STEP 

V8 StH J!Y... 
dt 

.v_ 
·~~",'I uu, 

1'-
~ 

f= ~V.OUT· - 3.0 

i -1.0 

," , ~ 
i ~ -<I. , 

W~~~~O"VI 
-<1.0 , 11111 III 

0.1 1.0 10 100 

-2000 

-'500 

SlH dV/dt LOGIC INPUT SLEW RATE (VIliS) 

SMP-10 
DROOP RATE 

V8 TEMPERATURE 

I 
I 
UJ -1000 
:;: 
a: 

~ -500 1'-
c 

:I 11141:£[ 1 r 

'00 

o 

-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (OC) 

INPUT BIAS CURRENT 
V8 TEMPERATURE 

1\ 

" " 

-100 -50 50 
TEMPERATURE rCI 

'00 '50 

AMPLITUDE CHANGE IN 
HOLD STEPV8 

INPUT VOLTAGE 
+3r---,---,---,----r---,---, 

NORMALIZED TO 
o VOLTS VIN @25°C 

-3~--~--~--~--~--~--~. 
-15 -10 -5 0 +5 +10 +15 

INPUT VOLTAGE (VOL TSI 

SMP-11 
DROOP RATE 

V8 TEMPERATURE 

:111111111 J 
-400 

II -300 

J 
/ 

-200 

-100 

/ 
....... ;' 

'00 

2DO 
-55 -35 -15 5 25 45 65 85 105 125 

'2 

'0 

o 

TEMPERATURE (oCI 

ACQUISITION TIME 
V8 HOLD CAPACITOR 

\ RECOMMENDED HOLD 
CAPACITOR IS 50DOpF 

'\ 

" ......... ' ....... "'-I-' 

10V STEP TO WITHIN ±10mV 
OF fiNAL VALUE (0.1%1 

18 16 14 12 10 

CH (nF,1nF '" 1000pF) 

14-11 

80 

60 

HOLD MODE 
POWER SUPPLY REJECTION 

TYPICAL D.C. NEGATIVE POWER SUPPLY 
REJECTION RATIO" 88dB 

111111 111111111 111111111 11111111 1111 
TYPICAL D.C. POSITIVE POWER SUPPLY 
REJECTION RATIO = B4dB 

11111111 11111 
POSITIVE SUPPL V 
(+15V +1V SIN wTI 

O~~~~WL~~~~~~~ 

10 100 lk 10k 'OOk 

;;::::-

FREQUENCY (Hz) 

DROOP CURRENT 
VB TEMPERATURE 

'M 

1 0 

~ 

~~ 
~MP-'r 

I I 

~ -f:::: 
Ii a: 

a: a -2 

i 
a: ~ -~ +11 t IDA 

E--4 - ;t CH 

AAAOW INDICATES POSITIVE 
IDA AEGAAOLESS OF CH 

-6 
VOILTAG~ POL~RITV'I 

I 
-55 -35 -15 5 25 45 65 85 105 125 

-1 

-6 

-7 
o 

TEMPERATURE rCI 

LOGIC INPUT CURRENT 

rHQUj 

f---~5°C 
I 

- 21 
'--125°CI 

LV I 
SAMPLE V LC =O.OV (PIN 13) 

I I IplN j41 VbLTAGE 

LOGIC INPUT VOLTAGE (VOLTS) 

1/86, Rev. A 



--------11EM!> SMP·10/SMP·11 LOW·DROOP·RATE/ACCURATE SAMPLE·AND·HOLD AMPLIFIERS 

TYPICAL PERFORMANCE CHARACTERISTICS 
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-------I~ SMP-10/SMP-11 LOW-DROOP-RATE/ACCURATE SAMPLE-AND-HOLD AMPLIFIERS 

SMP-10/SMP-11 ACQUISITION TIMES 

ACQUISITION TIME 
-10Vto OV 

ACQUISITION TIME 
+10Vto OV 

ACQUISITION TIME 
-1.0Vto OV 

'-v 
II1II;- iIiIII -

Iiiii ;;;;v 

SIH{ 
v 

- II I. - -ilii .. - -

I 
I 
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• .. -~ • --I. III - 1IiiiI 
v Jp 

1111 -

" v Jp 

I. - !1IiiiI iii --
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1!00. JpS 
-1.0V 

-

ACQUISITION TIME 
+1.0Vto OV 

ACQUISITION TIME 
-100mVto OV 

ACQUISITION TIME 
+100mV to OV 

'iiiiiiiiiiv 

II 

--

roo Jp I 

APPLICATIONS INFORMATION 
During the null adjustment, the amplifier should be switched 
continuously between the "sample" and "hold" mode. The 
error should be adjusted to read zero when the unit is in the 
"hold" mode. In this way, both offset voltage errors and 
charge transfer errors are adjusted to zero. 

ZERO-SCALE NULL ADJUSTMENT 

v+ v-

INPUT 0------0...( 

2.' 

'" 

8/H VlC 

>--'----QOUTPUT 

14-13 

iiiiiliiiiv 

11 
I 

a 

/)IV -
SAMPLE 

- -_Jp -
ffi ...... 
~ 

fa 
~ 
9 
~ As shown in the Figure, the sample/hold mode control is , 

accomplished by steering the current (1 1) through 01 or 02, Cl 
thus providing high-speed switching and a predictable logic Z, 
threshold. For TTL and DTL interface, simply ground VLC <: 
(Pin 13). For CMOS, HTL and HNIL interface, the appropriate 

LOGIC CONTROL 

SlH 

r----~-~-ow 

CURRENT TO CONTROL 
SAMPLE/HOLD MODES 

VS/H TRIP POINT = VLC + 2VBE 

VLe 

FOR TTL COMPATIBILITY SET VLC = OV 
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--------f~ SMP-10/SMP-11 LOW-DROOP-RATE/ACCURATE SAMPLE-AND-HOLD AMPLIFIERS 

threshold voltage, allowing for 2 diode drops for 01 and VeE 
of Q3, should be applied to VLC. 

For proper operation, the VLC (logic control) must always be 
at least 3.5V below the positive supply and 2.0V above the 
negative supply. 

Sample-and-hold control voltage (StH) must always be at 
least 2.8V above the negative supply. 

LOCAL 
ANALOG 
GROUND 

v-

~~~~~~OUTPUT 

GUARDING AND GROUNDING LAYOUT 
The use of a ground plane is strongly recommended to 
minimize ground path resistances. Separate analog and 
digital grounds should be used, and it is advisable to keep 
these two ground systems isolated until they are tied back to 
the common system ground. Digital currents should notflow 
back to the system ground through the analog ground path. 

HOLD CAPACITOR RECOMMENDATIONS 
The hold capacitor (CH) acts as a memory element and also 
as a compensating capacitor for the sample-and-hold 
amplifier. For stable operation, a minimum value of 2000pF is 
recommended, with no limit set for the maximum value. The 
devices have been internally trimmed for CH= 5000pF. Other 
values of CH will cause a zero-scale shift, which can be 
calculated from the following equation: 

I1V ( V) = 5 (pC) X 103 -1 
zs m CH (pF) 

The hold capacitor should have very high insulation 
resistance and low dielectric absorption. For temperatures 
below 85"C, polystyrene capacitors are recommended, 
while teflon capacitors are recommended for higher 
temperature applications. 
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Precision Monolithics Inc. 

FEATURES 
• Meets System Performance Requirements In Multi-

Channel CODECs 
• Trimmed for Minimum Zero-Scale Error ........ 0.6mV 
• Low Droop Rate Over Temperature .......... 0.1pY/ps 
• Low Aperture Time ............................. SOns 
• Fast Acqulsilion Time 10V Step to 0.1% ....... . .. 3.5ps 
• High Slew Rate ..........•.................... 10V/ps 
• High Sample-Current to Hold-Current Ratio .. 1.7 X 108 

• DTL, TTL & CMOS Compatible Logic Input 
• HA-2425, DATEL SHM-IC-1, and AD-583 Socket 

Compatible' 
• Low Power Dlsslpallon 
• Low Cost 
• Feedthrough Attenuation Ratio ................. 96dB 

ORDERING INFORMATIONt 

vzs(mV) 
1.6 
3.5 

HERMETIC 
14-PINDIP 

SMP-81EY 
SMP-81FY 

OPERATING 
TEMPERATURE 

RANGE 

IND 
IND 

tAil commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

FUNCTIONAL DIAGRAM 

3 • 

NULL 
"SAMPLE/HOLD CONTROL 

HIGH=HOLD 
LOW = TRACK 

OUTPUT 

14-15 

SMP-81 
TELECOMMUNICATIONS 

SAMPLE-AND-HOLD AMPLIFIER 

GENERAL DESCRIPTION 
The SMP-81 preCision sample-and-hold amplifier provides 
the high accuracy, low droop rate and fast acquisition ideally 
required for PCM encoders. The SMP-81 is a non-inverting 
unity gain circuit conSisting of two buffer amplifiers of very 
high input impedance connected by a diode bridge switch. 

HIGH ACCURACY AND LOW DROOP RATE 
The high input impedance and low droop rate of the SMP-81 
are achieved by PMI's ion implant super beta process. The 
high input impedance permits high source impedance appli
cations without degrading accuracy, and low droop rate. 
Other features of the SMP-81 include high accuracy, O.6mV 
of combined offset voltage and step transfer error, and very 
low feedthrough. A diode bridge switch design allows min
imum charge transfer step. On-Chip zener-zap trimming 
eliminates nulling for most applications. 

FAST ACQUISITION 
A unique super charger or transconductance amplifier pro
vides up to 50mA charging current to the hold capacitor. As a 1@ 
result, smooth charging of the hold capaCitor is aChieved ..... 
with minimum noise. The super charger, in conjunction with ~ 
the high slewing rate input and output buffer amplifiers, per- ~ 
mits fast acquisition operation. The adjustable logiC input ~ 
threshold makes the SMP-81 compatible to all logiC families. < 
PIN CONNECTIONS 

14-PIN HERMETIC DIP 
(V-Suffix) 

'Pins 1 and 8 are not internally connected. In unity gain 
applications, the SMP-81 can replace HA-2425, SHM-IC-1 
and AD-583 directly. 
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~ SMP-81 TELECOMMUNICATIONS SAMPLE-AND-HOLD AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (V+ minus V-) •••••••••••••••••••••• 36V Output Short-Circuit Duration ••••••••••••••••• Indefinite 
Power Dissipation •••••••••••••••••••••••••••••• SOOmW Hold Capacitor Short-Circuit Duration ••••••••••••• 60sec 

Derate Above 1000 C •••••••••••••••••••••••.•• 10mW/o C Operating Temperature Range •••••••••• -2So C to +8So C 

Input Voltage ••••••••••••••••••• Equal to Supply Voltage Storage Temperature Range ••••••••••• -6So C to + lS0° C 

Logic and Logie Control Voltage .. Equal to Supply Voltage Lead Temperature (Soldering, 60 sec) ••••••••••••• 300·C 

ELECTRICAL CHARACTERISTICS at Vs ±lSV, CH = O.OOS,..F, VLC connected to ground, -2soC:5 TA:5 +8SoC, unless 

otherwise noted. 

SMP-81E SMP-81F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Zero-Scale Error (Hold Mode) Vzs 
Y,N = 0, VSlH = 3.5V (5OOl'sec 

0.6 1.6 0.9 3.5 mV 
after Hold Command) 

Input Bias Current 18 V,N=O 105 225 120 450 nA 

Leakage (Droop) Current lOR Device warmed-up 0.5 10 0.5 20 nA 

Droop Rate dVCH/dt 0.1 2.0 0.1 4.0 mV/msec 

Input Resistance R'N (See Note) 0.6 2.0 0.3 1.4 GO 

Sample Mode 
Voltage Gain 

Av 
Y,N = ± 10V, RL = 5kO 0.99960 0.GGG80 0.GGG55 0.99978 VIV 
or Y,N = ±5V, RL = 2.5kO 

Acquisition Time taq 
10V step to within 10mV of 

3.5 3.5 I's final value (0.1%) 

Aperture Time tap 50 50 nsec 

Charge Transfer Ot V,N=O, VSlH =3.5V 5 5 pC 

Slew Rate SR Y,N = ± 10V, RL = 2.5kO 10 10 VII's 

Hold Capacitor Charging 
ICH V,N - VOUT '" ±3 volts 30 50 20 50 mA 

Current 

Feedthrough Attenuation FA Input-20Vp_p 1kHz, RL =5KO 
88 98 80 90 dB 

Ratio (See Note) 

Full Power Bandwidth Fp ±10Vp-~ (Dissipation Limited) 100 100 kHz 

Input Voltage Range and/or 
RL = 2.5kO ±10 ±11.5 ±10 ±11.5 V 

Output Voltage Swing 

Output Resistance Ro 0.15 0.15 0 

Power Supply Rejection 
PSRR 

Sample Mode Vs = ±9V 
80 90 75 90 dB 

Ratio to±18V 

Power Consumption (DC) Po Sample Mode Y,N = 0 180 180 170 210 mW 

LogiC Control Input Current ILC -6 -3 -9 -3 I'A 

LogiC Input Current 
Sample Mode VSlH = 0.6V -15 -45 -15 -45 "A ISIH Hold Mode VSlH = 5.0V 0.6 0.6 nA 

Differential Logic Threshold VTH 0.8 1.3 2.0 0.8 1.3 2.0 V 

Hold Mode Sattling Time tHM 
5V step to within ImV of 

1.5 1.5 "s final value 

NOTE: Guaranteed by design. 

DICE 
For applicable DICE Information, see SMP-l1 Data Sheet. 
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---------I~ SMP-81 TELECOMMUNICATIONS SAMPLE-AND-HOLD AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

SMP-81 ACQUISITION TIMES 

I{I 

iii 
Ii V 

I 
I 

V = 

V 

I 

l Oa. 

ACQUISITION TIME 
-10V TO OV 

I 

I 
I 

ACQUISITION TIME 
-1.0V TO OV 

':iii:! 

ACQUISITION TIME 
-100mV TO OV 

1}1 

1}1S 
II 
II 

14-17 

iiiii iiiiiiiiiiV 

V 

V 

~OOI 

V 

li.:Iv 

I 

ACQUISITION TIME 
+ 10V TO OV 

I 

l' l' 
ACQUISITION TIME 

+ 1.0V TO OV 

~ 

~I 

I' 
I 

ACQUISITION TIME 
+ 100mV TO OV 

I 

~ ., 
iO:! 

HOLD 

SAMPLE 

-
I 

1}1 

1}1:.1l 

II 

• 

1}1 
~ 

1/86, Rev. A 



----------1~ SMP-81 TELECOMMUNICATIONS SAMPLE·AND·HOLD AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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----------l1fMD SMP-81 TELECOMMUNICATIONS SAMPLE·AND·HOLD AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT RESISTANCE 
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APPLICATIONS INFORMATION 
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2k!1 

The hold capacitor (CH) acts as a memory element and also 
as a compensating capacitor for the sample·and·hold ampli· 
fier. For stable operation, a minimum value of 2000pF is 
recommended, with no limit set for the maximum value. The 
SMp-81 is internally trimmed for CH = 5000pF. Other values 
of CH will cause a zero·scale shift, which can be calculated 
from the following equation: 

!:i.V ( V) = 5 (pC) X 103 -1 
zs m CH(pF) 

A CH of 5000pF has been empirically determined to be an 
optimum value for 8-channel shared COOEC operation. 
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+1OV-., 
INPUT ov _____ IL.. _____ _ 

+1OV I 

OUTPUTOV~ 
I 

REFERENCE av -----;.-----

I 

ERROR ~' 
VOLTAGE OV - - - - - - - - -t - - - FINAL VALUE 

---l ~ ACQUISITION TIME 

The hold capacitor should have very high insulation 
resistance and low dielectric absorption. For temperatures 
below 85° C, polystyrene capacitors are recommended, while 
teflon capacitors are recommended for higher temperature 
applications. 

SMP-81 LOGIC CONTROL 
The sample/hold mode control ofthe SMp-81 incorporates a 
unique logic input circuit, which enables direct interface to 
all popular logic families and provides maximum noise 
immunity. As shown in Figure 1, the mode control is 
accomplished by steering the current (1 1) through 01 or 02, 
thus providing high speed switching and a predictable logic 
threshold. For TTL and OTL interface, simply ground VLC 

(pin 13). For CMOS, HTL and HNIL interface, the appropriate 
threshold voltage, allowing for 2 diode drops for 01 and VSE 

of 03, should be applied to VLC. 

1/86, Rev. A 



---------I~ SMP-81 TELECOMMUNICATIONS SAMPLE-AND-HOLD AMPLIFIER 

SAMPLE/HOLD MODE INTERFACE CIRCUITRY 

r-------------~--~~ 

S/H 
(PIN 14) 

Figure 1 

~ 

CURRENT 
TO CONTROL 

SAMPLE! 
HOLD MODES 

'2 

01 

VLe 
(PIN 131 

For proper operation, the VLC (logic control) must always be 
at least 3.5V below the positive supply and 2.0V above the 
negative supply. 

Sample-and-hold control voltage (S/H) must always be at 
least 2.8V above the negative supply. 

ZERO-SCALE ERROR NULL ADJUSTMENT 
During the null adjustment, the amplifier should be switched 
continuously between the "sample" and "hold" mode. The 
error should be adjusted to read zero when the unit is in the 
"hold" mode. In this way, both offset voltage errors and 
charge transfer errors are adjusted to zero. Figure 2 shows 
the recommended 10kO trim pot connected to V+ if user 
needs better Vzs than 1.6mV. 

v+ v-

INPUT 0-------4 >'-------0 OUTPUT 

S/H <>--------' 

VLe 0-__________ ---' 

Figure 2 

GUARDING AND GROUNDING LAYOUT 
The use of a ground plane is strongly recommended to min
imize ground path resistances. Separate analog and digital 
grounds should be used, and it is advisable to keep these two 
ground systems isolated until they are tied back to the 
common system ground. Digital currents should not flow 
back to the system ground through the analog ground path. 
A guard trace surrounding the hold capacitor node pin 11, 
minimizes PC board leakage problems, see Figure 3. 
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LOCAL 
ANALOG 
GROUND 

FROM {S/H CONTROL 
LOGIC 
CONTROL DIGITAL 

GROUND 

Figure 3 

2 ANALOG 
INPUT 

V-

~~~ •• ~ OUTPUT 
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---------I~ SMP-81 TELECOMMUNICATIONS SAMPLE-AND-HOLD AMPLIFIER 

TYPICAL APPLICATION 

EIGHT-CHANNEL SHARED CODEC PCM ENCODER 

HOLD CAPACITOR 

I:-=--l 
O.OO5~F -= 
" 

SMP·81 

3 • 

NULL 

2.5k,Q 

CHI 

CH2 

CH3 

CH4 

CH5 

CH6 

CH7o---t----' 

CH.o-t;=:;::~ __ ,.I 
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CHANNEL SELECT 
LOGIC 

DIGITAL 
OUTPUTS 

SlGN 
BIT tt:tt:a=t=31 CHORD ITt-- BITS 

123456789 

-15V +15V 

WAVEFORMS 

CHANNEL INPUT ANALOG 

MUX OUTPUT SIGNAL 

1ST" 
BITS 

VAEF 
+lOY 
Rl1 
'''-0 
IRREF) 

R12 
2111<0 

SAMPLE/HOLD S/H COMMAND ~ 

SAMPLE/HOLD OUTPUT 
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15-4 GAP-Ol 
General-Purpose Analog Signal 
Processing Subsystem 
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Monolithic Peak Detector 
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Precision Monolithics Inc. 

INTRODUCTION 
This section includes analog subsystems made 
up of standard integrated circuit building blocks 
such as op amps, comparators, analog switches, 
sample/hold, and buffers. 

The GAP-01 is a general-purpose analog signal 
processing subsystem. This precision circuit 
contains circuit building blocks used to 
construct synchronous demodulators, absolute 
value amplifiers, window comparators, a two
channel S/H amplifier or a two-channel 
multiplexer with gain. 

15-3 

SPECIAL 
FUNCTIONS 

The PKD-01 functions as an analog peak 
detector. Peak detection, peak hold and reset 
are all digitally-contollable. Circuit gain is set by 
external resistor ratios. The PKD-01 configures 
into both positive or negative peak detector 
circuits. 

DEFINITIONS 
Refer to the sample-and-hold amplifer section of 
this catalog for the GAP-01 and PKD-01 circuit 
definitions. 

I' 

I~ 
I), 
" Il 

I 



Precision Monolithics [nco 

FEATURES 

• Low Offset Voltage , ...... , .. , .............. '.... 3mV 
• Low Zero-Scale Error " .. ", .... ", .. " .... , .. " 4mV 
• Low Droop Rate"",,"""""""""'" O.1mVlms 
• Wide Bandwidth .. , ...... ' .... , .... ' ........ , 400kHz 
• Digitally Selected Signal Path 
• Uncommitted Comparator On Chip 
• Wide Application Versatility 

• Synchronous Demodulator 
• Absolute Value Amplifier 
• Two-Channel S/H Amplifier 
• Two-Channel Multiplexer With Gain 

ORDERING INFORMATIONt 

Vos 
(mV) 

Vzs 
(mV) 

HERMETIC PLASTIC 
MILITARY INDUSTRIAL COMMERCIAL 

3 
6 

4 
7 

GAP01AX' 
GAP01BX' 

GAP01EX 
GAP01FX 

GAP01EP 
GAP01FP 

• For devices processed in total compliance to MIL-STD-883, add /883 after 
part number. Consult factory for 883 data sheet. 

tAli commercial and industrial temperature range parts are available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
Designed as a general-purpose analog processing sub
system, the GAP-01 combines many commonly used system 
building blocks within a single integrated circuit. 

The basic circuit versatility stems from the GAP-01 's archi
tecture. The circuit features two differential input transcon
ductance amplifiers, two low-glitch current mode switches, 
an output voltage buffer amplifier, and a precision comparator. 

Both transconductance amplifier outputs are switched by 
current-mode switches into the voltage follower output 
buffer, thus providing two digitally selectable signal paths 
through the device, Gain through the two channels may be 
different in both sign and magnitude depending upon feed
back selection. An external capacitor provides loop compen
sation and doubles as a hold or "memory" capacitor when the 
GAP-01 functions as a dual-channel sample/hold amplifier, 
Offset voltage and charge transfer errors are trimmed 
by using the "Zener-Zap" trim technique. The output buffer 
features a FET input stage to reduce droop rate error in S/H 
applications. A bias current cancellation circuit minimizes 
droop error at high ambient temperature. 

The inclusion of a precision comparator on chip increases 
the GAP-01's versatility and cost effectiveness in data 
conversion applications. The output high voltage level is set 
by external resistors. This scheme maximizes noise immun
ity and permits interface to all standard logic families. 

Manufactured under the following patent: 4,285,051. 

15-4 

GAP-Ol 
GENERAL-PURPOSE ANALOG SIGNAL 

PROCESSING SUBSYSTEM 

Several applications exploit the ability to select the signal 
path through the GAP-01. As a two-channel multiplexer or 
analog switch, the GAP-01 high input impedance offers 
advantages when switching high impedance signals, Gain 
through the "MUX" is also possible, The GAP-01 operates as 
a sample/hold amplifier in the hold mode when both trans
conductance amplifiers are unselected, With the on-board 
comparator, a two-channel successive approximation analog
to-digital conversion (ADC) system may be constructed. 
Combining a sign-magnitude, digital-to-analog (DAC) con
verter with the GAP-01 results in a four-quadrant multiplying 
DAC. The GAP-01 contains all the functional devices needed 
to perform synchronous demodulation or implement the 
absolute value function. 

FUNCTIONAL DIAGRAM 

AMPLIFIER A NULL 
v+ -INPUT +INPUT 

_INPUT 

+INPUT 

-INPUT 

AMPLIFIER B NULL 

CONTROL LOGIC 

ChA ChB 

0 0 
0 1 

0 
1 

SWiTCHES SHOWN FOR; 

CHANNElA=O 
CHANNEL B=O 

OUTPUT 
toC 

Channel A 
Sum 

Hold Last Input 
ChannelB 
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--------I~ GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Supply Voltage ................................... ± 18V 
Power Dissipation .•...•.•.•........•........•.. SOOmW 
Input Voltage. . . . . •• . . • . . . . . . . .. Equal to Supply Voltage 
Logic and Logic Ground 

Voltage •...•...•.......•.•... Equal to Supply Voltage 
Output Short-Circuit Duration .•...••...•...•.. Indefinite 
Amplifier A or B Differential Input Voltage .......... ±24V 
Comparator Differential Input Voltage .............. ±24V 
Comparator Output Voltage ... Equalto Positive Supply Voltage 
Hold Capacitor Short-Circuit Duration ..••..... Indefinite 
Storage Temperature ................. -6S' C to +1S0'C 
Lead Temperature (Soldering, 60 sec) ............. 300'C 

PIN CONNECTIONS 

INVERTING 
INPUT (A) 

NONINVERTING 
INPUT (A) 

LOGIC 
GROUND 

COMPARATOR 
OUTPUT 

INVERTING 
INPUT 

NONINVERTING 
INPUT 

18-PIN HERMETIC DIP 
(X-Suffix) 

EPOXY DIP 
(P-Sufflx) 

15-5 

Operating Temperature Range 
GAP01AX, BX ...................... -SS'C to + 12S'C 
GAP01EX, FX ....................... -2S'Cto+8S'C 
GAP01 EP, FP .......................... O' C to + 70' C 

DICE Junction Temperature (Ti) ....... -6S' C to + 1S0' C 

MAXIMUM AMBIENT DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

(NOTE 1) FOR RATING TEMPERATURE 

IS-Pin DIP (X) l00'C 10mW/'C 

IS-Pin DIP (P) 50'C 10mW/'C 

NOTES: 
1. Maximum package power dissipation vs. ambient temperature. 
2. Absolute rating_apply to both DICE and packaged parts, unless otherwise 

noted. 

DICE CHARACTERISTICS 

DIE SIZE 0.090 X 0.100 Inch, 9,000 sq. mils 
(2.288 X 2.54; 5.8 Iq.mm) 

1. CHANNEL (8) 
2. V+ 
3. VOUT 
4. CH 
5. (A) NULL 
e. (A) NULL 
7. INVERTING INPUT (A) 
e. NONINVERTING INPUT (A) 
I. V-

10. NONINVERTING INPUT (8) 
11. INVERTING INPUT (a) 
12. (a) NULL 
13. (a) NULL 
14. COMPARATOR NONINVERTING INPUT 
15. COMPARATOR INVERTING INPUT 
1e. COMPARATOR OUTPUT 
17. LOGiC GND 
18. CHANNEL (A) 

For additional DICE Information refer to 
1986 Data Book, Section 2. 
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---------1~ GAP..Q1 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

ELECTRICAL CHARACTERISTICS at Vs= ±1SV, CH= 1000pF, TA= 2SoC. 

PARAMETER 

"Um" AMPLIFIERS A, B 

Zero-Scale Error 

Input Offset Voltage 

Input Bias Current 

Input Offset Current 

Voltage Gain 

Open-Loop 
Bandwidth 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Input Voltage Range 

Slew Rate 

Feedthrough Error 

Acquisition Time to 
0.1 % Accuracy 

Acquisition Time to 
0.01% Accuracy 

COMPARATOR 

Input Offset Voltage 

Input Bias Current 

Input Offset Current 

Voltage Gain 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Input Voltage Range 

Low Output Voltage 

"OFF" Output 
Leakage Current 

Output Short
Circuit Current 

Response Time 

SYMBOL 

Vzs 

Vos 

IS 

lOS 

Av 

BW 

CMRR 

PSRR 

SR 

Vos 

Is 

lOS 

AV 

CMRR 

PSRR 

VOL 

ISC 

DIGITAL INPUTS-CHA, CHB (Note 3) 

Logic "I" Input Voltage 

Logic "a" Input Voltage 

Logie "1" Input Current 

Logic "a" Input Current 

MISCELLANEOUS 

Droop Rate 

Output Voltage Swing: 
AmplifierC 

Short-Circuit Current: 
AmplifierC ISC 

Switch Aperture Time tap 

Switch Switching Time ts 

Slew Rate: Amplifier C SR 

Power Supply Current ISY 

NOTES: 

CONDITIONS 

Av=1 

-10V 5 VCM 5 +10V 

± 9V5VS5±ISV 

(Note2) 

<1V,N = 20V, CHA = I, CHB = 0 (Note 2) 

20V Step, AVCL = +1 (Note 2) 

20V Step, AVCL = +1 (Note 2) 

2kO Pull-up Resistor to 5V (Note 2) 

±9V5VS5±18V 

(Note2) 

ISINK 5 5mA, Logic GND = OV 

5mV Overdrive, (Note 3) 
2kO Pull-up Resistor to 5V 

Tj = +25'C (Note I) 

RL = 2.5k 

RL =2.5k 

No Load 

1. Due to limited production test times the droop current corresponds to 
junction temperature (Tj). 

GAP01A1E GAP01B/F 
MIN TYP MAX MIN TYP MAX 

2 4 3 7 

2 3 3 6 

80 150 so 250 

20 40 50 100 

IS 25 10 25 

0.4 0.4 

SO 90 74 

S6 96 76 96 

±11.5 ±12 ±11.5 ±12 

0.5 0.5 

66 80 66 SO 

41 70 41 70 

45 45 

0,5 1.5 3 

700 1000 700 1000 

75 300 75 300 

5 7.5 3.5 7 

82 106 82 106 

76 90 76 90 

±11.5 ±12.5 ±11.5 ±12.5 

-0.2 0.15 0.4 -0.2 0.15 0.4 

25 80 25 SO 

12 45 12 45 

150 150 

2 

O.S O.S 

0.02 0.02 

1.6 10 2 10 

0.02 0.07 0.1 

±11.5 ±12.5 ±11 ±12 

15 40 7 15 40 

75 75 

50 50 

2.5 2.5 

5 7 6 9 

2. Guaranteed by design. 
3. Channel A = "1", Channel B = ''0''. 

UNITS 

mV 

mV 

nA 

nA 

V/mV 

MHz 

dB 

dB 

V 

dB 

I'S 

I'S 

mV 

nA 

nA 

V/mV 

dB 

dB 

V 

V 

rnA 

ns 

V 

V 

mV/ms 

V 

rnA 

ns 

ns 

mA 
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[fMD GAP-G1 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

ELECTRICAL CHARACTERISTICS at VS= ±15V, CH= 1000pF, -55°C ::;TA::; 125°C forGAP01AX & ax; -25°C::;TA::;85° C 

for GAP01 EX & FX, and 0° C ::; TA::; 70° C for GAP01 EP & FP. 

GAP01A1E GAP01B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

"g"," AMPLIFIERS A, B 

Zero-Scale Error Vzs 4 7 6 12 mV 

Input Offset Voltage Vos 3 6 5 10 mV 

Average Input 
TCVos (Note 1) -3 -6 -5 -6 p.V/'C Offset Drift 

Input Bias Current Is 160 250 160 500 nA 

Input Offset Current los 30 100 30 150 nA 

Voltage Gain Ay 7.5 9 5 9 V/mV 

Common-Mode 
CMRR -10V $ VCM $ +10V 74 82 72 80 dB Rejection Ratio 

Power Supply 
PSRR ±9V $ Vs $ ±18V 80 90 70 90 dB Rejection Ratio 

Input Voltage Range VCM (Note 1) ±11 ±12 ±10.5 ±12 V 

Slew Rate SR 0.4 0.4 V/p.s 

Acquisition Time to 
t.q 20V Step, AYCL = + 1 60 60 "s 0.1% Accuracy 

COMPARATOR 

Input Offset Voltage Vos 2 2.5 2 5 mV 

Average Input 
TCVos (Note 1) -4 -6 -4 -6 p.V/'C Offset Drift 

Input Bias Current Is 1000 2000 1100 2000 nA 

Input Offset Current los 100 600 100 600 nA 

Voltage Gain Ay 2kfl Pull-up Resistor to 5V, (Note 1 ) 4 6.5 2.5 6.5 V/mV 

Common-Mode 
CMRR -10V $ VCM$+10V 80 100 80 92 dB Rejection Ratio 

Power Supply 
PSRR ±9V$ Vs$±18V 72 82 72 86 dB Rejection Ratio 

Input Voltage Range VCM (Note 1) ±11 ±11 V 
c;n 

Low Output Voltage VOL ISINK $ 5mA, Logic GNo = 5V -0.2 0.15 0.4 -0.2 0.15 0.4 V Z 
"OFF" Output 

IL Vour=5V 25 100 25 160 ,..A 0 
Leakage Current ~ 

Output Short-
Isc Vour=5V 6 10 45 6 10 45 mA U 

Circuit Current Z 
Response Time t. 

5mV Overdrive. (Note 3) 
200 200 ns 

::J 
2kfl Pull-up Resistor to 5V j:.I., 

DIGITAL INPUTS-CHA, CHB (Note 3) ~ Logie "1" Input Voltage VH 2 V U 
Logic "0" Input Voltage VL 0.8 0.8 V j;.I..J 

I=l.o 
Logic "1"Input Current IINH VH =3.5V 0.02 0.02 ,..A c;n 

LogiC "0" Input Current IINL VL =O.4V 2.5 15 2.5 15 ,..A 

I MISCELLANEOUS 

Droop Rate VOR Tj = Max. Operating Temp., (Note 2) 10 10 mV/ms 

Output Voltage Swing: 
AmpliflerC VOP RL = 2.5k ±11 ±12 ±10.5 ±12 V 

Short-Circuit Current: 
Isc 6 12 40 6 12 40 mA AmpllfierC 

Switch Aperture Time tap 75 75 ns 

Slew Rate: Amplifier C SR RL =2.5k 2 2 V/p.s 

Power Supply Current IBY No Load 5.5 8 6.5 10 mA 

NOTES: See next page. 
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---------IIEMD GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

WAFER TEST LIMITS at Vs = ±15V, CH = 1000pF, TA = 25°C. 

PARAMETER SYMBOL CONDITIONS 

"11m" AMPLIFIERS A, B 

Zero-Scale Error Vzs 

Input Offset Voltage Vos 

Input Bias Current 18 

Input Offset Current los 

Voltage Gain Av 

Common-Mode 
CMRR 

Rejection Ratio 

Power Supply 
PSRR 

Rejection Ratio 

Input Voltage Range VCM (Note 1) 

GAP-01N 
LIMIT UNITS 

7 mV MAX 

6 mV MAX 

250 nA MAX 

100 nAMAX 

10 VlmV MIN 

74 dBMIN 

76 dBMIN 

±11.5 VMIN 

Feedthrough Error &VIN = 20V. CHA = 1, CHB = 0 (Note 1) 66 dBMIN 

COMPARATOR 

Input Offset Voltage Vos 3 mVMAX 

Input Bias Current 18 1000 nAMAX 

Input Offset Current los 300 nAMAX 

Voltage Gain Av 2kn Pull-up Resistor to 5V (Note 1) 3.5 VlmV MIN 

Common-Mode 
CMRR 

Rejection Ratio 
dBMIN 82 

Power Supply 
PSRR 

Rejection Ratio 
76 dBMIN 

Input Voltage Range VCM (Note 1) ±11.5 VMIN 

Low Output Voltage VOL ISINK'; 5mA, Logic GND = 5V 
0.4 

-0.2 
V MAX 
VMIN 

"OFF" Output 
IL Leakage Current 

Output Short-
Isc Circuit CurrAnt 

VOUT =5V 

DIGITAL INPUTS-C"FiX, CHB (Note 3) 

Logic "1" Input Voltage VH 

Logic "0" Input Voltage VL 

Logic '"\"' Input Current IINH VH=3.5V 

Logic "0" Input Current IINL VL = O.4V 

MISCELLANEOUS 

Droop Rate VOR Tj = 25'C (S Note 2) 
T",=25'C ea 

Output Voltage Swing: 
VOP AmplifierC 

RL = 2.5k 

Short-Circuit Current: 
Isc AmplifierC 

Power Supply Current Isv No Load 

NOTES: 
1. Guaranteed by design. 
2. Due to limited production test times the droop current corresponds to 

junction temperature (TI). The droop current vs. time (after power-on) 
curve clarifies this pOint. Since mostdevices(in use) are onfor more than 

80 

45 

0.8 

10 

0.1 
0.20 

±11 

40 
7 

9 

~AMAX 

mAMAX 
mAMIN 

VMIN 

V MAX 

~AMAX 

"A MAX 

mVims MAX 
mVims MAX 

VMIN 

mAMAX 
mAMIN 

mAMAX 

1 second, PMI specifies droop rate for ambient temperature (TAl also. The 
warmed-up (TAl droop current specification is correlated to the junction 
temperature (TJI value. PMI has a droop current cancellation circuit which 
minimizes droop current at high temperatures. 

3. Channel A = "1", Channel B = "0". 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss. yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 
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---------l~ GAP-G1 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±15V, CH = 1000pF, TA = 25°C. 

PARAMETER SYMBOL CONDITIONS 

"am" AMPLIFIERS A, B 

Slew Rate SR 

Acquisition Time to 0.1 % Accuracy tag 20V step, AVCl = 1 

Acquisition Time to 0.01% Accuracy tag 20V step, AVCl = 1 

COMPARATOR 

Response Time ts 
5mV Overdrive 
2kn Pull-up Resistor to +5V 

MISCELLANEOUS 

Switch Aperture Time tap 

Switching Time ts 
Slaw Rate: Amplifier C SR Rl = 2.5kn 

TYPICAL PERFORMANCE CHARACTERISTICS 

~ 

SMALL-SIGNAL OPEN-LOOP 
GAIN/PHASE vs FREQUENCY 

45 

,~~~~~--~~~--l90 

FREQUENCY (Hz) 

135 

180 

AMPLIFIER CHARGE INJECTION 
ERROR VB INPUT VOLTAGE 

AND TEMPERATURE 
+1.0 

POLARITY OF ERROR 
MAY BE POSITIVE OR 

NEGATIVE 

CH = 1000pF 

TA =2SoC 

~ -10V 

Z 

-5V +5V +10V 

>" 

-0.6 +2s<'C 

-1,0 

ERROR (mV) 

ACQUISITION TIME vs 
INPUT VOLTAGE STEP SIZE 

oor---,---,---,--, 
TA = 25°C 

CH "" lDODpF 

40r-----~----_t----~~~~ 

100 

80 

60 

40 

20 

10 15 20 

INPUT STEP (VOLTS) 

HOLD-MODE POWER SUPPLY 
REJECTION vs FREQUENCY 

TA '" 25°C 

V1N"'OV 
CH = l000pF_ 

POSITIVE SUPPLY 
(+15v +lV SIN wT) 

- NEGATIVE SUPPLY 
(-15V +1V SIN wi 

'l\ 
~ 

CHANNEL A = 1 

o 
10 100 

CHAN~rL 8=0 

lk 10k tOOk 1M 

FREOUENCY (Hz) 

15-9 

0 

8 

6 

2 

0 

GAP-01N 
TYPICAL 

0.5 

41 

45 

150 

75 

50 

2.5 

DROOP CURRENT 
vs TEMPERATURE 

UJ'TS A~ OP~RATI~G 
TEMPERATURE 

I 
I 
I 

II 

/ 
,../ 

UNITS 

VII's 
p.s 

p.s 

ns 

ns 

ns 

VII's 

-75 -50 -25 0 25 50 75 100 125 150 

-2 

-3 

TEMPERATURE (OC) 

LOGIC INPUT CURRENT VB 
LOGIC INPUT VOLTAGE 

loj,e 1 

.1.-

h--551e 
I 

-:- +2SoC 

+12SOC 

1 
Teo LOGIC GRJUND = ov 

1 1 J 
-2 -1 

LOGIC INPUT VOLTAGE (VOLTS) 
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_______ ~P..Q1 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

TYPICAL PERFORMANCE CHARACTERISTICS 

;= 

~ 
ffi 
:J: 
I-

~ 

~ 
I-

15 
a: 
a: 
::> 
u 

::/ 
iii 
I-
~ 
;:; 

+3 

+2 

+1 

-1 

COMPARATOR INPUT BIAS 
CURRENT VB DIFFERENTIAL 

INPUT VOLTAGE 

Vs = 1±15V 
INPJr CURR1ENT MU~ 

TA =2s<'c BE LIMITED TO LESS-
THAN 1mA 

OTHER OTHER OTHE R 
!--'NPUT _INPUT 

AT-tOV ATOV 
!--'NPU 

AT +1 
T 

OV 

-15 -10 -5 10 15 

INPUT VOLTAGE (VOLTS) 

CHANNEL TO CHANNEL ISOLATION 
VB FREQUENCY 

120 

iii 
:!! 100 
Z 
0 
j: 

" 80 g 
... 
w 60 z z 

" :J: 
'I 40 

~ 
z 20 z 

" :J: 
U 

o 

T~' 26°~ 

" 
TEST CONDITION: l'\. -CH = 1000pf, AMPLIFIER 
A AND B CONNECTED ~ IN+1 GAIN 

AMPLIFIER A tB) OFf,lNPUT = 20V Pk-Pk 
AMPLIFIER B (8) ON, INPUT = OV 
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PULL-UP RESISTOR, TA = 25° C) 

5V 

w 'v 
~ g 3V 

I- 2V 

O~ lV 

OV 

TIME (50ns!DIV.) 

w 

+5mV ~ 
OmV g 

I
-5mV ~ 

;:; 

1/86, Rev. A 



---------1~ GAP·01 GENERAL·PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

TYPICAL PERFORMANCE CHARACTERISTICS 
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----------l~ GAP·01 GENERAL·PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

TYPICAL PERFORMANCE CHARACTERISTICS 
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SUPPLY VOLTAGE +V AND -V (VOLTS) 

A AND B AMPLIFIERS OFFSET 
VOLTAGE VB TEMPERATURE 

-2 

-4 

TEMPERATURE (OCI 

APPLICATION CIRCUITS 

GAp·01IN UNITY GAIN (+1) CONFIGURATION 
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TEMPERATURE lOCI 

GAP·01 WITH POSITIVE AND NEGATIVE GAINS 
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CHANNEL A 
INPUT ., 

OUTPUT 
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--------I~ GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

APPLICATION CIRCUITS 

ALTERNATE GAIN CONFIGURATION 
,---------------_ .. _-_._ .. __ ._----_._------------------, 

R, 

CHANNELAo---------~------------, 

OUTPUT 

>-..--t-+--o 

R, 

CHANNEL B 0------------------------' 

IF BOTH CHANNEL A ANU CHANNEL B HAVE 
THE SAME POSITIVE VOLTAGE GAIN. A SIN
GLE VOLTAGE DIVIDER SETS THE GAIN FOR 
BOTH CHANNELS. 

ABSOLUTE VALUE CIRCUIT WITH POLARITY PROGRAMMABLE OUTPUT 

INPUT 

~ o-~------------___ -, 
+sv 

4.7kn 

10k" 
1% 

10k" 
1% 

11 

,. 

R3>2.4kn 

R4>2.4kfl 

OUTPUT 

POLARITY 
CONTROL 

SIGNAL 

~ 500pF 
GAIN=:1 

* TRANSISTOR INCREASES COMPARATOR GAIN 

1,;:.1 L::.::.I 1,;:::.1' 

II! .-. ~ lflii 
~ 

I ~ a 
r.1l"I 

~ 

Ii 

.: Ii 

TRACE 1: INPUT SIGNAL 

TRACE 2: CHANNEL A/CHANNEL B 
CONTROL SIGNAL 

TRACE 3: OUTPUT. POLARITY CONTROL 
SIGNAL =0 

Iii ... 

~ ... 

=" 
~ 
rn,:::::"I 

15-13 

CHANNEL B 

.... 11,;=.1 

'-i ~ 
~ II 

;;OIl 

~ :!II 
Ri ~ :~ 

• 
II!: 

~ ~ 

TRACE 1: INPUT SIGNAL 

TRACE 2: CHANNEL AlCHANNEL a 
CONTROL SIGNAL 

TRACE 3: OUTPUT. POLARITY CONTROL 
SIGNAL = 1 
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--------I[fMD GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

TWO-CHANNEL SAMPLE/HOLD AMPLIFIER 

5 '00 6 

+15V -15V 

R, 
INPUT A o-~MI'-+--""'~~ ,." 

INPUTBo-~MI'-----~1-l 

CHANNEL A/CHANNEL B 13 

SAMPLE/HOLD ~=:::==Jt'~2f'O~O~!.!.--d~ 

15-14 

CH • 
,. 

500PF~ 

CHANNEL A GAIN", - ~ = -10 

CHANNEL B GAIN=1 + ~ =2 

TRACE 1: INPUT SIGNAL B (1V/DIY.) 

TRACE 2: INPUT SIGNAL A (O.SYlDIY.) 

TRACE 3: CHANNEL AtCHANNEL B 
CONTROL SIGNAL (Sv/DIY.) 

TRACE 4: OUTPUT WITH SAMPLE/tmLD 
'" "'" (5VIDIY,") 

TRACE 1: INPUT SIGNAL 8 (lV/DIY.) 

TRACE 2: SAMPLE/HOLD (5V/DIY.) 
CONTROL SIGNAL 

TRACE 3: OUTPUT SIGNAL (2Y/DIY.) 
C'RAfiiN!tAICHANNEl B = "'" 
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---------t~ GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

APPLICATION CIRCUITS 

DIGITAL GROUND CONNECTION FOR 
SINGLE SUPPLY OPERATION 

GAP-Dl 

L...-___ ---J 

17 

DIG 
GND 

FOUR QUADRANT MULTIPLYING DAC 

A INPUT 

V+ = lSV 

R = S.lkn 

LOGIC LEVEL TRANSLATION FOR 
GAP-01 SINGLE SUPPLY OPERATION 

CHJ 

15-15 

V+ = 1SV 

Rl = 3.3kn 
TO GAP-Ol 

t-----+ LOGIC 
CONTROL 

~ R2 = 390r! 

I TT0>---.-, 
~ R3 = lkf2 

COLLECTOR 

lOGIC HIGH VOLTAGE = 4.4V 
LOGIC LOW VOLTAGE = 1.S8V 

8, 810 

BINPUT 

1/86, Rev. A 

VJ 
Z 
0 
f:: u 
5 
P... 

g 
U 
iLl 
A.. 
VJ 



---------i~ GAPo01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

APPLICATION CIRCUITS 

SYNCHRONOUS DEMODULATION OF LVDT SIGNAL 

2kn 10kn 
.1 '. 8UFFERED 

LVDT 

MODEL E1000 12 SIGNAL ., DISPLACEMENT !~E:~~:EE:~T~G 
rL;D~ ---, I '--I~----~~------------~ 

LVDT I I 
CEST) POINT 

c, ® 
EXCITATION I--<r-----:-,., I r------------~ 

L:~y:·C:p~~~:~~~::~)t1~t_----!I-J : 

1.5kn 

?V T 5V I 

: I L _____ ..J 

+15V 

4.7k{l 

1000pF ":'" 

SQUARED 
lYD'1' 

EXCITATION 

(TEST~OINT ) 

~~--~~-

--~ 

" ~" -, 
I 

0.1"F 

10 FILTERED DC 
>~--<l OUTPUT 20kn 20kn 

(TEST) 
POINT 

@ '. 

ov TRACE lA: LVDT SINEWAVE EXCITATION (TEST POINT 1) -2V/OIV: 
TRACE 18: GAp·(n COMPARATOR OUTPUT (TEST POINT 3) -6V/DIV. 

ov TRACE 2: BUFFERED LVDr OUTPUT AT GAP·en INPUT {TEST POINT 2} 
O.5V/DIV. 

OV TRACE 3A: LVDT SIGNAL AFTER GAP·e)1 SYNCHRONOUS DEMODULATION 
(TEST POINT 4) -o.6V/OIV. 

TRACE 38: DC OUTPUT LEVEL INDICATING LVDT CORe POSITION (TEST 
POINT 6) O.SV/DIV. 
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_______ ~~ GAP-01 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

APPLICATION CIRCUITS 

WINDOW COMPARATOR 

+15V 1"5V 

1.SkH rN914 lkU 

:> e DV 
;;: 

12 13 

~ 
AMPLIFIER 

B NULL 

lkH 

l/o1s!DIV. 

APPLICATION INFORMATION 

CAPACITOR RECOMMENDATIONS 

-15V 

GAP-01 

TRACE 1: 

COMPARATOR OUTPUT 
(Ve. PIN 16) 

TRACE 2: 

ANALOG 1 NPUT 
(Vx) 

The external capacitor (CH) serves as the compensation 
capacitor and hold capacitor in sample/hold applications. 
Stable operation requires a minimum value of 500pF. Larger 
capacitors may be used to lower droop rate errors. but acquisi
tion time will increase and bandwidth decrease. 

The capacitor should have very high insulation resistance 
and low dielectric absorption. For temperatures below 85° C. 
a polystyrene capacitor is recommended. while a Teflon 
capacitor is recommended for high temperature environ
ments. 

COMPARATOR 
The comparator output high level (VOH) is set by external 
resistors. It's possible to optimize noise immunity while inter
facing to all standard logic families - TTL. DTL. and CMOS. 
Figure 1 shows the comparator output with external level 
setting resistors. Table I gives typical R, and R2 values for 
common circuit conditions. 

With the comparator in the low state (VoLl. the output stage 
will be required to sink a current approximately equal to 
Ve/R,. 

NON-INVERTING 
COMPARATOR 

INPUT 

GAP-01 

,--+---;---0 VOH 

INVERTING 
COMPARATOR 

INPUT 

DIGITAL v
GROUND 

Figure 1 

Vc VOH R1 R2 

5 3.5 2.7K 6.2K 

5 5.0 2.7K 

15 3.5 4.7K 1.5K 

15 5.0 4.7K 2.4K 

15 7.5 7.5K 7.5K 

15 10.0 7.5K 15K 

Table I 

Ve 
R,"'--

Isink 

",o"{,'_) 
VOH 

The maximum comparator high output voltage (VOH) should 
be constrained to: VOH (max) < V+ -2V 

CAPACITOR GUARDING AND GROUND LAYOUT 
Ground planes are recommended to minimize ground path 
resistance. Separate analog and digital grounds should be 
used. The two ground systems are tied together only at the 
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---------I~ GAP-cJ1 GENERAL-PURPOSE ANALOG SIGNAL PROCESSING SUBSYSTEM 

common system ground. This avoids digital currents re
turning to the system ground through the analog ground 
path. 

The CHterminal (Pin 4) is a high-impedance point. To minim
ize gain errors and maintain the GAP-01's inherently low 
droop rate, guarding Pin 4 as shown in Figure 2 is recommended. 

,. 
17 

16 

15 

" 
13 

12 

11 

10 

Figure 2 

LOGIC CONTROL 

REPEAT ON 
"COMPONENT SIDE" OF 
PC BOARD I F POSSIBLE 

The transconductance amplifier outputs are switched by the 
digital logic signals applied at Channel A and Channel B pins. 
Two signal paths through the GAP-01 are possible. 

The logic threshold voltage is 1.4 volts when digital ground is 
at zero volts. Other threshold voltages (VTH) may be selected 
by applying the formula: 

VTH -1.4V + Digital Ground Potential. 

Figure 3 shows the simplified logic control circuit. For proper 
operation, digital ground must always be at least 3.5V below 
the positive supply and 2.5V above the negative supply. The 
logic signals must always be at least 2.SV above the negative 
supply. 

Operating the digital ground at other than zero volts does 
influence the comparator output low voltage. The VOL level is 
referenced to digital ground and will follow any changes in 
digital ground potential: 

VOL - O.2V + Digital Ground Potential. 

15-18 

CHANNEL A 
OR 

CHANNEL B 

Figure 3 

.-----------.----ov+ 

CURRENT TO 
CONTROL MODES 

DIGITAL 
GROUND 

ZERO-SCALE ERROR ADJUSTMENT 
For sample/hold applications the zero-scale error (Vos plus 
charge injection error) can be adjusted to zero. With the input 
to each channel equal to zero, the GAP-01 is switched 
between the sample mode (either channel A or channel B 
active) and the hold mode (channel A -1, channel B = 0). The 
output is adjusted to read zero when the unit is in the hold 
mode. 

The Vzs trim circuit is identical to the Vos trim circuit. 

OFFSET VOLTAGE ERROR ADJUSTMENT Offset voltage 
through either channel A or channel B may be nulled with an 
external 100kO potentiometer as shown below. 

J J 
15 100kn 1. I. 100." 

12 1,3 
ANULL B NULL 

GAP-01 

Figure 4 
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Precision MOflolithics Inc. 

FEATURES 
• Monolithic Design for Reliability and Low Cost 
• High Slew Rate ....................••.•...... O.SV/P.S 
• Low Droop Rate 

TA=2SoC ............................... O.1mVlms 
TA= 12SoC .............................. 10mV/ms 

• Low Zero-Scale Error . . . . . . . . . . . . . . . • . • • . . . . . . • .. 4mV 
• Digitally Selected Hold and Reset Modes 
• Reset to Positive or Negative Voltage Levels 
• Logic Signals TTL and CMOS Compatible 
• Uncommitted Comparator on Chip 

ORDERING INFORMATIONt 

2S'C PACKAGE OPERATING 

Vzs 14-PIN DUAL-IN·LINE PACKAGE TEMPERATURE 
(mV) HERMETIC· PLASTIC RANGE 

4 PKD01AY' MIL 
7 PKD01BY' MIL 
4 PKD01EY IND 
7 PKD01FY IND 
4 PKD01EP COM 
7 PKD01FP COM 

• For devices processed in total compliance to MIL-STD-663. add 1663 after 
part number. Consult factory for 663 data sheet. 

t All commercial and industrial temperature range parts Bre available with 
burn-in. For ordering information see 1986 Data Book, Section 2. 

GENERAL DESCRIPTION 
The PKD-01 tracks an analog input signal until a maximum 
amplitude is reached. The maximum value is then retained as 
a peak voltage on a hold capacitor. Being a monolithic circuit, 
the PKD-01 offers significant performance and package den
sity advantages over hybrid modules and discrete designs 
without sacrificing system versatility. The matching charac
teristics attained in a monolithic circuit provide inherent 
advantages when charge injection and droop rate error 
reduction are primary goals. 

Innovative design techniques maximize the advantages of 
monolithic technology. Transconductance (gm) amplifiers 
were chosen over conventional voltage amplifier circuit 
building blocks. The "gm" amplifiers simplify internal 
frequency compensation, minimize acquisition time and 
maximize circuit accuracy. Their outputs are easily switched 
by low glitch current steering circuits. The steered outputs 
are clamped to reduce charge injection errors upon entering 
the hold mode or exiting the reset mode. The inherently low· 
zero-scale error is reduced further by active "Zener-Zap" 
trimming to optimize overall accuracy. 

The output buffer amplifier features an FET input stage to 
reduce droop rate error during lengthy peak hold periods. A 
bias current cancellation circuit minimizes droop error at 
high ambient temperatures. 

Manufactured under the following patent: 4.265,051 

15-19 

PKD-Ol 
MONOLITHIC PEAK DETECTOR 

(WITH RESET-AND- HOLD MODE) 

Through the DET control pin, new peaks may either be 
detected or ignored. Detected peaks are presented as posi
tive output levels. Positive or negative peaks may be detected 
without additional active circuits since amplifier A can oper
ate as an inverting or non inverting gain stage. 

An uncommitted comparator provides many application 
options. Status indication and logic shaping/shifting are typ
ical examples. 

PIN CONNECTIONS 

FUNCTIONAL DIAGRAM 

+IN -IN 

LOGIC 13 
GND 

DET 

-IN 

+1. 

-I. 

+1. 

RST 

RST DEl OPERATIONAL MODE 

o 0 PEAK DETECT 
1 PEAK HOLD 

RESET 
Indeterminate 

14-PIN HERMETIC DIP 
(Y-Sufflx) 

EPOXY DIP 
(P-Sufflx) 

OUTPUT V + v-

SWITCHES SHOWN FOR: 

RST = "0", DET="O" 

OUTPUT 

1/86, Rev. A 

I 



-------------Im PKD-G1 MONOLITHIC PEAK DETECTOR 

ABSOLUTE MAXIMUM RATINGS (Note 2) 
Supply Voltage ••••••••••••••••••••••••••••••••••• ±18V 

Power Dissipation ••••••••••••••••••••• ,........ 500mW 

Input Voltage ••••••••••••••••••• Equal to Supply Voltage 

Logic and Logic Ground 
Voltage •••••••••••••••••••••• Equal to Supply Voltage 

Output Short-Circuit Duration ••••••••••••••••• Indefinite 

Amplifier A or B Differential Input Voltage •••••••••• ±24V 

Comparator Differential Input Voltage •••••••••••••• ±24V 

Comparator Output Voltage 

• • • • • • • • • • • • • • • • • • •• Equal to Positive Supply Voltage 
Hold Capacitor Short-Circuit Duration ••••••••• Indefinite 

Lead Temperature (Soldering, 60 sec) ••••••••••••• 300°C 

Storage Temperature Range 

PKD01AY, PKD01BY •••••••••••••••• -65°Cto+150°C 

PKD01EY, PKD01FY ................ -65°Cto+150°C 

PKD01EP, PKD01FP ................ -65°Cto+125°C 

Operating Temperature Range 
PKD01AY, PKD01BY •••••••••••••••• -55°C to +125°C 

PKD01EY, PKD01FY ••••••••••••••••• -25°C to +85°C 

PKD01 EP, PKD01 FP .................... 0° C to + 70° C 
Dice Junction Temperature •••••••••••• -65°C to +150°C 

PACKAGE 
(Nolel) 

'4-Pin DIP (Y) 

'4-Pln DIP (P) 

NOTES: 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

80·C 

50·C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

'OmW/·C 

6mW/·C 

1. Maximum package power dissipation YS. ambient temperature. 
2. Absolute ratings apply to both packaged parts and DICE, unless 

otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, CH = 1000pF, TA = 25°C. 

PKD01A/E PKD01B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TVP MAX UNITS 

"am" AMPLIFIERS A, B 

Zero-Scale Error Vzs 3 mV 

Input Offset Voltage Vos 2 3 6 mV 

Input Bias Current Ie 80 '50 80 250 nA 

Input Offset Current los 20 40 20 75 nA 

Voltage Gain Av '8 25 '0 25 V/mV 

Open-Loop 
BW Av=1 0.4 0.4 MHz Bandwidth 

Common-Mode 
CMRR -'OV 5 VCM 5 +'OV 60 Rejection Ratio 90 74 90 dB 

Power Supply 
PSRR ±9V5VS5±'8V 86 96 76 96 dB Rejection Ratio 

Input Voltage Range VCM (Note 1) ±11.5 ±12 ±11.5 ±12 V 

Slew Rate SR 0.5 0.5 VII's 

Feedthrough Error aV'N = 20V, DET = I, RST = 0, (Note 1) 66 80 66 80 dB 

Acquisition Time to 
taq 20V Step, AVCL = +', (Note') 41 70 4' 70 I'S 0.' % Ace uracy 

Acquisition Time to 
taq 20V Step, AVCL = +', (Note 1 ) 45 45 I'S 0.01% Accuracy 

COMPARATOR 

Input Offset Voltage Vos 0.5 1.5 3 mV 

Input Bias Current Ie 700 1000 700 '000 nA 

Input Offset Current los 75 300 75 300 nA 

Voltage Gain Av 2kO Pull-up Resistor to 5V, (Note') 7.5 3.5 7.5 VlmV 

Common-Mode 
CMRR -10V5VCM 5+10V 82 106 82 '06 dB Rejection Ratio 

Power Supply 
PSRR ±9V5Vs 5±18V 76 90 76 90 dB Rejection Ratio 

Input Voltage Range VCM (Note 1) ±11.5 ±12.5 ±11.5 ±'2.5 V 

NOTES: 
1. Guaranteed by design. warmed-up (TA) droop current specification is correlated to the junction 
2. Due to limited production test times, the droop current corresponds to temperature (T)) value. PMI has a droop current cancellation circuit which 

junction temperature (Tjl. The droop current vs. time (after power-on) Minimizes droop current at high temperature. Ambient (TA) temperature 
curve clarifies this pOint. Since most devices (in use) are on for more than speCifications are not subject to production testing. 
, second, PMlspecifies droop rate for ambient temperature (TA) also. The 3. DET=I,RST=O. 
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IEMD PKD-01 MONOLITHIC PEAK DETECTOR 

ELECTRICAL CHARACTERISTICS at Vs = ± 15V, CH = 1000pF, TA = 25° C. (Continued) 

PKD01A1E PKD01B/F 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

Low Output Voltage VOL ISINK " SmA, Logic GND = SV -0.2 0.1S 0.4 -0.2 0.1S 0.4 V 

"OFF" Output 
IL VOUT= SV 25 80 25 80 I'A Leakage Current 

Output Short-
Iso VouT =5V 12 45 12 45 mA Circuit Current 

Response Time ts 
SmV Overdrive. (Note 3) 

1S0 150 ns 
2kn Pull-up Resistor to 5V 

DIGITAL INPUTS-RST, DET (See Note 3) 

Logic "1" Input Voltage VH 2 2 V 

Logie "0" Input Voltage VL 0.8 0.8 V 

Logie "1" Input Current I'NH VH=3.5V 0.02 0.02 I'A 

Logic "0" Input Current IINL VL =O.4V 1.6 10 1.6 10 I'A 

MISCELLANEOUS 

Droop Rate VOR 
Tj = 25'C. 

(See Note 2) 
0.01 0.07 0.01 0.1 

mVlms 
TA=25'C 0.02 0.15 0.03 0.20 

Output Voltage Swing: 
VOP 

DET=1 
±11.S ±12.S ±11 ±12 V 

AmpliflerC RL =2.5k 

Short-Circuit Current: 
Iso 15 40 15 40 mA AmpliflerC 

Switch Aperture Time tae 75 75 ns 

Switch Switching Time ts 50 50 ns 

Slew Rate: Amplifier C SR RL = 2.5k 2.5 2.5 VI,," 

Power Supply Current I .. No Load 5 7 6 9 mA 

ELECTRICAL CHARACTERISTICS at Vs=±15V, eH= 1000pF, -55°e:STA:S 125°C for PKD01AY, PKD01 BY, -25°C :s TA:S 85°C 

for PKD01 EY, PKD01 FY and ooe :s TA:S 70°C for PKD01 EP. PKD01 FP. 

PKD01A1E PKD01B/F Z 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 0 
"8m" AMPLIFIERS A, B r:: 

Zero-Scale Error Vzs 4 6 12 mV U 
Input Offset Voltage Vos 3 6 10 mV Z 
Average Input ::J 

TCVos (Note 1) -9 -24 -9 -24 "V/'C ~ 
Offset Drll! g Input Bias Current Ie 160 250 160 500 nA 

Input Offset Current los 30 100 30 150 nA U 
~ 

Voltage Gain Av 7.5 9 9 VlmV t:l-. 
Vl 

Common-Mode 
CMRR -10V" VOM " +10V 74 82 72 80 dB Rejection Ratio 

Power Supply 
PSRR ±9V"Vs,,±18V 60 90 70 90 dB Rejection Ratio 

Input Voltage Range VOM (Note 1) ±11 ±12 ±10.5 ±12 V 

Slew Rate SR 0.4 0.4 VI"s 

Acquisition Time to 
taq 20V Step, AVOL = + 1, (Note 1 ) 60 60 "s 0.1 % Accuracy 

COMPARATOR 

Input Offset Voltage Vos 2 2.5 2 5 mV 

Average Input 
TCVos (Note 1) -4 -6 -4 -6 ,..VI'C Offset Dril! 

Input Bias Current Ie 1000 2000 1100 2000 nA 
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m PKD-G1 MONOLITHIC PEAK DETECTOR 

ELECTRICAL CHARACTERISTICS atVs= ±15V, C H = 1000pF, -55°C:5TA:5125°C for PKD01AY, PKD01 BY, -25°C:5TA:585°C 

for PKD01EY, PKD01 FY and O°C:5 TA :5 70°C for PKD01 EP, PKD01FP. (Continued) 

PKD01A/E PKD01B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Current los tOO 600 tOO 600 nA 

Voltage Gain Av 2kn Pull-up Resistor to 5V, (Note 1) 4 6.5 2.5 6.5 VlmV 

Common-Mode 
CMRR -10V';VCM ';+10V 80 100 60 92 dB 

Aejectlon Ratio 

Power Supply 
PSRR ±9V';Vs ';±18V 72 82 72 86 dB 

Rejection Ratio 

Input VOltage Range VCM (Note 1) ±11 ±11 V 

Low Output Voltage VOL ISINK '; 5mA, Logic GND = 5V -0.2 0.15 0.4 -0.2 0.15 0.4 V 

"OFF" Output 
IL Vour=5V 25 100 100 160 p.A 

Leakage Current 

Output Short-
Isc VouT =5V 6 to 45 6 10 45 mA Circuit Current 

Response Time ts 
5mV Overdrive, 
2kn Pull-up Resistor to 5V 

200 200 ns 

DIGITAL INPUTS-RST, DET (See Note 3) 

Logic "1" Input VOltage VH 2 V 

Logic "0" Input Voltage VL 0.8 0.8 V 

Logic "I" Input Current IINH VH =3.5V 0.02 0.02 p.A 

Logic "0" Input Current I'NL VL = O.4V 2.5 15 2.5 15 p.A 

MISCELLANEOUS 

T, = Max. Operating Temp 
1.2 10 3 15 

Droop Rate VOR TA = Max. Operating Temp. 
2.4 20 6 20 

mVlms 
i5Ef = 1, (Note 2) 

Output Voltage Swing: 
VOP RL =2.5k ±tl ±12 ±10.5 ±t2 V 

AmplifierC 

Short-Circuit Current: 
Ise 6 12 40 6 12 40 mA AmplifierC 

Switch Aperture Time tae 75 75 ns 

Slew Rate: Amplifier C SR RL =2.5k 2 2 VII'S 

Power Supply Current Isv No Load 5.5 8 6.5 10 mA 

NOTES: 
1. Guaranteed by design. 
2. Due to limited production test times, the droop current corresponds to 

junction temperature (Tj). The droop current VS. time (after power-on) 
curve clarifies this pOint. Since most devices (in use) are on for more than 
1 second, PMI specifies droop rate for ambient temperature (TA) also. 
The warmed-up (TA) droop current specllication is correlated to the 
junction temperature (T/) value. PMI has a droop current cancellation 
circuit which minimizes droop current at high temperature. Ambient (TA) 

temperature specifications are not subject to production testing. 
3. i5ET = 1, RST = O. 
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--------------1~ PKD-01 MONOLITHIC PEAK DETECTOR 

DICE CHARACTERISTICS 

1. RST (RESET CONTROL) 
2. V+ 
3. OUTPUT 
4. CH (HOLD CAPACITOR) 
5. INVERTING INPUT (A) 
6. NONINVERTING INPUT (A) 
7. V-
8. NONINVERTING INPUT (B) 

9. INVERTING INPUT (B) 
10. COMPARATOR NONINVERTING INPUT 
11. COMPARATOR INVERTING INPUT 
12. COMPARATOR OUTPUT 
13. LOGIC GROUND 
14. DET (PEAK DETECT CONTROL) 

A,B (A) NULL 
C,D (B) NULL 

DIE SIZE 0.090 X 0.100 Inch, 9000 sq. mil. 
(2.286 X 2.54mm, 5.8 sq mm) 

For additional DICE Information refer to 
1986 Data Book, Section 2. 

WAFER TEST LIMITS at Vs= ±15V, CH = 1000pF, TA = 25°C. 

PARAMETER 

"gm" AMPLIFIERS A, B 

Zero-Scale Error 

Input Offset Voltage 

Input Bias Current 

Input Offset Current 

Voltage Gain 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Input Voltage Range 

SYMBOL 

Vzs 

Vos 

los 

Av 

CMRR 

PSRR 

PKD-01N 
CONDITIONS LIMIT UNITS 

7 mVMAX 

6 mVMAX 

250 nAMAX 

75 nAMAX 

10 VlmV MIN 

-10V!S VCM!S +10V 74 dBMIN 

±9V!S Vs!S ±18V 76 dB MIN 

(Note 11 ±11.5 VMIN 

Feedthrough Error aV,N = 2011, OET = 1, RST = 0, (Note 11 66 dBMIN 

COMPARATOR 

Input Offset Voltage 

Input Bias Current 

Input Offset Current 

Voltage Gain 

Common-Mode 
Rejection Ratio 

Power Supply 
Rejection Ratio 

Input Voltage Range 

Vos 

18 

los 

Av 2kn Pull-up Resistor to 5V, (Note 11 

CMRR 

PSRR ±9V!SVs !S±18V 

(Note 11 

3 mVMAX 

1000 nAMAX 

300 nAMAX 

3.5 VlmV MIN 

82 dBMIN 

76 dBMIN 

±11.5 VMIN 

0.4 V MAX 
-0.2 VMIN 

ISINK!S 5mA, Logic GND = 5V Low Output Voltage 

"OFF" Output 
Leakage Current 

Output Short
Circuit Current 

NOTES: 
1. Guaranteed by design. 

VOUT= 5V 

ISC VOUT=5V 

2. Due to limited production test times, the droop current corresponds to 
junction temperature (Tjl. The droop current vs. time (after power-on I 
curve clarifies this pOint. Since most devices (in use) are on for more than 
1 second, PMI specifies droop rate for ambient temperature (TAl also. The 

15-23 

80 p.AMAX 

45 mAMAX 
7 mAMIN 

warmed-up (TAl droop current specification is correlated to the junction 
temperature (Tjl value. PMI has a droop current cancellation circuit which 
minimizes droop current at high temperature. Ambient (TA) temperature 
specifications are not subject to production testing. 

3. DET= 1. RST=O. 
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------------4W PKD-01 MONOLITHIC PEAK DETECTOR 

WAFER TEST LIMITS at Vs= ±1SV, CH= 1000pF, TA = 2SoC. (Continued) 

PARAMETER SYMBOL CONDITIONS 

DIGITAL INPUTS-RST, DET (See Note 3) 

Logic "1" Input Voltage VH 

Logic "0" I nput Voltage VL 

Logic "1" Input Current I'NH VH=3.5V 

Logic "0" Input Current I'NL VL = O.4V 

MISCELLANEOUS 

Droop Rate VOR 
Tj =25'C, 

(See Note 21 
TA=25'C 

Output Voltage Swing: 
VO? RL =2.5k 

AmplifierC 

Short-Circuit Current: 
Isc AmplifierC 

Power Supply Current ISY No Load 

NOTES: 
1. Guaranteed by design. 
2. Due to limited production test times, the droop current corresponds to 

junction temperature (Tj). The droop current vs. time (after power-on I 
curve clarifies this point. Since most devices (in use) are on for more than 

PKD-G1N 
LIMIT UNITS 

2 VMIN 

O.B V MAX 

p.AMAX 

10 p.AMAX 

0.1 mVlmsMAX 
0.20 mVlmsMAX 

±11 VMIN 

40 rnA MAX 
7 mAMIN 

9 rnA MAX 

1 second, PMI specifies droop rate for ambient temperature (TAl also. The 
warmed-up (TAl droop current specification is correlated to the junction 
temperature (Til value. PMI has a droop current cancellation circuit which 
minimizes droop current at high temperatures. Ambient (TAl temperature 
specifications are not subject to production testing. 

3. DET=l,RST=O. 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs = ±1SV, CH = 1000pF, and TA = 2SoC, unless otherwise noted. 

PKD-01N 
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS 

"Um" AMPLIFIERS A, B 

Slew Rate SR 0.5 Vlp.s 

Acquisition Time ta 0.1% Accuracy, 20V step, AVCL = 1, (Note 1 I 41 P.s 

Acquisition Time ta 0.01% Accuracy, 20V step, AVCL = 1, (Note 1 I 45 P.s 

COMPARATOR 

Response Time 
5mV Overdrive, 
2kO Pull-up Resistor to +5V 

150 ns 

MISCELLANEOUS 

Switch Aperature Time tae 75 ns 

Switching Time ts 50 ns 

Buffer Slew Rate SR RL = 2.5kO 2.5 Vlp.s 
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--------------1~ PKD-01 MONOLITHIC PEAK DETECTOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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-------------I(fMj) PKD·01 MONOLITHIC PEAK DETECTOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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--------------1~ PKD-01 MONOLITHIC PEAK DETECTOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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------------4~ PKD-01 MONOLITHIC PEAK DETECTOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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--------------1~ PKD-01 MONOLITHIC PEAK DETECTOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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--------------1~ PKD-II1 MONOLITHIC PEAK DETECTOR 

THEORY OF OPERATION 
The typical peak detector uses voltage amplifiers and a diode 
or an emitter follower to charge the hold capacitor, CH, 

unidirectionally (Figure 1). The output impedance of A plus 
0, 's dynamic impedance, r d, make up the resistance which 
determines the feedback loop pole. The dynamic impedance 

is r d =~. Id is the capacitor charging current. 
qld 

The pole moves toward the origin of the S plane as Id goes to 
zero. The pole movement in itself will not significantly 
lengthen the acquisition time since the pole is enclosed in the 
system feedback loop. 

When the moving pole is considered with the typical fre
quency compensation of voltage amplifiers there is however, 
a loop stability problem. The necessary compensation can 
increase the required acquisition time. PMl's approach 
replaces the input voltage amplifier with a transconductance 
amplifier; Figure 2. 

The PKO-01 transfer function can be reduced to: 

VOUT 

Where: gm ~ 1 p.A/mV, ROUT ~ 20MO. 

The diode in series with A's output (Figure 2) has no effect 
because it is a resistance in series with a current source. In 
addition to simplifying the system compensation, the input 
transconductance amplifier output current is switched by 
current steering. The steered output is clamped to reduce 
and match any charge injection. 

Fig. 3 shows a simplified schematic of the reset "gm" ampli
fier, B. In the track mode, 0, & 04 are ON and 02 & 0 3 are 
OFF. A current of 21 passes through 0" I is summed at "B" 
and passes through 0" and is summed with gmVIN. The 
current sink can absorb only 31, thus, the current passing 
through O2 can only be: 2K -gmVIN. The net current into the 
hold capacitor node then, is gmVIN (CH=21-(21-gmV1N ). The 
hold mode, O2 & 03 are ON while 0, & 04 are OFF. The net 
current into the top of 0, is-I until D3turns ON. With 0, OFF, 
the bottom of O2 is pulled up with a current I until 04 turns 
ON, thus D, & O2 are reverse biased by ~0.6V and charge 
injection is independent of input level. 

The monolithic layout results in pOints A and B having equal 
nodal capacitance. In addition, matched diodes D, and D2 
have equal diffusion capacitance. When the transconduc
tance amplifier outputs are switched open, pOints A and Bare 
ramped equally but in opposite phase: mode clamps 0 3 and 
0 4 cause the swings to have equal amplitudes. The net 
charge injection (voltage change) at node C is therefore zero. 

The peak transconductance amplifier, A, is shown in Figure 
4. Unidirectional hold capacitor charging requires diode D, 
to be connected in series with the output. Upon entering the 
peak hold mode 0, is reverse biased. The voltage clamp 
limits charge injection to approximately 1 pC and the hold 
step to 0.6mV. 

Minimizing acquisition time dictated a small CH capacitance. 
A 1000pF value was selected. Droop rate was also minimized 

by providing the output buffer with an FET input stage. A 
current cancellation circuit further reduces droop current 
and minimizes the gate current's tendency to double for 
every 10° C temperature change. 

Figure 1. Conventional Voltage Amplifier Peak Detector 

Figure 2. Transconductance Amplifier Peak Detector 

A 

'--_+-____ ! } ~~~'i.OL 
A;:.B '" PEAK DETECT 
A<8=PEAK HOLD 

Figure 3. Transconductance Amplifier with Low Glitch 
Current Switch 

A 

~::-::t----t==~==----!} ~~~'i.OL 
-+-----4- v-

A> 8 '" PEAK DETECT 
A<:8=PEAK HOLD 

Figure 4. Peak Detecting Transconductance Amplifier with 
Switched Output 
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--------------1~ PKD-II1 MONOLITHIC PEAK DETECTOR 

APPLICATIONS INFORMATION 
OPTIONAL OFFSET VOLTAGE ADJUSTMENT 
Offset voltage is the primary zero scale error component 
since a variable voltage clamp limits voltage excursions at 
D1'S anode and reduces charge injection. The PKD-01 circuit 
gain and operational mode (positive or negative peak 
detection) determine the applicable null circuit. Figures A 
through D are suggested circuits. Each circuit corrects 
amplifier C offset voltage error also. 

A. NULLING GATED OUTPUT gm AMPLIFIER A. Diode D1 
must be conducting to close the feedback circuit during 

V,+ 

V'N 

100kn 
vs-

R, 

1kU 

R, VOUT 

'kn 

-15V 

PK ... ' 40 ~;"k. 
2Mn R 

I CH=1000pF B 
1kn 

NOTES: 

1.NULLRANGE:::::!:V&(~) ':'" ":" 

2. DISCONNECT Rc FROM eH AFTER AMPLIFIER A ADJUSTMENT. 
3. REPEAT NULL CIRCUIT FDA RESET BUFFER AMPLIFIER B IF REQUIRED. 

RAo AI A,ND Re NOT NECESSARY FOR AMPLIFIER B ADJUSTMENT. 

Figure A. Vos Null Circuit for Unity Gain Positive Peak 
Detector 

R, R, 
V'N o--""""I'--..... ------./W------, 

Vs-

2SkO ~-t-""'''I'-...,.--t---l 
VOUT 

Vs+ 

-15V 

PKD.o' 40 ::... 
2MQ R 

I CH=1DOOpF ':0 

NOTES: 

1. NULL RANGE= ±Va(';;) ":'" -=-
2. DISCONNECT ftc FROM eH AFTER AMPLIFIER A ADJUSTMENT. 
3. REPEAT NULL CIRCUIT FOR RESET BUFFER AMPLIFIER B IF REQUIRED. 

amplifier A Vos adjustment. Resistor network RA - Rc cause 
D1 to conduct slightly. With DET=O and VIN=OV monitorthe 
PKD-01 output. Adjustthe null potentiometer until VOUT=OV. 
After adjustment, disconnect Rc from CH. 

B. NULLING GATED gm AMPLIFIER B. Set amplifier B signal 
input to V1N= OV and monitor the PKD-01 output. Set DET= 1, 
RST = 1 and adjust the null potentiometer for VOUT= OV. The 
circuit gain - inverting or non inverting - will determine 
which null circuit illustrated in Figures A through 0 is 
applicable. 

R, 
VIN-

R, 
VIN+ 

>'ft~-<>VOUT 

Vs- R, 

25kn 
-15V 

Vs+ 

r·'·F 
'::' 

.KD·014o :;"'u 

2Mn 
R. I CH=1000pF ikO 

NOTES: 

1.NULLRANQE=±VS(~)(R1:1R3) "=' ":'" 
2. DISCONNECT Re FROM eH AFTER AMPLIFIER A ADJUSTMENT. 
3. REPEAT NULL CIRCUIT FOR RESET BUFFER AMPLIFIER B IF REQUIRED. 

Figure B. Vos Null Circuit for Differential Peak Detector 

Vs-

25kn 

Vs+ 

V'N 
R. 

NOTES: 

R, 

R, 
GAIN=1+ R1 + R3 

>-.-+ ...... --0 VOUT 

-15V 

.KD·01 40 :'.:,kn 

2MO A 

I CW'" 1000pF B 
1kU 

1. NULL RANGE=:: ±Vs(~) -::- -= 
2. DISCONNECT Rc FROM eH AFTER AMPLIFIER A ADJUSTMENT. 
3. REPEAT NULL CIRCUIT FOR RESET BUFFER AMPLIFIER B IF REQUIRED. 

Figure D. Vos Null Circuit for Positive Peak Detector With 
Figure C. Vos Null Circuit for Negative Peak Detector Gain 
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___________ -I~PKD..(J1 MONOLITHIC PEAK DETECTOR 

PEAK HOLD CAPACITOR RECOMMENDATIONS 
The hold capacitor (CH) serves as the peak memory element 
and compensating capacitor. Stable operation requires a 
minimum value of 1000pF. Larger capacitors may be used to 
lower droop rate errors, but acquisition time will increase. 

Zero scale error is internally trimmed for CH = 1000pF. Other 
CH values will cause a zero scale shift which can be approxi
mated with the following equation. 

AVzs(mV) = 1 X 103(pC) -0.6mV 
CH(nF) 

The peak hold capacitor should have very high insulation 
resistance and low dielectric absorption. For temperatures 
below 85"C, a polystyrene capacitor is recommended, while 
a Teflon capacitor is recommended for high temperature 
envi ron ments. 

CAPACITOR GUARDING AND GROUND LAYOUT 
Ground planes are recommended to minimize ground path 
resistance. Separate analog and digital grounds should be 
used. The two ground systems are tied together only at the 
common system ground. This avoids digital currents return
ing to the system ground through the analog ground path. 

The CH terminal (Pin 4) is a high-impedance point. To 
minimize gain errors and maintain the PKD-01's inherently 
low droop rate, guarding Pin 4 as shown in Figure 2 is 
recommended. 

Figure 2. CH terminal (Pin 4) guarding. See text. 

COMPARATOR 
The comparator output high level (VOH) is set by external 
resistors. It's possible to optimize noise immunity while inter
facing to all standard logic families - TTL, DTL, and CMOS. 
Figure 1 shows the comparator output with external level 
setting resistors. Table I gives typical R, and R2 values for 
common circuit conditions. 

The maximum comparator high output voltage (VOH) should 
be limited to: 

VoH(maximum) < V+ -2.0V 

With the comparator in the low state (VOL), the output stage 
will be required to sink a current approximately equal to 
Ve/R ,. 

COMPARATOR INPUT Yo 

., 

., 

INVERTING 
COMPARATOR INPUT DIGITAL y-

GND 

Figure 1 

Table I. 

Ve VOH 

5 3.5 

5 5.0 

15 3.5 

15 5.0 

15 7.5 

15 10.0 

R, R2 
2.7K 6.2K 

2.7K 00 

4.7K 1.5K 

4.7K 2.4K 

7.5K 7.5K 

7.5K 15K 

R Ve 
''"ISINK 

R2'" (v~ ) 
V -1 

OH 

PEAK DETECTOR LOGIC CONTROL (RST, DET) 
The transconductance amplifier outputs are controlled by 
the digital logic signals RST and i5E"F. The PKD-01 opera
tional mode is selected by steering the current (I,) through 
0, and 02, thus providing high-speed switching and a pre
dictable logic threshold. The logic threshold voltage is 1.4 
volts when digital ground is at zero volts. 

Other threshold voltages (VTH) may be selected by applying 
the formula: 

VTH" 1.4V + Digital Ground Potential. 

For proper operation, digital ground must always be at least 
3.5V below the positive supply and 2.5V above the negative 
supply. The RST or i5E"F signal must always be at least 2.8V 
above the negative supply. 

Operating the digital ground at other than zero volts does 
influence the comparator output low voltage. The VOL level Is 
referenced to digital ground and will follow any changes in 
digital ground potential: 

VOL" 0.2V + Digital Ground Potential. 
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-------------I1fMD PKD-G1 MONOLITHIC PEAK DETECTOR 

PKD-01 LOGIC CONTROL 

r----------1----~v+ 

DEi' 
OR 

RST 

'----v----" 

CURRENT TO 
CONTROL MODES 

TYPICAL CIRCUIT CONFIGURATIONS 

UNITY GAIN POSITIVE PEAK DETECTOR 

INPUT 

OUTPUT 

DIGITAl 
GROUND 

-+10V 

-ov 

-+10V 

-ov -1 - I I I I t 

I _,_~l ~ ~ _ ,_ 1_ 
TIME (50jJs!DIV) 

POSITIVE PEAK DETECTOR WITH GAIN 

INPUT 

OUTPUT 

TIME (50jJs/DIV) 

BURN-IN CIRCUIT 

56kn 

5% 

,. 
PKD-01 

+18V 0-+----------"'\ 13 

DEi/RST 

5.11105% 

10kO 
1% 

3""" 
5% 

14 

INPUT o--I'II'I/'-+--+-=+--I 
(GAIN: +21 

4O.2kO 
1% 

10k01% 

'''0 
1% 

RESET 0--1'11'1/'-+----=-1--1 
VOLTAGE= + 1V 

(RESETS TO - 4V) 

15-33 

RST o-________ ..J 

14 

v+ v-

CH 

~'000PF 

v+ 

PKD-01 

v-

12 

11 

10 

OUTPUT 

OUTPUT 
>-......-1f.'-4-o 

A GAIN = +2 

BGAIN=-4 

CH 

,J'00OpF 

13 
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------------'-,1fMi) PKD-01 MONOLITHIC PEAK DETECTOR 

NEGATIVE PEAK DETECTOR WitH GAIN 

- , I -'-~~ 

I I l t-'-----t 

INPUT 

i I I 1 --, 

OUTPUT 

TIME 150/.tSIDIV) 

UNITY GAIN NEGATIVE PEAK DETECTOR 

INPUT 

OUTPUT 

TIME (SOps/DIV) 

ALTERNATE GAIN CONFIGURATION ., 
PKD-01 

_+2V 
-ov 

-ov 

--tOY 

-+10V 

-ov 

>.,-If-~-o OUTPUT 
., 

INPUT o-N>I'-+-+-~ 

•• 
VO~= O-N'I'-+-+-I 

., 
RS=R·=rt 

'R.j+R; 

DE1'/RST 

1Ok(J1% 

.... 
1% 

INPUT 0-"""'1'-+-...... +-1 
(GAlN= -2) 

3O.1kn 
1% 

10kn1% 

.ESET 
VOLTAGE", -1V 

(RESETS TO - 4Y) 

.ST 

10kD 
1% 

.. 

14 

y+ y-

c. 
~ 1000pF 

y+ y-

PKD-01 

PKD...Q1 

OUTPUT 

13 

>..,.-t"-4>-OVOUT 

c. *' .... F 

If BOTH INPUT SIGNAL (AMPLIfiER A INPUT) AND THE RESET 
VOLTAGE (AMPLIFIER 81NPUT HAVE THE SAME POSITIVE VOL T
AGE GAIN THE GAIN CAN BE SET BY A SINGLE VOLTAGE DIVIDER 
FOR 80TH INPUT AMPLIFIERS. 

NOTE: 
Rt, R2. R3AND R4>6kn 
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____________ ~~ PKD-G1 MONOLITHIC PEAK DETECTOR 

PEAK· TO·PEAK DETECTOR 

PKD.ol 

POSITIVE VPK+ 

PEAK 
DETECTOR 

10ka 

V,. 
10kO 

PKD.o1 

NEGATIVE VPK-

PEAK 
DETECTOR 

10k" 

':" 

LOGIC SELECTABLE POSITIVE OR NEGATIVE PEAK DETECTOR 

poSlfilll 
PEAK DETECTOR 

+15V 

"'7 10.5 
kn 

+r l 16 -,'5 I. 13 11 10 0 

V.~· y~~ c..2 ..!-~ 
L...~-J ~ 

~ 
R SW-D2 PKO-Ol 

*S1i ;s.* ,--!! 

INPUT 

1 2 3 • 5 6 7 L-
6 ,I ~p R 

C l000pF HI POLVSTYRENE 

':" 

-15V NOTES: 
1. DEVICE IS RESET TO 0 VOLTS. 
2. DETECTED PEAKS ARE PRESENTED AS POSITIVE OUTPUT LEVELS. 
3.R"10HI.. 

15·35 

VOUT 

OUTPUT 

PEAK DETECTOR 
RESET 
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-------------l~ PKD-01 MONOLITHIC PEAK DETECTOR 

PEAK READING AID CONVERTER 

PORT 0 

I,PROCESSOR 

BIT 10 

PORT 1 

S.ov 

2.7kO 

INPUT 
SIGNAL 

"ST 

RESET 
VOLTAGE 

POSITIVE PEAK DETECTOR WITH SELECTABLE RESET VOLTAGE 

VrN 0-----------+-"-1-1 

A' 
A2 

A30-----' 

A40-----

P"i<i)'E'f/RST o----1~>O----..J 
+15V 

PKD-01 

15-36 

'3 

LOGIC 
GND 

NOTES: 
RESET VOLTAGE = -1.0V 
TRACE 1 = 2V!DIV. 
TRACE 2 = 5V JDIV. 
TRACE 3 '" 2V/o1V. 

OV 

OV 

ov 
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-------------I~ PKD-G1 MONOLITHIC PEAK DETECTOR 

PROGRAMMABLE LOW FREQUENCY RAMP GENERATOR 

AMPLITUDE I 
SELECTION 

LOGIC 

BUFFERED 

>--1~t--... -o O~~~T 

RAMP 
AMPLITUDE 

RAMP 
AMPLITUDE 

RAMP 
START 
PULSE 

RAMP JL 
START 0------' 
PULSE 

NOTES: 

RST 

-O.5VI1I8 

I -

SLOPE"" ~ 
C 

1. NEGATIVE SLOPE OF RAMP IS SET BY OAe-os OUTPUT CURRENT, 
2. OAC-OBIS DIGITALLY CONTROLLED CURRENT GENERATOR. 

THE MAXIMUM FULL SCALE CURRENT MUST BE LESS THAN O.SmA. 
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Precision MonolithlcS Inc. 

INTRODUCTION 
PCM repeater circuits are used to regenerate 
alternate-mark-inversion pulses in PCM carrier 
systems operating at the 1.444-2.048 Mega-bits
per-second data rate. Information in a PCM 
system is transmitted over cable pairs by the 
presence or absence of pulses within specific 
time slots. A repeater-circuit amplifies degraded 
PCM pulses, sets an output flip-flop, and drives 
an output transformer that connects to the PCM 
cable pair. In addition, repeater amplifiers can 
be used for clock-recovery circuits in high-data
rate pulse transmission systems. 

COMMUNICATIONS 
PRODUCTS 

16·3 

The PMI repeater amplifiers, RPT-82 and RPT-
83, are monolithic integrated circuits that 
perform all of the necessary active functions for 
a PCM repeater. RPT -82 and RPT -83 are very 
similar; the primary functional difference is the 
incorporation of an automatic-clock-shutdown 
circuit in the RPT-83. When the signal into the 
RPT-83 becomes too low, the clock amplifier is 
automatically shut down to prevent the 
transmission of erroneous data. Both repeaters 
are fully described and specified in this section 
of the catalog. 

I 



RPT-82/RPT-83 

Prt"cisioll M0l101ithics Inc. 

PCM 
REPEATERS 

FEATURES 

• Automatic ALBO Function 
• Clock-Shutdown Circuit (RPT-S3) 

drive if the incoming signal is below the level where accurate 
reconstruction is possible. This prevents noise or- cross-talk 
from appearing as a valid signal that would be retransmitted. 

• Low-Power Operation (1OOmW) 
• Pin Compatible with XR-C277 PIN CONNECTIONS & ORDERING INFORMATION 

GENERAL DESCRIPTION 

The RPT-82/83 are integrated circuits that perform the active 
functions required for regenerative PCM repeaters. They can 
operate from less than 100kHz to greater than 3M Hz. In PCM 
systems, information is transmitted by the presence or absence 
of bipolar pulses in specified time slots. The RPT-82/83 repeat
ers automatically adjust gain to optimize signal levels, deter
mine if a pulse is present or not, and retransmit the recon
structed pulses. 

The difference between the RPT-82 and the RPT-83 is that the 
RPT-83 contains a clock-shutdown clrcuil. This shutdown 
circuit senses the incoming signal level and disables the clock 

RPT-83 SIMPLIFIED SCHEMATIC 
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_____________ --\~ RPT-82/RPT-83 PCM REPEATERS 

ABSOLUTE MAXIMUM RATINGS 
Pin 10 to Pin 7 or 6 .................................... 16.0V, -0.2V Operating Temperature Range ................. -40°C to +85°C 

Pin 15 to Pin 7 or 6 ..................................... 8.0V, -0.2V Storage Temperature Range ........•.......... -65° C to +150° C 

Maximum Voltage at Pins 8 or 9 ....................... 30V, -0.2V Power Dissipation .......................................... 500mW 

Maximum Voltage at Pins 2, 3, 4, 5, 11, 12, 14 .............. VCC2 Lead Soldering Temperature ................. '" ...•....... 300°C 

Maximum Sinking Current at Pin 8 or 9 ................. 300mA 

ELECTRICAL CHARACTERISTICS at VCC1 = 4.4V, V CC2 = 6.8V, -40°C:S TA:S +85°C, unless otherwise noted. 

Vpin 6 = Vpin 7 = Vpin 13 = GND. 

RPT-82/RPT-83 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

SUPPLY 

Supply Current Icc, TA = 25'C (Note 1) 5.0 8.5 9.5 mA 

Supply Current ICC2 TA = 25'C (Note 1) 1.0 2.5 3.5 mA 

Total Supply Current Icc, + ICC2 TA = 25'C (Note 1) 6 11 13 mA 

PREAMPLIFIER 

Preamplifier Open-loop Gain ~Vpin 5 Ao 
Measure .aVpin 2 necessary to change 

.6.Vpin 2 pins from 1.9V to 3.2V 
44 48 51 dB 

Preamplifier Bandwidth Bw 3dB Points (Note 2) MHz 

Preamplifier Input Impedance Z'N Shunted by 2pF 600 kO 

Preamplifier Input Offset Voltage Vos Vp,n2-Vp;n 3. (Note 1) 15 mV 

Preamplifier Output Impedance ZOUT (Note 2) 80 150 0 

Preamplifier Output High VOHA Vpin 4 with Vpin 2 == 2.5V, Vpin 3::: 2.7V, TA = 25°C. 3.35 3.45 3.75 V 

Preamplifier Output Low VOHL Vpin 4 with Vpin 2::: 2.5V, Vpin 3::: 2.3V, TA = 25°C. 1.0 1.4 1.45 V 

Preamplifier Input Bias Current IB lein 2 or 'pin 3 (Note 1) pA 

Preamplifier Input Offset Current los 'pin 2 -Ie:in 3 (Note 1) 0.05 pA 

OUTPUT DRIVE ~ 
Output Voltage Swing VOP Vpin 8 High - Vpin 8 Low. VE!in 9 High - Vpin 9 Low 6 V U 

~ 
Output Voltage, Low VOL TA = 25'C. 'LOAD = 15mA 0.5 0.8 1.1 V Cl 
Differential Output Voltage, Low VOLD TA = 25'C. ILOAD = 15mA 0.02 0.15 V ~ 
Output Leakage Current 10H 

Vpin 14 ::: 4.9V, Vpin 8 ::: Vpin 9 ::: 20V, (Note 1) 
0.05 50 pA ~ 

TA = 25'C en 
Output Pulse Rise-Time Tos (Note 2) 30 50 ns Z 

0 
Output Pulse Fall-Time To. (Note 2) 10 60 

....... 
ns 

~ Output Pulse Width Pw At f = 1.544 MHz 324 ns 
U 

Pulse-Width Differential PwD (Note 2) 3 12 ns ....... 

Bipolar Violations at Maximum Density BV, MAX 0 5 
Bipolar Violations with Quasi-Random 

BVA MAX 0 ~ Input Pattern 

CLOCK CIRCUIT 0 
Tank Emitter-Follower Base Current ITB Ip;n '4, Vp,n'4 = 4.9V (Note 1) 4 15 pA U 
Tank Input Impedance ZINT Measured from pin 14 to pin 15 300 kO 

II Oscillator Bias Current losc V~;n'4 = 3.9V (losC-ITS) (Note 1) 10 30 50 pA 

Oscillator Injection Current 'INJ 
Set Vpin 4 - Vpin 5 = ± 1.4V, Vpin 14 = 3.9V 

60 160 190 pA 
(I'NJ - losel 

Delay Circuit Resistor Rd 
Measured from pin 11 or pin 12 to pin 15, 

TA = 25'C 
3.2 4.0 4.8 kO 

NOTES: 
1. Vp1n 2 = 2.5V: adjust Vpin 3 until Vp1n 4 = Vpin 5. 
2. Sample tested. 
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---------------1~ RPT-821RPT-83 PCM REPEATERS 

ELECTRICAL CHARACTERISTICS at VCCI = 4.4V, VCC2 = 6.8V, -40·C::; TA::; +85·C, unless otherwise noted. 
Vpin 6 = Vpin 7 = Vpin 13 = GND. (Continued) 

RPT-821RPT-83 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

MISCELLANEOUS 

Differential voltage, measured between pins 4 
ALBO Threshold VTA and 5, required to activate the Peak Detector. 1.35 1.5 1.65 V 

TA = 25'C 

Differential voltage, measured between pins 4 
Clock Threshold VTC and 5. required to activate the Clock Detector. 0.85 1.0 1.2 V 

TA = 25'C 

Differential voltage, measured between pins 
Data Threshold VTL 4 and 5, requ!red to activate the Data Detector. 0.65 0.75 0.85 V 

TA = 25'C 

Clock Threshold as % of ALBO Voltage VTC TA = 25'C 67 73 78 % 

Data Threshold as % of ALBO Voltage VTL TA = 25'C 46 54 58 % 

ALBO ON Voltage V016 
Measured at pin 16, 1.0 1.7 2.5 V 
rVe4 - Ves] = ALBO Threshold 

ALBO OFF Voltage VF16 
Measured at pin 16 and pin 1 

75 mV 
TA = 25'C (Note 1) 

Minimum ALBO Diode Resistance RDMIN n 

Maximum ALBO Diode Resistance RDMAX 30 kn 

ALBO Gain Range Am (Note 3) 36 48 dB 
NOTES: 2. Sample tested. 
1. Vpin 2 = 2.SV; adjust Vpin 3 until Vp1n 4 = Vpin 5. 3. Guaranteed by design. 

FUNCTIONAL DESCRIPTION 
Bipolar-pulse transmission, the transmission of alternately 
positive and negative pulses, is used on repeater lines to 
remove the DC component present in unipolar PCM pulse 
trains. This also places the principal energy components in the 
0-1.544MHz band, as opposed to the D-3.088MHz band for 

unipolar pulse trains. The absence of a DC component in 
bipolar pulse trains permits the repeater to be transformer
coupled to the repeater line and helps prevent time-shifting of 
the regenerator firing levels with variations in input pulse 
density (see Figure 1). 

ENERGY SPECTRA OF BIPOLAR AND UNIPOLAR PULSE TRAINS 

Figure 1 

/ 
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--------------I~ RPT-821RPT-83 PCM REPEATERS 

FUNCTIONAL BLOCK DIAGRAM 

The bipolar-PCM pulse train is transformer-coupled into the 
preamplifier as shown in the functional block diagram (Figure 
2). The secondary of the input transformer is loaded with the 
proper terminating resistor, RT, to match the line impedance. 
One side of the transformer secondary is AC-coupled to ground 
by capacitor C1; the other side of the secondary winding is in 
series with resistance Rs. Resistor Rs and the RC network RACA 
are AC-coupled to the ALBO input by capacitor C2. The impe
dance of the ALBO (Automatic Line Build-Out) input to ground 
is governed by the amount of current through the ALBO diode. 
Rs, in series with RACA, provides signal attenuation propor
tional to the current flowing through the ALBO diode. When 
minimum current flows through the ALBO diode, C2 is effec
tively isolated from ground and the input signal attentuation is 
minimal. The ALBO diode range of 80 to 30kO provides com-
pensation for line losses of approximately 5dB to 41dB. 

The preamplifier stage amplifies the input signal and applies it 
to the three comparators labeled data detector, clock detector, 
and peak detector, respectively. Each comparator provides an 
output whenever the signal exceeds the trip pOint on both 
positive and negative pulses. Each comparator trips at a differ
ent threshold. The data detector is set to trip at the 54% point; 
the clock detector trips at the 73% point; and the peak detector 
trips at peak amplitude. Thresholds and waveforms are shown 
in Figure 3. 

current to flow through the emitter follower and 01. In the 
RPT-83, a low voltage at the ALBO filter enables the clock
shutdown circuit when there is no input signal. The clock
shutdown circuit turns off the clock amplifier so that neither the 
regenerated clock, nor the strobe outputs, are sent to the flip
flops. This prevents the RPT-83 from sending noise or cross
talk out as valid-appearing data pulses when the incoming data 
level is too low. 

The clock detector output locks the oscillator to the input 
frequency. The following amplifier stages shape the oscillator 

THRESHOLDS AND WAVEFORMS 

n n n DATA DETECTOR 
.J LJ L-.J L OUTPUT 

n n n CLOCK DETECTOR 
...J L...J L--...J L OUTPUT 

n n n PEAK DETECTOR 
-IL-JL---..JL OUTPUT 

Current pulses from the peak detector are integrated by the Figure 3 
capacitor in the ALBO filter. This causes a relatively constant 

16-7 1/86, Rev. A 
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output and shift it in time. The phase-shift capacitor is selected 
to provide additional phase-shift so that the strobe pulses will 
occur at the center of the incoming pulses. This provides 
optimum timing for determining if a "1" or a "0" is present. A 
0-to-30pF capacitor (10pF is typical at 1.544MHz) will optimize 
the performance of the complete repeater. 

The delayed regenerated clock and the data-detector outputs 
drive the input flip-flops and output transistors. The output 
transistors are coupled to the transmission line through an 
output transformer. 

DETAILED DESCRIPTION 
PREAMPLIFIER 
The preamplifier performs two basic functions. The first is to 
raise the level of the incoming signal to the correct level to trip 
the comparators. The second is to provide frequency/gain 
compensation to enhance the signal-to-noise ratio of the 
incoming signal. The preamp is designed to be operated in a 
near open-loop condition. A limited amount of feedback is used 
to control the frequency response. The gain-phase relationship 
of the preamp (see Figures 4 and 5) implies that the feedback 
network must have 40dB attenuation or more at 20MHz and 
above to ensure stability. 

ALBO 
To enable the preamp to operate open-loop with a wide range of 
signal levels, the ALBO diode is connected between the 
preamp input and ground. Since the ALBO-diode conductance 
is directly proportional to the ALBO-diode current, and the 
ALBO diode is driven by the peak detector, any signal in excess 
of that required to trip the peak detector will be shunted to 
ground through the ALBO diode. This automatic-gain-control 
function maintains the signal at the optimum level to operate 
the clock and data detectors. 

60 
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The combination of Rs and RA, in parallel with both CA and the 
series impedance of the ALBO diode, perform the following two 
functions: 1) the automatic-gain-control function previously 
described, and 2) the frequency/phase compensation for trans
mission-line losses. 

FREQUENCY/PHASE COMPENSATION 
Frequency/phase compensation is desirable for three reasons: 

1. If the bandwidth is wider than necessary, noise and cross
talk outside of the signal-frequency band will appear at the 
threshold detectors. Out-of-band signals increase the prob
ability that an incorrect logic decision will be made. These 
incorrect logic decisions will increase the bit error rate. 

2. Nonlinear phase-shifts in the transmission line may cause 
the signal to be distorted to the extent that bit errors occur. 
Phase compensation in the repeater can partly correct for 
this problem. 

3. Large phase-shifts in the preamplifier at high frequencies 
can cause instability if not compensated for by the feed
back network. (See Figures 4 and 5). 

CLOCK DETECTOR 
The clock detector drives the clock-tank circuit with a pulse 
each time that the incoming signal is greater than 73% of the 
average peak signal. 

PEAK DETECTOR 
The peak detector drives the ALBO buffer and ALBO diode at 
the peak of the amplified "1" bits. Whenever the preamp AC
signal-output exceeds about 1.5V peak-to-peak, the ALBO 
buffer becomes forward biased and drives current into both the 
ALBO diode and the ALBO filter. This closed-loop AGC action 
maintains the preamp input signal at about 5mVp-p. 
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Figure 4 Figure 5 
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-------------~IEMD RPT-82/RPT-83 PCM REPEATERS 

RPT-82/83 IN TYPICAL 1.S44MHz Tl REPEATER SYSTEM 

T1 
INPUT 
TRANSFORMER 

430.11 

R3 

+ C2 

Is.SjJ.F 

ZD2 

R17 

VCC2 Vee1 
6.8V 4.4V 

R2 
3k" 

R6 
100kD. 

R7 

3kn 

C6 

100pF 

OSC 
CONTROL 13 

II 

R8 

S.H1: 

R9 
130n 

C9 
0.0039 
pF 

Cl0 

Figure 6 
IO.lp F 

APPLICATION 
In a typical Tl. 1.S44MHz repeater system (see Figure 6). the 
repeater is placed in series with a twisted-pair transmission line 
at distances of up to approximately 6000 feet. The power is 
supplied by a constant current of 60mA that is sent common
mode down the transmission line. This constant current is 
separated from the signal by input transformer Tl and output 
transformer T2. and is converted to voltages VCC1 and VCC2 by 
zener diodes ZD1 and ZD2. The signal is coupled into the input 
network by Tl. One end of Tl is held at AC ground by C2; and 
the other end is terminated by the line-matching resistor Rl. 
The line-matching resistor is followed with a resistive attenuator 
consisting of R2 and R3. and the ALBa series impedance R4. 
The two resistors. R2 and R3. isolate the changing ALBa-diode 
impedance from the transmission line such that the transmission 
line is always correctly terminated. Resistor R4. in series with 
the shunt ALBa-diode impedance. determines the amount of 
attenuation provided at any given ALBa-diode current. 
Capacitor Cl provides a shunt path to ground for signals that 
are above the signal frequency. 

16-9 

All 

S.Sk.\1: 

." ) 556.0. EQUALIZING 
NETWORK 

APT..fI2! 
APT-B3 

43,uH 390.11 

NOTE: 
T1: BOURNSP/N4260-1520 
T2: BOURNS PIN 4285-2007 
Ll: BOURNSP/N4265-1199 

When the ALBa-diode impedance is high. the ALBa series and 
shunt impedances have very little effect. so the unattenuated 
signal is applied to the preamp input with only Cl affecting the 
frequency response. When the ALBa-diode input impedance is 
reduced by higher signal levels. more of the input signal is 
shunted to ground through the ALBa shunt impedance. 

The ALBa shunt impedance. C3 and RS. changes the input 
attenuation vs. frequency such that the system has more high 
frequency response at low signal levels. and less high fre
quency response at high signal levels. This change in band
width with signal level is intended to partially compensate for 
the increased high-frequency losses that occur in long trans
mission lines. 

The bias feedback components between pin 4 and pin 2. con
Sisting of C7. R7. and C2. operate as a DC self-biasing network. 
This C-R-C network prevents AC feedback and allows the 
preamp to establish a balanced input-and-output DC bias of 2.S 
to 2.6 volts. Resistor Rll provides the DC path for biasing 
between pins Sand 3. 
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-------------IIEMD RPT-821RPT-83 PCM REPEATERS 

Resistor R11 and capacitor C6 provide an AC feedback path. 
Resistors R10 and R11 act as an AC voltage divider that is 
shunted by the variable impedance of the resonant circuit com
prised of L2 and C9. This frequency-selective feedback path, 
between pin 5 and pin 3, increases preamp gain at approxi
mately 900kHz which further improves the system signal-to
noise ratio. The beneficial effect of the frequency-selective 
network is shown In Figure 7. The lower trace is a typical input 
signal (all 1's in this example) and the upper trace is the pre
amp output. 

Figures 8 and 9 show the appearance of different preamp inputs 
measured at pin 5. Figure 8 is typical of an all1's signal pattern 
with very little cross-talk or noise. Figure 9 shows a normal 
pattern of random "s and O's. 

Dueto the automatic-gain-control action ofthe ALBO circuitry, 
the peak amplitude is held constant for line losses of approxi
mately 5dB to greater than 36dB. These signals are superim
posed on a DC level of approximately 2.5V. 

The preamp output drives the clock detector (reference Figures 
2 and 6) which drives the clock-tank circuitry (L 1, C8, and R12). 
The signal at pin 14, a sine wave of 0.2 to 1.0Vp-p (depending 
upon the percentage of 1-bits), drives the clock amplifier. The 
phase-shift capacitor, C11, provides the additional phase shift 
so that this integrated and phase-shifted signal (Figure 10) will 
strobe the output flip-flops althe optimum timeto determine if a 
1-bit is present. If a 1-bit is present, outputs from the data 
detector and the strobe cause the flip-flops to drive alternate 
output transistors. This signal is coupled through the output 
transformer into the next section of transmission line (see Fig
ure 11, all1's; and Figure 12, a random 1-0 pattern). 

Figure 8 

Figure 10 

Figure 13 is a scope photograph of the signals as observed at 
several locations in the system. All traces are DC coupled and 
referenced to zero volts at the bottom graticule line. All signals, 
except the output, are displayed at 1-volt-per-division. The out· 
put is shown at 2-volts-per-division. The signal is all 1's. The 
phase relationships are typical for this type of repeater. 

The signals shown are: 

1. The preamp output at pin 5. 

2. The clock-tank at pin 14. 

3. The phase-shifted clock at pin 11. 

4. The output signal at pin 8. 

R13, 14, 15, and C12 control ringing and overshoot in the output 
waveform. 

The fault-locating winding with L3 and R16 is used in long-line 
systems to determi ne wh ich repeater, in a large series of repeat
ers, has become defective. 

The RPT-82 and RPT-83 can be used in a variety of systems over 
a wide range of frequencies. The low-frequency response is 
limited by the difficulty in maintaining useable Q in the clock
tank circuit and by transformer-coupling losses. At high fre
quencies, the major limitation is the output-pulse rise-and-fall 
time. 

The preamp is a high-gain, wide-bandwidth linear amplifier. 
Analog circuits do not have the noise rejection that is common 
with most digital circuits. To obtain best performance, certain 
precautions should be observed. 

Figure 9 

\rtj~ 
frl!ilI.;. 

Figure 11 
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Figure 12 

Circuit layout techniques used for R.F. amplifiers should be 
followed. Use of double-sided boards with all unused circuit
board area made into a ground plane is highly recommended. 
Keep input and output leads as far apart as possible, and signal 
runs as short as possible. Locate the attenuator network and the 
ALBO series impedance R4 as close to pin 2 as possible. 

Power supply voltages VCC1 and VCC2 should be bypassed near 
pins 10 and 15. A bypass capacitor between the VCC2 connec
tion on T2 and pin 7 is also recommended. 

REPEATER DEFINITIONS 
ALBO DIODE RESISTANCE 
The small-signal resistance of the ALBO diode measured 
between pins 1 and 6. The ALBO diode is a diode-connected 
transistor whose current-resistance relationship is Ro = 26/10 
where Ro is the ALBO-diode resistance in ohms and 10 is the 
ALBO-diode current in mAo 

ALBO THRESHOLD 
The differential voltage measured between pins 4 and 5 that is 
required to activate the internal peak detector. 

AMI 
Alternate Mark Inversion. A form of digital signal transmission 
where each successive 1-bit is of opposite polarity. 

AUTOMATIC LINE BUILD-OUT 
An automatic-gain-control circuit which operates by simulating 
a line "build-out" or extension. 

BIPOLAR VIOLATION 
Thetransmission of two consecutive pulses of the same polarity. 

CLOCK THRESHOLD 
The differential voltage measured between pins 4 and 5 that is 
required to activate the clock detector. 

16-11 

Figure 13 

DATA THRESHOLD 
The differential voltage measured between pins 4 and 5 that is 
required to activate the data detector. 

DIFFERENTIAL OUTPUT VOLTAGE 
The difference in voltage between the two outputs with a binary 
"1" output of either polarity. 

EQUALIZING NETWORK 
A network which compensates for the amplitude and phase 
response of the cable over the operating bandwidth. 

LINE BUILD-OUT 
The attenuation added to the output of a short line to increase 
the total attenuation. 

MAXIMUM DENSITY 
An input signal pattern consisting of all 1's. 

MINIMUM DENSITY 
A repeating signal pattern consisting of two 1's followed by 
fourteen zeros. 

OUTPUT-PULSE RISE (FALL) TIME 
Rise (Fall) time of regenerated pulse. Measured from the 10%to 
90% points. 

OUTPUT-PULSE-WIDTH DIFFERENTIAL 
In a T1 carrier system, a typical pulse width is 324nsec. The 
pulse-width differential is the difference in pulse width of two 
successive outputs. 

PREAMPLIFIER BANDWIDTH 
3dB bandwidth of the preamplifier circuit. 

QRSS 
QRSS is Quasi-Random Signal Source; a signal consisting of 
random 1's and O's. 

1/86, Rev. A 

II 





Table of Contents 1 

Ordering Information 2 

Product Assurance Program 3 

Industry Cross Reference 4 I 

Operational Amplifiers 5 

Instrumentation Amplifiers 6 

Voltage Followers/Buffers 7 

Voltage Comparators 8 

Matched Transistors 9 

Voltage References 10 

Digital-to-Analog Converters 11 

Analog-to-Digital Converters 12 

Analog Switches/Multiplexers 13 

Sample-and -Hold Amplifiers 14 

Special Functions 15 

Communications Products 16 

Package Information 17 

Sales Offices, Representatives and Distributors 18 



PreCISIon Mo[)ohthlCS Inc. 

PMI Letter 
Designator 

Package 
Description 

38510 
Applicable 

Configuration 

Package Dimensions - Metal Cans 

Page 

H 6-Lead TO-78 17-3 
Metal Can 

J 8-Lead TO-99 A1 17-3 
Metal Can 

K 10-Lead TO-100 A2 17-3 
Metal Can 

Package Dimensions - Ceramic DIPs 
Z 8-Lead D4-1 

Ceramic DIP 
Y 14-Lead DH 

Ceramic DIP 
a 16-Lead D2-1 

Ceramic DIP 
X 18-Lead D6-1 

Ceramic DIP 
R 20-Lead D8-1 

Ceramic DIP 
V 24-Lead D3-1 

Ceramic DIP 
T 28-Lead 

Ceramic DIP 

Package Dimensions - Side-Brazed DIPs 
YB" 14-Lead D1-3 

Side-Brazed DIP 

aB" 16-Lead D2-3 
Side-Brazed DIP 

XB" 18-Lead D6-3 
Side-Brazed DIP 

RB" 20-Lead D8-3 
Side-Brazed DIP 

VB" 24-Lead D3-3 
Side-Brazed DIP 

TB" 28-Lead 
Side-Brazed DIP 

Package Dimensions - Epoxy DIPs 
P 8-Lead Epoxy DIP 

P 14-Lead Epoxy DIP 

P 16-Lead Epoxy DIP 

P 18-Lead Epoxy DIP 
P 20-Lead Epoxy DIP 

P 24-Lead Epoxy DIP 

Package Dimensions - Cerpacks 
L 1D-Lead Cerpack 
M 

F 
N 

14-Lead Cerpack 

16-Lead Cerpack 

24-Lead Cerpack 

17-4 

17-4 

17-5 

17-5 

17-6 

17-7 

17-8 

17-9 

17-9 

17-10 

17-10 

17-11 

17-12 

17-13 
17-13 
17-14 
17-14 
17-15 
17-16 

17-17 
17-17 
17-18 
17-18 

17-2 

PACKAGE 
INFORMATION 

PMI Letter Package 
38510 

Applicable 
Configuration Page DeSignator Description 

Package Dimensions - Flatpacks 
L" 10-Lead Flatpack F4-1 17-19 
LB" 10-Lead Flatpack, F4-2 17-19 

Bottom-Brazed 

M" 14-Lead Flatpack F1-1 17-19 
MB" 14-Lead Flatpack, F1-2 17-19 

Bottom-Brazed 

F" 16-Lead Flatpack F5-1 17-20 
FB" 16-Lead Flatpack, F5-2 17-20 

Bottom-Brazed 

N" 24-Lead FJatpack F8-1 17-20 
NB" 24-Lead Flatpack, F8-2 17-20 

Bottom-Brazed 

Package Dimensions - Leadless Chip Carriers 

RC" 20-Position C-2 17-21 
Chip Carrier 

TC" 28-Position C-4 17-22 
Chip Carrier 

"Special Order Only. 

Dimensioning Symbols 

The symbols to be used for dimensioning case outlines will 
be as listed below. To designate the dimension as a diameter, 
the lower-case Greek letter <fl(phi) will be added in front of the 
dimension symbol. 

A - Body dimensions. 
<flb - Terminal lead diameters. 

b - Terminal lead widths. 

c - Terminal lead thicknesses. 

<flD - Body diameters. 
D - Body lengths. 
E - Body widths. 

e - Terminal lead spacings. 

F - Flange dimensions. 
k - Index dimensions, length. 

L - Terminal lead lengths. 
a - Standoff height. The height from the seating 

plane or a reference plane parallel to the 
seating plane. 

R - Radius dimensions. 

S - Distance between terminal leads and the 
body end. 

ex - Angular dimensions. 

Standard lead finish is matte tin/lead. Other lead finishes per 
MIL-M-38510 are available on special orders. Standard 883 
product meets lead finish requirements per MIL-M-38510. 



Precision Monolithics Inc. 

PACKAGE DIMENSIONS - METAL CANS 

6-Lead TO-78 Metal Can (H-Suffix) 

j Re,erence Plane 

[
A _ r-~~ Seating Plane _0_ L2lJ el 

IT ,~~ v~" 
</>0</>01 I L </>0 llL!L 2 

~l~~</>bl 

8-Lead TO-99 Metal Can (J-Suffix) 

JgRe,erence Plane r-Base & Seating Plane 

[ A I Ln 
_0 fl el 

rr~+.~ 
j LYFt-~." 

10-Lead TO-100 Metal Can (K-Suffix) 

17-3 

PACKAGE 
INFORMATION 

6 & 8-Lead Can Dimensions 
INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.165 0.185 4.19 4.70 

4>b 0.016 0.019 0.41 0.48 

4>b1 0,016 0.021 0.41 0.53 

4>0 0.335 0.370 8.51 9.40 

4>01 0.305 0.335 7.75 8.51 

4>02 0.110 0.180 2.79 4.06 

e 0.200 sse 5.08 sse 3 

e1 0.100 sse 2.54 sse 3 

F 0.040 1.02 

0.027 0.034 0.69 0.86 

0.027 0.045 0.69 1.14 2 

L 0.500 0.750 12.70 19.05 

0.050 1.27 

0.250 6.35 

Q 0.010 0.045 0.25 1.14 

a 45' sse 45' sse 3 

10-Lead Can Dimensions 
INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.165 0.185 4.19 4.70 

4>b 0.Q16 0.019 0.41 0.48 

0.016 0.021 0.41 0.53 

0.335 0.370 8.51 9.40 

0.305 0.335 7.75 8.51 

0.110 0.180 2.79 4.06 

e 0.230 Bse 5.84 Bse 3 

0.115 Bse 2.92 Bse 3 

F 0.040 1.02 

0.027 0.034 0.69 0.86 

0.027 0.045 0.69 1.14 

L 0.500 0.750 12.70 19.05 

0.050 1.27 

0.250 6.35 

Q 0.010 0.045 0.25 1.14 

a 36' Bse 36' sse 3 

NOTES: 
1. (All leads) 4>b applies between L1 and L2. 4>b 1 applies between L2 

and 0.500 (12.70 mm) from the reference plane. Diameter is 
uncontrolled in L1 and beyond 0.500 (12.70 mm) from the 
reference plane. 

2. Measured from the maximum diameter of the product. 

3. Leads having a maximum diameter0.Q19 (0.48 mm) measured in 
gaging plane 0.054 (1.37 mm) + 0.001 (0.03 mm) - 0.000 
(0.00 mm) below the base plane of the product is within 0.007 
(0.18 mm) of theirtrue position relative to a maximum width tab. 

I 



Precision MOJlohthics Inc. 

PACKAGE DIMENSIONS - CERAMIC DIPS 

See 
Note 1 

SYMBOL 

A 

b 

c 

D 

E 

e 

L 

Q 

s 

a 

NOTES: 

8-Lead Ceramic Dip 

INCHES 

MIN MAX 

0.200 

0.014 0.023 

0.030 0.070 

0.008 0,015 

0.405 

0.220 0.310 

0.290 0.320 

0.100 sse 
0.125 0.200 

0.150 

0.015 0.060 

0.055 

0.005 

0' 15' 

r-E-j 

~~ ~b:~~c 
Nole7 

MILLIMETERS 

MIN MAX NOTES 

5.08 

0.36 0.58 

0.76 1.78 2 

0.20 0.38 

10.29 4 

5.59 7.87 4 

7.37 8.13 7 

2.54 sse 5 

3.18 5.08 

3.81 

0.38 1.52 3 

1.35 6 

0.13 6 

0' 15' 

1. Index area; a notch or a lead one identification mark is located 
adjacent to lead one and is within the shaded area shown. 

2. The minimum limit for dimension b1 may be 0.023 (0.58 mm) for 
all four corner leads only. 

3. Dimension Q shall be measured from the seating plane to the 
base plane. 

17-4 

SYMBOL 

A 

b 

D 

E 

e 

L 

Q 

s 

PACKAGE 
INFORMATION 

14-Lead Ceramic Dip 

INCHES MILLIMETERS 

MIN MAX MIN MAX NOTES 

0.200 5.08 

0.014 0.023 0.36 0.58 

0.030 0.070 0.76 1.78 2 

0.008 0.015 0.20 0.38 

0.785 19.94 4 

0.220 0.310 5.59 7.87 4 

0.290 0.320 7.37 8.13 

0.100 sse 2.54 sse 5 

0.125 0.200 3.18 5.08 

0.150 3.81 

0.015 0.060 0.38 1.52 3 

0.098 2.49 6 

0.005 0.13 6 

0' 15' 0' 15' 

4. This dimension allows for off-center lid, meniscus and glass 
overrun. 

5. The basic lead spacing is 0.100 (2.54 mm) between centerlines. 

6. Applies to all four corners. 

7. Lead center when a is 0'. El shall be measured at the centerline 
of the leads. 



PreciSIon Monolithics Inc. 

PACKAGE DIMENSIONS - CERAMIC DIPS 

16-Lead Ceramic Dip 
(a-Suffix) 

Plane 

r-E-I 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.200 5.08 

b 0.014 0.023 0.36 0.58 

b, 0.030 0.070 0.76 1.78 2 

c 0.008 0.015 0.20 0.38 

D 0.840 21.34 4 

E 0.220 0.310 5.59 7.87 4 

E, 0.290 0.320 7.37 8.13 7 

e 0.100 esc 2.54 esc 5 

L 0.125 0.200 3.18 5.08 

l, 0.150 3.81 

Q O.D1S 0.060 0.38 1.52 3 

5 0.060 2.03 6 

5, 0.005 0.13 6 

a O· '5· O· 15· 

NOTES: 
1. Index area; a notch or a lead one identification mark is located 

adjacent to lead one and is within the shaded area shown. 
2. The minimum limitfor dimension b, may be 0.023 (0.58 mm) for 

all four corner leads only. 

3. Dimension Q shall be measured from the seating plane to the 
base plane. 
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PACKAGE 
INFORMATION 

18-Lead Ceramic Dip 
(X-Suffix) 

I-E-l 

k-{t~t, 
Plane Nole7 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.200 5.08 

b 0.014 0.023 0.36 0.58 

b, 0.030 0.070 0.76 1.78 2 

0.008 O.D1S 0.20 0.38 

D 0.960 24.38 4 

E 0.220 0.310 5.59 7.87 4 

E, 0.290 0.320 7.37 8.13 7 

e 0.100 esc 2.54 esc 
l 0.125 0.200 3.18 5.08 

l, 0.150 3.81 

Q 0.015 0.060 0.38 1.52 3 

5 0.098 2.49 6 

5, 0.005 0.13 6 

a o· 15· o· 15· 

4. This dimension allows for off-center lid, meniscus and glass 
overrun. 

5. The basic lead spacing is 0.100 (2.54 mm) between centerlines. 

6. Applies to all four corners. 
7. Lead center when a is 0°. E1 shal' be measured at the centerline 

of the leads. 
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Precision MOJloJithics Inc. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - CERAMIC DIPS 

INCHES 

SYMBOL MIN MAX 

A 0.200 

b 0.014 0.023 

b, 0.030 0.070 

c 0.008 0.015 

D 1.060 

E 0.220 0.310 

E, 0.290 0.320 

e 0.100 B5e 

L 0.125 0.200 

L, 0.150 

Q 0.015 0.060 

5 0.080 

5, 0.005 

a 0' IS' 

20-Lead Ceramic Dip 
(R-Sufflx) 

,0 

MILLIMETERS NOTES: 

MIN MAX 

5.08 

0.36 0.58 

0.76 1.78 

0.20 0.38 

26.92 

5.59 7.87 

7.37 8.13 

2.54 B5e 

3.18 5.08 

3.81 

0.38 1.52 

2.03 

0.13 

0' IS' 

NOTES 

4 

4 

7 

5 

3 

6 

6 
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1. Index area; a notch or a lead one identification mark is located 
adjacent to lead one and is within the shaded ansa shown. 

2. The minimum limitfordimension b, may be 0.023 (0.58 mm) lor 
all lour corner leads only. 

3. Dimension Q shall be measured from the seating plane to the 
base plane. 

4. This dimension allows lor oil-center lid, meniscus and glass 
overrun. 

5. The basic lead spacing is 0.100 (2.54 mm) between centerlines. 
6. Applies to all four corners. 
7. Lead center when a Is 0'. E, shall be measured althe centerline 

01 the leads. 



Precision Monolithics Jne. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - CERAMIC DIPS 

SYMBOL 

A 

b1 

D 

E 

E, 

e 

L 

L, 

Q 

5 

5, 

a 

See 
Note 1 

INCHES 

MIN MAX 

0.225 

0.014 0.023 

0.030 0.070 

0.008 0.015 

1.290 

0.500 0.610 

0.590 0.620 

0.100 B5C 

0.120 0.200 

0.150 

0.015 0.075 

0.098 

0.005 

O· IS· 

24-Lead Ceramic Dip 
(V-Suffix) 

~E---J 

~ 
~ ffFE1-!\ 

Seating --1al:=:see --I\-"c 
Plane Note 7 

MILLIMETERS NOTES: 

MIN MAX 

5.72 

0.36 0.58 

0.76 1.78 

0.20 0.38 

32.77 

12.70 15.49 

14.99 15.75 

2.54 B5C 

3.05 5.08 

3.81 

0.38 1.91 

2.49 

0.13 

o· IS· 

NOTES 

2 

4 

4 

5 

6 
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1. Index area; a notch or a lead one identification mark is located 
adjacent to lead one and is within the shaded area shown. 

2. The minimum limit for dimension bl may be 0.023 (0.58 mm) for 
all four corner leads only. 

3. Dimension Q shall be measured from the seating plane to the 
base plane. 

4. This dimension allows for off-center lid, meniscus and glass 
overrun. 

5. The basic lead spacing is 0.100 (2.54 mm) between centerlines. 
6. Applies to all four corners. 
7. Lead center when a isO·. El shall be measured atthe centerline 

of the leads. 

I 



Prt.·Cl~lon MO]1o)ithlCS Inc. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - CERAMIC DIPS 

INCHES 

SYMBOL MIN MAX 

A 0.225 

b 0.014 0.023 

bl 0.030 0.070 

c 0.008 O.ot5 

MILLIMETERS 

MIN MAX 

5.72 

0.36 0.58 

0.76 1.78 

0.20 0.38 

28-Lead Ceramic Dip 
(T-Suffix) 

NOTES 

2 

NOTES: 
1. Index area; a nolch or a lead one identification mark is located 

adjacent to lead one and Is within the shaded area shown. 
2. The minimum limit for dimension bl may be 0.023 (0.58 mm) for 

all four corner leads only. 
3. Dimension Q shall be measured from the seating plane to the 

base plane. 
4. This dimension allows for off-center lid, meniscus and glass 

overrun. 
D 1.490 37.85 ____________________ 4__ 5. The basic lead spacing is 0.100 (2.54 mm) between centerlines. 

E 0.500 0.610 12.70 15.49 4 6. Applies to all four corners. 

El 0.590 0.620 14.99 15.75 
---------------------- 7. Lead center when 01 isO·. El shall be measured at the canterline 

of the leads. 

e 0.100 esc 2.54 esc 5 

L 0.120 0.200 3.05 5.08 

Ll 0.150 3.81 

Q O.ot5 0.075 0.38 1.91 3 

5 0.098 2.49 6 

51 0.005 0.13 6 

01 O· 15· O· 15· 
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Precision MOllolithics Inc. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - SIDE-BRAZED DIPS 

See 

14-Lead Side-Brazed Dip 
(VB-Suffix) 

Nole 1 

U 
tEj 

A -r -f.l L ~ 
-~ b--!i.:::j r-e b Sealing ~El~ 1 Plane 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.200 5.08 

b 0.014 0.023 0.36 0.58 

b1 0.030 0.070 0.76 1.78 2 

c 0.008 0.Q15 0.20 0.38 

D 0.785 19.94 4 

E 0.220 0.310 5.59 7.87 4 

E1 0.290 0.320 7.37 8.13 7 

e 0.100 BSC 2.54 BSC 5 

L 0.125 0.200 3.18 5.08 

L1 0.150 3.81 

Q 0.015 0.060 0.38 1.52 3 

S 0.098 2.49 6 

S1 0.005 0.13 6 

a O· 15· O· 15· 

NOTES: 
1. Index area; a notch or a lead one identification mark is located 

adjacent to lead one and is within the shaded area shown. 

2. The minimum limitfor dimension b1 may beO.023 (0.58 mm) for 
all four corner leads only. 

3. Dimension Q shall be measured from the seating plane to the 
base plane. 
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16-Lead Side-Brazed Dip 
(OB-Sufflx) 

D j tEj 
-T fi 1 Ll 
-~ 

Sealing 
I-El-J Plane 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.200 5.08 

0.014 0.023 0.36 0.58 

b1 0.030 0.070 0.76 1.78 2 

0.008 0.Q15 0.20 0.38 

D 0.840 21.34 4 

E 0.220 0.310 5.59 7.87 4 

E1 0.290 0.320 7.37 8.13 7 

0.100 BSC 2.54 BSC 5 

L 0.125 0.200 3.18 5.08 

L1 0.150 3.81 

Q 0.Q15 0.060 0.38 1.52 3 

S 0.060 2.03 6 

S1 0.005 0.13 6 

a O· 15· O· 15· 

4. This dimension allows for off-center lid, meniscus and glass 
overrun. 

5. The basic lead spacing is 0.100 (2.54 mm) between centerlines. 
6. Applies to all four corners. 

7. Lead center when a is 0°. E, shall be measured attha centerline 
of the leads. 

Z 
0 ...... 

~ 
2 
Z ...... 
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~ 
~ 
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PreciSIon Monolithlcs Inc. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - SIDE-BRAZED DIPS 

18-Lead Side-Brazed Dip 
(XB-Sufflx) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.200 5.08 

b 0.014 0.023 0.36 0.58 

b1 0.030 0.070 0.76 1.78 2 

c 0.006 0.015 0.20 0.38 

0 0.960 24.38 4 

E 0.220 0.310 5.59 7.87 4 

E1 0.290 0.320 7.37 8.13 7 

e 0.100 esc 2.54 esc 5 

L 0.125 0.200 3.18 5.08 

L1 0.150 3.81 

Q 0.015 0.060 0.38 1.5~ 3 

S 0.098 2.49 6 

S1 0.005 0.13 6 

a 0" 15· O· 15· 

NOTES: 
1. Index area; a notch or a lead one identification mark Is located 

adjacent to lead one and is within the shaded area shown. 
2. The minimum Iimilfordimension b1 may be 0.023 (0.58 mm) for 

all four corner leads only. 

3. Dimension Q shall be measured from the seating plane to the 
base plane. 
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20-Lead Side-Brazed Dip 
(RB-Sufflx) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.200 5.08 

b 0.014 0.023 0.36 0.58 

b1 0.030 0.070 0.76 1.78 2 

c 0.008 0.015 0.20 0.38 

0 1.060 26.92 4 

E 0.220 0.310 5.59 7.87 4 

E1 0.290 0.320 7.37 8.13 7 

e 0.100 esc 2.54 esc 5 

L 0.125 0.200 3.18 5.08 

L1 0.150 3.81 

Q 0.015 0.060 0.38 1.52 3 

S 0.060 2.03 6 

S1 0.005 0.13 6 

a O· 15· O· 15· 

4. This dimension allows for off-center lid, meniscus and glass 
overrun. 

5. The basic lead spacing is 0.100 (2.54 mm) between centerllnes. 

6. Applies to all four corners. 

7. Lead center when a isOO • E, shall be measured at the centerline 
of the leads. 



Precisioll MOI1ohthics Inc. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - SIDE-BRAZED DIPS 

INCHES 

SYMBOL MIN MAX 

A 0.225 

b 0.014 0.023 

bl 0.030 0.070 

c 0.008 0.Q15 

D 1.290 

E 0.500 0.610 

El 0.590 0.620 

0.100 sse 
L 0.120 0.200 

Ll 0.150 

Q 0.015 0.075 

5 0.098 

51 0.005 

Q O· 15' 

24-Lead Side-Brazed Dip 
(VB-Suffix) 

MILLIMETERS NOTES! 
1. Index area; a notch or a lead one identification mark is located 

MIN MAX NOTES adjacent to lead one and is within the shaded area shown. 

5.72 2. The minimum limitfordimension bl may be 0.023 (0.58 mm) for 

0.36 0.58 
all four corner leads only. 

3. Dimension Q shall be measured from the seating plane to the 
0.76 1.78 2 base plane. 

0.20 0.38 4. This dimension allows for off-center lid, meniscus and glass 
overrun. 

32.77 4 5. The basic lead spacing is 0.100 (2.54 mm) between centerllnes. 

12.70 15.49 4 6. Applies to all four corners. 

14.99 15.75 7 
7. Lead center when Q isO·. El shall be measured at the centerline 

of the leads. 
2.54 sse 5 

3.05 5.08 

3.81 

0.38 1.91 3 

2.49 6 

0.13 6 

A· 15' 
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Preclsioll Monolithics Inc. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - SIDE-BRAZED DIPS 

INCHES 

SYMBOL MIN MAX 

A 0.225 

b 0.014 0.023 

b, 0.030 0.070 

c 0.008 0.015 

D 1.490 

E 0.500 0.610 

E, 0.590 0.620 

e 0.100BSC 

L 0.120 0.200 

L, 0.150 

Q 0,015 0.075 

S 0.098 

S, 0.005 

a O· 15· 

28-Lead Side-Brazed Dip 
(TB-Suffix) 

D '4 

MILLIMETERS 
NOTES: 
1. Index area; a notch is or a lead one identification mark is located 

MIN MAX NOTES adjacent to lead one and is within the shaded area shown. 

5.72 2. The minimum limit for dimension b , may beO.023 (0.58 mm) for 

0.36 0.58 3. 

all four corner leads only. 
Dimension Q shall be measured from the seating plane to the 

0.76 1.78 2 base plane. 

0.20 0.38 
4. This dimension allows for off·center lid, meniscus and glass 

overrun. 

37.85 4 5. The basic lead spacing isO.l00 (2.54 mm) between centerlines. 

12.70 15.49 4 6. Applies to all four corners. 

7. Lead center when a is 0·. E, shall be measured althe centerline 
14.99 15.75 7 of the leads. 

2.54 BSC 5 

3.05 5.08 

3.81 

0.38 1.91 3 

2.49 6 

0.13 6 

O· 15· 
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Precision Monolithics Inc. 

PACKAGE DIMENSIONS - EPOXY DIPS 

A 

8-Lead Epoxy Dip 
(P-Sufflx) 

en 
r-D -----1 

~ ~~,~\(~I~~~ L1 
L 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.148 0.152 3.76 3.86 

b 0.Q16 0.020 0.406 0.508 

b1 0.058 0.062 1.47 1.58 

0.008 0.012 0.203 0.304 

D 0.370 0.382 9.47 9.70 

E 0.246 0.254 6.25 6.45 

E1 0.298 0.302 7.57 7.67 2 

0.100 sse 2.54 sse 
L 0.128 0.132 3.25 3.35 

L1 0.148 0.152 3.76 3.86 

Q 0.020 TYP 0.508 TYP 

a O· 15' O· 15' 

NOTES: 
1. Minor changes in dimensions may occur without advance 

notice. 
2. Dimension "E,"' to center of leads when formed parallel. 
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SYMBOL 

A 

b 

b1 

c 

D 

E 

E1 

e 

L 

L1 

Q 

a 

PACKAGE 
INFORMATION 

14-Lead Epoxy Dip 
(P-Suffix) 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.200 5.08 

0.014 0.023 0.36 0.58 

0.030 0.070 0.76 1.78 

0.008 0.015 0.20 0.38 

0.748 0.754 18.99 19.1 

0.220 0.310 5.59 7.87 

0.290 0.320 7.37 8.13 

0.100 sse 2.54 sse 
0.125 0.200 3.18 5.08 

0.150 3.81 

0.Q15 0.060 0.38 1.52 

O· 15' O· 15' 

NOTES 

NOTES: 
1. Minor changes in dimensions may occur without advance 

notice. 
2. Dimension "E{ to center of leads when formed parallel. 

I 



Precision Monolithics Inc. 

PACKAGE DIMENSIONS - EPOXY DIPS 

A 

L 

16-Lead Epoxy Dip 
(P-Suffix) 

~------D------~ 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.200 5.08 

b 0.014 0.023 0.36 0.58 

b, 0.030 0.070 0.76 1.78 

c 0.008 0.015 0.20 0.38 

D 0.748 0.754 18.99 19.1 

E 0.220 0.310 5.59 7.87 

E, 0.290 0.320 7.37 8.13 

e 0.100 esc 2.54 esc 
L 0.125 0.200 3.18 5.05 

Ll 0.150 3.81 

Q 0.D15 0.060 0.38 1.52 

0< 0" 15· O· 15· 

NOTES: 

NOTES 

1. Minor changes in dimensions may occur without advance 
notice. 

2. Dimension "E{ to center of leads when formed parallel. 
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SYMBOL 

A 

b 

b, 

c 

D 

E 

El 

L 

Ll 

Q 

0< 

NOTES: 

PACKAGE 
INFORMATION 

18-Lead Epoxy Dip 
(P-Suffix) 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.200 5.08 

0.014 0.023 0.36 0.58 

0.030 0.070 0.76 1.78 

0.008 0.D15 0.20 0.38 

0.898 0.904 22.81 22.91 

0.220 0.310 5.59 7.87 

0.290 0.320 7.37 8.13 

0.100 esc 2.54 esc 
0.125 0.200 3.18 5.08 

0.150 3.81 

0.D15 0.060 0.38 1.52 

O· 15· O· 15· 

NOTES 

1. Minor changes in dimensions may occur without advance 
notice. 

2. Dimension "E{ to center of leads when formed parallel. 



Precision MOllo1ithics Inc. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - EPOXY DIPS 

INCHES 

SYMBOL MIN MAX 

A 0.255 

b 0.014 0.023 

bl 0.030 0.070 

0.008 0.015 

0 1.029 1.035 

E 0.220 0.310 

El 0.290 0.320 

e 0.100 BSC 

L 0.125 0.200 

Ll 0.150 

Q 0.015 0.060 

III 0° 15° 

MILLIMETERS 

MIN MAX 

5.08 

0.36 0.58 

0.76 1.78 

0.20 0.38 

26.14 26.24 

5.59 7.87 

7.37 8.13 

2.54 BSC 

3.18 5.08 

3.81 

0.38 1.52 

0° 15° 

20-Lead Epoxy Dip 
(P-Suffix) 

NOTES: 

NOTES 
1. Minor changes in dimensions may occur without advance 

notice. 
2. Dimension "E{ to center of leads when formed parallel. 
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PrecIsion Monohth ics Inc. 

PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - EPOXY DIPS 

INCHES 

SYMBOL MIN MAX 

A 0.225 

b 0.014 0.023 

bl 0.030 0.070 

c 0.008 0.015 

D 1.248 1.254 

E 0.536 0.542 

El 0.598 0.602 

e 0.100 BSe 

L 0.125 0.200 

Ll 0.150 

Q 0.015 0.060 

a 0" 15° 

MILLIMETERS 

MIN MAX 

5.08 

0.36 0.58 

0.76 1.78 

0.20 0.38 

31.7 31.8 

13.67 13.77 

15.19 15.29 

2.54 BSe 

3.18 5.08 

3.81 

0.36 1.52 

0° 15° 

24-Lead Epoxy Dip 
(P-Suffix) 

NOTES: 

NOTES 1. Minor changes in dimensions may occur without advance 
notice. 

2. Dimension "E{ to center of leads when formed parallel. 

2 
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Precision Monobthics Inc. 

PACKAGE DIMENSIONS - CERPACKS 

SYMBOL 

A 

b 

D 

E 

L 

Q 

5 

5, 

10-Lead Cerpack 
(L-Suffix) 

I I -.lc 
!--E--1-L--!l 

INCHES MILLIMETERS 

MIN MAX MIN MAX NOTES 

0.030 0.085 0.76 2.16 

0.010 0.019 0.25 0.48 

0.003 0.006 0.08 0.15 

0.290 7.37 3 

0.240 0.260 6.10 6.60 

0.050 sse 1.27 sse 4 

0.008 0.015 0.20 0.38 8 

0.250 0.370 6.35 9.40 

0.010 0.040 0.25 1.02 2 

0.045 1.14 

0.005 0.13 5,6 

NOTES: 
1. Index area; a notch or a lead one identification mark is located 

adjacent to lead one and shall be located within the shaded area 
shown. Alternatively, a tab (dim. k) may be used to identify lead 
one. This tab may be located on either side as shown. 

2. Dimension Q shall be measured at the point of exit of the lead 
from the body. 

3. This dimension allows for off-center lid, meniscus and glass 
overrun. 

4. The basic lead spacing is 0.050 (1.27 mm) between centerlines. 

5. Applies to all four corners. 
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PACKAGE 
INFORMATION 

14-Lead Cerpack 
(M-Suffix) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.030 0.085 0.76 2.16 

b 0.010 0.019 0.25 0.48 

0.003 0.006 0.08 0.15 

D 0.280 7.11 3 

E 0.240 0.260 6.10 6.60 

e 0.050 sse 1.27 sse 4 

0.008 0.Q15 0.20 0.38 8 

L 0.250 0.370 6.35 9.40 

Q 0.010 0.040 0.25 1.02 

5, 0.005 0.13 5,6 

52 0.004 0.10 

6. Dimension S, (See 40.3) may be 0.000 (0.00 mm) if corner leads 
bend toward the cavity of the package within one lead's width 
from the point of entry of the lead into body. 

7. Optional configuration. If this configuration is used, no organic 
or polymeric materials are molded to the bottom of the package 
to cover the leads. 

8 Optional, see note 1. If a lead one identification mark is used in 
addition to this tab, the minimum limit of dimension k does not 
apply. 
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Pre .. ISlOU Monolithics Inc. 

PACKAGE DIMENSIONS - CERPACKS 

16-Lead Cerpack 
(F-Suffix) 

I I -1c 
I-E-f--L -----l t 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.045 0.085 1.14 2.16 

0.015 0.019 0.38 0.48 

0.003 0.006 0.08 0.15 

0 0.440 11.18 3 

E 0.245 0.285 6.22 7.24 

e 0.050 sse 1.27 sse 4 

0.008 0.015 0.20 0.38 8 

L 0.250 0.370 6.35 9.40 

Q 0.010 0.040 0.23 1.02 2 

S 0.045 1.14 5 

S, 0.005 0.13 5,6 

NOTES: 
1. Index area; a notch or a lead one identification mark is located 

adjacent to lead one and is located within the shaded area 
shown. Alternatively, a tab (dim. k) may be used to identify lead 
one. This tab may be located on either side as shown. 

2. Dimension Q shall be measured at the point of exit of the lead 
from the body. 

3. This dimension allows for off-center lid. meniscus and glass 
overrun. 

4. The basic lead spaCing is 0.050 (1.27 mm) between centerlines. 
5. Applies to all four corners. 
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e 

s 

PACKAGE 
INFORMATION 

24-Lead Cerpack 
(N-Suffix) 

k 

I I --*-c 
I-E4~L-lt 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.045 0.090 1.14 2.29 

b 0.015 0.019 0.38 0.48 

0.003 0.006 0.08 0.15 

0 0.430 10.92 3 

E 0.245 0.285 6.22 7.24 

e 0.050 sse 1.27 sse 4 

0.008 0.015 0.20 0.38 8 

0.250 0.370 6.35 9.40 

Q 0.010 0.040 0.25 1.02 

S 0.005 0.13 5,6 

S2 0.004 0.10 

6. Dimension S, (See 40.3) may be 0.000 (0.00 mm) if corner leads 
bend toward the cavity of the package within one lead's width 
from the point of entry of the lead into body. 

7. Optional configuration. If this configuration is used, no organic 
or polymeric materials are molded to the bottom of the package 
to cover the leads. 

8 Optional, see note 1. If a lead one identification mark is used in 
addition to this tab, the minimum limit of dimension k does not 
apply. 



PrecIsion Monolithics Inc. 

PACKAGE DIMENSIONS - FLATPACKS 

10-Lead Flatpack (L-Suffix) 

Bottom-Brazed (LB-Sufflx) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.030 0.085 0.76 2.16 

b 0.010 0.019 0.25 0.48 

c 0.003 0.006 0.08 0.15 

D 0.290 7.37 3 

E 0.240 0.260 6.10 6.60 

E, 0.280 7.11 3 

E2 0.125 3.18 

E3 0.030 0.76 

e 0.050 Bse 1.27 Bse 4 

k 0.008 0.D15 0.20 0.38 8 

L 0.250 0.370 6.35 9.40 

a 0.010 0.040 0.25 1.02 2 

5 0.045 1.14 5 

5, 0.005 0.13 5,6 

NOTES: 
1. Index area; a notch or a lead one identification mark is located 

adjacent to lead one and shall be located within the shaded area 
shown. Alternatively, a tab (dim. k) may be used to Identify lead 
one. This tab may be located on either side as shown. 

2. Dimension a shall be measured at the point of exit of the lead 
from the body. 

3. This dimension allows for off-center lid, meniscus and glass 
overrun. 

4. The basic lead spaCing isO.050 (1.27 mm) between centerlines. 

5. Applies to all four corners. 
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PACKAGE 
INFORMATION 

14-Lead Flatpack (M-Suffix) 

Bottom-Brazed (MB-Suffix) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.030 0.085 0.76 2.16 

b 0.010 0.019 0.25 0.48 

c 0.003 0.006 0.08 0.15 

D 0.280 7.11 3 

E 0.240 0.260 6.10 6.60 

E, 0.280 7.11 3 

E2 0.125 3.18 

E3 0.030 0.76 

e 0.050 Bse 1.27 B5e 4 

0.008 0.D15 0.20 0.38 8 

L 0.250 0.370 6.35 9.40 

a 0.010 0.040 0.25 1.02 

5, 0.005 0.13 5,6 

52 '0.004 0.10 

6. Dimension 5, (5ee40.3) may be 0.000 (0.00 mm) if corner leads 
bend toward the cavity of the package within one lead's width 
from the point cif entry of the lead into body. 

7. Optional configuration. If this configuration is used, no organic 
or polymeric materials are molded to the bottom of the package 
to cover the leads. 

8 Optional, see note 1. If a lead one identification mark is used In 
addition to this tab, the minimum limit of dimension k does not 
apply. 
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PACKAGE DIMENSIONS - FLATPACKS 

16-Lead Flatpack (F-Sufflx) 

b 
16 f1 

o 

~~11 
9~ 

Bottom-Brazed (FB-Suffix) 

Ll F~111 +c 

t t $eeJ~ ~ ~L----P 
A Q Nole7 E3 E2 E3 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.045 0.085 1.14 2.16 

b 0.015 0,019 0.38 0.48 

0.003 0.006 0.08 0.15 

0 0.440 11.18 3 

E 0.245 0.285 6.22 7.24 

E, 0.305 7.75 3 

E2 0.130 3.30 

E3 0.030 0.76 

e 0.050 BSe 1.27 BSe 4 

0.008 0.015 0.20 0.38 8 

L 0.250 0.370 6.35 9.40 

a 0.010 0.040 0.23 1.02 2 

S 0.045 1.14 

S, 0.005 0.13 5,6 

NOTES: 

1. Index area; a notch or a lead one identification mark is locsted 
adjacent to lead one and is located within the shaded area 
shown. Alternatively, a tab (dim. k) may be used to identify lead 
one. This tab may be located on either side as shown. 

2. Dimension a shall be measured at the point of exit of the lead 
from the body. 

3. This dimension allows for off-center lid, meniscus and glass 
overrun. 

4. The basic lead spacing is 0.050 (1.27 mm) between centerlines. 

5. Applies to all four corners. 

17·20 

e 

$ 

PACKAGE 
INFORMATION 

24-Lead Flatpack (N-Suffix) 

Bottom-Brazed (NB-Suffix) 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.045 0.090 1.14 2.29 

b 0.015 0.Q19 0.38 0.48 

c 0.003 0.006 0.08 0.15 

0 0.430 10.92 

E 0.245 0.285 6.22 7.24 

E, 0.305 7.75 3 

E2 0.125 3.18 

E3 0.030 0.76 

e 0.050 BSe 1.27 BSe 4 

0.008 0.015 0.20 0.38 8 

L 0.250 0.370 6.35 9.40 

a 0.010 0.040 0.25 1.02 2 

S 0.005 0.13 5,6 

$. 0.004 0.10 

6. Dimension S, (See 40.3) may be 0.000 (0.00 mm) if corner leads 
bend toward the cavity of the package within one lead's width 
from the point of entry of the lead into body. 

7. Optional configuration. If this configuration is used, no organic 
or polymeric materials are molded to the bottom of the package 
to cover the leads. 

8 Optional. see note 1. If a lead one identification mark is used in 
addition to this tab. the minimum limit of dimension k does not 
apply. 



PACKAGE 
INFORMATION 

PreCISIon Monolithics Inc. 

PACKAGE DIMENSIONS - LEAD LESS CHIP CARRIERS 

20-Position Chip Carrier 
(RC-Suffix) 

R TYP «Plane 2 
See I . 0 Plane 1 02- e1 

Note7~1J ~ ~ L-to;~ I ~ TrlO r~ ";;c' ~O 0 CPo, I IL!LJ ' cIt 
E E2 E4 E2 LJ C e 

~ l I~ 0 "1 E, ±gDDoDD~ 
I I~ ~AI= f ----I 05 I~ 45°TYP 
-04 A, L, 

Top View Side View Bottom View 

INCHES MILLIMETERS NOTES: 

SYMBOL 
1. A minimum clearance of 0.015" (0.381 mm) is maintained 

MIN MAX MIN MAX NOTES between corner terminals. 

A 0.084 0.100 1.63 2.54 5 2. Electrical connection ;s required on plane 1. Metallization is 

A, 0.054 0.088 1.37 2.24 -
optional on plane 2. However, if plane 2 is metallized it must be 
electrically connected. 

B, 0.022 0.028 0.56 0.71 2 3. A minimum clearance of 0.020" (0.508 mm) is maintained 

0 0.342 0.358 8.69 9.09 -
between overall dimensions D4 x E4 and all other features. 
including metallization. chamfers and edges. 

0, 0,075 REF 1.91 REF - 4. Non-electrical features for No.1 terminal identification, optical 

O2 0.200 REF 5.08 REF -
orientation or handling purposes shall be within the shaded 
area shown on plane 2. 

0 3 0.100 REF 2.54 REF - 5. Dimension A controls the overall package thickness. 

°4 - 0.358 - 9.09 3 6. Length of pad metallization may increase only toward package 
periphery. 

°5 0.150 BSe 3.81 BSe - 7. When space is available. the index corner may be metallized on 

E 0.342 0.358 8.69 9.09 - either or both planes 1 and 2. The package edge at the index 
corner shall not be metallized. 

E, 0,075 REF 1.91 REF -
E2 0.200 REF 5.08 REF -
E3 0.100 REF 1.91 REF -

E4 - 0.358 - 9.09 3 

e 0.050 BSe 1.27 BSe -

e, 0.015 - 0.38 - 1 

L, 0.045 0.055 1.14 1.40 -

L2 0.077 0.093 1.96 2.36 4 

R 0.007 0.011 0.18 0.28 -
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PACKAGE 
INFORMATION 

PACKAGE DIMENSIONS - LEAD LESS CHIP CARRIERS 

INCHES 

SYMBOL MIN MAX 

A 0.064 0.100 

AI 0.054 0.088 

Bl 0.022 0.028 

0 0.442 0.456 

0 1 0.075 REF 

O2 0.300 REF 

0 3 0.150 REF 

0 4 0.458 

0 5 0.200 BSe 

E 0.442 0.458 

El 0.075 REF 

E2 0.300 REF 

E3 0.150 REF 

E4 0.458 

e 0.050 

el 0.015 

Ll 0.045 0.055 

L2 0.077 0.093 

R 0.007 0.011 

28-Position Chip Carrier 
(TC-Sufflx) 

Top View Side View BollomView 

MILLIMETERS NOTES: 

MIN MAX NOTES 
1. A minimum clearance of 0.015" (0.381 mm) is maintained 

between corner terminals. 
1.63 2.54 5 2. Electrical connection is required on plane 1. Metallization is 

1.37 2.24 
optional on plane 2. However, if plane 2 is metallized it must be 
electrically connected. 

0.56 0.71 2 3. A minimum clearance of 0.020" (0.508 mm) is maintained 

11.23 11.63 
between overall dimensions 0 4 x E4 and all other features, 
including metallization, chamfers and edges. 

1.91 REF 4. Non-electrical features for No.1 terminal Identification, optical 

7.62 REF 
orientation or handling purposes shall be within the shaded 
area shown on plane 2. 

3.81 REF 5. Dimension A controls the overall package thickness. 

11.63 3 6. Length of pad metallization may increase only toward package 
periphery. 

5.08 BSe 7. When space is available, the index corner may be metallized on 
11.23 11.63 either or both planes 1 and 2. The package edge at the index 

corner shall not be metallized. 
1.91 REF 

7.62 REF 

3.81 REF 

11.63 3 

1.27 

0.38 

1.14 1.40 

1.96 2.36 4 

0.18 0.28 
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CORPORATE 
HEADQUARTERS 
PMI 
1500 Space Park Drive 
P.O. Box 58020 
Santa Clara, CA 95052-8020 
(408) 727-9222 TWX 910-338-0218 
TLX 172070 

ALABAMA 
HUNTSVILLE 
EMA 
309 Jordan Lane, Northwest 
Huntsville, AL 35805-2621 
(205) 830-4030. (800) 633-2920 
TWX 810-728-2110 

ALASKA 
Contact Bellevue, WA Office 

ARIZONA 
SCOTTSDALE 
PMI SALES OFFICE 
8526 E. Monterey Way 
Scottsdale. AZ 85251-5926 
(602) 941-1946 

SCOTTSDALE 
SUMMIT SALES 
7825 E. Redfield Rd. 
Scottsdale, AZ 85260-3486 
(602) 998-4850 TWX 910-950-1283 

ARKANSAS 
Contact Genzel Sales & Assoc .• Inc. 
Tulsa, OK Office 

CALIFORNIA 
LOS ANGELES 
PMI SALES OFFICE 
4026 E. La Palma Ave. 
Anaheim, CA 92807-1716 
(714) 666-0140. (213) 642-0142 
TWX 910-328-6591 

SAN DIEGO 
L & S ASSOCIATES 
11772 Sorrento Valley Rd., Suite 235 
San Diego, CA 92121-1017 
(619) 455-0055 TWX 910-322-1730 

SAN JOSE 
QUADREP INC. 
2713 N. First St. 
San Jose, CA 95134-2099 
(408) 946-4000 TWX 910-338-0207 

SANTA CLARA 
PMI SALES OFFICE 
4633 Old Ironsides Dr., Suite 312 
Santa Clara, CA 95054-1806 
(408) 727-6616 TWX 910-338-2102 
TLX 172 070 

COLORADO 
BOULOER 
FRONT RANGE MARKETING 
3100 Arapahoe Ave., Suite 404 
Boulder, CO 80303-1082 
(303) 443-4780 TWX 910-940-3442 

LITTLETON 
PMI SALES OFFICE 
7488 W. Roxbury PI. 
Littleton, CO 80123-4738 
(303) 979-8533 

CONNECTICUT 
UNIONVILLE 
PMI SALES OFFICE 
P.O. Box 43 
Unionville, CT 06085-0043 
(203) 673-9995 

DELAWARE 
Contact Philadelphia, PA Office 

DISTRICT OF COLUMBIA 
Contact Philadelphia, PA Office 

FLORIDA 
ALTAMONTE SPRINGS 
PMI SALES OFFICE 
Bldg. II. Suite 2505-5 
405 Douglas Ave. 
Altamonte Springs. FL 32714-2505 
(305)788-1403. (800)223-6147 
TWX 910-861-4079 

ALTAMONTE SPRINGS 
LAWRENCE ASSOCIATES. INC. 
711 Turnbull Ave. 
Altamonte Springs. FL 32701-6420 
(305) 339-3855 TWX 510-953-7602 

BOCA RATON 
LAWRENCE ASSOCIATES. INC. 
2151 N.W. 2nd, Suite 104 
Boca Raton. FL 33431-7405 
(305) 368-7373 TWX 510-953-7602 

CLEARWATER 
LAWRENCE ASSOCIATES. INC. 
1605 Missouri Ave. 
Clearwater, FL 33516-1220 
(813) 584-8110 TWX 510-953-7602 

MELBOURNE 
LAWRENCE ASSOCIATES. INC. 
1101 W. Hibiscus Blvd .. Suile EllS 
W. Melbourne, FL 32901-2745 
(305) 724-8294 TWX 510-953-7602 
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SALES OFFICES 
REPRESENTATIVES 

GEORGIA 
ATLANTA 
EMA 
620 Colonial Park Dr. 
Roswell, GA 30075-3746 
(404)992-7240 TWX 810-726-2110 

HAWAII 
Contact Los Angeles, CA Office 

IDAHO 
Contact Bellevue, WA Office 

ILLINOIS 
CHICAGO 
PMI SALES OFFICE 
1325 Remington Rd., Suite "0" 
Schaumburg. IL 60195-4813 
(312) 885-8440. (800) 323-8755 
TWX 910-222-1808 

INDIANA 
CARMEL 
TECHNOLOGY MARKETING CORP. 
599 Industrial Dr. 
Carmel, IN 46032-4207 
(317) 844-8462 TWX 910-997-0194 

FT. WAYNE 
TECHNOLOGY MARKETING CORP. 
3428 W. Taylor St. 
Ft. Wayne, IN 46804-2142 
(219) 432-5553 TWX 910-997-0195 

IOWA 
DAVENPORT 
RUSH & WEST ASSOCIATES, INC. 
3 Columbia Ct., Northwest 
Davenport, IA 52804-2416 
(319) 326-3091 

KANSAS 
KANSAS CITY/WICHITA 
RUSH & WEST ASSOCIATES. INC. 
107 N. Chester SI. 
Olathe, KS 66061-3690 
(913)764-2700 TWX 910-380-8110 

KENTUCKY 
LOUISVILLE 
TECHNOLOGY MARKETING CORP. 
8819 Roman Ct. 
P. O. Box 91147 
Louisville, KY 40291-0147 
(502) 499-7808 TWX 810-535-3757 

LOUISIANA 
Contact Houston, TX Office 

NORTH AMERICA 

MAINE 
Contact Boston, MA Office 

MARYLAND 
BALTIMORE 
CONROY SALES 
26 W. Pennsylvania Ave. 
Baltimore, MD 21204-5058 
(301) 296-2444 

MASSACHUSETTS 
BOSTON 
PMI SALES OFFICE 
209 W. Central St. 
Natick, MA 01760-3716 
(617)655-8900 TWX 710-386-0114 

MICHIGAN 
DETROIT 
PMI SALES OFFICE 
722 Grand River Rd .. Suite 6 
Brighton, MI 48116-1820 
(313) 227-2190. (312)885-8440 
(800) 323-8755 TWX 910-222-1808 

BRIGHTON 
ELECTRONIC SOURCE. INC. 
8014 W. Grand River, Suite 6 
Brighton, MI 48116-9302 
(313) 227-3598 TLX 298 269 

MINNESOTA 
MINNEAPOLIS 
MEL FOSTER TECH. SALES. INC. 
7611 Washington Ave., South 
P.O. Box 35216 
Edina, MN 55435-0216 
(612) 941-9790 TWX 910-576-2746 

MISSISSIPPI 
Contact EMA, Huntsville, AL Office 

MISSOURI 
BALLWIN 
RUSH & WEST ASSOCIATES. INC. 
720 W. Manchester Rd., Suite 200 
Ballwin, MO 63011-3027 
(314) 394-7271 TLX 752 653 

MONTANA 
Contact Littleton, CO Office 
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NEBRASKA 
Contact Rush & West Associates, 
Davenport, tA Office 

NEVADA 
Contact Santa Clara, CA Office 

NEW HAMPSHIRE 
Contact Boston, MA Office 

NEW JERSEY (NORTHERN) 
Contact J-Square Marketing, 
Hicksville, NY Office 

NEW JERSEY (SOUTHERN) 
Contact Philadelphia, PA Office 

NEW MEXICO 
ALBUQUERQUE 
BFA CORPORATION 
1704 Moon, Northeast 
Albuquerque, NM 87112-3936 
(505) 292-1212 TWX 910-989-1157 

NEW YORK 
SYRACUSE 
L-MAR ASSOCIATES, INC. 
216 Tilden Dr. 
East Syracuse, NY 13057-1630 
(315) 437-7779 

METRO NY, LONG ISLANO 
J-SQUARE MARKETING, INC. 
161-C Levitown Pkwy. 
Hicksville, NY 11801-4421 
(516) 935-3200 TWX 510-221-2136 

ROCHESTER 
L-MAR ASSOCIATES, INC. 
4515 Culver Rd. 
Rochester, NY 14622-1497 
(716) 323-1000 TWX 510-253-0943 

NORTH CAROLINA 
PINEVILLE 
EMA 
8539 Glenway Ct. 
Pineville, NC 28134-8326 
(704) 541-2628 TWX 810-726-2110 

WINSTON SALEM 
EMA 
3463 Kernerville Rd. 
Winston Salem, NC 27107-1750 
(919) 784-7304 TWX 810-726-2110 

NORTH DAKOTA 
Contact Mel Foster Tech. Sales, Inc., 
Edina, MN Office 

OHIO 
CLEVELANO 
DEL STEFFEN & ASSOCIATES 
69 Alpha Park 
Cleveland, OH 44143-2296 
(216) 461-8333 TWX 810-427-9272 

COLUMBUS 
DEL STEFFEN & ASSOCIATES 
355 W. Main St. 
Lexington, OH 44904-9767 
(419) 884-2313 TWX 810-427-9272 

DAYTON 
DEL STEFFEN & ASSOCIATES 
1201 E. David Rd. 
Dayton, OH 45429-5701 
(513) 293-3145 TWX 810-427-9272 

OKLAHOMA 
TULSA 
GENZEL SALES & ASSOC., INC. 
4135 S. lODth East Ave., Suite 101 
Tulsa, OK 74146-3635 
(918) 622-7744 TLX 312 394 

OREGON 
PORTLAND 
NORTHWEST MARKETING 
Suite 330 
6975 S.W. Sandburg Rd. 
Portland, OR 97223-8010 
(503) 820-0441 TWX 910-464-5157 

PENNSYLVANIA 
PHILADELPHIA 
PMI SALES OFFICE 
431 Lakeside Dr. 
Horsham, PA 19044-2320 
(215) 675-7800 TWX 710-670-0021 

PITTSBURGH 
DEL STEFFEN & ASSOCIATES 
Carnegie Office Park 
Bldg. 1, Rm. 116K 
600 N. Belt Ave. 
Pittsburgh, PA 15106-4363 
(412) 276-7366 TWX 810-427-9272 

SELLERSVILLE 
TECH-COM MARKETING 
P.O. Box 460 
Sellersville, PA 18960-0460 
(215) 453-0711 

RHODE ISLAND 
Contact Boston, MA Office 

SOUTH CAROLINA 
Contact EMA, Winston Salem, NC 
Office 

SOUTH DAKOTA 
Contact Mel Foster Tech. Sales, Inc., 
Edina, MN Office 
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SALES OFFICES 
REPRESENTATIVES 

TENNESSEE 
DONELSON 
EMA 
118 Spring Valley 
Donelson, TN 37214-2822 
(615) 883-1414 

JONESBORO 
EMA 
Route 8, Dogwood Vlg. 
Jonesboro, TN 37659-9807 
(615) 753-8081, (800) 633-2920 

TEXAS 
DALLAS 
PMI SALES OFFICE 
11325 Pegasus St., Suite E-102 
Dallas, TX 75238-3228 
(214) 341-1742, (800) 223-6147 
TWX 910-861-4079 

HOUSTON 
PMI SALES OFFICE 
P. O. Box 262423 
Houston, TX 77207-2423 
(713) 481-6460, (214) 341-1742 
(800) 223-6147 TWX 910-861-4079 

UTAH 
SALT LAKE CITY 
FRONT RANGE MARKETING 
2520 S. State St., Suite 117 
Salt Lake City, UT 84115-3110 
(801) 364-6481 TWX 910-925-4117 

VERMONT 
Contact Boston, MA Office 

VIRGINIA 
Contact Conroy Sales, 
Baltimore, MD Office 

WASHINGTON 
BELLEVUE 
NORTHWEST MARKETING 
Suite 330N 
12835 Bellevue Redmond Rd. 
Bellevue, WA 98005-2625 
(206) 455-5846 TWX 910-443-2445 

WEST VIRGINIA 
Contact Del Steffen & Associates, 
Pittsburg, PA Office 

NORTH AMERICA 

WISCONSIN (EASTERN) 
Contact Chicago, tL Office 

WISCONSIN (WESTERN) 
Contact Mel Foster Tech. Sales, Inc., 
Edina, MN Office 

WYOMING 
Contact Littleton, CO Office 

CANADA 
ALBERTA 
HI-TECH SALES LIMITED 
P.O. Box 115 
339 10th Ave. Southeast 
Calgary, Alberta T2G OW2 
(403) 239-3773 

BRITISH COLUMBIA 
HI-TECH SALES LIMITED 
7510 B Kingsley 
Burnaby, British Columbia V3N 3C2 
(604) 524-2131 

MANITOBA 
HI-TECH SALES LIMITED 
#102-902 St. James St. 
Winnipeg, Manitoba R3G 3J7 
(204) 786-3343 

NEW BRUNSWICK 
Contact Source Electronics Ltd., 
Rexdale, Ontario Office 

NEWFOUNDLANO 
Contact Source Electronics ltd., 
Rexdale, Ontario Office 

NOVA SCOTIA 
Contact Source Electronics Ltd., 
Rexdaie, Ontario Office 

ONTARIO 
SOURCE ELECTRONICS LTD. 
P.O. Box 13235 
Kanata, Ontario K2K 1X4 
(613) 592-5392 

ONTARIO 
SOURCE ELECTRONICS LTD. 
83 Galaxy Blvd., Unit 9 
Rexdale, Ontario M9W 5X6 
(416) 675-6235 

QUEBEC 
Contact Source Electronics Ltd., 
Rexdale. Ontario Office 

SASKATCHEWAN 
Contact Hi-Tech Sales Limited 
Winnipeg, Manitoba Office 

II 
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ALABAMA 
HUNTSVILLE 
HALL-MARK ELECTRONICS 
4900 Bradford Dr. 
Huntsville, AL 35805-1951 
(205) 837-8700 TWX 810-726-2187 

HUNTSVILLE 
PIONEER 
4825 University Square 
HUntsville. AL 35805-6041 
(205) 837-9300 TWX 810-726-2197 

ARIZONA 
PHOENIX 
HALL-MARK ELECTRONICS 
4040 E. Raymond 
Phoenix, AZ 85040-1983 
(802) 437-1200 TWX 910-951-1325 

TEMPE 
ANTHEM ELECTRONICS 
1727 E. Weber Dr. 
Tempe, AZ 852BH841 
(602) 966-6600 TWX 910-950-0110 

TEMPE 
BELL INDUSTRIES 
1705 W. 4th 8t. 
Tempe, AZ 85281-2403 
(602) 866-7800 TWX 910-950-0133 

CALIFORNIA 
CANOGA PARK 
HALL-MARK ELECTRONICS 
8130 Remmet Ave. 
Canoga Park, CA 91304-4129 
(818) 716-7300 

CHATSWORTH 
ANTHEM ELECTRONICS 
20640 Bahama St. 
Chatsworth, CA 91311-6101 
(818) 700-1000 TWX 910-493-2083 

GARDEN GROVE 
BELL INDUSTRIES 
12322 Monarch SI. 
Garden Grove, CA 92641-2909 
(714) 220-0681 TWX 910-596-2362 

GARDENA 
BELL INDUSTRIES 
306 E. Alondra Blvd. 
Gardena, CA 90248-2810 
(213) 515-1800 TWX 910-346-6336 

IRVINE 
ANTHEM ELECTRONICS 
1 Oldfield Dr. 
Irvine, CA 92718-2809 
(714) 768-4444 TWX 910-595-1583 

LOS ALAMITOS 
SEMI DICE INC. 
10961 Bloomfield St. 
L.os Alamitos, CA 90720-2586 
(213) 594-4631 TWX 910-341-7710 

CALIFORNIA continued 
SACRAMENTO 
BELL INDUSTRIES 
500 Giuseppe Ct., Suite 6 
Roseville, CA 95678-6305 
(916) 969-3100 

SAN DIEGO 
ANTHEM ELECTRONICS 
9639 Carroll Park Dr. 
San Diego, CA 92121-1406 
(619) 453-9005 TWX 910-335-1515 

SAN DIEGO 
BELL INDUSTRIES 
7450 Ronson Rd. 
San Diego, CA 92111-1508 
(619) 268-1277 

SAN DIEGO 
HALL-MARK ELECTRONICS 
3878 Ruffin Rd., Suite lOB 
San Diego, CA 92123-1849 
(619) 268-1201 

SAN JOSE 
ANTHEM ELECTRONICS 
1040 E. Brokaw Rd. 
San Jose, CA 95131-2309 
(408) 295-4200 TWX 910-338-2038 

SAN JOSE 
HALL-MARK ELECTRONICS 
1110 Ringwood Ct. 
San Jose, CA 95131-1726 
(408) 946-0900 TWX 910-339-9505 

SUNNYVALE 
BELL INDUSTRIES 
1161 N. Fairoaks Ave. 
Sunnyvale, CA 94089-2102 
(408) 734-8570 TWX 910-339-9378 

THOUSAND OAKS 
BELL INDUSTRIES 
1829A De Havilland Dr. 
Thousand Oaks, CA 91320-1702 
(805) 499-6821 TWX 910-321-3799 

TORRANCE 
HALL-MARK ELECTRONICS 
19220 S. Normandie 
Torrance, CA 90502-1011 
(213) 217-8400 

TUSTIN 
HALL-MARK ELECTRONICS 
14831 Franklin Ave. 
Tustin, CA 92680-7292 
(714) 669-4700 TWX 910-997-0523 

COLORADO 
DENVER 
ANTHEM ELECTRONICS 
8200 S. Akron St. 
Englewood, CO 80112-3505 
(303) 790-4500 

DENVER 
HALL-MARK ELECTRONICS 
6950 S. Tucson way, Suite G 
Englewood, CO 80112-3922 
(303) 790-1662 TWX 910-931-0472 

WHEAT RIDGE 
BELL INDUSTRIES 
8155 W. 48th Ave. 
Wheat Ridge, CO B0033-3199 
(303) 424-1985 TWX 910-938-0393 
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AUTHORIZED 
DISTRIBUTORS 

CONNECTICUT 
NORWALK 
PIONEER 
112 Main SI. 
Norwalk, CT 06851-4617 
(203) 853-1515 TWX 710-468-3373 

WALLINGFORD 
HALL-MARK ELECTRONICS 
33 Village Lane 
Wallingford, CT 06492-2426 
(203) 269-0100 TLX 314-207 

FLORIDA 
CLEARWATER 
HALL-MARK ELECTRONICS 
15301 Roosevelt Blvd., Suite 303 
Clearwater, Fl 33520-3561 
(813) 530-4543 

FT. LAUDERDALE 
PIONEER 
674 S. Military Trail 
Deerfield Beach, FL 33442-3023 
(305) 428-8877 TWX 510-955-9653 

FT. LAUDERDALE 
HALL-MARK ELECTRONICS 
3161 S.W. 15th St. 
Pompano Beach, FL 33069-4806 
(305) 971-9280 TWX 510-956-9720 

ORLANDO 
HALL-MARK ELECTRONICS 
7648 Southland Blvd., Suite 100 
Orlando, FL 32809-6993 
(305) 855-4020 TWX 810-850-0105 

ORLANDO 
PIONEER 
221 N. Lake Blvd. 
Altamonte Springs, FL 32701-4399 
(305) 834-9090, (800) 432-6094 
TWX 810-853-0284 

GEORGIA 
NORCROSS 
HALL-MARK ELECTRONICS 
6410 Atlantic Blvd., Suite 115 
Norcross, GA 30071-1241 
(404) 447-8000 TWX 810-766-4510 

NORCROSS (ATLANTA) 
PIONEER 
Peachtree CrOSSing Bus. Park 
5835B Peachtree Corners, East 
Norcross, GA 30092-3404 
(404) 448-1711 TWX 810-766-4515 

NORTH AMERICA 

ILLINOIS 
WODDDALE 
HALL-MARK ELECTRONICS 
210 Mite! Dr. 
Wood Dale, IL 60191-1120 
(312) 860-3800 TWX 910-651-0185 

CHICAGD 
PIONEER 
1551 Carmen Dr. 
Elk Grove Village, fL 60007-6581 
(312) 437-9680 TWX 910-222-1834 

INDIANA 
INDIANAPDLIS 
HALL-MARK ELECTRONICS 
4275 W. 96th St. 
Indianapolis, IN 46268-1113 
(317) 872-8875 

INDIANAPDLIS 
PIONEER 
6408 Castleplace Dr. 
Indianapolis, IN 46250-1914 
(317) 849-7300 TWX 610-260-1794 

KANSAS 
LENEXA (KANSAS CITY) 
HALL-MARK ELECTRONICS 
10815 Lakeview Ave. 
Lenexa, KS 66219-1329 
(913) 888-4747 TWX 910-749-6620 

MARYLAND 
BALTIMORE 
HALL-MARK ELECTRONICS 
10240 Old Columbia Rd. 
Columbia, MD 21046-1218 
(301) 988-9800 TWX 710-862-1907 

GAITHERSBURG 
PIONEER 
9100 Gaither Rd. 
Gaithersburg, MD 20877-1422 
(301) 921-0660 TWX 710-828-0545 

MASSACHUSETTS 
LEXINGTON 
PIONEER 
44 Hartwell Ave. 
Lexington, MA 02173-3103 
(617) 861-9200 TWX 710-326-6617 

NORWOOD 
GERBER ELECTRONICS 
128 Carnegie Row 
Norwood, MA 02062-5010 
(617) 769-6000 TWX 710-336-1987 

WESTBOROUGH 
FUTURE ELECTRONICS 
133 Flanders Rd. 
Westborough, MA 01581-1005 
(617) 366-2400 TWX 710-390-0374 

WOBURN 
HALL-MARK ELECTRONICS 
6 Cook St. 
Billerica, MA 01821-6036 
(617) 935-9777 TLX 929 419 
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MICHIGAN 
LIVONIA 
PIONEER 
13485 Stamford 
Livonia, MI 48150-1598 
(313) 525-1800 TWX 810-242-3271 

MINNESOTA 
BLOOMINGTON 
HALL-MARK ELECTRONICS 
7838 12th Ave., South 
Bloomington, MN 55420-1477 
(612) 854-3223 TWX 910-576-3187 

MINNEAPOLIS 
MERIT ELECTRONICS CORP. 
Warehouse Suite 210 
2525 Nevada Ave., North 
Minneapolis, MN 55427-3662 
(612) 546-5383 

MINNETONKA (TWIN CITIES) 
PIONEER 
10203 Bren Rd., East 
Minnetonka, MN 55343-9072 
(612) 935-5444 TWX 910-576-2738 

MISSOURI 
EARTH CITY 
HALL-MARK ELECTRONICS 
13750 Shoreline Dr. 
Earth City, MO 63045-1224 
(314) 291-5350, (800) 325-1021 
TWX 910-762-0672 

NEW JERSEY 
FAIRFIELD 
HALL-MARK ELECTRONICS 
107 Fairfield Rd. 
Fairfield, NJ 07006-2412 
(201) 575-4415 TWX 710-734-4409 

FAIRFIELD 
NU-HORIZONS ELECTRONICS 
CORP. 
258 Route 46 
Fairfield, NJ 07006-2324 
(201) 882-8300 

MT. LAUREL 
HALL-MARK ELECTRONICS 
1000 Midlantic Dr. 
Mt. Laurel, NJ 08054-1511 
(609) 235-1900 TWX 710-940-0660 

PINE BROOK 
PIONEER 
45 Route 46 
Pine Brook, NJ 07058-9607 
(201) 575-3510 TWX 710-734-4382 

NEW MEXICO 
ALBUQUERQUE 
BELL INDUSTRIES 
11728 Linn, Northeast 
Albuquerque, NM 87123-2943 
(505) 292-2700 TWX 910-989-0625 

NEWYDRK 
BINGHAMTON 
PIONEER 
1806 Vestal Pkwy .• East 
Vestal, NY 13850-1942 
(607) 748-8211 TWX 510-252-0893 

FAIRPORT 
PIONEER 
840 Fairport Park 
Fairport, NY 14450-2012 
(716) 381-7070 TWX 510-253-7001 

LONG ISLAND 
HALL-MARK ELECTRONICS 
1 Comac Loop 
Ronkonkoma, NY 11779-6816 
(516) 737-0600 TWX 510-222-0162 

NO. AMITYVILLE 
NU-HORIZONS ELECTRONICS 
CORP 
6000 New Horizons Blvd. 
No. Amityville, NY 11701-1130 
(516) 22&-6000, (800) 645-9222 
TLX 221228 

WOODBURY (LONG ISLANO) 
PIONEER 
60 Crossways Park, West 
Woodbury, NY 11797-2019 
(516) 921-8700 TWX 510-221-2184 

NORTH CAROLINA 
CHARLOTTE 
PIONEER 
9801-A Southern Pine Blvd. 
Charlotte, NC 28210-5562 
(704) 527-8188 TWX 810-621-0366 

RALEIGH 
HALL-MARK ELECTRONICS 
5237 North Blvd. 
Raleigh, NC 27604-2925 
(919) 872-0712 TWX 510-928-1831 

OHIO 
CLEVELAND 
PIONEER 
4800 E. 131st SI. 
Cleveland, OH 44105-7132 
(216) 587-3600 TWX 610-422-2210 

DAYTON 
PIONEER 
4433 Interpoint Blvd. 
PO. Box 291 
Dayton, OH 45424-5708 
(513) 236-9900 
TWX 810-459-1622/1623 

SOLON 
HALL-MARK ELECTRONICS 
5821 Harper Rd. 
Solon, OH 44139-1832 
(216) 349-4632 

WORTHINGTON 
HALL-MARK ELECTRONICS 
Suite "S" 
400 E. Wilson Bridge Rd. 
VVorthington, OH 43085-2321 
(614) 688-3313 
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OKLAHOMA 
TULSA 
HALL-MARK ELECTRONICS 
5460 S. 103rd East Ave. 
Tulsa, OK 74146-5815 
(916) 665-3200 TWX 910-845-2290 

OREGON 
LAKE OSWEGO 
ANTHEM ELECTRONICS, INC. 
15812 S.w. Upper Boones Ferry Rd. 
Lake Oswego, OR 97034-4066 
(503) 684-2661 

PORTLAND 
BELL INDUSTRIES 
6024 S.W. Jean Rd. 
Lake Oswego, OR 97034-5390 
(503) 241-4115 TWX 910-455-8177 

PENNSYLVANIA 
HORSHAM 
PIONEER 
261 Gibralter Rd. 
Horsham, PA 19044-2377 
(215) 674-4000 TWX 510-665-6778 

PITTSBURGH 
PIONEER 
259 Kappa Dr. 
Pittsburgh, PA 15238-2817 
(412) 762-2300 TWX 710-795-3122 

TEXAS 
AUSTIN 
HALL-MARK ELECTRONICS 
12211 Technology BlVd. 
Austin, TX 78727-6102 
(512) 258-6848 TWX 910-847-2031 

AUSTIN 
PIONEER 
9901 Burnet Rd. 
Austin, TX 78758-5239 
(512) 835-4000 TWX 910-874-1323 

DALLAS 
HALL-MARK ELECTRONICS 
10375 Brockwood Rd. 
Dallas, TX 75238-1656 
(214) 341-1147 TWX 910-867-4775 

DALLAS 
PIONEER 
13710 Omega Rd. 
Dallas, TX 75244-4516 
(214) 386-7300, (800) 492-9027 
TWX 910-860-5563 

HOUSTON 
HALL-MARK ELECTRONICS 
8000 Westglen 
P.O. Box 42190 
Houston, TX 77063-6485 
(713) 781-6100 TWX 910-881-2711 

HOUSTON 
PIONEER 
5853 Point West Dr. 
Houston, TX 77036-2611 
(713) 988-5555 TWX 910-881-1606 

NORTH AMERICA 

UTAH 
SALT LAKE CITY 
ANTHEM ELECTRONICS 
1615 W. 2200, South, Suite A 
Salt Lake City, UT 84119-1456 
(801) 973-8555 TWX 910-925-5273 

SALT LAKE CITY 
BELL INDUSTRIES 
3639 W. 2150, South 
Salt Lake City, UT 84120-1286 
(801) 972-6969 TWX 910-925-5686 

WASHINGTON 
REDMOND 
ANTHEM ELECTRONICS 
5020 148th Ave., Northeast 
Redmond, WA 98052-5171 
(206) 881-0850 

SEATTLE 
BELL INDUSTRIES 
1900 132nd Ave., Northwest 
Bellevue, WA 98005-2288 
(206) 747-1515 TWX 910-443-2482 

WISCONSIN 
NEW BERLIN 
HALL-MARK ELECTRONICS 
16255 W. Lincoln Ave. 
New Berlin, WI 53151-2834 
(414) 797-7844, (800) 242-5252 
TLX 323 062 

CANADA 
ALBERTA 
FUTURE ELECTRONICS, INC. 
5809 MacLeod Trail South, Unit 109 
Calgary, Alberta T2H OJ9 
(403) 259-6408 TWX 610-821-1927 

BRITISH COLUMBIA 
FUTURE ELECTRONICS, INC. 
3070 Kingsway 
Vancouver, British Columbia 
V5R 5J7 
(604) 438-5545 TWX 610-922-1668 

BRITISH COLUMBIA 
INTEK ELECTRONICS LTD. 
8385 SI. George St. -10 
Vancouver, British Columbia 
V5X 4P3 
(604) 324-6831 TWX 610-922-5032 
TLX 04-507578 

ONTARIO 
FUTURE ELECTRONICS, INC. 
Baxter Centre, 1050 Baxter Rd. 
Ottawa, Ontario K2C 3P2 
(613) 820-8313 TWX 610-563-1697 

ONTARIO 
FUTURE ELECTRONICS, INC. 
82 St. Regis Crescent N. 
Downsview, Ontario M3J 1 Z3 
(416) 638-4771 TWX 610-491-1470 

QUEBEC (MONTREAL) 
FUTURE ELECTRONICS, INC. 
237 Hymus Blvd. 
Pointe Claire, Quebec H9R 5C7 
(514) 694-7710 TWX 610-421-3251 

II 
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EUROPEAN 
HEADQUARTERS 
BOURNSAG 
Zuger.tr •••• 74 
8340 Baar 
Switzerland 
Phone: 042~33 33 33 
Telex: 868 722 

ARGENTINA 
Noise S.R.L 
V. Cevallos 239 
(1077) Buenos Aires 
Argentina 
Phone: 46-5776/0628/0664/2214 
Telex: 22892 Noise AR 

AUSTRALIA 
VICTORIA 
RIFA Pty. ltd. 
202 Bell St. 
Preston, Victoria 3072 
Phone: (03) 480 1211 
Telex: AA 31001 
Cable: RIFMEL 

NEW SOUTH WALES 
RIFA Pty. Ltd. 
2 Cross St. 
Hurstville, 2220 N.S.W. 
Phone: (02) 570-8122 
Telex: 22515 

AUSTRIA 
Ing. Otto Folger 
Elektronische Geraete 
Blindengasse 36 
1080 Vienna 
Phone: 0222-4326 39 
Telex: 131 882 

BENELUX 
Bourns Benelux B.V. 
Van Tuyl van Serooskerkestr. 81-85 
P.O. Box 37 
2270 AA Voorburg 
Phone: 070-87 54 04 
Telex: 32023 

DENMARK 
E. Friis-Mikkelsen A/S 
Krogshojvej 51 
2880 Bagsvaerd-Copenhagen 
Phone: 02-986333 
Telex: 37350 

EASTERN EUROPE 
DipL Ing. 
Gerhard Stolts 
Nordbahnstrasse 44/15 
1020 Vienna 
Austria 
Phone: 0222-24 71 37 
Telex: 134 171 

FINLAND 
Insele OY 
Kumpulantie 1 
00520 HelSinki 52 
Phone: 90-750600 
Telex: 122 217 

FRANCE 
Bourns OHMIC SA 
21/23 rue des Ardennes 
75019 Paris 
Phone: 01-42039633 
Telex: 230008 

GERMANY 
Bourns GmbH 
Postfach 1155 
Brelte Strasse 2 
7000 Stuttgart 1 
Phone: 0711-22930 
Telex: 721 556 

REGIONAL OFFICE 
Bourns GmbH 
Bahnhofstrasse 4b 
8057 Eching 
Phone: 089-319 12 70 

GREECE 
Germanis Co. 
Trade of Electronic Gear 
Aristotelous S1. 47-49 
P.O. Box 8209 
10010 Athens 
Phone: 01-821 58 25 
Telex: 219179 

HONG KONG 
Components Agent Ltd. 
Unit 2301 C-2, Nan Fung Centre 
298 Castle Peak Road, N. T. 
Phone: 0-4992688 
Telex: 30398 Comag HX 

INDIA 
Sujata Sales & Electronics 
141-A Mittal Ct. 
Nariman Point 
Bombay 40021 
Phone: 222-999 
Telex: 0113855 

ISRAEL 
AVIV Electronics Ltd. 
12, Kehilat Venecia SI. 
P.O.B.24190 
Tel-Aviv 61241 
Phone: 03-494450 
Telex: 33572 maviv il 
Fax: 3-494065 

ITALY 
TECHNIC S.r.L. 
Via Brambo 21 
20139 Milan 
Phone: 02-5695746 
Telex: 316651 

REGIONAL OFFICE 
TECHNIC S.LL. 
Via Ipponio 2 
00183 Rome 
Phone: 06-77 83 94 
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JAPAN 
Nippon PMI Corporation 
Haratetsu Building 
4-1-11, Kudan Kita 
Chiyoda-ku, Tokyo 
102 Japan 
Phone: (03) 234-1411 
Telex: 781 J 27632 

KOREA 
Yeonil & Company, Ltd. 
#498-5 Dapsipri-Dong 
Dongdaemoon-Ku, Seoul 
Phone: (02) 244-7492 
Telex: K24123 YEONIL 

NORWAY 
AlS Kiell Bakke 
Ovre Raelingsvei 20 
P.O. Box 27 
2001 Lillestrom 
Phone: 02-83 02 20 
Telex: 19 407 

PORTUGAL 
Telectra S.A.R.L 
Rua Rodrrgo da Fonseca 103 
Lisbon 1 
Phone: 19-68 60 72 
Telex: 42827 

SINGAPORE 
Dynamar International Ltd. 
12, Lorong Bakar Batu, #65-11 
Kolam Ayer Industrial Park 
Singapore 1534 
Phone: 747-6188 
Telex: RS26283 Dynama 

SOUTH AFRICA 
JOHANNESBURG 
Associated Electronics (pty) Ltd. 
P.O. Box 31094, Braamfontein 2017 
Associated House, 150 Caroline SI. 
Srixton, Johannesburg 
Phone: 011-8391824 
Telex: 425586 

OUNSWART 
Allied Electronic Components 
(Ply) Ltd. 
PO. Box 6387 
Dunswart 1508 
Phone: 52-8661 
Telex: 425559 

INTERNATIONAL 

SPAIN 
Selco SA 
Paseo de la Habana, 190 
28036 Madrid 
Phone: 01-4054213 
Telex: 45458 

REGIONAL OFFICES 
BARCELONA 
Selco S.A. 
Gran via de las cortes catalanas, 
1176 bis 
080020 Barcelona 
Phone: 03-314 74 11 

BILBAO 
Selco SA 
Rodriguez Arias, 71 bis 
48013 Bilbao 
Phone: 04-442 46 00 

SWEDEN 
Bexab Elektronik AB 
P.O. Box 516 
18325 Taeby 
Phone: 08-768 05 60 
Telex: 10912 

SWITZERLAND 
Bourns (Schweiz) AG 
Zugerstrasse 74 
6340 Baar 
Phone: 042-333333 
Telex: 868722 

TAIWAN 
Monihan International Corporation 
9F No. 176 Fu-Hsing N. Rd. 
Taipei, Taiwan, R.O.C. 
Telex: (785) 20422 Morrihan 

TURKEY 
NEL Elektronik 
Suemer Sokak No. 42/1 
Yenisehir-Ankara 
Phone: 041-301510 
Telex: 42 229 

REGIONAL OFFICE 
NEL Elektronik 
lnonu Cad Dumen Sokak 1/15 
Takslm-Istanbul 
Phone: 01-144 06 36 
Telex: 24549 

UNITED KINGDOM 
Bourns Electronics Ltd. 
Hodford House 
17/27 High St. 
Hounslow, Middlesex TW3 HE 
Phone: 01-5726531 
Telex: 264485 

YUGOSLAVIA 
Jugomineral 
Sektor inozemna zastupstva 
lIica 34111 
P.O. Box 376 
41000 Zagreb 
Phone: 041-423746 
Telex: 21 194 
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BELGIUM FRANCE continued 

Auriema Belgium BOROEAUX CEDEX 
rue Brognlezstraat 172 a S.C:r. Toutelectric 
1070 Brussels aO/83, quai de Queyries 
Phone: 02M523 62 95 33072 Bordeaux Cedex 
Telex: 21646 Phone: 56 86 50 31 

Telex: 550 988 

FRANCE SAINT PRIEST 
MAISONS-LAFITTE DIMACEL 

I.S.A. Electroniqu8 Cerisioz 2-Tour 5 

50/52, rue d'Acheres 32bis, Boulevard des Roses 

78600 Maisons-Lafitte 69800 Saint Priest 
Phone: 1-39 122452 Phone: 78 21 3721 

Telex: 695 877 Telex: 380 010 

SURESNES SAINT MARTIN d'HERES CEDEX 

I.S.C. DIMACEL 
International Semi-Conductor 21, rue Beal 

Corp. France Z.1. Sud 

28/30 rue de la Procession B.P.155 
B.P118 38404 Saint Martin d'Heres Cedex 

92153Suresnes LYON CEDEX 
Phone: 1-45 06 42 75 RADIALEX 
Telex: 614 596 74, rue Vendome 

VERRIERES LE BUISSON B.P. 6003 
HYBRITECH (for dice only) 69411 lyon Cedex 06 

Z.l. des Godets Phone: 78 89 45 45 
Route de Bua Telex: 300 238 

CE421 GRENOBLE 
91374 Verrieres Ie Suisson RADIALEX 
Phone: 1-69 20 22 10 6, rue Georges Jacquet 
Telex: 300315 B.P. 866 
CHATILLON CEDEX 38036 Grenoble 
BANELEC Phone: 76 49 49 92 
90, rue Pierre Sernard Telex: 320 378 
B.P. 83 TOULOUSE CEDEX 
92322 Chatillon Cedex S.C.1: Toutelectric 
Phone: 1-46554343 37, avo Emile Dewoitine 
Telex: 204 874 B.P. 2167 
CLiCHYCEDEX 31022 Toulouse Cedex 
DIMACEL Phone: 61 220422 
11, rue Jean d'Asnieres Telex: 530 219 
B.P. 280 TOULOUSE 
92113 Clichy Cedex DIMACEL 
Phone: 1-4730 15 15 284, route de St Simon 
Telex: 610 652 31100 Toulouse 
BONNEUIL CEDEX Phone: 61 409650 
SYSCDM Telex: 521 364 
Z.A. des Petits-Carreaux LES MILLES 
12, avo des Coquelicots DIMACEL 
94385 Bonneuil Cedex 64, rue Georges Claude 
Phone: 1-43 77 84 88 Z.L Aix en Provence 
Telex: 231 568 13763 Les Milles 
LlLLE Phone: 42 39 85 50 
DIMACEL Telex: 441 569 
78, rue Boucher-de-Perthes TOULON CEDEX 
59800 Lille DIMEL 
Phone: 20 30 85 aD "le Marino" 
Telex; 110 173 Avenue Claude Farrere 
STRASBOURG B.P 1153 
DIMACEL 83058 Toulon Cedex 
17, Boulevard de Nancy Phone: 94 414963 
6700 Strasbourg Telex: 430 093 
Phone; 88 22 07 19 
Telex: 880372 GERMANY 
RENNES BERLIN 
DIMACEL Spoerle Electronic KG 
5, rue Louis Turban Gneisenaustrasse 2 
35100 Rennes 1000 Berlin 61 
Phone: 99 50 25 92 Phone: 030-693 40 90 
Telex: 950 466 Telex: 186 029 

BORDEAUX BERLIN 
DIMACEL Distron GmbH & Co. 
137/139, rue Croix-de-Seguey Behaimstrasse 3 
33000 Bordeaux 1000 Berlin 10 
Phone: 56 81 14 40 Phone: 030-342 10 41 45 
Telex: 540 579 Telex: 185 478 
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INTERNATIONAL 

GERMANY continued ITALY 
BREMEN MILAN 
Assmy & Bottger Camprel S.P.A. 
Ingolstadlerstrasse 1/3 Viale F. Testi, 115 
2800 Bremen 1 20092 Ciniselto Balsamo 
Phone: 0421-38 94 1 Mitan 
Telex: 244363 Phone: 02-612 06 41/5 

HAMBURG Phone: 02-612 66 41/5 
Telex: 332 484 Walter Kulxen GmbH 

Nordkanalstrasse 52 ROME 
2000 Hamburg 1 Camprel S.P.A. 
Phone: 040-2 37 01 0 Via Fernesina, 224 
Telex: 2 162074 00194 Rome 

HANNOVER Phone: 06-328 67 39 

Elkose GmbH 
Phone: 06-328 68 89 

Vahrenwalderstrasse 205/207 VICENZA 
3000 Hannover 1 Comprel S.P.A. 
Phone: 0511-6 78 05 0 Via Paslni 18 
Telex: 921 501 36100 Vicenza 

DORTMUND 
Phone: 0444-3 39 12 

Elkose GmbH 
Lindenhorsterstrasse 38 NETHERLANDS 
4600 Dortmund HAAKSBERGEN 
Phone: 0231-8 40 50 Texim Electronics B.V. 
Telex: 8 227 882 Albert Cuyplaan 4 

DREIEICH 7482 JA Haaksbergen 

Spoerle Electronic KG Phone: 05427-333 33 

Max-Planck-Strasse 1/3 Telex: 448 08 

6072 Dreieich STADSKANAAL 
Phone: 06103-3 04 0 Elincomb B. V. 
Telex: 417 972 Oosterkade 33, 

MOGLINGEN PO. Box 248 

Elkose GmbH 9500 AE Stadskanaal 

Sahnhofstrasse 44 Phone: 05990-148 30 

7141 Moglingen Telex: 533 78 

Phone: 07141-48 70 
Telex: 7264472 SWEDEN 

STUTTGART Elta Radio and Television AS 
DACOM Electronic Vertriebs GmbH 17117 Solna 
Hutteneichenweg 10 Phone: 08-7300700 
7000 Stuttgart 80 
Phone: 0711-74 10 21 SWITZERLAND 
Telex: 7 255 309 Distrelec AG 
MUNICH Hardturmstrasse 131 
Astronic 8037 Zurich 
Winzererstrasse 47 D Phone: 01-276 22 11 
8000 Munchen 40 Telex; 823 045 
Phone: 089-30 90 31 
Telex: 5216 187 UNITED KINGDOM 
KIRCH HElM CAMBRIDGE 
MeS Electronic Hi-Tek Electronics Ltd. 
Benzstrasse 1 Ditton Walk 
8011 Kirchheim Cambridge CB5 800 
Phone: 089-903 85 51 Phone: 0223-21 3333 
Telex: 5 215 555 Telex: 817 347 

PUTZBRUNN BEDFORD 
Sasco GmbH RR Electronics Ltd. 
Hermann-Oberth-Strasse 16 Sf. Martins Way Industrial Estate 
8011 Putzbrunn Cambridge Road 
Phone: 089-4 61 10 Bedford MK42 OlF 
Telex: 529 504 Phone: 0234-47 188 

NUERNBERG Telex: 826 251 

Semtech GmbH KENT 
Hallerweiherstrasse 5 Jermyn Distribution Ltd. 
8500 Nuernberg 50 Vestry Estate 
Phone: 0911-83 10 03 Sevenoaks 
Telex: 623 960 Kent TN 14 5EU 

Phone: 0732-45 01 44 

ISRAEL Telex: 95 142 

AVIV Electronics Ltd. ESSEX 
12, Kehilat Venecia SI. STC Electronics Services 
PO. Box 24190 Edinburgh Way 
Tel-Aviv 61241 Harlow 
Phone: 03-49 44 50 Essex CM20 2DF 
Telex: 33 572 Phone: 0279-26 777 

Telex: 81 525 
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