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INTRODUCTION 

Linear integrated circuits have been increasing in complexity and providing significant performance advances for the system 
designer over the past decade. PMI is dedicated to providing precision state·of-the-art monolithic linear IC operational 
amplifiers, comparators, voltage references and conversion products to solve the system and circuit designer's most difficult 
and demanding design performance requirements of linear systems. 

This catalog provides complete technical data on Precision Monolithics full line of linear and converter integrated circuit 
products. Helpful selection and cross-reference guides and indexes are included to aid the designer's search for the correct 
devices. In addition, application notes and specification definitions are grouped in separate sections. Hi-Rei manufacturing 
and screening procedures and available M I L.STO-883B models are grouped separately for easy access for the Hi-Rei customer. 

Contact the PMI sales office, representative or distributor nearest you for further assistance or use the action request cards 
which are included in the back of this catalog, 



Copyright 1976 

Precision Monolithics Incorporated 

PMI reserves the right to make changes to the products contained in this catalog to improve performance, reliability, or 
manufacturability. 

Although every effort has been made to insure accuracy of the information contained in this catalog, PM I assumes no 
responsibility for inadvertent errors. 

PMI assumes no responsibility for the use of any circuits described herein and makes no representation that they are 
free of patent infringement. 
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ORDERING INFORMATION 

Proprietary and second source products are available with a choice of electrical specifications. packages and operating 
temperature ranges. This section explains the PM I part numbering system. For specific ordering information such as available 

electrical grade and package combinations. see the specific product data sheet. 

TYPE PREFIX MODEL FAMILY ELECTRICAL GRADE 

I 
XXXX ---- X 

I 
XXX 

AD Analog to Digital Converter 
CMP = Precision Voltage Comparator 
DAC = Digital to Analog Converter 

MAT = Matched Transistors 
OP Proprietary Operational Amplifier 
PM Second Source - Industry Standard Specs 
REF Precision-Voltage Reference 
SSS Superior Second Source - Improved Specs 

TYPE PR~FIX 

I 
XXX 

MODEL FAMILY ELECTRICAL GRADE 

I -----XXX X 

AID CONVERTERS 

AD·02 High Speed 8 Bits 

COMPARATORS 

CMP·Ol = High Speed 
CMP·02 = Low Input Current 

DIA CONVERTERS 

DAC-Ol 6 Bit Voltage Output 
DAC-02 10 Bit + Sign Voltage Output 
DAC·03 10 Bit Low Cost Voltage Output 
DAC·04 10 Bit Two's Complement 
DAC·08 8 Bit Universal High Speed 
DAC-76 8 Bit Companding 

DAC·l00 = 10 Bit Current Output 
SSS1408 = Improved 8·Bit D/A Converter 

OPERATIONAL AMPLIFIERS 

High Speed Inverting 

Precision Low Cost 
Precision Low Cost Matched Dual 
Precision Low Drift 

Precision Low Offset Voltage 
Precision Matched Dual 

X 

OP·Ol 
OP-02 
OP-04 
OP-05 

OP·07 
Op·l0 

OP·14 
SSS725 
SSS741 
SSS747 

SSS1458 = 

PM108 
PM725 
PM741 
PM747 
PM1458 

Precision Low Cost Matched Dual 
Improved Instrumentation Op Amp 
Improved General Purpose Op Amp 
Improved General Purpose Dual Op Amp 

Improved General Purpose Dual Op Amp 
Low Current Op Amp 
Instrumentation Op Amp 
General Purpose Op Amp 
General Purpose Dual Op Amp 
General Purpose Dual Op Amp 

VOLTAGE REFERENCES 
REF-Ol = +10V Adjustable 

REF-02 = +5V Adjustable 

MATCHED TRANSISTORS 
MAT-Ol = Ultra-matched Monolithic Transistors 

2-1 

PACKAGE SUFFIX 

'\ 
X 

PACKAGE SUFFIX 

\. 
X 



ORDERING INFORMATION 

TYPE PREFIX MODEL FAMILY ELECTRICAL GRADE" PACKAGE SUFFIX" 

I / -------XXX XXX/ 
See the specific data sheet for available combinations. 

"Except DAC-100. See the DAC-100 data sheet. 

PACKAGE SUFFIX: 

PACKAGE DESCRIPTION PACKAGE DESCRIPTION 

H 6 Pin TO-78 L 10 Pin Hermetic Flatpack 
J 8 Pin TO-99 M 14 Pin Hermetic Flatpack 
K 10 Pin TO-100 N 24 Pin Hermetic Flatpack 

MIL-STD-883A CLASS B ORDERING INFORMATION 

XXX XXXX 883 X X 

I "-

PACKAGE DESCRIPTION 

Y 14 Pin Hermetic Dip 
Q 16 Pin Hermetic Dip 
X 18 Pin Hermetic Dip 
W 40 Pin Hermetic Dip 

TYPE PREFIX MODEL FAMILY 
'------- '- ::: 
CLASS B MIL-STD-883A PACKAGE SUFFIX ELECTRiCAL GRADE 

AIIPMI _55° to +125°C devices are available in versions with scree.ning to Class B of MIL-STD-883A as standard. A complete 
list is included in the HI-REL section of this catalog. For all products except DAC-100, the part number construction is as 
shown below; for DAC-100, see the DAC-100 data sheet. 

Example: To order OP-01 FJ with 883B screening_ 

1. Basic Device Part Number: OP-01 FJ 
2. M~L-STD-883A Class B Version: OP01-883-FJ 

2·2 
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PMI Q.A. PROGRAM 
MANUFACTURING AND SCREENING PROCEDURES 
.INTRODUCTION TABLE OF CONTENTS 

Precision Monolithics, Inc., in establishing standard procedures 
for Manufacturing, Screening, Qualification,and Quality Con­
formance, has incorporated the requirements of . both 
MIL-STD-883A, :1.5 November 1974, and MIL-Q;9858A. All 
PMI military temperature range devices exceed Class. C· 
requirements, and, in addition, devices meeting and/or exceed­
ing Class B .requirements are available off-the-shelf as standard 
catalog items. Requests for devices with Class A or other 
speCial requirements are invited.·· The internal procedures 
designed to control and· guarantee production of these devices 
are described herein. 

INTRODUCTION ..••.................... 

MANUFACTURING PROCEDURE ....•...•..• 

SCREENING LEVELS .......•..........•... 

SCREENING PROCEDURES •......•.•...... 2 

QUALITY CONFORMANCE PROCEDURES ...... 3 

LTPD TABLE. . . .. . . . . . . . . . • . . . . . . . . . .. 3 

GROUP A •..................•.......• 3 

GROUP B ......•...........•......... 3 

GROUP C .................•.......... 4 

ORDERING INFORMATION ................ 4 

STANDARD MANUFACTURING PROCEDURE FOR ALL DEVICES 

.. '* INCOMING MATERIAL INSPECTION 100% COLOROMETRIC INSPECTION I REMOVAL PER MIL-STD-l05 OR TO GUARANTEE SILICON-NITRIDE 
MIL-M-38510A .CAPACITOR DIELECTRIC THICKNESS OF ELECTRICAL REJECTS .. .. .-

SCANNING ELECTRON MICROSCOPE 

I 100% VISUAL DIE INSPECTION WAFER FABRICATION (SEM) MONITOR PER 
METHOD 201B UNDER HIGH MAGNIFICATION .. (SAMPLE BASIS OR AS REQUIRED) PER METHOD 2010 

100% MASKING ALIGNMENT ... .. 
I IN-PROCESS INSPECTION QUALITY MONITOR .. 100% ELECTRICAL PROBE 

OF FINISHED WAFER TO IDENTIFY '* ·100% OXIDE REMOVAL DICE THAT DO NOT MEET I IN-PROCESS INSPECTION ELECTRICAL REQUIREMENTS DIE ATTACHMENT .. .. .. 
100% DIFFUSION WAFER SCRIBE I ULTRASONIC LEAD BONDING 

TEMPERATURE 
AND BREAK .. 

PROFILE INSPECTION TO SEPARATE DICE I SCREENING PROCEDURES 

I .. I . 

SCREENING LEVELS 

MIL-STD-883A DE;FINES 3 LEVELS OF MICROELECTRONIC SCREENING: 

- CLASS A - Devices intended for use where maintenance and replacement are extremely difficult or impossible, and reliability is 
imperativi:!. 

1 
I 
1 
1 
1 

I 

-CLASS B - Devices intended for use where maintenance and replacement can be performed, but are difficult and expensive; and where 
rei iab iI ity is vital. 

- CLASS C - Devices intended for use where maintenance and replacement can be readily accomplished and down time is not a critical 
factor. (All PMI Mil Temp Range devices exceed Level C.l 

Screening procedures for all 3 classes and for Precision Monolithics standard militarv temperature range devices are shown on the following page. 

34. 



MIL -STD-883A 
METHOD 5004 

CLASS A 
PRESEAL INTERNAL 

VISUAL METHOD 2010 
CONDITION A 

+25· C 

RADIOGRAPHIC 
(X-RAY) 

METHOD 2012 

BURN-IN TEST 
METHOD 1015 CON D .• B 

240 HRS @+125· C 

FINAL ELECTRICAL TEST 
AT 

+25· C 

STATIC TEST 
MINIMAX 

TEMPERATURES 

DYNAMIC TESTS AND 
SWITCHING TESTS 

AT 25° C 

FUNCTIONAL 
25° C 
TEST 

EXTERNAL VISUAL 
METHOD 2009 

SCREENING PROCEDURES 

MIL-STD-883A 
METHOD 5004 

CLASS B 
PRESEAL INTERNAL 

VISUAL METHOD 2010 
CONDITION B 

STABILIZATION BAKE 
METHOD 1008 

CONDITION C (24 HRS) 

TEMPERATURE CYCLING 
METHOD 1010 
CONDITION C 

CONSTANT ACCELERATION 
METHOD 2001 

CONDITION E Y 1 PLANE 

SEAL METHOD 
1014 

CONDITION A a C 

ELECTRICAL TEST 
+ 25·C 

BURN-IN TEST 
METHOD 1015 CONDo B 

160 HRS @ +125· C 

FINAL ELECTRICAL TEST 
AT 

25· C 

STATIC TEST 
MINIMAX 

TEMPERATURES 

DYNAMIC TESTS AND 
SWITCHING TESTS 

AT 25· C 

FUNCTIONAL 
25°C 
TEST 

EXTERNAL VISUAL 
METHOD 2009 

MIL-STD-883A 
METHOD 5004 

CLASS C 
PRESEAL INTERNAL 

VI SUAL METHOD 2010 
CONDITION B 

STABILIZATION BAKE 
METHOD 1008 

CONDITION C (24 HRS) 

TEMPERATURE CYCL ING 
METHODI010 
CONDITION C 

CONSTANT ACCELERATION 
METHOD 2001 

CONOITION E Y 1 PLANE 

SEAL METHOD 
1014 

CONDITION A a C 

FINAL ELECTRICAL TEST 
AT 

25° C 

FUNCTIONAL 
25· C 
TEST 

EXTERNAL VISUAL 
METHOD 2009 

PMI STANDARD 
MIL TEMP DEVICES 

PRESEAL INTERNAL 
VISUAL METHOD 2010 

CONDITION B 

STABILIZATION BAKE 
METHOD 1008 

CONDITION C (24 HRS) 

TEMPERATURE CYCLING 
METHOD 1010 
CONDITION C 

CONSTANT ACCELERATION 
METHOD 2001 

CONDITION E Yl PLANE 

SEAL METHOD 
1014 

CONDITION A a C 

ELECTRICAL TEST 
+25· C 

BURN-IN TEST 
METHOD 1015 CONDo B 

24 HRS MIN (0) +125° C 

FINAL ELECTRICAL TEST 
AT 

+25°C 

STATIC TEST 
MINIMAX 

TEMPERATURES 

FUNCTIONAL 
25° C 
TEST 

EXTERNAL VISUAL 
METHOD 2009 



QUALIFICATION AND QUALITY CONFORMANCE PROCEDURES 

MIL-STD-8!l3A Method 5005 establishes Qualification and Quality Conformance Procedures for the 3 plasses of devices and 
divides these procedures into group A, B, and C tests: "The full requirements of group A, B, and C tests and inspections are 
intended for use in initial device qualification, requalification in the event of product or process change and periodic testing 
for retention of qualification. Group A. and B tests and inspections are intended for quality conformance inspection of 
individual inspection lots as a condition for acceptance for delivery." 

Group A, Band C tests are performed using a sample size determined from the L TPD table below. An initial sample size cor­
responding to zero rejects (an acceptance number of 0) is used; if necessary the sample size will be increased once to the next 
higher number to meet the L TPD requirement for the class of device under test. 

LOT TOLERANCE PERCENT DEFECTIVE (LTPD) TABLE (PER MIL-M-38510A) 

ACCEPTANCE LTPD 20 LTPD 15 LTPD 10 LTPD 7 

NUMBER' Minimum Sample Siz~ 

0 11 15 22 32 

1 18 25 38 55 

2 25 34 52 75 

3 32 43 65 94 

4 38 52 78 113 

*Maximum allowable number of failures. 

GROUP A ELECTRICAL TESTS: REFERENCE MIL-STO-883A METHOD 5005 
(Electrical tests per applicable data sheet specifications) 

SUBGR()UP TEST DESCRIPTION 
CLASS A 

LTPD 

1 Static tests at 25° C 5 

2 Static tests at maximum rated operating temperature 5 

3 Static tests at minimum rated operating temperature 5 

4 Dynamic tests at 25°C 5 

7 Functional tests at 25°C 3 

9 Switching tests at 25°C 5 

GROUP B TESTS MIL-STD-883A METHOD 5005 

SUBGROUP TEST METHODS CONDITION 
CLASS A, 

'LTPD 

1 Physical dimensions 2016 10 

Resistance to solvents 2015 3 devices 
(no failure.) 

2 Internal visual and 2014 1 device 
mechanical (no failures) 

Bond strength 2011 Test-condition Cor 0 
Ultrasonic 5 

3 Solderabi Iity 2003 Soldering temperature of 10 
260 ±IO"C 

Lead integrity 2004 Test condition B2, lead fatigue 
4 10 

Se.l: Fine, Gross 1014 Test condition Band C 

LTPD5 LTPD 3 

45 76 

71 129 

105 176 

132 221 

158 265 

CLASSB CLASSC' 
LTPD LTPD 

5 5 

7 10 

7 10 

5 5 

5 5 

7 10 

CLASS B CLASSC 
LTPD. LTPD 

15 20 

3 device. 3d.vice. 
(no failures) (no failures) 

1 device 1 device 
(no failures) (no failures) 

15 20 

15 15 

15 15 



GROUP C TESTS M'IL-STD-883A METHOD 5005 

SUBGROUP TEST METHOD CONDITION 
CLASS A CLASS B CLASSC 

LTPD LTPD LTPD 

Thermal shock 1011 Test condition B as a minimum 

Temperature cycling 1010 Test condition C 

Moisture resistance 1004 
1 

10 15 15 

Seal: Fine, Gross 1014 As applicable 

End point electrical Per applicable data sheet 
parameters 

Mechanical shock 2002 Test condition B 

Vibration, variable 2007 Test condition A 
frequency 

2 Constant acceleration 2001 Test condition E 10 15 15 

Seal: Fine, Gross 1014 As applicable 

End point electrical Per applicable data sheet 
parameters 

3 Salt atmosphere 1009 Test condition A 10 15 15 

High temperature storage 1008 Test condition C 

4 End point electrical Per applicable data 7 7 7 

parameters s,heet 

Operating life test 1005 Test condition B 
TA = +125'C 

5 (1000 hours) 5 5 5 

End point electrical Per applicable data sheet 
parameters 

MODELS AVAILABLE WITH MIL-STD-883A CLASS B PROCESSING STANDARD 

ANALOG-TO-DIGITAL CONVERTERS 

AD02-883-AW 
AD02-883-W 

DIGITAL-TO-ANALOG CONVERTERS 

DACOl-883-A Y 
DACOl-883-Y 
DACOl-883-BY 
DACOl-883-FY 
DAC08-883-AQ 
DAC08-883-Q 

DAC76-883-BX 
DAC76-883-X 

DAC-l00 (NOTE) 

SSS1508A-883-8Q 

NOTE: See the DAC-l00 data sheet for available models, 

PRECISION VOLTAGE REFERENCES 

REFOl-883-AJ 
REFOl-883-J 

PRECISION VOLTAGE COMPARATORS 

CM PO 1-883-J 
CMPOl-883-Y 

MATCHED DUAL TRANSISTORS 

MATOl-883-AH 
MA T01-883-H 

REF02-883-AJ 
R EF02-883-J 

CMP02-883-J 
CMP02-883-Y 

MATOl-883-FH 
MA TOl-883-G H 

PRECISION OPERATIONAL AMPLIFIERS 

OPOl-883-J OP05-883-J 
OPOl-883-Y OP05-883-Y 
OPOl-883-L OP05-883-L 
OPOl-883-FY OP07-883-AJ 
OPOl-883FJ OP07-883-A Y 
OPOl-883-F L OP07-883-AL 
OPOl-883-GJ OP07-883-J 
OPOl-883-GY OP07-883-Y 
OPOl-883-G L OP07-883-L 
OP02-883-AJ OP10-883-AY 
OP02-883-A Y OP10-883-Y 
OP02-883-J SSS725-883-AJ 
OP02-883-Y SSS725-883-A Y 
OP05-883-AJ SSS725-883-A L 
OP05-883-A Y 
OP05-883-AL 

SSS725-883-J 
SSS725-883-Y 
SSS725-883-L 
PM725-883-J 
PM726-883-Y 
PM108-883-AJ 
PM108-883-AY 
PM108-883-AL 
PM108-883-J 
PM 108-883-Y 
PM108-883-L 

DUAL MATCHED HIGH PERFORMANCE OPERATIONAL 
AMPLIFIER 

OP04-883-AK OP14-883-AJ 
OP04-883-A Y 
OP04-883-K 
OP04-883-Y 

OP14-883-J 

GENERAL PURPOSE OPERATIONAL AMPLIFIERS 

SSS741-883-J 
SSS741-883-Y 
SSS741-883-GJ 
SSS741-883-GY 
PM741-883-J 
PM741-883-Y 

SSS747-883-K 
SSS747-883-Y 
SSS747-883-M 
SSS747-883-GK 
SSS747-883-GY 
SSS747-883-GM 

PM747-883-K 
PM747-883-Y 
SSS1558-883-J 
PM 1558-883-J 
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DEVICE 

OP-02A 
OP-02E 

"OP-01 
"OP-01H 

OP-02 
OP-02C 

"OP-01F 
"OP-01 E 

SSS741 
'SSS747 

SSS7418 
'SSS7478 

"OP-01G 
"OP-01C 

SSS741G 
'SSS747G 
'SSS747C 
'SSS14S8 
'SSS1SS8 
PM741 

'PM747 
'PM1SS8 

SSS741C 

DEVICE 

OP-02 
OP-02C 
SSS741 

'SSS747 
"OP-01 
"OP-01 H 

OP-02 
OP-02C 

"OP-01 F 
"OP-01 E 

SSS741G 
SSS7418 

'SSS747G 
'SSS7478 
'SSS14S8 
'SSS1SS8 
'SSS747C 

PM741 
'PM747 
'pM1SS8 

"OP-01 G 
"OP-01C 

*Dual 
"High Speed 

GENERAL PURPOSE OPERATIONAL AMPLIFIER SELECTION GUIDE 

INPUT OFFSET VOLTAGE INPUT OFFSET CURRENT 

MAX OVER MAX OVER 
MAX,.T A = 2SoC TEMPERATURE DEVICE MAX, T A = 2SoC TEMPERATURE 

O.SmV 1.0mV "OP-01 ~.OnA 4.0nA 
O.SmV 1.0mV "OP-01H 2.0nA 4.0nA 

O.7mV 1.0mV OP-02E 2.0nA 4.0nA 

O.7mV 1.0mV OP-02A 2.0nA S.OnA 

2.0mV 3.0mV "OP-01 F S.OnA 10nA 

2.0mV 3.0mV "OP-01 E S.OnA 10nA 

2.0mV 3.0mV OP-02A S.OnA 10nA 

2.0mV 3.0mV OP-02E S.OnA 10nA 

2.0mV 3.0mV SSS741 S.OnA 10nA 

2.0mV 3.0mV SSS7418 S.OnA 10nA 

3.0mV 4.0mV 'SSS747 S.OnA 10nA 

3.0mV 4.0mV 'SSS7478 S.OnA 10nA 

S.oniv 6.0mV "OP-01G 20nA 40nA 

S.OmV 6.0mV "OP-01C 20nA 40nA 

S.OmV 6.0mV SSS741G 2SnA SOnA 

S.OmV 6.0mV SSS741C 2SnA SOnA 

S.OmV 6.0mV 'SSS747G 2SnA SOnA 
S.OmV 6.0mV 'SSS747C 2SnA SOnA 
S.OmV 6.0mV 'SSS14S8 2SnA SOnA 
S.OmV 6.0mV 'SSS1SS8 2SnA SOnA 
S.OmV 6.0mV PM741 200nA SOOnA 
S.OmV 6.0mV 'PM747 200nA SOOnA 
6.0mV 7.SmV 'PM1SS8 200nA SOOnA 

OPEN LOOP GAIN INPUT BIAS CURRENT 

MIN OVER MAX OVER 
MIN, T A = 2SoC TEMPERATURE DEVICE MAX, T A = 2SoC TEMPERATURE 

100V/mV SOY/mY OP-02E 30nA SOnA 
100V/mV SOY/mY "OP-01 30nA SOnA 
100V/mV SOY/mY "OP-01H 30nA SanA 
100V/mV SOY/mY OP-02A 30nA SSnA 

SOY/mY 3OV/mV OP-02 SanA 100nA 
SOY/mY 30V/mV OP-02C SanA 100nA 
SOY/mY 2SV/mV "OP-01 F SanA 100nA 
SOY/mY 2SV/mV "OP-01 E 50nA 100nA 
SOV/mV 2SV/mV SSS741 SanA 100nA 
SOY/mY 2SV/mV SSS7418 SanA 100nA 
SOY/mY 2SV/mV 'SSS747 SanA 100nA 
SOY/mY 2SV/mV 'SSS7478 SanA 100nA 
SOY/mY 2SV/mV "OP-01G 100nA 200nA 
SOY/mY 2SV/mV "OP-01C 100nA 200nA 
SOY/mY 2SV/mV SSS741G 100nA 200nA 
SOY/mY 25V/mV SSS741C 100nA 200nA 
SOY/mY 2SV/mV 'SSS747G 100nA 200nA 
SOY/mY 2SV/mV 'SSS747C 100nA 200nA 
SOY/mY 2SV/mV 'SSS14S8 100nA 200nA 
SOY/mY 2SV/mV 'SSS1SS8 100nA 200nA 
2SV/mV 1SV/mV PM741 SOOnA 1500nA 
2SV/mV 1SV/mV 'PM747 SOOnA 1500nA 

'PM1SS8 SOOnA 1S00nA 

4-1 



DEVICE 

"OP-01 
''OP-01H 

OP-02A 
OP-02 
OP-02E 
OP-02C 

''OP-01 F 
''OP-01G 
''OP-01 E 
"OP-01C 

SSS741 
555741 B 

'SSS747 
'SSS747B 

SSS741G 
'SSS747G 
'SSS747C 
'SSS1458 
'SSS155B 

PM741 
'PM747 

SSS741C 
'PM155B 

*Dual 
"High Speed 
N/S - Not Specified 

POWER SUPPLY REJECTION RATIO 

T = 25'C OVER TEMPERATURE 
MIN (dB) A MAX (,N/v) MIN (dB) MAX (p.V/v) 

90dB 3OP.V/V 90dB 3OP.V/V 
90dB 3OP.V/V 90dB 3OP.V/V 
90dB 3O/J.V/V 84dB 6OP.V/V 
90dB 3OP.V/V B4dB 6OP.V/V 
90dB 3OP.V/V B4dB 6OP.V/V 
90dB 3OP.V/V B4dB 6OP.V/V 
BodB 1OOP.V/V BodB 1Oop.V/V 
BodB 1oop.V/V BodB 1Oop.V/V 
80dB 1oop.V/V BodB 1OOP.V/V 
BodB 1OOP.V/V 80dB 1OOP.V/V 
BodB 1OO/J.V/V BodB 100uV/V 
BodB 1OOP.V/V BodB 1OOP.V/V 
BodB 1OOP.V/V BodB 1OOP.V/V 
80dB 1OOP.V/V BodB 1OOP.V/V 
76dB 15OP.V/V 76d8 15OP.V/V 
76dB 15OP.V/V 76dB 15OP.V/V 
76dB 15OP.V/V 76dB 15OP.V/V 
76dB 15OP.V/V 76dB 15OP.V/V 
76dB 15OP.V/V 76dB 15OP.V/V 
76dB 15OP.V/V 76dB 15OP.V/V 
76dB 15OP.V/V 76dB 15OP.V/V 
76dB 15OP.V/V N/S N/S 
76dB 15O/J.V/V N/S N/S 

COMMON MODE REJECTION RATIO 

MIN OVER 
DEVICE MIN, T A = 25'C TEMPERATURE 

"OP-01 90dB 90dB 
"OP-01 H 90dB 90dB 

OP-02A 90dB B4dB 
OP-02E 90dB 84dB 
OP-02 90dB 84dB 
OP-02C 90dB B4dB 

''OP-01F BodB BodB 
''OP-01G BodB BodB 
"OP-01 E BodB BodB 
"OP-01C BodB 80dB 

SSS741 BodB BodB 
SSS741B BodB BodB 

'SSS747 80dB BodB 
'SSS747B 80dB BOdB 
SSS741G 70dB 70dB 

'SSS747G 70dB 70dB 
'SSS747C 70dB 70dB 
'SSS155B 70dB 70dB 
'SSS145B 70dB 70dB 
PM741 70dB 70dB 

'PM747 70dB 70dB 
SSS741C 70dB N/S 

'PM155B 70dB N/S 
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PRECISION OPERATIONAL AMPLIFIER SELECTION GUIDE 

INPUT OFFSET VOLTAGE UNNULLED INPUT OFFSET NULLED INPUT OFFSET 
VOLTAGE DRIFT (TCVosl VOLTAGE DRIFT (TCVosnl 

MAX OVER 
DEVICE MAX, T A = 25°C TEMPERATURE DEVICE TCVos MAX DEVICE TCVosn MAX 

OP-07A 0.025mV 0.06mV OP-07A 0.6jlV/"C OP-05A 0.5jlV/"C 

OP·07E 0.075mV 0.13mV SSS725A O.BjlVrC OP-05E 0.6jlV/"C 

OP-07 0.075mV 0.20mV OP-05A 0.9jlV/"C OP-07A 0.6jlV/"C 
OP-07 1.3jlV/"C SSS725A 0.6jlV/"C 

SSS725A 0.10 mV O.lBmV OP-07E 1.3jlV/"C SSS725E 0.6jlV/"C 
OP-05A 0.15 mV 0.24mV OP-07C **l.BjlV/"C OP-05 1.0jlV/"C 
OP-07C 0.15 mV 0.25mV OP-05 2.0jlVrC *OP-l0A 1.0jlV/"C 
SSS725E 0.50 mV 0.60mV *OP-l0A 2.0jlVrC SSS725 1.0jlV/"C 
OP-05E 0.50 mV 0.60mV SSS725 2.0jlVrC *OP-l0 "1.0jlV/"C 
OP-05 0.50. mV 0.70mV OP-05E *'2.0jlV/"C 'OP-l0E **1.0jlV/"C 
SSS725 0.50 mV 0.70mV 'OP-l0 '*2.0jlVrC SSS725B **1.0jlVrC 

*OP-10A 0.50 mV 0.70mV 'OP-10E '*2.0jlV/"C OP-07 1.3jlV/"C 

*OP-10 0.50 mV 0.70mV SSS725E **2.0jlV/"C OP-07E 1.3jlVrC 

*OP-l0E 0.50 mV 0.70mV SSS725B '*2.BjlV/"C OP-05C **1.5jlV/"C 
OP-05C **4.5jlVrC 'OP-l0C '*1.5jlV/"C 

OP-02A 0.50 mV. 1.0 mV *OP-l0C "4.5jlV/"C SSS725C *'1.5jlV/"C 
OP-02E 0.50 mV 1.0 mV SSS725C "4.5jlV/"C OP-07C *'1.6jlV/"C 
SSS725B 0.75 mV 1.0 mV PM725 5.0jlV/"C 
PM725 1.0 mV 1.5 mV OP-02A *'B.OjlVrC 
OP-05C 1.3 mV 1.6 mV OP-02E **B.OjlV/"C 
SSS725C 1.3 mV L6 mV OP-02 ** 10jlVrC 
OP-02 2.0 mV 3.0 mV OP-02C .* 10jlV/"C 

OP-02C 2.0 mV 3.0 mV 

PM725C 2.5 mV 3.5 mV 

INPUT OFFSET CURRENT INPUT BIAS CURRENT 

MAX OVER MAX OVER 

DEVICE MAX, T A = 25°C TEMPERATURE DEVICE MAX, T A = 25°C TEMPERATURE 

SSS725A 1.0nA 4.0nA OP-05A 2.0nA 4.0nA 
OP-05A 2.0nA 4.0nA OP-07A 2.0nA 4.0nA 
OP-07A 2.0nA 4.0nA OP-05 3.0nA 6.0nA 
OP-02E 2.0nA 4.0nA OP-07 3.0nA 6.0nA 
OP-02A 2.0nA 5.0nA *OP-l0A 3.0nA 6.0nA 
OP-05 2.BnA 5.6nA *OP-l0 3.0nA 6.0nA 
OP-07 2.BnA 5.6nA OP-05E 4.0nA 5.5nA 

*OP-l0A 2.BnA 5.6nA OP-07E 4.0nA 5.5nA 
*OP-l0 2.BnA 5.6nA OP-l0E 4.0nA 5.5nA 
OP05E 3.BnA 5.3nA OP·05C 7.0nA 9.0nA 
OP-07E 3.BnA 5.3nA OP-07C 7.0nA 9.0nA 

*OP-l0E 3.BnA 5.3nA *OP-l0C 7.0nA 9.0nA 
SSS725E 5.0nA 7.0nA OP-02E 30nA 55nA 
OP-02 5.0nA 10nA OP-02A 30nA 50nA 
OP-02C 5.0nA 10nA OP-02 50nA 100nA 
SSS725B 5.0nA .14nA OP-02C 50nA 100nA 
SSS725 5.0nA lBnA SSS725A 70nA 120nA 
OP-05C 6.0nA B.OnA SSS725B BOnA 150nA 
OP-07C 6.0nA 8.0nA SSS725 BOnA lBOnA 

*OP-l0C 6.0nA B.OnA SSS725E BOnA 100nA 
SSS725C 13nA 25nA PM725 100nA 200nA 
PM725 20nA 40nA SSS725C IlOnA lBOnA 
PM725C 35nA 50nA PM725C 125nA 250nA 

*Dual Matched 

* Dua I Matched 

**Parameter is not 100% tested. 90% of all units meet these specifications. 
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POWER SUPPLY REJECTION RATIO 

T = 2SoC OVER TEMPERATURE 
'DEVICE MIN (dB I A MAX (IN/V1 MIN (dBI MAX ("V/v1 

SSS725A 114dB 2.0"V/V 106dB 5.0"V/V 
SSS725E 106dB 5.0"V/V 103dB 7.0"V/V 
555725 106dB 5.0"V/V 102dB 8.0"V/V 
SSS725B 106dB 5.0"V/V 102dB 8.0"V/V 
SSS725C 100dB lO"V/V 96dB 15"V/V 
OP·05A 100dB 10"V/V 94dB 20"V/V 
OP·05 100dB 10"V/V 94dB 20"V/V 
OP·07A 100dB 10"V/V 94dB 20"V/V 
OP·07 100dB 10"V/V 94dB 20"V/V 

"Op·l0A 100dB 10"V/V 94dB 20"V/V 
"OP·l0 100dB 10"V/V 94dB 20"V/V 
PM725 100dB lO"V/V 94dB 20"V/V 
OP·05E 94dB 20"V/V 90dB 'JO"V/V 
OP·07E 94dB 20"V/V 90dB 'JO"V/V 

"OP·l0E 94dB 20"V/V 90dB 'JO"V/V 
OP-05C 90dB 30"V/V 86dB 50"V/V 
OP·07C 90dB 'JO"V/V 86dB 50"V/V 

"OP·l0C 90dB 30"V/V 86dB 50"V/V 
OP·02A 90dB 'JO"V/V 84dB 60"V/V 
OP-02 90dB 'JO"V/V 84dB 60"V/V 
OP-02E 90dB 'JO"V/V 84dB 60"V/V 
OP·02C 90d8 'JO"V/V 84dB 6O"V/V 
PM725C 89dB 35"V/V N/S N/S 

COMMON MODE REJECTION RATIO OPEN LOOP GAIN 

MIN OVER MIN OVER 
DEVICE' MIN, T A S 25°C TEMPERATURE DEVICE MIN, TA =25"C TEMPERATURE 

SSS725E 120dB 115dB SSS725E 1000V/mV 800V/mV 
SSS725A 120dB 114dB SSS725A 1000V/mV 700V/mV 
558725 120dB 110dB . 555725 1000V/mV 500V/mV 
01"·05A 114d6 110dB SSS725B 1000V/mV 500V/mV 
OP-05 114dB 110dB PM725 1000V/mV 250V/mV 
OP-05E 110dB 107dB SSS725C 500V/mV 'JOOV/mV 
OP·07A llpdB 106dB OP·05A 300V/mV 200V/mV 
OP-07 110dB 106dB OP-07A 'JOOV/mV 200V/mV 

"Op·l0A nOdB 106dB PM725C 250V/mV I 25V/mV 
"OP·l0 110dB 106dB OP-05E 200V/mV 180V/mV' 
SSS725B 110dB 106dB OP-07E 200V/mV 180V/mV 
PM725C 110dB 100dB "Op·l0E 200V/mV 180V/mV 
OP·07E 106dB 103dB OP·05 200V/mV 150V/mV 

"Op·l0E 106dB 103dB OP-07 200V/mV 150V/mV 
OP-05C 100dB 97dB "OP·l0A 200V/mV 150V/mV 
OP-07C 100dB 97dB "Op·l0 200V/mV 150V/mV 

"Op·l0C 100d8 97dB OP-05C 120V/mV 100V/mV 
S8S725C 100dB 97dB OP-07C 120V/mV lOOV/mV 
PM725C 94dB N/8 "Op·l0C l20V/mV 100V/mV 
OP-02A 90dB . 84dB OP·02A 100V/mV 50V/mV 
OP·02 90dB 84dB OP-02E 100V/mV 50V/mV 
OP-02E 90dB 84dB OP-02 50V/mV 25V/mV 
OP-02C 90da- 84dB OP-02C 50V/mV 25V/mV 

"Dual Miltched N/S - Not Specified 
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DIGITAL TO ANALOG CONVERTER SELECTION GUIDE 

CURRENT OUTPUT INTERNAL REFERENCE - 10 BIT RESOLUTION 

TEMP RANGE 
FOR SPECIFICATION 

DEVICE (DC) 

*DAC·l00AC05 -55/+125 
*DAC·l00BB05 -55/+125 
*DAC·l00CC05 -55/+125 
*DAC·l00DD05 -55/+125 

DAC·l00AAOl -25/+a5 
DAC·l OOACO 1 -25/+a5 
DAC·l00ADOl -25/+a5 
DAC·l00BAOl -25/+a5 
DAC·l00BBOl -25/+a5 
DAC·l OOBCO 1 -25/+a5 
DAC·l OOCCO 1 -25/+a5 
DAC·l00DDOl -25/+a5 

DAC·l00AC03 (04) 0/+70 
DAC·l00BC03 (04) 0/+70 
DAC·l00CC03 (04) 0/+70 
DAC·l00DD03 (04) 0/+70 

MULTIPLYING CURRENT OUTPUT·8 BIT RESOLUTION 

TEMP RANGE 
FOR SPECIFICATION 

DEVICE (C) 

DAC·OaAO -55/+125 
DAC·OaO -55/+125 
DAC·OaEO 0/+70 
DAC·OaCO 0/+70 

SSS150aA·aQ -55/+125 
SSS140aA·aO 0/+75 
SSS140aA·70 0/+75 
SSS140aA·60 0/+75 

VOLTAGE OUTPUT INTERNAL REFERENCE 

RESOLUTION 
DEVICE (BITS) 

DAC·02ACXl 10+Sign 
DAC·02ACX2 10+Sign 
DAC·04ACX2 10 
DAC·03ADXl 10 
DAC·03ADX2 10 

*Screening to M IL·STD·aa3A Level B standard. 

MAXIMUM 
NONLINEARITY 

(% FS) 

±0.1 
±0.19 
±O.19 
±0.39 

±0.19 
±0.19 
±0.39 
±0.7a 

MONOTONICITY 
MIN (BITS) 

10 
10 
10 
10 
10 
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MAXIMUM 
NONLINEARITY 

(%FS) 

±0.05 
±0.1 
±0.2 
±0.3 

±0.05 
±0.05 
±0.05 
±0.1 
±0.1 
±0.1 
±0.2 
±0.3 

±0.05 
±0.1 
±0.2 
±0.3 

DUAL HIGH 
COMPLIANCE 

OUTPUTS 

YES 
YES 
YES 
YES 

NO 
NO 
NO 
NO 

NONLINEARITY 
MAX (% FS) 

±0.1 
±0.1 
±0.1 
±0.1 
±0.1 

MAX FULL 
SCALE TEMPCO 

(ppmfC) 

60 
30 
60 

120 

15 
60 

120 
15 
30 
60 
60 

120 

60 
60 
60 

120 

UNIVERSAL 
LOGIC 

INPUTS 

YES 
YES 
YES 
YES 

NO 
NO 
NO 
NO 

TEMPERATURE 
RANGE FOR 

SPECIFICATION 
(DC) 

0/+70 
0/+70 
0/+70 

25 
25 



VOLTAGE OUTPUT INTERNAL REFERENCE TEMPERATURE 
RANGE FOR 

RESOLUTION MONOTONICITY NONLINEARITY SPECIFICATION 
DEVICE (BITS) MIN (BITS) MAX (% FS) (oC) 

DAC·02BCX1 10+Sign 9 ±0.1 0/+70 
DAC·02BCX2 10+Sign 9 ±0.1 0/+70 
DAC·04BCX2 10 9 ±0.1 0/+70 
DAC·03BDX1 10 9 ±0.1 25 
DAC·03BDX2 10 9 ±0.1 25 
DAC·02CCX1 10+Sign 8 ±0.2 0/+70 
DAC·02CCX2 10+Sign 8 ±0.2 0/+70 
DAC·04CCX2 10 8 ±0.2 0/+70 
DAC·03CDX1 10 8 ±0.2 25 
DAC·03CDX2 10 8 ±0.2 25 
DAC·01AY 6 6 ±0.3 -55/+125 
DAC·02DDX1 10+Sign 7 ±0.4 0/+70 
DAC·02DDX2 10+Sign 7 ±0.4 0/+70 
DAC·04DDX2 10 7 ±O.4 0/+70 
DAC·03DDX1 10 7 ±0.4 25 
DAC·03DDX2 10 7 ±0.4 25 
DAC·01Y 6 6 ±0.45 -55/+125 
DAC·01BY 6 6 ±0.45 -55/+125 
DAC·01 FY 6 6 ±0.45 -55/+125 
DAC·01CY 6 6 ±0.45 0/+70 
DAC·01HY 6 6 ±0.45 0/+70 
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INDUSTRY CROSS REFERENCE 

PMI IMPROVED 
PMI DIRECT DIRECT TEMP 

FAIRCHILD REPLACEMENT REPLACEMENT RANGE PACKAGE 

LM108AH PM10BAJ MIL TO-99 
LM108H PM 1 OBJ MIL TO-99 
LM208AH PM208AJ IND TO-99 
LM208H PM208J IND TO-99 
LM308AH :PM30BAJ COM TO-99 
LM30BH PM-308J COM TO-99 
LM108AD PM 1 OBAY MIL DIP 
LM108D PM1D8Y MIL DIP 
LM208AD PM208AY IND DIP 
LM208D PM208Y IND DIP 
LM308AD PM308AY COM DIP 
LM30BD ·PM30BY COM DIP 
LM108AF PM10BAL MI.L FLATPACK 
LM108F PM10BL MIL FLATPACK 
LM208AF PM208AL IND FLATPACK 
LM208F PM208L IND . FLATPACK 

725AHM SSS725J SSS725AJ MIL TO-99 
725HM PM725J SSS725J MIL TO-99 
725HC PM725CJ SSS725EJ COM TO-99 
725EHC SSS725EJ COM TO-99 

741HM PM741J SSS741GJ MIL TO-99 
741HC SSS741CJ OP-02CJ COM TO-99 
741DM PM741Y SSS741GY MIL DIP 
741DC SSS741CY OP-02CY COM DIP 
741AHM OP-02J OP-02AJ MIL TO-99 
741EHC OP-02CJ OP-02EJ COM TO-99 
741ADM OP-02Y OP-02AY MIL DIP 
741EDC OP-02CY OP-02EY COM DIP 

747DM PM747Y SSS747GY MIL DIP 
747DC SSS747CY OP-04CY COM DIP 
747HM PM747K SSS747GK MIL TO-I 00 
747HC SSS747CK OP·04CK COM TO-IOO 
747ADM SSS747Y MIL DIP 
747EDC SSS747BY COM DIP 
747AHM SSS747K MIL TO-I 00 
747EHC SSS747BK COM . TO-IOO 

NATIONAL 
SEMICONDUCTOR . 

LM10BAH ·PM10BAJ MIL TO-99 
LM108H PM 1 OBJ MIL TO-99 
LM20BAH PM208AJ IND TO-99 
LM20BH PM208J IND TO-99 
LM30BAH PM30BAJ COM TO-99 
LM308H PM30BJ COM TO-99 
LMIOBAD PM10BAY MIL DIP 
LM108D PM10BY MIL DIP 
LM208AD PM208AY IND DIP. 
LM208D PM20BY IND DIP 

6·' 



PMI IMPROVED 
NATIONAL PMI DIRECT DIRECT TEMP 

SEMICONDUCTOR REPLACEMENT REPLACEMENT RANGE PACKAGE 

LM308AD PM308AY COM DIP 
LM308D PM308Y COM DIP 
LM108AF PM108AL MIL FLATPACK 
LM108F PM108L MIL FLATPACK 
LM208AF PM208AL IND FLATPACK 
LM208F PM208L IND FLATPACK 

LM725AH SSS725J SSS725AJ MIL TO-99 
LM725H PM725J SSS725J MIL TO-99 
LM725CH PM725CJ SSS725CJ COM TO-99 
LM725D PM725Y SSS725Y MIL DIP 

LM741H PM741J SSS741GJ MIL TO-99 
Liill741CH SSS741CJ OP-02CJ COM TO-99 
LM741D PM741Y SSS741GY MIL DIP 
LM741CD SSS741CY OP-02CY COM DIP 

LM747H PM747J SSS747GK MIL TO-l00 
LM747CH SSS747CK OP-04CK COM TO-l00 
LM747F SSS747GM MIL FLATPACK 
LM747CF SSS747BM COM FLATPACK 
LM747D PM747Y SSS747GY MIL DIP 
LM747CD SSS747CY OP-04CY COM DIP 

LM1458H S5S1458 OP-14CJ COM TO-99 
LM1558H PM1558 SSS1558 MIL TO-99 

ADVANCED 
MICRO DEVICES 

SSS725AJ SSS725AJ MIL TO-99 
SSS725J SSS725J MIL TO-99 
SSS725BJ SSS725BJ IND TO-99 
SSS725EJ SSS725EJ COM TO-99 

SSS741J SSS741J OP-02AJ MIL TO-99 
SSS741CJ SSS741CJ OP-02EJ COM TO-99 

SSS747K SSS747K (jP-04AK MIL TO-l00 
SSS747P SSS747Y OP-04AY MIL DIP 
SSS747M SSS747M MIL FLATPACK 
SSS747CK SSS747CK OP-04CK COM TO-l00 
SSS747CP SSS747CY OP-04CY COM DIP 

RCA 

CA108AT PM108AJ MIL TO-99 
CA108T PM108J MIL TO-99 
CA208AT PM208AJ IND TO-99 
CA208T PM208J IND TO-99 
CA308AT . PM308AJ COM TO-99 
CA308T PM308J COM TO-99 
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PMI IMPROVED 
PMI DIRECT DIRECT TEMP 

RCA REPLACEMENT REPLACEMENT RANGE PACKAGE 

CA741T PM741J SSS741GJ MIL TO-99 
CA741CT SSS741CJ OP-Q2CJ COM TO-99 

CA747T PM-747K SSS747K MIL TO-100 
CA747CT SSS747CK OP-04CK COM TO-100 
CA747E PM7:47Y SSS747Y MIL DIP 
CA747CE SSS747CY OP-04CY COM DIP 

CA1458T SSS1458 OP-14CJ COM TO-99 
CA1558T PM1558 SSS1558 MIL TO-99 

MOTOROLA 

MC1741G PM741J SSS741GJ MIL TO-99 
MC1741L PM741Y SSS741GY MIL DIP 
MC1741CG SSS741CJ OP-02CJ COM TO-99 
MC1741CL SSS741CY OP-02CY COM DIP 

MC1558G PM1558 SSS1558 MIL TO-99 
MC1458G . SSS1458 OP-14EJ COM TO-99 
MC1458CG SSS1458 OP-14CJ COM TO-99 

MC1508L-8 SSS1508A-8Q MIL DIP 
MC1408L-8 SSS1408A-8Q COM DIP 
MC1408L-7 SSS1408A-7Q COM DIP 
MC1408L-6 SSS1408A-6Q COM DIP 

TEXAS 
INSTRUMENTS 

SN52558L PM1558 SSS1558 MIL TO-99 
SN72558L SSS1458 OP-14CJ COM TO-99 

SN52741L PM741J SSS741GJ MI.L TO-99 
SN52741J PM741Y SSS741GY MIL DIP 
SN72741L SSS741CJ OP-02CJ COM TO-99 
SN72741J SSS741CY clP-02CY COM DIP 

SN52747L PM747K SSS747GK TO-l00 
SN52747J PM747Y SSS747GY DIP 
SN52747Z SSS747GM FLATPACK 
SN72747L SSS747CK TO;100 
SN72747J SSS747CY DIP 

RAYTHEON 

LM10BAH PM10BAJ MIL TO-99· 
LM10BH PM10BJ MIL TO-99 
LM20BAH PM20BAJ IND TO-99 
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PMI IMPROVED 
PMI DIRECT DIRECT TEMP 

RAYTHEON REPLACEMENT REPLACEMENT RANGE PACKAGE 

LM20BH. PM20BJ IND TO-99 
LM30BAH PM30BAJ COM TO-99 
LM30BH PM30BJ COM TO-99 
LM10BAD PM10BAY MIL DIP 
LM10BD PM10BY MIL DIP 
LM20BAD PM20BAY IND DIP 
LM20BD PM20BY IND DIP 
LM30BAD PM30BAY COM DIP 
LM30BD PM30BY COM DIP 
LM10BAF PM10BAL MIL FLATPACK 
LM10BF PM10BL MIL FLATPACK 

RM725T PM725J SSS725J MIL TO-99 
RC725T PM725CJ SSS725CJ COM TO-99 

RM741T PM741J SSS741GJ MIL TO-99 
RC741T SSS741CJ OP-02CJ COM TO-99 
RM741D PM741Y SSS741GY MIL TO-99 
RC741D SSS741CY OP-02CY COM TO-99 
RC741DP SSS741CY COM TO-99 

RM747T PM747K SSS747K MIL TO-100 
RC747T SSS747CK OP-04CK COM TO-100 
RM747D PM747Y SSS747Y MIL DIP 
RC747D SSS747CY OP-04CY· COM DIP 
RC747DP SSS7:47CY COM DIP 

RM155BT PM155B SSS155B MIL TO-99 
RC145BT SSS145B OP-14CJ COM TO-99 
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Precision Monolithics' advanced linear integrated circuit design and superior process technology provide a broad range of 
operational amplifiers for a broad spectrum of applications. Included are families of General Purpose, High Speed, Instrumen­
tation, Ultra-Low Offset Voltage and Dual Matched Instrumentation operational amplifiers. This product line includes 
precision and general purpose single and dual devices that provide a wide, range of performance parameters for military and 
commercial operating temperature ranges. The ultra-low offset voltage Model OP-07 has a maximum Vos of 25 j.l.V, a TCVos 
of only 0.6 j.l.V fc and is ultra stable (0.2j.1.V /month). When fast slew rates are required for inverting amplifier 'configurations, 
the OP-Ol slews at 18 V/j.l.sec. Matching parameters are specified for the OP-04, OP-l0, and OP-14 dual op amps. Many 
Superior Second Source op amps have specified maximum limits for many key specifications and are available from stock at 
competitive prices. Models available with MIL-STD-883 level B screening are shown on page 3-4. 
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PMI OP-01 
INVERTING HIGH SPEED OPERATIONAL AMPLIFIER 
GENERAL DESCRIPTION 

The OP-Ol Series of monolithic High Speed Operational 
Amplifiers combines high slew rate, fast settling time output 
performance with excellent D.C. input characteristics. 

An internal feed-forward frequency compensation network 
provides simplicity- of application-no external capacitors are 
required for stable, high-speed performance. The fast output 
response is achieved without sacrifice in input bias current or 
power consumption. 250kHz power bandwidth is attained 
with a small signal -bandwidth of 2.5 MHz, allowing non­
critical board layout. The OP·Ol is completely protected at 
both input and output, fits standard 741 sockets, and is offset 
nulled with a lOkn potentiometer. 

The low offset voltage, input bias current and offset voltage 
drift vs. temperature provide accurate D.C. performance in 
applications such as channel preamplifiers, fast integrators and 
precision summing amplifiers. The fast output response makes 
the OP-Ol ideal in state-variable filters, servo drivers, waveform 
generators, analog computing amplifiers, and OJ A converter 
output ampl ifiers. 

SIMPLIFIED SCHE;MATIC 

FEATURES 

- Fast Settling Time .. 1 ).Isec to 0.1% 

- High Slew Rate ............... 18 VJ).Isec 

_ Power Bandwidth. . . . . . . . . . . . . . . 250 kHz 

- Low Power Consumption ....... 90 mW Max 

_ Excellent D.C. Specifications 

- Internally Compensated 

- Ideal DAC Output Amplifier 

- MI L-STD-883 Processing Available 

- Fits Standard 741 Sockets 

- Low Cost 

PIN CONNECTIONS AND ORDERING INFORMATION 

BALANCE S 

INY. iNPUT 4 

NON-INV. INPUT' 

y- • 

• 

TOP VIEW 

• OUTPUT 

,. 
,. ,. 
II Y+ 

10 OUTPUT 

• BALANCE 

'g. '0 BALANCE 2. 9 

INV. INPUT '5 _ 8 V. 

NON-INY. INPUT 4 • ,7 OUTPUT 

y- 5 6 BALANCE 
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TO-99 (J-Suffix) 
ORDER: OP-01J 

OP-01 FJ 
OP-01GJ 
OP-01HJ 
OP-01 EJ 
OP-01CJ 

14 PIN DIP (Y-Suffix)' 
ORDER: OP-01Y 

OP-01FY 
OP-01GY 
OP-01HY 
OP-01EY 
OP-01CY 

'Formerly "P" Suffix 

10 PIN FLATPACK (L-Suffix) 
ORDER: OP-01 L 

OP-01 FL 
OP-01 GL 



OP 01 - , 

ABSOLUTE MAXIMUM RATINGS -

Total Supply Voltage Short Circuit Duration Indefinite 
OP-01. OP-01 F. OP-01 E. OP-01H ±22V Operating Temperature Range 
OP-01G.OP-01C ±20V OP-01. OP-01F, OP-01G -55~C to +125°C 

Power Dissipation (see riote) 500mW OP-01H. OP-01E, OP-01C O°Cto +70°C 

Differential Input Voltage ±30V Storage Temperature Range -65°C to +150°C 
Input Voltage ±15V Lead Temperature (Soldering, 60 Sec) 300°C 

NOTE: Maximum Package Power Dissipation Maximum Ambient Derate Above Maximum 
vs. ambient temperature Package Type Temperature for Rating Ambient Temperature 

TYPICAL PERFORMANCE CURVES 

'LARGE SIGNAL PULSE RESPONSE 

TIM! (aOO.S/DIVI 
OP-Ol. ... 
V •• tI5V. Ay=-I, RLa Un,C .. :r50pF 

LARGE SIGNAL OUTPUT 
SWING VS. FREQUENCY 

~~;~ ... , -..-., 

\ , , 

",. nu:aurfCTflltt.1 

APPLICATIONS INFORMATION 

'\. 

TO·99 (J) 
Dual-in-Line (Y) 
Flat Pack (L) 

BO°C 7.1mWfC 
100°C 10.0mWfC 
62°C 5.7mWfC 

SMALL SIGNAL PUi.SE RESPONSE 

'OP-OI ••.. 
'!'IUE (lOOnS/DIY) 

V,-iIIV,"'. -.1. RL=2ko', CI,,=!50pF 

UNITY GAIN·BANDWIDTH 
VS. SOURCE RESISTANCE 

-:< ,~.I.mw 
-,-:;: R. -0.0114 

",-10Ul 

--<. R,-!SUI 

--I' R. -100114 

11111111 · ....... , 'II ..... ' ;-;"11 
, , 

\ .~ ~ 

· \ 

• \ 

0.01 0.10 'DO 
fREQUENCY,MHa) 

FAST INVERTER CIRCUIT 

1\ 

, 

10.0 

OFFSET NULLING 
CIRCUIT 

The OP-Ol incorporates an internal fead-forward ,compensation net­
work to provide fast slewing and settling times in all inverting 
applications., Unity gain bandwidth is a function of the total equiva­
lent ,sourca resistance seen by the invarting terminal, and proper 
choice of this rasistance will allow the user to maximize bandwidth 
while assuring proper stability. The equivalent inverting terminal 
resistance is defined as RINIIRF. A total equivalent input terminal 

V,~ 0--.....,""" ..... --""""""'----. 

I resistance >3.3kn will assure stability in all closed loop gain confi-
,gurations including unity gain. Should RINIIRF <3.3kn,'a resistor 

IRS) 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 configiJrations; as 

,indicated by the Open.Gain vs. Frequency plot. 
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ELECTRICAL CHARACTERISTICS 

OP-01 

OP-Ol 
OP-01H 

OP-01F 
OP-01E 

OP-01G 
OP-01C 

·These specifications apply for Vs = ±15V, TA = 25°C unless otherwise noted_ .. 

Parameter Symbol 

Input Offset Voltage VOS 

Input Offset Current lOS 

Input Bias Current 'B 
Input Voltage Range CMVR 

Common Mode Rejection Ratio. CMRR 

Power Supply Rejection Ratio PSRR 

Maximum Output Voltage Swing YOM 

Large Signal Voltage Gain 

Power Consumption 

Settling Time to 0.1 % 

(Summing Node Errorl 

Slew Rate 

Large Signal Bandwidth 

Small Signal Bandwidth 

Risetime (Notel 

Overshoot (Notel 

AVO 

Po 

rest Conditions 

VCM = ±CMVR 

RS';50kn 

Vs = ±5 to ±20V 

RS';50kn 

VOUT = 0 

AV = -1 (Notel 

Vllil =5V 

Min 

±12.0 

90 

90 

±12.5 

±12.0 

50 

Typ 

0.3 

0.5 

18 

±13.0 

110 

110 

±13.5 

±13.0 

100 

40 

0.7 

IS 

250 

2.5 

150 

2 

Max 

0.7 

2.0 

30 

Min Typ 

1.0 

1.0 

20 

±12.0 ±13.0 

80 100 

80 100 

±12.5 ±13.5 

±12.0 ±13.0 

- .. 50 100 

60 50 

1.0 0.7 

18 

250 

2.5 

150 

2 

Max 

2_0 

5.0 

50 

90 

1.0 

Min Typ 

2.0 

2.0 

25 

±12.0 ±13.0 

BO 100 

BO 100 

±12.5 ±13.5 

±12.0 ±13.0 

25 75 

50 

0.7 

18 

250 

2.5 

150 

2 

Max Units 

5.0 mV 

20 nA 

100 nA 

V 

dB 

dB 

V 

V 

V/mV 

90 mW 

1.0 psec 

VIps 

kHz 

- MHz 

- nsec 

The following specifications apply for Vs = ±15V, _55°C'; TA < +125°C for OP-Ol, OP-Ol F, OP-OIG and O°C < TA <+70°C for OP-01H, 
OP-Ol E, OP-01C, unless otherwise specified. 

Input Offset Voltage Vas 
Input Offset Current lOS 

Input Sias C.urrent 

Input Voltage Range CMVR 

Common Mode Rejection Ratio CMRR 

Power Supply Rejection Ratio PSRR 

Large Signal Voltage Gain AVO 

Maximum Output Voltage Swing YOM 

Nulled Offset Voltage Drift TCVOS 

RS < 50kn 

VCM=±CMVR 

RS<50kn 

VS=± 5V to ±20V 

RS<50kn 

RS<5kn 

NOTE: RL = 2kn, CL = 50pF. See Settling Time Test Circuit. 

SETTLING TIME TEST CIRCUIT 

~v .. TO SCOPE tiM 510,1" 

'--RII'~ T r-R,---. 
It!! RT A R. RI 

0.4 1 .. 0 1.5 3.0 3.0 S.O mV 

1.0 4.0 2.0 10 4.0 40 nA 

30 50 40 100 50 200 nA 

±12.0 ±13.0 ±12.0 ±13.0 ±12.0 ±13.0 - V 

90 

90 

30 

±12.5 

±12.0 

110 

110 

60 

±13.5 

±13.0 

1.0 5.0 

80 100 

80 100 

25 60 

±12.5 ±13.5 

±12.0 ±13.0 

2.0 8.0 

SO 100 

80 100 

15 50 

±12.5 ±13.5 

±12.0 ±13.0 

3.0 

dB 

dB 

V/mV 

V 

V 

10.0 pvtc 

Settling time may be measured using the. circuit shown; this circuit 
incorporates the "false sum node" technique to produce more accurate, 
repeatable results. For a 5 volt 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 «10pF, including strays). A Tektronix 7504 scope 
with a 7 A 11 probe or equivalent is suggested. The pulse generator 
should have a 50n output impedance and be capable of a 5V rise time 
in .;20 ns with ringing less than 2.5mV after 0.5"s. 0.1% measurements 
require R'N to equal RF within 0.01 %; R5 and RS are used as trimming 
resistors to achieve this matching. 



PMI OP-02 
HIGH PERFORMANCE GENERAL PURPOSE 
OPERATIONAL AM PLIFI ER 

GENERAL DESCRIPTION 

The OP,02 Series of High Performance General Purpose 
Operational Amplifiers provides significant improvements over 
industry-standard and "premium" 741 types while maintaining 
pin-for-pin compatibility. ease of application. and low cost_ 
Key specifications. such as Vos. los. lB. CMRR. PSRR and 
Avo. are guaranteed over the full operating temperature range. 
Precision Monolithics' exclusive Silicon-Nitride· ''Triple 
Passivation" process eliminates "popcorn noise." A thermally· 
symmetrical input stage design provides low TCVos. TClos 
and insensitivity to output load conditions. The OP·02 Series 
is ideal for upgrading existing designs where accuracy improve­
ments are required and for eliminating special low drift or low 
noise selected types. OP-02's with MIl--STD-883 processing 
are available. For dual high performance matched general 
purpose operational amplifiers. refer to the OP-04 and OP-14 
data sheets. 

SIMPLIFIED SCHEMATIC 

·~R~S~~~~tOO~:A~J~~~~~1 
'05,05: Q6S 06' COMPRISE A SIM­
ILAR THERMALLY CROSS-COUPLED 
QUAD. 

6-4 

FEATURES 

_ Excellent.D.C. Input Specifications 

_ Fits Standard 741 Socket 

_ Internally Compensated. 

_ Low Noise . . . • . . . . . . • • . . . . . . .. 0.6SIlVP-P 

_ Low Drift (TCVosl ............•.•. 81lVtC 

_ "Premium" 741 Replacement 

_ 0° /+70°C and -SSoC/+12SoC Models 

_ MIL-STD-883 Processing Available 

_ Silicon-Nitride P,!ssivation 

_ Low Cost· 

PIN CONN.ECTIONS AND ORDERING INFORMATION 

BAL 
2 

7 

TOP VIEW 

8 

TO-99 (J-Suffix) 

• '4 
13 

2 

9BAL 
8 

·ORDER: 
OP;02AJ 
OP.02J 
OP-02EJ 
OP-02CJ 

ORDER: 
OP-Q2AY 
OP-02Y 
OP-02EY 
OP-Q2CY 

14 PIN DIP (Y-Suffix) 

Military Tempereture Range Devices 
with MIL-STD-883A Class B Processing: 

ORDER: OP02-883-AJ . 
. OP02-883-A Y 
... OP02-883-J 

OP02-883-Y 



OP-02 

ABSOL.UTE MAXIMUM RATINGS 

Supply Voltage 
Power Dissipation (see note) 
Differential Input Voltage 
Input Voltage 
Output Short Circuit Duration 

±22V 
500mW 

±30V 
Supply Voltage 

Indefinite 

Operating Tempe·rature Range 
OP·02A, OP·02 
OP·02E, OP·02C 

Storage Temperature Range 
Lead Temperature (Soldering, 60 Sec). 

-55°C ·t:- +125oC 
O°C to+70°C 

-65°C to +1 50°C 
300°C 

NOTE: Maximum Package Power Dissipation vs. ambient temperature. 

Package Type 

TO·99 (J) 
Dual·in·Line (V) 

Maximum Ambient 
Temperature for Rating 

Derate Above Maximum 
Ambient Temperature 

BO°C 
100°C 

7.1mW/oC 
10.0mWfC 

BURN·IN CIRCUITS 

TO·99 (J) PACKAGE DIP (V) PACKAGE 

OP-02 DEFINITIO,,!S 

INPUT OFFSET VOLTAGE (VOl) 
The voltage which must be applied between the input terminals to 
obtain zero output voltage with no load. 
INPUT OFFSET CURRENT 1I0s) 
The difference between the currents into the two input terminals 
when the output is at zero volts with no load. 
INPUT BIAS CURRENT IIBI 
The average of the currents into the two input terminals when the 
output is at zero volts with no loed. 
INPUT VOLTAGE RANGE (CMVR) 
The range of common-mode voltage on the input terminals for 
which the common-mode rejection specifications apply. 
COMMON-MODE REJECTION RATIO (CMRR) 
The ratio of the input voltage range to the peek-to-peek change in· 
input offset voltage over this range. 
POWER SUPPLY REJECTION RATIO (PSRR) 
The inverse ratio of the change in input offset voltage to the change 
in power supplV voltage producing it. 
MAXIMUM OUTPUT VOLTAGE SWING (Vom) . 
The peak output voltage thet can be obtained without clipping. 
LARGE SIGNAL VOLTAGE GAIN (Avo) 
The ratio of the change in output voltage (over a specified range) to 
the change in input voltage producing it. 

6-& 

OFFSET NULLING CIRCUITS 

TO-99 (J) PACKAGE DIP (V) PACKAGE 

AVERAGE OFFSET VOLTAGE DRIFT.(TCVos) 
The ratio of the change in the offset voltage to the change in ·tem­
perature producing it. 
AVERAGE OFFSET CURRENT DRIFT (TClos) 
The ratio of the change in the offset current to the change in 
temperature producing it. 
POWER DISSIPATION (Pd) 
The total power dissipated in the amplifier with the output at zero 
volts and no load. 

. UNITY GAIN CLOSED LOOP BANDWIDTH (BW) 
The frequency et which the magnitude of the smail signal voltage 
gain of the amplifier, opereted closed~oop as a unity1l8in follower, 
is 3dB below unity. 
INPUT NOISE VOLTAGE (enp-p) 
The peek to peek noise voltage in a specified frequency band. 
INPUT NOISE VOLTAGE DENSITY (en) 
The rms noise voltlige in e 1 Hz bend surrounding a specified value 
of frequency. 
INPUT NOISE CURRENT linp-p) 
The peak to peek noise current in a specified frequency bend. 
INPUT NOISE CURRENT DENSITY lin) .. 
The rms noise·current in a 1 Hz bend surrounding a specified· value 
of frequency. 



OP-02 

ELECTRICAL CHARACTERISTICS OP·02A OP·02 

These specifications for V s ; ±15V. T A; 25°C. unless otherwise noted. 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max Units 

Input Offset Voltage Vas Rs:S:SOkH - 0.3 O.S - 1.0 2.0 mV 

Input Offset Current los - O.S 2.0 - 1.0 S.O nA 

Input Bias Current IB - 18 30 - 20 SO nA 

Input Resistance·Differential Mode Rin 3.8 7.S - 2.3 7.0 - MH 

Input Voltage Range CMVR :1:12.0 '13.0 - .12.0 "3.0 - V 

Common Mode Rejection Ratio CMRR 
VCM = :tCMVR 

Rs S SOk!! 
90 110 - 90 100 - dB 

Power Supply Rejection Ratio PSRR Vs ="5 to :t20V 
Rs S 50k!! 

90 110 - 90 100 - dB 

Output Voltage Swing Vom RL~2k!! 112.0 :13.0 - .12.0 :13.0 - V 

Large Signal Voltage Gain Ava 
RL~2k!! 

100 250 - 50 200 - Vim V 
VA =±10V 

Power Consumption Pel Va = OV - 40 60 - 50 90 mW 

Input Noise Voltage enp·p 0.1 Hz to 10Hz - 0.65 - - 0.65 - /.IV p.p 

fa = 10Hz - 25 - - 25 -
Input Noise Voltage Density en fa ~ 100Hz - 22 - - 22 - nV/vHz 

fo = 1000Hz - 21 - - 21 -

Input Noise Current inp-.p 0.1 Hz to 10Hz -- 12.8 - - 12.8 - pA p.p 

fa = 10Hz - 1.4 - - 1.4 -
Input Noise Current Densitv in fa = 100Hz - 0.7 - - 0.7 - pA/VHz 

fo = 1000Hz - 0.4 - - 0.4 -

Slew Rate INote 1) SR 0.25 0.5 - 0.25 f 0.6 - Vips 

Large Signal Bandwidth INote 11 Va = 20Vp·p 4.0 8.0 - 4.0 8.0 - kHz 

Closed Loop Bandwidth INote 11 BW AVCL = +1.0 0.8 1.3 - 0.8 1.3 - MHz 

Risetime INote 11 AV = +1 
200 300 V,N ;SOmV - - 200 300 nsec 

Overshoot INote 11 - 5 10 - 5 10 % 

The following specifications apply for V s ; ± 15V. -55°C ~. T A < +125°C.unless otherwise noted 

Input Offset Voltage Vas Rs:S: 50Hl - 0.5 1.0 - 1.4 3.0 mV 

Average Input Offset Voltage 
TCVos Rs:S: 5kn - 2.0 8.0 - 4.0 10.0 pvl'c 

Drift INote 11 

Input 9ffset Current los - 1.0 5.0 - 2.0 10.0 nA 

Average Input Offset Current Drift TClos - 7.5 75 - IS 150 pArC 

Input Bias Current 'B - 30 60 - 40 100 nA 

Input Voltage Range CMVR ± 12.0 ±13.0 - ±12.0 '13.0 - V 

Common Mode Rejection Ratio CMRR 
VCM= ±CMVR 

84 110 - 84 100 - dB 
Rs:S: SOkn 

Power Supply Rejection Ratio PSRR V s = ±S to ±20V 
84 110 - 84 100 - dB 

Rs:S: 50kH 

Large Signal Voltage Gain Ava 
RL 2: 2kH 
Vo=±10V 

SO 100 - 25 60 - V/mV 

Maximum Output Voltage Swing Vom RL 2: 2kn "2.0 ±13.0 - ±12.0 ±13.0 - V 

Note 1: Parameter is not 100% tested. 90% of all units meet these soecifications. 



OP-02 

ELECTRICAL CHARACTERISTICS OP·02E OP·02C 

These. specifications for V s = ±15V, TA = 25"C, unless otherwise noted. 

Paramater Symbol Tast Conditions Min Typ Max Min Typ Max Units 

Input Offset Voltage Vas As:; 50k11 0.3 0.5 1.0 2.0 mV 

Input Offset Current los 0.5 2.0 (0 5.0 nA 

Input Bias Current IB - lB 30 - 20 50 nA 

Input Aesistance·Oifferential Mode Ain 3.8 7.5 - 2.3 7.0 - Ml! 

Input· Voltage Aange CMVA '12.0 '13.0 - .12.0 .13.0 - V 

Common Mode Aejection Aatio CMAA 
VCM = iCMVA 

90 110 - 90 100 - dB 
As ~ 50kll 

Power Supply Aejection Aatio PSAA Vs = i5 to i20V 90 110 - 90 100 - dB 
As:; 50kll 

Output Voltege Swing Vorn AL 2: 2kll .12.0 "-13.0 - .12.0 :!:13.0 - V 

Large Signal Voltage Gain Ava 
AL2: 2kl! 

100 250 - 50 200 -. Vim V 
Vo = <10V 

Power Consumption Pd Vo = OV - 40 60 - 50 90 mW 

Input. Noise Voltage enp·p 0.lHztol0Hz - 0.65 - - 0.65 - /-IV p.p 

fo = 10Hz - 25 - - 25 -
Input Noise Voltage Density en fo = 100Hz - 22 - - 22 - nV/viH~ 

fo = 1000Hz - 21 - - 21 -

Input Noise Current inp.p 0.lHztol0Hz - 12.8 - ~ 12.8 - pA p.p 

fo = 10Hz - 1.4 - - 1.4 -
Input Noise Current Density in fo=100Hz - 0.7 - - 0.7 - pA/v'Hz 

fo=1000Hz - 0.4 - - 0.4 -

Slew Rate (Note 11· SR 0.25 0.5 - 0.25 0.5 - V//-Is 

Large Signal Bandwidth (Note 11 Va = 20Vp·p 4.0 8.0 - 4.0 8.0 - kHz 

Closed Loop Bandwidth (Note 11 BW A VCL =+1.0 0.8 1.3 - 0.8 1.3 - MHz 

Risetim~ (Note 11 AV= +1 

VIN = 50mV - 200 3)0 - 200 3)0 nsec 

Overshoot (Note 11 - 5 10 - 5 10 % 

The following specifications apply for V s = ±15V, O°C~ T A ~ +70°C, unless otherwise noted. 

Input Offset Voltage Vas Rs:; 50k11 - 0.4 1.0 - 1.2 3.0 mV 

Average Input Offset Voltage 
TCVos Rs:; 5k11 - 2.0 8.0 - 4.0 10.0 /-Ivtc 

Drift (Note 11 

I nput Offset Current los - 0.7 4.0 - 1.4 10.0 nA 

Average Input Offset Current Drift TClos - 7.5 120 - 15 250 pAtC 

Input Bias Current IB - 22 50 - 25 100 nA 

Input Voltage Range CMVR '12.0 ±13.0 - <12.0 ±13.0 - V 

, 
VCM = .CMVR 

Common Mode Rejection Ratio CMRR 
Rs~ 50k11 

84 110 - 84 100 - dB 

. 
V s = .5 to ±20V 

Power SupplV Aejection Ratio PSRR 
Rs:5 50k11 

84 110 - 84 100 - dB 

Large Signal Voltage Gain· Ava 
RL2: 2k11 

50 200 - 25 150 - V/mV 
Va = ±10V 

Maximum Output Voltage Swing .vom .RL 2: 2k11 ±12.0 ±13.0 - ±12.0 ±13.0 - V 

Note 1: Parameter is not 100% tested. 90% of all units meenhesespecifications: .. 
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TYPICAL PERFORMANCE CURVES 
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PMI OP-04 
DUAL MATCHED HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER 

GENERAL DESCRIPTION 

The OP-04 Series o{DuaiMatchedHigh Performance Genera·1 
Purpose Operational Amplifiers provides significant improve­
ments over industry-standard 747 types while maintaining 
pin-for-pin compatibility. ease of application. and low cost .. 
Key specifications. such as Vos. los. lB. CMRR. PSRR and 
Avo. are guaranteed over the full operating temperature range: 
Precision Monolithics' exclusive Silicon-Nitride "Triple 
Passivation" process eliminates "popcorn noise." A thermally­
symmetrical input stage design provides low TCVos. TClos 
and insensitivity to output load conditions. The OP-04 Series 
is ideal for upgrading existing designs where accuracy improve· 
ments are required and for eliminating special low drift or low 
noise selected types. For more stringent requirements. refer 
to the OP-10 Dual Matched Instrumentation Operational 
Amplifier data sheet. 

SIMPLIFIED SCHEMATIC 

(1/2 OF CIRCUIT SHOWN) 

FEATURES 

• Excellent D:C. Input Specifications 

• lIIIa.tched Vos and CMR R 

• Fits Standard 747 Sockat 

•. Internally Compensated 

• Low Noise 

• Low Drift 

• Low Cost 
• 0° /+70°C and _55° /+125°C Models 

• Silicon-Nitride Passivation 

• Models With MI L-STD-883A Class B 
Processing Available From Stock 

P!II!~ONNECTION~AND ORDERING INFORMATION 
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TO-l00 (K-Suffix) 
ORDER: OP-04AK 

OP-04K 
OP-04EK 
OP-04CK 

14 PIN DIP (Y-Suffix) 
ORDER: OP-04AY 

OP-04Y 
OP-04EY 
OP-04CY 

Militarv Tamparature Range Devices 
With M I L-8TD-883A Class B Procassing: 

ORDER: OP04-883-AK 
OP04-883-K 
OP04-883-A Y 

OP04-883-Y 



OP·04 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

I Internal Power Dissipation (Note 1) 

D.ifferential Input Voltage 

Input Voltage 

Output Short Circuit Duration 

±22V 

500mW 

±30V 

Supply Voltage 

Indefinite 

Storage Temperature Range _65° to +150°C 

Lead Temperature Range (Soldering, 60 sec) 300°C 

MATCHING CHARACTERISTICS 

Operating Temperature Range 
OP-04A, OP-04 
OP-04E, OP-04C 

-55°C to +125°C 
O°C to +70°C 

Note 1: Maximum package power dissipation vs. ambient 
temperature. 

DUAL-IN·LINE (VI 
TO;100 (KI 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

100·C 
BO°C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

10.0mWtc 
7.1mWtC 

OP-04A OP-04 
OP-04E OP-04C 

These specifications applv for Vs = ±lSV, TA = 2SoC, Rs" lOOn, unless otherwise noted. 

Parameter ' Svmbol Test Conditions Min Tvp Max Min TVp Max Units 

Input Offset Voltage Match AVos - ,0.3 1.0 - 1.0 2.0 mV 

Common Mode Rejection 
ACMRR VCM = ± CMVR 94 106 - 94 106 dB Ratio Match -

These' specifications applv for Vs = ±lSV, -SSoC" TA .. +12S·C for OP·04A and OP·04, O°C .. T A" 70°C for OP-04E and OP-04C, 
Rs .. lOOn, unless otherwise noted. 

Input Offset Voltage Match AVos 

Common Mode Rejection 
ACMRR VCM =±CMVR Ratio Match 

MATCHING PARAMETER DEFINITIONS 

COMMON MODE REjECTION RATIO MATCH (ACMRRI 
The difference lIetween the common-mode rejection ratios (ex­
pressed in volt/void of side A and side B. ACMRR in dB = 2010g10 
(ACMRR in VOlt/void. 

OFFSET NULLING CIRCUITS 

DIP PACKAGE ONLY 

1·11 

- O.S 1.S - 1.S 3.0 mV 

90 100 - 90 100 - dB 

INPUT OFFSET VOLTAGE MATCH (AVosl. The difference 
between the offset voltages of side A and side 8; (VOSA - VOSBL 

OP-04 DEFINIJIONS, 

INPUT OFFSET VQLTAGE (Vosl 
The voltage which must be applied between the input terminals to 
obtain zero output volt!ige with no load. 
INPUT OFFSET CURRENT (10.1 
The difference between the currents into the two input terminals 
when the output ,is at zero volts with no load. 
INPUT alAS CURRENT (lal 
The avarage of the currents into the two input terminals when the 
output i. at zero volts with no load. 
INPUT VOLTAGE RANGE (CMVRI 
The range of common-mode voltage on the input terminals for 
which the common-mode rejection specifications applv. 
COMMON-MODE REJECTION RATIO (CMRRI 
The retia of the input voltage range to the peak-to-peak change in 
input offset voltage over this range. 
POWER SUPPLY REJECTION RATIO (PSRRI 
The inverse ratio of the change in input o,ffset voltage to the change 

': in power supply voltage producing it. 
MAXIMUM OUTPUT VOLTAGE SWING (Voml 
The peak output voltage that can be obtained without clipping. 
LARGE SIGNAL VOLTAGE GAIN (Avol 
The ratio of the change in output voltage (over a specifiad range I to 
the change in i,nput voltage producing it. 



OP-04 

ELECTRICAL CHARACTERISTICS (Each Amplifier) OP-04A OP-04 

These specifications for V s ; ± 15V. T A; 25u C. unless otherwise noted. 

Parameter Svmbol Test Conditions Min TVp Max Min TVp Max Units 

Input Offset Voltage Vas Rs::: 50k!! - 0.3 0.75 - 1.0 2.0 mV 

Input Offset Current ' los - 0.5 2.0 - f.O 5.0 nA 

I nput Bias Current IB - 18 50 - 20 50 nA 

Input Resistance-Oifferential Mode Ain 3.8 7.5 - 2_3 7.0 - Mn 

I nputVoltage Range CMVR :12.0 : 13.0 - ::12.0 :13.0 - V 

Common Mode Rejection Ratio CMRR 
VCM - ±CMVR 

Rs::: SDk!! 
90 110 - 90 100 - dB 

Power SupplV Rejection Rat io PSRR V s = t5 to t20V 90 110 - 90 100 - dB 
Rs::: SDk!! 

Output Voltage Sw'"n Yom RL~2k!! : 12.0 :13,0 - :12.0 :13.0 - V 

Large Signal Voltage Gain A 
RL? 2k!! 

100 250 - 50 200 - V/mV 
va Va =tl0V 

Power Consumption Pel Va - OV - 40 60 - 50 90 mW 

.. Inpul ~oise Voltage enp_p 0,1 Hz to 10Hz - 0.65 ,. - 0.65 - IJV Pop 

fa 10Hz 25 - - 25 -

Input Noise Voltage Density e fa - 100Hz . 

n 22 - - 22 - nV/JHz 

fa " 1000Hz 21 - - 21 -

Innut Noise Curre'nt inp .p 0,1 Hz to 10Hz 12,8 - - 12,8 - pA Pop 

fa 10Hz - L4 - - lA -
Input Noise Current Density 'n fa '-- 100Hz . 0,7 - - 0.7 ~ pAIJHz 

fa cl000Hz OA - - OA -

Slew Rate INote 1) SR 0.4 0.6 - 0.4 0.6 - VII'S 

Large Signal Bandwidth INote l' Va = 20Vp-p 4.0 8.0 - 4.0 8.0 - kHz 

Closed Lo~p Bandwidth 'INote 1) BW AVCL = +1,0 O.B L3 - 0,8 L3 - MHz 

Risetime INote 1) ,AV = +1 
200 300 

VIN = SOmV - - 200 300 nsec 

Overshoot INote 1 ) - 5 10 - S 10 % 

The following specifications applv for V s'; ±15V. -55°C::; T A::; +125°C.unless otherwise noted 

Input Offset Voltage vas Rs::: SOkll - 0.5 I.S - 1.4 3.0 mV 

Average Input Offset Voltage 
TCVos Rs::: 5kll - 2.0 8.0 - 4.0 10.0 IJvtc 

Drift INote 1) 

Input Offset Current los - LO 5.0 - 2.0 10.0 nA 

Average, Input Offset Current Drift TClos - 7.5 75 - IS 150 pAtC 

Input Bias Current 18 - 30 100 - 40 100 nA 

Input Voltage Range CMVR t12.0 t 13.0 - ±12.0 ±13.0 - V 

Common Mode Rejection Ratio CMRR 
VCM = ±CMVR 

84 110 - 84 100 - dB 
Rs::: 50kll 

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

84 110 - 84 100 - dB 
Rs::: 50kn 

Large Signal Voltage Gain Ava 
R L 2: 2kn 

50 100 - 25 60 - V/mV 
Va'; ±10V 

Maximum Output Voltage Swing Yom RL 2: 2kn ±12.0 :13.0 - ±12.0 ±13.0 - V 

Note 1: Parameter is not 100% tested. 90% of all units meet these sPeCifications. .. '~ -
6·12 



OP-04 

ELECTRICAL CHARACTERISTICS (Each Amplifier) OP-04E OP-04C 

These specifications for V s = ±1SV. TA = 2S"C. unless otherwise noted. 

Paramater Symbol Test Conditions Min Typ Max Min Typ Max Units 

Input Off.1I Voltage Vos Rs~ 50kU 0.3 0.75 1.0 2 .. 0 mV 

Input Offllt Current los 0.5 2.0 1.0 5.0 nA 

Input Ble. Current IB - lB 50 - 20 50 nA 

Input R •• i.tlnce-Dlfferentiel Mode Rin 3.B 7.5 - 2.3 7.0 - Mil 

Input Voltage Renge CMVR "2.0 "3.0 - .'2.0 '13.0 - V 

Common Mode Rejection Ratio CMRR 
VCM = .!:CMVR 

90 110 - 90 100 - dB 
Rs:5 50kU 

Power SupplV Rejection Ratio PSRR Vs = i5 to .l:20V 
Rs ~ 50kU 

90 110 - 90 100 -- dB 

Output Voltaga SWi.ng Vom RL~2kU :12.0 ,'3.0 - ±12.0 "3.0 .- V 

Large Signal Voltage Gain Avo 
RL <:.2kl! 

100 '250 - 50 200 - V/mV 
Vo = ,lOV 

--
Power Consumption Pd Vo = OV - 40 60 - 50 90 mW 

Input Noise Voltage enp.p 0.1 Hz to 10Hz - 0.65 .- - 0.65 - /JV p.p 

'0 = 10Hz - 25 - - 25 -
Input Noise Voltage Density 'en '0 = 100Hz - 22 - - 22 - nV/, Hz 

'0 = 1000Hz - 21 - - 21 -

Input Noise Current inp•p 0.1 Hz to 10Hz - 12.8 - - 12.8 - pA p.p 

'0 = 10Hz - 1.4 - - 1.4 - -
Input Noise Current Density in '0 = 100Hz - 0.7 - - 0.7 - pAl, Hz 

'0 = 1000Hz - 0.4 - - 0.4 -

Slew Rate (Note 11 SR 0.4 0.6 -- 0.4 0.6 - VII's 

Large Signal Bandwidth .(Note 1) Va = 20Vp-p 4.0 8.0 - 4.0 8.0 - kHz 

Closed Loop Bandwidth (Not. 1) BW AVCL = +1.0 0.8 13 - 0.8 1.3 - MHz 

Risetime (Note 1) AV= +1 

VIN = 50mV - 200 ~O - 200 300 nsec 

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

The following specifications apply for V s = ±1SV. O°C ::;: T A::;: +70°C. unless otherwise noted. 

Input Offset Voltage Vos Rs:5 50kU - 0.4 1.5 - 1.2 3.0 mV 

Average Input Offset Voltage 
, TCVos Rs:5 5kU - 2.0 8.0 - 4.0 10.0 /JVf'C 

Drift (Note 11 

Input Offset Current los - 0.7 4.0 - 1.4 10.0 nA 

J Average I nput Offset Current' Drift TClos - 7.5 120 - 15 250 ,pA('C 

Input,Bias Current IB - 22 100 - 25 100 nA 

Input Voltage Range CMVR .1:12.0 .1:13.0 - .1:12.0 ± 13.0 - V 

Common Mode Rejection Ratio CMRR 
VCM = ±CMVR 

84 110 - 84 100 - dB 
Rs:5 50kU 

Power Supply Rejection Ratio PSRR Vs= '5to .20V 
84 110 - 84 100 - dB 

R, :550kU 

Large Signal Voltage Gain Avo 
RL~2kU 

50 200 - 25 150 - Vim V 
Vo = ±10V 

Meximum Output Voltage Swing Vom RL? 2kU "2.0 ±13.0 - '12.0 ±13.0 - V 

Note 1 : Parameter is not 100% tested. 90% of all units meet thes.spe~i1,i~~t,iqns,~",,: ,~:tt;. !: 011'\.' "..,. , tJ -, '.l'~ .• n .. ot·~j " .. ,;~,. '''~ e" H~j')I'd"" Ie!} • ,~,~" , 
,,, ,,"" .",.,,,. 



OP-04 

TYPICAL PERFORMANCE CURVES (Each Amplifier) 
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TYPICAL PERFORMANCE CURVES (Each Amplifier) 
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®vlli ' • 10m". '10' -.sv 

25 r-.\ 
20 j~'-'+----I---+-+---+--+--I 
f--~~~k 
1_-1 __ ~IL-":t::±::Jc:~I='~:==~ ,,~ 
o , 2: :5 

TIME FROM OUTPUT BEING SHORTED (MINUTES) 

. 



OP-05 
IN STR U M E NT AT I 0 NO P E RAT ION AL AM P L I FIE R 

GENERAL DESCRIPTION 

The OP-05 Series of monolithic Instrumentation Opera­
tional Amplifiers combines superlative performance in low 
signal level applications with the flexibility and ease of 
application of a fully protected, intemally compensated op 
amp. OP-iJ5 characteristics include low offset voltage and 
bias current and high gain, input impedance, CMR Rand 
PSRR. 
The OP-05 is a .direct replacement in 725, 10BA and unnul­
led 741 sockets allowing instant system performance 
improvement without redesign. 

The OP-05 is an excelient 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-10 data sheet. 

SIMPLIFIED SCHEMATIC 

v+ - 1 
<D. 

.u I." 
~-N~tL.- EXT. -;:L CI 

20kD 
RIA POT, RII 

PIN CONNECTIONS AND ORDERING INFORMATION 

FEATURES 
_ Low Noise .......... 0.61lV pop Max., 0.1 to 10Hz 
_ Low Drift vs. Temp .........••.•. 0.51lVfC Max 
_ Low Driftvs. Time ..•.••....• O.3pV/Month Typ 
_ Low Bias Current •..•...• , ....•...•. 2.0nA Max 
_ Low Vas .•...........••........ 0.15mV Max 
_ High CMRR ................••.••.• 114dB Min 
_ High PSRR .•............. : ...••.• 100dB Min 
- High Gain •..••.••..•.••....••. 300,000 Min 
- High Rin Diff ....•.........•.•.•.• 30Mn Min 
_ High Rin CM ..••..•.••....•..••. 200Gn Typ 
- High Slew Rate ..•.•..•....... O.25V Illsec Typ 
- Internally Compensated .•... Stable to 500pF Load 
_ Easy to Use. . . • . . . . . . . . . . . • . .. Fully Protected 
_ Easy Offset Nulling ...•...•..... Single 20kn Pot 
_ Fits 725, 108A and 741 Sockets 

<P .7 

TOP VIEW 

.- • 1-.4 V.'T€1R'~ 7V· 'g'O Yo. TRIM 2 • Vol TRIM 

tNY. INPUT! . .8 V. 

NON-tHY. INPUT 4· 7 OUTPUT 

y- S 8 

10 PIN FLATPACK (L'Suffix) 
ORDER: OP·05AL 

OP·05L 

2- 1-15 
VOl TRi .. 3- 1--12 Vol TRIll 

.NV .•• PUT 4-~ 1-" V· 

NON-INY. INPUT 5-~ t--IO OUTPUT 

V- 8- 1-' 
7- I-i 

14 PIN DIP (V·Suffix) 
ORDER: OP·05AV OP-05EV 

OP-05V OP·05CY 
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INVERTINI 
INPUT Z • OUTPUT 

--,.,,' . 
INPUT . 

,4 V- (CAllEI 

TO-99 (J-Suffix) 
ORDER: OP-05AJ 

OP·05J 
OP·05EJ 
OP·05CJ 



OP-05 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ±22V Storage Temperature Range -65°C to +150°C 

Internal Power Dissipation (Note 1) 500mW Operating Temperature Range 

Differential Input Voltage ±30V OP-05A, OP-05 -55°C to +125°C 

Input Voltage (Note 2) ±22V OP-05E, OP-05C O°C to +70°C 

Output Short Circuit Duration Indefinite Lead Temperature Range (Soldering, 60 sec) 300°C 

NOTES: 

Note 1: Maximum package power dissipation vs_ ambient temperature. 

Maximum Ambient Derate Above Maximum 
Package Type Temperature for Rating Ambient Temperature 

TO-99 (J) 80°C 7.1mW/oC 
Dual-in-LinEl. (Y) 100°C 10.0mW/"C 
Flat Pack (L) 62°C 5.7mW/oC 

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

OFFSET VOLTAGE TEST CIRCUIT 

200KO 

50n 

= 

OFFSET NULLING CIRCUIT 

APPLICATIONS INFORMATION 

Vo 
Vos' 4000 

v+ 

OUTPUT 

OP-05 Series devices may be fitted directly to 725 and 1 OB/1 OBA 
Series sockets with or without removal of external compensation 
components. Additionally, OP-05 may be fitted td' ~nnulled 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-05 provides stable operation with load capaci­
tances up to 500pF and ±10V swings; larger capacitances shou~d be 
decoupled with a 50n decoupling resistor_ The designer js 

6-17 

LOW FREQUENCY NOISE TEST CIRCUIT 

OUTPUT 

Z.Moln 

INPUT REFERRED NOISE- 2~~~OO· !l2~~~: -200IlV/<:", 

BURN-IN CIRCUIT 

6 

cautioned that stray thermoelectric voltages generated by dissimilar 
metals at the contacts to the input terminals can prevent realization 
of the drift performance indicated. 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. Special selections for tight drift performance with any 
specified source resistance are available; contact the factory for 
details. 

\1 



OP-05 

ELECTRICAL CHARACTERISTICS OP-05A 

These specifications apply for V s = ± 1SV. T A = 2SOC. unless otherwise noted. 

Parameter Symbol 

Input Offset Voltage 

Long Term Input Offset Voltage Stability VoslTime 

I nput Offset Current 

Input Bias Current 

Input Noi'se Voltage 

Input Noise Voltage Density 

Input Noise Current 

Input Noise Current Density 

I nput Resistance - Differential Mode 

Input Resistance· Common Mode RinCM 

Input Voltage Range CMVR 

Common Mode Rejection Ratio CMRR 

Power Supply Rejection Ratio PSRR 

large Signal Voltage Gain 

Maximum Output Voltage Swing 

Slewing Rate SR 

Closed Loop Bandwidth BW 

Open Loop Output Resistance 

Power Consumption Pd 

Offset Adjustment Range 

Test Conditions 

(No'. 11 

0.1 Hz to 10Hz (Not. 21 

'0 = 10Hz (No'. 21 

'0 = 100Hz (Not. 21 

fa:: 1000Hz 

a.1Hz to 10Hz 

fa::: 10Hz 

fa::: 100Hz 

fo= 1000Hz 

(Not. 21 

(Not. 21 

(No'. 21 

(No.e 21 

(Not. 21 

Vs::: ±3V to ±18V 

RL ;;'2kn.Vo =±10V 

RL ;;'500n.Vo =±·5V 

Vs = ±3V 

RL ;;. 10kn 

RL ;;. 2kn 

RL ;;. lkll 

AVCL - +1.0 

Vs = ± 3V 

Min 

30 

± 13.5 

114 

100 

300 

150 

± 12.5 

± 12.0 

± 10.5 

Typ 

0.07 

0.2 

.7 

±.7 

0.35 

10.3 

10.0 

9.6 

14 

0.32 

0.14 

0.12 

so 

200 

± 14.0 

126 

110 

500 

500 

± 13.0 

± 12.B 

± 12.0 

0.25 

1.2 

60 

90 

Max 

0.15 

1.0 

2.0 

±2.0 

0.6 

IS.0 

13.0 

11.0 

30 

O.SO 

0.23 

0.17 

120 

6 

Min 

20 

±13.5 

114 

100 

200 

150 

± 12.5 

±12.0 

±1O.5 

The following specifications apply for V s = ± 1SV. -SSoC .;;; T A .;;; +12SoC. unless otherwise noted. 

Input Offset Voltage 

Average Input Offset Voltage Drift 

Without External Trim 

With External Tnm 

I nput Offset Current 

Average Input Offset Current Drift 

Input Bias Current 

Average Input Bias Current.Dr,ift 

Input Voltage Range 

Common Mode Rejection Ratio 

Power Supply Rejection Ratio 

Large Signal Vo.ltage Gain 

Maximum Output Voltage Swing 

TCVos 

TCVosn 

CMVR 

CMRR 

PSRR 

VCM = ± CMVR 

V s " ± 3V to ± 18V 

" 13.0 

110 

94 

200 

± 12.0 

0.10 

0.3 

0.2 

1.0 

±1.0 

± 13.5 

123 

106 

400 

± 12.6 

0.24 

0.9 

0.5 

4.0 

25 

±4.0 

25 

" 13.0 

110 

94 

150 

± 12.0 

OP-05 

Typ 

0.2 

0.2 

1.0 

±1.0 

0.35 

10.3 

10.0 

9.6 

14 

0.32 

0.14 

0.12 

60 

200 

±14.0 

126 

110 

500 

500 

± 13.0 

±12.B 

±12.0 

0.25 

1.2 

60 

90 

4 

0.3 

0.7 

0.3 

1.B 

B 

±2.0 

13 

± 13.5 

123 

106 

400 

±12.6 

Max 

0.5 

1.0 

2.S 

±J.O 

0.6 

lS.0 

13.0 

11.0 

30 

O.SO 

0.23 

0.17 

120 

0.7 

2.0 

1.0 

5.6 

50 

±6.0 

50 

NOTE 1: Long Term Input Offset Voltage Stability refers to the averaged trend line of Vos vs. Time ,over extended periods after the first 

30 days of operation. Excluding the mitilll hour of operation, changes in Vo~ during the first 30 operating days are typicaJly 2.5J1V 

refer tOft.Ypical.performance .curve,. Para'meter is /lot 100% tested; 90% of units meet this speclficati0r'. 

NOTE 2: Parameter IS not 100% tested; 90% of units meet this specification. 
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Units 

mV 

/JV/Mo 

nA 

nA 

IN p.p 

nVtVHz 

pAp·p 

pAtVHz 

v 

dB 

dB 

V/mV 

v 

V/psec 

MHz 

mW 

mV 

mV 

nA 

nA 

v 

dB 

dB 

V/mV 

v 



OP-05 

ELECTRICAL CHARACTERISTICS OP-05E OP-05C 

These specifications apply forV s = ±15V, TA = 25DC, unless otherwise noted. 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max Units 

Input Offset Voltage Vas -- 0.2 0.5 -- 0.3 1.3 mV 

Long Term Input Offset Voltage Stability VoslTime (Not. II -- 0.3 1.5 -- 0.4 2.0 IN/Ma 

Input Offset Current 'as --- 1.2 3.8 -- 1.8 6.0 nA 

Input Bias Current 'B -- ± 1.2 ±4.0 -- ±1.8 ±7.0 nA 

Input Noise Voltage enp_p a.1Hz to 10Hz (Note 21 -- 0.35 0.6 -- 0.38 0.65 /Np-p 

fo = 10Hz (Note 21 -- 10.3 18.0 -- 10.5 20.0 

Input Noise Volta~e Density en f o " 100Hz (Not. 21 -- 10.0 13.0 -- 10.2 13.5 nVv'Hz 

'a -1000Hz (Not. 21 -- 9.6 11.0 -- 9.8 11.5 

Input Noise Current inp_p O.1Hz to 10Hz (Not. 21 -- 14 30 -- IS 35 pAp·p 

'0'" 10Hz (Not. 21 -- 0.32 0.80 -- 0.35 0.90 

Input Noise Current Density in '0 = 100Hz (Note 21 -- 0.14 0.23 -- 0.15 0.27 pAlv'Hz 

'0'" 1000Hz (Note 21 -- 0.t2 0.17 -- 0.13 0.18 

Input Resistance - Differential Mode .R in 15 50 -- 8 33 -- Mn 

I "put Resistance - Common Mode RinCM -- 160 -- -- 120 -- Gn 

I "put Voltage Range CMVR ±13.5 ± 14.0 -- ±13.0 ±14.0 -- V 

Common Mode Rejection Ratio CMRR VcM - ±CMVR 110 123 -- 100 120 -- dB 

Power Supply Rejection Ratio PSRR V 5'" ± 3V to ± 18V 94 107 -- 90 104 -- dB 

RL ;;. 2kn. Va- ± 10V 200 500 -- 120 400 --
Large Signal Voltagt!' Gain Avo RL ;;' soon . Va- ± .5V 150 500 -- 100 400 . -- VlmV 

Vs = ±3V 

RL ;;'10kn. ± 12.5 ± 13.0 -- ±12.0 ±13.0 --
Maximum Output Voltage Swi"ng YoM RL ;;'2kn ±12.0 ± 12.8 -- ± 11.5 ±12.8 -- V 

RL ;;'lkn. ± 10.5 ± 12.0 -- -- ±12.0 --
SleWing Rate SR RL ;;'2kn - 0.25 -- -- 0.25 -- VI/.lSee 

Closed Loop Bandwidth BW AVCL - +1.0 -- 1.2 -- -- 1.2 -- MHz 

Open Loop Output Resistance Ra Vo=O,lo=O -- 60 -- .. - 60 -- n 

-- 90 120 -- 95 150 
Power Consumption Pd 4 8 

mW 
Vs ;; ± 3V -- 4 6 --

Offset Adjustment Range .Rp - 20kn. -- 4 -- -- 4 -- mV 

The following specifications apply for Vs = ±15V, oDe,.; TA ,.; + 70De, unless otherwise noted. 

Input Offset Voltage Va. -- 0.25 0.6 -- 0.35 1.6 mV 

Average Input Offset Voltage Drift 

Without e xterna' Trim TCVos (Note 21 -- 0.7 2.0 -- 1.2 4.5 
/Ntc With External Trim TeVosn Rp = 20kn (Not. 31 -- 0.2 0.6 -- 0.4 1.5 

{Note 2' 

Input Offllt Current 'a. -- 1.4 5.3 -- 2.0 8.0 nA 

Average Input Offset Current Drift TClos (Note 21 -- 8 35 -- 12 50 pA/oC 

Input Bill Current 18 -- ±1.5 ±5.5 -- ±2.2 ±9.0 nA 

Average Input Bill Current Drift TC'8 (Note 21 -- 13 35 -- 18 50 pAtC 

Input Voltage Range CMVR ± 13.0 ± 13.5 -- ±13.0 ±13.5 -- V 

Common Mode'Rejection Ratio CMRR VCM - ±CMVR 107 123 -- 97 120 -- dB 

Power Supply Rejection Ratio PSRR V. - ± 3V to ± 18V 90 104 86 100 -- dB 

Large Sig.na' Voltage Gain Ava RL ;;'2kn. Va - ± 10V 180 450 -- 100 400 -- VlmV 

Maximum Output Voltage Swing VaM RL ;;. 2kn.. ± 12.0 ±12.6 -- ±11.0 ±12.6 -- V 

NOTE 1: Long Term Input Offset Voltage Stability refers to the averaged trend line of Vos vs, Time ~ver 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 2.5J.l.V -
refer to typical performance curvel, Parameter is not 106% tested; 90% of units meet this specification. 

NOTE· 2: Parameter is not 100% tested; 90% of units meet this specification. 

NOTE 3: Devices are tested in oil bath environment at 75°C. Adjustments are made for heat sink capabilities of oil. 
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TYPICAL PERFORMANCE CURVES 
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TYPICAL PERFORMANCE CURVES 
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IOP-071 
® 

PMI 
ULTRA-LOW OFFSET VOLTAGE OP AMP 

GENERAL DESCRIPTION 

The OP-07 Series represents a breakthrough in mono­
lithic operational amplifier performance-Vos 'of 10JlV, 
TC Vos of 0_2p.V tc and long term stability of 0_2p.V /month 
are achieved by a low noise, chopper-iilss bipolar input 
transistor amplifier circuit_ Complete, elimination of external 
components for offset nullilJg, frequencY compensation 
and device protec,tion permits extreme miniaturization and 
optimization of system Mean-Time-Between-Failure Rates 
in high performance aerospace/defense and industrial appli­
cations_ Excellent device interchangeability provides reduced 
system assembly time and eliminates field recalibrations_ 

True differential inputs with wide input vO,ltage range and 
outstanding common mode rejection provide maximum 
flexibility and performance in high noise environments 
and non-inverting applications. Low ,bias currents and 
extremely, high input impedances are maintained over the 

entire'temperature range. 

Low cost, high volume production of OP-07 is achie~ 

ved' by electronic adjustment of an on-chip offset trim-, 
ming network during initial factory testing. The OP-07 
provides unparalleled performance for low noise, 
high accuracy amplification of very low ,level signals in 
transducer applications. Other applications include use in 

SIMPLIFIED SCHEMATIC 

-NOTE. FlU a A28 AM [l[CTR~rc ... u'l' "'D~UST[D ON CHIP 
AT ~"'CTOltl"O"MINIIoIUM INPVTO'FSU VOLTAGE. 
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FEATURES 

_ Ultra-Low Vos. __ .. _ ......... _ .• _ .. _ 10/J-V 

_ Ultra-Low Vos Drift ............... 0.2/J-vfc 

_ Ultra-Stable vs Time. . . . . . . . . . .. 0.2 /J-V /Month 

- Ultra-Low Noise ................ 0.35/J-Vp-p 

.. No External Components Required 

_ Replaces Chopper amps at Lower Cost 

_ Single Chip Monolithic Construction 

_ High Common Mode Input Range ...... ±14.0V 

_ Wide Supply Voltage Range ...... ±3V to ±18V 

_ Fits 725, 108A/308A, 741 Sockets 

stable integrators, precision summing amplifiers for analog 
compLitation and test equipment and in ultra·precise voltage 
threshold detectors and comparators. The OP-07 is 
recommended as a replacement for modular and monolithic 
chopper-stabilized amplifiers where reductions in cost, noise, 
size and power consumption are required. Devices are avail­
able in chip form for use in hybrid circuitry. The 
OP-07 is a direct replacement for 725, 108A/308A, and 
OP-05 amplifiers; 741- types may be directly replaced 
by removing the 741's nulling potentiometer. 

PiN CONNECTIONS AND ORDERING INFORMATION 

INVERTIHI 
INPUT 2 

NON·INVERTlN8 , 
INPUT 

VOl TRill' 

INY.INPUT 4 

NON-INY. INPUT 5 

y- • 

• 

• OUTPUT 

4 V- (CASE) 

TOP VIEW 

14 

TO-99 (J-Suffixl 
ORDER: OP-07AJ 

OP-07J 
OP-07EJ 
OP-07CJ 

IS 

12YooT_ 

II Y+ 

10 OUTPUT 

• 14 PIN DIP (V·Suffixl 
• ORDER: OP-07AV 

OP·07V, 
OP-07EV 
OP·07CV 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Internal Power Dissipation (Note 1) 
Differential I nput Voltage 
Input Voltage (Note 2) 
Output Short Circuit Duration 

NOTES: 

OP-07 

±22V 
500mW 

±30V 
±22V 

Indefinite 

Storage Temperature Range 
Operating Temperature Range 

OP-07 A, OP-07 
OP-07E, OP-07C 

-65'C to +150'C 

-55'C to +125'C . 

Lead Temperature Range (Soldering, 60 sec) 
O·C to +70'C 

300'C 

Note 1: Maximum package power dissipation vs. ambient temperature. 

Maximum Ambient Derate Above Maximum 
Ambient Temperature Package Type Temperature for Rating 

TO-99 (J) BO'C 
Dual-in·Line (V) 100'C 

7.1mWtC 
10.0mWtC 

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

OFFSET VOLTAGE TEST CIRCUIT 

200Kn 

= 

OPTIONAL OFFSET NULLING CIRCUIT 

-.0, 

~2Okn 

~-...J.I .' - ~ 
INPUT OP-07 6 

W+ 4 

v-

APPLICATIONS INFORMATION 

v+ 

OUTPUT 

OP'()7 Series units may be fitted directly to 725, lOBA/308A and 
OP'()S sockets with or without removal of external compensation or 
nulling components. Additionally, OP.07 may be fitted to unnulled 
741-type sockets; however if conventional 741 nulling circuitry is in 
use, it should be modified 'or removed to enable proper OP-07 op­
eration. OP-07 offset voltage may be nulled to zero (or other desired 
setting) through use of iI potentiometer (see diagram above). 
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LOW FREQUENCY NOISE TEST CIRCUIT 

~ loon 2 _ 7 

1l.3kn OUTPUT 

loon b1:' ±4.7PF 
3 + 4 

.-:.: - -15V 

(<\<IOHz FILTER) 
2.5Mn 

Vo 5mV/cm 
INPUT REFERRED NOISE- 25,000' 25,000 -200nV/cm 

SEE NOISE PHOTO-PAGE 6-27 

BURN·IN CIRCUIT 

~Ial 

---..!~ 
OP-07 >':,,..--0 

--...!;A 

-Iav 

The OP-07 provides stable operation with load capacitances up to 
SOOpF and .10V swings; larger. capacitances should be decoupled 
with a 50n deco~pling resistor. The designer is cautioned that stray 
thermoelectric voltages generated by dissimilar metals at the con­
tacts to the fnput ~rminals can prevent realization of the drift 
performance indicated. 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. 
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ELECTRICAL CHARACTERISTICS OP-07A OP-07 

These specifications apply for V s = ± 15V, T A = 25°C, unless otherwise noted. 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max Units 

Input Offset Voltage Vo• (Note 11 -- 10 25 -- 30 75 pi! 

long Term Input Offset Voltage Stability WoslTime (Note 21 -- 0.2 1.0 -- 0.2 1.0 IN/Mo 

Input Offset Current 10 • -- 0.3 2.0 -- 0.4 2.S nA 

Input Bias Current IB -- ±.7 ±2.0 -- ±1.0 . ±J.O nA 

Input "Noise Voltage enp_p O.1Hz to 10Hz (Note 31 -- 0.35 0.5 -- 0.35 0.5 IN p.p 

'0::: 10Hz (Note 3) -- 10.3 IS.0 -- 10.3 IS.0 

Input Noise Voltage Density en '0' 100Hz (Note 31 -- 10.0 13.0 -- 10.0 13.0 nVk/Hz 

'0' 1000Hz (Note 31 -- 9.5 11.0 -- 9.5 11.0 

Input Noise Current inpop O.1Hz to 10Hz (Note 3) -- 14 30 -- 14 30 pAp·p 

fa = 10Hz (Note 31 -- 0.32 O.SO -- 0.32 O.SO 

I nput Noise Current Densitv in fa = 100Hz (Note 31 -- 0.14 0.23 -- 0.14 0.23 pAr./Hz 

'0' 1000Hz (Note 31 -- 0.12 0.17 -- 0.12 0.17 

Input Resistance - Differential Mode Ajn 30 SO -- 20 60 -- MQ 

Input Resistance· Common Mode RinCM -- 200 -- -- 200 -- GQ 

Input Voltage Range CMVR ±13.0. ± 14.0 -- ±13.0 ±14.0 -- V 

Common Mode Rejection Ratio CMRR VcM ' ±CMVR 110 125 -- 110. 125 -- dB 

Power Supply Rejection Ratio PSRR Vs = ±3V to ±18V 100 110 -- 100 110 -- dB 

RL ;;' 2kQ,Vo '±10V 300 500 -- 200 500 --
Large Sign'al Voltage Gain Ava RL ;;'500Q. Va' ± .5V 150 500 -- 150 500 -- V/mV 

Vs = ±3V 

RL ;;. 10kQ ± 12.5 ± 13.0 -- ± 12.5 ±13.0 --
Maximum Output Voltage Swing VoM RL ;;. 2kQ ± 12.0 ± 12.S -- ±12.0 ±12.S -- V 

RL ;;. lkH ± 10.5 ± 12.0 -- ±10.5 ±12.0 --
Slewing Rate SR AL ~ 2kQ -- 0.25 -- -- 0.25 -- V/jJsec 

Closed Loop Bandwidth BW AVCL • +1.0 -- 1.2 -- -- 1.2 -- MHz 

Open Loop Output Resistance Ro Vo = 0,10 = 0 -- SO -- -- SO -- n 

-- 75 120 -- 75 120 
Power Consumption Pd mW 

Vs:= ±3V -- 4 5 -- 4 5 

Offset Adjustment Range Rp' 20kQ -- ±4 -- -- ±4 -- mV 

The following speCifications apply for V s = ± 15V, _55°C ,.; TA ,.; +125°C, unless otherwise noted. 

Input Offset Voltage Va. (Note 11 -- 25 60 -- SO 200 J.l.V 

Average Input Offset Voltage Orift 

Without External Trim TCVos -- 0.2 0.5 -- 0.3 1.3 J.l.V/C 
With External Trim TCVosn Rp = 20kQ -- 0.2 0.6 -- 0.3 1.3 IN/C 

Input Offset Current 10 • -- O.S 4.0 -- 1.2 5.5 nA 

Average I nput Offset Current Drift TClos -- 5 25 -- S 50 pA/oC 

Input Bias Current IB -- ±1.0 ±4.0 -- ±2.0 ±S.O nA 

Average Input Bias Current Drift. TCI B -- S 25 -- 13 50 pAtC 

Input Voltage Range CMVR ± 13.0 ± 13.5 -- ± 13.0 ± 13.5 -- V 

Common Mode Rejection Ratio CMRR VCM ' ±CMVR 106 123 -- lOS 123 -- dB 

Powel Supply Rejection Ratio PSRR V s '" ± 3V to ± l8V - 94 106 -- 94 lOS -- dB 

Large Signal Voltage Gain Ava RL ;;. 2kll. Va-' ± 10V 200 400 -- 150 400 -- V/mV 

Maximum Output Voltage Swing VoM RL ;;. 2k!1 ±12.0 ± 12.6 -- ± 12.0 ±12.S -- V 

NOTE 1: (nput offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application 

of power. Additionallv. OP·07 A offset voltage is measured five minutes after power supply appHcation at 25°C, _55° C and +125°C. 

NOTE 2: Long Term (nput Offset 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 2.5JlV-

refer to typical performance curvel. Parameter is not 100% tested; 90% of units meet this specification. 
NOTE 3: Parameter is not 100% tested; 90% of units meet this specification. 
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ELECTRICAL CHARACTERISTICS OP-07E OP-07C 

These specifications apply for Vs = ±15V, 'fA = 25°C, unless otherwise noted_ 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max Units 

I "put Offset Voltage Vos {No'. 11 -- 30 75 - - 60 150 p.V 

Long Term Input Offset Voltage Stability VoslTime INote 2) -- 0.3 1.5 -- 0.4 2.0 p.V/Mo 

Input Offset Current '0. -- 0.5 3.8 --- O.B 6.0 nA 

Input Bias Current 'B -- ± 1.2 ±4.0 -- ±1.8 ±7.0 nA 

(nput Noise Voltage enp_p O.lHz to ~OHz {No •• 31 -- 0.35 0.6 -- 0.38 0.65 p.V Pop 

fa = 10Hz INa •• 31 -- 10.3 18.0 -- 10.5 20.0 

Input Noise Volta~e Density en fo= 100Hz {Note 31 -- 10.0 13.0 -- 10.2 13.5 nV/..)H;. 

fo ' 1000Hz INote 31 -- 9.6 11.0 -- 9.8 11.5 

Input Noise Current inp_p O.lHz to 10Hz {Note 31 -- 14 30 -- IS 35 pAp-p 

fa = 10Hz {Not. 31 -- 0.32 0.80 -- 0.35 0.90 

Input Noise Current Density in fo"" 100Hz INote31 -- 0.14 0.23 -- 0.15 0.27 pAt..jH; 

fa = 1000Hz INot.31 -- 0.12 0.17 -- 0.13 0.18 

Input Resistance - Differential Mode Rin 15 50 -- 8 33 -- Mn 

Input Resistance - Common Mode RinCM -- 160 -- -- 120 -- Gn 

Input Voltage Ranlle CMVR ±13.0 ± 14.0 -- ±13.0 ± 14.0 -- V 

Common Mode Rejection Ratio CMRR VcM = ±CMVR 106 '123 -- 100 120 -- dB 

Power Supply Rejection Ratio PSRR Vs =±3Vto±lI;1V 94 107 -- 90 104 -- dB 

RL ;;. 2kn. V 0 = ± 10V 200 500 -- 120 400 --
Large Signal Voltage Gain Avo Rr.;;' 500n, Va = ± .5V 150 500 -- 100 400 -- V/mV 

Vs '" ± 3V 

RL;;'10kn ± 12.5 ±13.0 -- ±12.0 ±13.0 --
Ma)(~mum OUtput Voltage Swing YoM RL;;'2kn ±i2.0 ±12.8 -- ± 11.5 ±12.8 -- V 

RL;;'lkn ± 10.5 ±12.0 -- -- ±12.0 --
Slewing Rate SR RL ;;'2kn - 0.25 -- -- 0.25 -- V/jJ>oc 

Closed Loop Bandwidth BW AVCL = +1.0 -- 1.2 -- -- .. 1.2 -- MHz 

Open Loop Output Resistance Ro Va =0"0 = 0 -- 60 -- --- 50 -- n 

-- 75 120 -- 80. 150 
Power Consumption Pd 6 4 8 mW 

V. = ± 3V -- 4 --
Offset Adjustment Range Rp .20kn -- ±4 -- -- ±4 -- mV 

The following specifications apply for Vs = ±15V, O°C.;;; TA .;;; +70°C, unless otherwise noted_ 

Input Offset Voltage Va. INote Ii -- 45 130 -- '85 250 p.V 

Average Input Offset Voltage Drift (Note 31 
Without External Trim TCVo, 

I -- 0.3 1.3' -- 0.5 1.8 p.Vtc 
With External Trim TCVo,n Rp = 20kn -- 0.3 1.3 -- 0.4 1.6 

INote31 

I nput Offset Current 
'a' -- 0.9 5.3 -- 1.6 8.0 nA 

Average Input Offset Current Drift TC'o, (Note 31 -- 8 35 -- 12 50 pAtC 

Input Bias Current 'B -- ±1.5 ~5.5 -- U.2 ±S.O nA 

Average Input Bias Current Drift TCI B (Note 31 -- 13 35 -- 18 60 pAloC 

Input Volt:ga Aang~ CMVR ± 13.0 ±13.5 -- ±13.0 ±13.5 -- V 

Common Mode AeJection Ratio CMRR VCM-±CMVR 103 123 -- 97 120 -- dB 

Power Supply Rejection Ratio PSRR V,-±3Vto±18V 90 104 -- 86 100 -- dB 

Large Signal Voltage Gain Avo RL ;;'2kn, Vo' ± 10V 180 450 -- 100 400 - V/mV 

Maximum Output Voltage Swing YoM RL ;;. 2kn, ±12.0 ±12.6 -- ±11.0 ±12.6 -- V 

NOTE 1: Input offset voltage measurements are performed by automated test equipment approximately 0,5 seconds after application 
of power. 

NOTE 2: Long Term Input Offset Volta!18 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_5/N -
refer to typical performance curvel. Parameter Ii noi-,00%'tested;90%' of units meet this specification_ 
NOTE 3: Parameter is not 100% tested; 90% of units meet this specification, 
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® 
PMI OP-l0 

DUAL MATCHED INSTRUMENTATION OPERATIONAL 
AMPLIFIER 

GENERAL DESCRIPTION 
The OP -1 0 Series of Dual Matched Instrumentation 
Operational Amplifiers consists of two independent 
monolithic high performance operational amplifiers in a 
single 14-pin Dual-in-Line package. For the first time, ex­
tremely tight matching of critical parameters is provided 
between channels of a dual operational amplifier, whereas 
previous dual op amp designs have made no attempt towards 
matching. 

The excellent specifications of the individual amplifiers com­
bined with the tight matching and temperature tracking 
between channels enables realization of extremely high per­
formance instrumentation amplifier designs without resorting 
to laborious and expensive selection and matching of discrete 
amplifiers. The designer is assured of achieving the full per­
formance guaranteed by the specification as the common 
package eliminates the unavoidable temperature differentials 
incurred by all designs utilizing separately housed amplifiers. 

Matching between channels is provided on all critical para­
meters including offset voltage, tracking of offset voltagevs. 
temperature, non-inverting bias currents, and common mode 
and power supply rejection ratios. The individual amplifiers 

SIMPLIFIED SCHEMATIC 

(1/2 OF CIRCUIT SHOWN) 

"' Zli --JV\/v---
IU.~ [XT "Ul.l 

,~, 

~ .. 
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FEATURES 
_ Extremely Tight Matching 

_ Excellent Individual Amplifier Parameters 

_ Tight Offset Voltage Match ... _ ... _ 0.18mV Max 

- Tight Offset Voltage Match vs. Temp .. 0.8 Ilvfc Max 

- Tight Common Mode Rejection Match .. 114 dB Min 

- Tight Power Supply Rejection Match ... 100 dB Min 

- Tight Bias Current Match .•......... 2.8 nA Max 

- Low Noise ...... _ . _ ......... 0.6 IlVp-p Max 

_ Low Bias Current .. _ . _ ......... _ . 3.0 nA Max 

- High Common Mode'lnput Impedance •. 200GD Typ 
_ High Channel Separation _ .. _ ..... _ . 126 dB Min 

- Internally Compensated_ ...... _ .... Easy to Use 

- Compact .. __ •.•...•...•• 14 Pin Dip Package 

feature extremely low offset voltage, offset voltage drift, low 
noise voltage, low bias current and are completely' compen­
sated and protected. 

PIN CONNECTIONS AND ORDERIN'G INFORMATION 

TOP VIEW 

NULL A I • 14V+A 

NULL A 2 13 OUTPUT A 

!NY. INPUT A 3 12 V-A 

NON-tHV. INPUT A 4 II NON·INV, INPUT B 

v- B 5 10 INV. INPUT B 

OUTPUT B 6 9 NULL B 

V+ 87 8 NULL B 

14 PIN CERAMIC DIP (Y-Suffix) 

ORDER: OP-10AY OP-10EY 
OP-1,OY OP-10CY 

NOTE: Device may be operated even if insertion is 
reversed; this is due to inherent symmetry of 
pin locations of amplifiers A and B. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Internal Power Dissipation (Note 1) 
Differential Input Voltage 
Input Voltage (Note 2) 
Output Short Circuit Duration 

NOTES: 

±22V 
500mW 

±30V 
±22V 

Indefinite 

Storage Temperature Range 
Operating Temperature Range 

OP-l0A, OP-l0 
OP-l0E, OP-l0C 

-55°C to +125°C 
O°C to +70°C 

300°C Lead Temperature Range (Soldering, 60 sec) 

1: Maximum package power dissipation vs_ ambient temperature_ 

Package Type 
Maximum Ambient 

Temperature for Rating 
Derate Above Maximum 

Ambient Temperature 

Dual-in-Line (V) 106°C 11.3mWI"C 

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

BURN-IN CIRCUIT 

+18V -I8V 

MATCHING PARAMETER DEFINITIONS 

INPUT OFFSET VOLTAGE MATCH (tlVosl The difference be­
tween the offset voltages of side A and side B; !VOSA -Vose l. In 

. Fig. 1 if VOSA = Vose, the net differential offset voltage at the 
output o,f the amplifier pair equals zero. 

INPUT QFFSET VOLTAGE TRACKING (TClWos) The ratio of 
the change in tlvos to the change in temperature producing it. 

AVERAGE NON-INVERTING BIAS CURRENT IIB+I The average 
of the side A and side B non-inverting input bias currents; 

IBA+ + IBB+ 

2 
NON-INVEnTlrJG INPUT OFFSET CURRENT lIos+) The differ· 
ence between the non-inverting input bias currents of side A and 
side B; (lBA + - IBB +1. 

INVERTING INPUT OFFSET CliRRENT II os -I The difference 
between the inverting. input bias currents of side A and si.de B; 
II BA- - IBB-1. 

AVERAGE ORIFT OF NON-INVERTING BIAS CURRENT 
ITCI·B +1 The ratio of the change in non-inverting bias current to the 
change in temperature producin·g it. 

AVERAGE DRIFT ·OFNON-INVERTING OFFSET CURRENT 
(TClos +1 The ratio of the change in non-inverting offset current to 
the change in temperature producing it. 

OFFSET NULLING CIRCUIT 

v+ 

1 , 
5 " , 15 

INPUT , 
+ , 

·4 '12 , v-
OP-IO , 

, '5 v-, , + II 's , 
INPUT 

COMMON MODE REJECTION RATIO MATCH (tlCMRRI The 
difference between the common-mode rejection ratios (expressed in 
volt /volt) of side A and side B. tlCMRR in dB = 20 loglo 
(tl CMR R in volt/voltl 

6-29 

SUPPLY VOLTAGE REJECTION RATIO MATCH (tlPSRRI The 
difference between· the power supply rejection ratios (expressed in 
volt /voltl of side A and side B. tI PSRR in dB = 20 logl 0 (tl PSRR 
in volt/voltl 

CHANNEL SEPARATION The ratio of the change in· input offset 
voltage of one channel to the change in output voltage in the second 
channel producing it. 
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SPECIAL NOTES ON THE APPLICATION OF DUAL MATCHED OPERATIONAL AMPLIFIERS 

ADVANTAGES OF DUAL MATCHED, OPERATIONAL 
AMPLIFIERS 
Dual Matched Operational Ampl ifiers provide the engineer a 
powerful tool for the solution of a number of difficult circuit 
design problems including true instrumentation amplifiers, 
extremely low drift, high common mode rejection D.C. 
amplifiers, low D.C. drift active filters, dual tracking voltage 
references and many other demanding applications. These 
designs are based on the principle that careful matching 
between two operational amplifiers can, to a large extent, 
eliminate the effect of D.C. errors inherent in the individual 
amplifiers. 

Reference to the circuit shown, in Fig. 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 amplifiers output will be zero. 
Note that the output offset error of th is 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-cancella­
tion principle holds for a considerable number of input 
referred error parameters - offset voltage, offset voltage 
drift, inverting and non·inverting 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 and can also be tightly matched, an 
important feature not possible with single operational amplifier 
circuits. Common mod'e rejection can be made exceptionally 
high; this is especially important in instrumentation amplifiers 
where errors due to large common-mode voltages can be far 
greater than those due to noise or drift with temperature. 

R3 

20kQ 

r..? _I 

r+ +l 

INLO~ __ --;-;-rl 
OP-IO I OUTPUT 

-J 

(For example, consider the case of two op amps, each with 
80 dB (100pVIV) CMRR. However, if the CMRR of one 
device is +100pVIV while, CMRR of the other is -l00pVIV 
for a net 200p V IV CM R R match,the resultant input referred 
error over a 10V common-mode input signal will be 2mV.) 

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. 

OFFSET TRIMMING 

Offset trimming terminals are provided for each amplifier 
of the OP-l0 - however, guaranteed performance over 
temperature can be obtained by trimming only one side 
(side A) to match the offset of the other for a net differential 
offset of zero. (See Fig. 1) This is, due to the specific proce­
dure used during factory testing of the devices; however, 
results which are essentially the same may be obtained by 
trimming ,side B to match side A, or by nulling each side 
individually. 

The OP-l0 is designed to provide lowest drift perfor­
mance when trimmed with a 20kn potentiometer; this value' 
provides about ±4mV of adjustment range which should be 
considerably more than adequate for most applications. Where 
'finer, resolution of trimming is desired, or where unwanted 
changes in potentiometer position with time and temperature 
could create unacceptable offsets, the sensitivity to offset vs. 
potentiometer position may be reduced by using the circuit 
of Fig. 2. 

v+ 

NULL NULL 

I RA Rc RB I 
i<l4f----- 20k.Q TOTAL -----I.~ 

FIGURE 2 

Model Null Range Fixed Resistors Potentiometer 

R4 

FIGURE 1 

OP-l0AY,OP-l0Y,±1.2mV 
OP-l0EY 

RA,RB RC 

5.1kn 10.0kn 



OP-10 

MATCHING CHARACTERISTICS OP-10AY OP-10Y 

These specifications apply for Vs = ±15V. TA = 25°C. unless otherwise noted. 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max Units 

Input Offset Voltage Match f).Vos -- 0.07 0.18 -- 0.12 0.5 mV 

Average Non·lnverting Bias 

Current IB+ -- ±1.0 ±3.0 -- ± 1.3 ±4.5 nA 

Non·1 nverting Offset Current los+ -- 0.8 2.8 -- 1.1 4.5 nA 

Inverting Offset Current los- -- 0.8 2.8 -- 1.1 4.5 nA 

Common Mode Rejection Ratio 

Match f).CMRR VCM = ±CMVR 114 123 -- 106 120 -- dB 

Power Supply Rejection.Ratio 

Match f).PSRR Vs =±3Vto±18V 100 112 -- 94 110 -- dB 

Channel Separation 126 140 -- 126 140 -_. dB 

These specifications apply for Vs = ±15V. -55°C';;; TA .;;; +125°C. unless otherwise noted. 

Input Offset Voltage Match f).vos 0.10 0.30 -- 0.20 0.90 mV 

Input Offset Voltage Tracking 

Without External Trim TCf).Vos -- 0.45 1.3 -- 0.9 2.5 IJ.vtc 
(Note 1) 

With External Trim TroVosn Rp= 20kn -- 0.3 0.8 -- 0.4 1 .. 2 IJ.V,oC 

Channel A only (Note 1) 

See Page 6·30 

Average Non·lnverting Bias 

Current IB+ -- ±2.0 ±6.0 -- ±2.4 ±8.0 nA 

Average Drift of Non·lnverting 

Bias Current TCI B+ -- 10 40 -- 15 -- pAloC 

Non·lnverting Offset Current. los+ -- 2.0 6.5 -- 2.4 .9.0 ·nA 

Average Drift of Non·lnverting 

Offset Current TClos+ -- 12 50 -- 18 -- pAtC 

Inverting Offset Current 10 $- -- 2.0 6.5 -- 2.4 9.0 nA 

Common Mode Rejection 

Ratio Match f).CMRR VCM =±CMVR 108 120 -- 103 117 -- dB 

Power Supply Rejection 

l'Iatio Match f).PSRR Vs =±3Vto±18V 94 105 -- 90 103 -- dB 

NOTE 1: Parameter not 100% tested; 90% of all units meet these specifications 
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OP-10 

INDIVIDUAL AMPLIFIER CHARACTERISTICS OP-l0AY OP-'OY 

These specifications apply for V s = ± 15V, T A = 25°C, unless otherwise noted. 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max Units 

I nput Offset Voltage Vos -- 0.2 0.5 -- 0.2 0.5 mV 

Input Offset Voltage Stability VoslTime (Note 11 -- 2.5 9 -- 2.5 9 JJ.V/Mo 

I nput Offset Current 'os -- 1.0 2.8 - - 1.0 2.8 nA 

Input Bias Current 'B -- ±1.0 ±:l.0 -- ±1.0 ±:l.0 nA 

Input Noise Voltage enp_p O.lHz to 10Hz INote 21 -- 0.35 0.6 -- 0.35 0.6 JJ.V p.p 

fa == 10Hz (Note 21 -- 10.3 18.0 -- 10.3 18.0 

I "put Noise Voltage Density en fa"" 100Hz (Note 21 -- 10.0 13.0 -- 10.0 13.0 nVtVHz 

fa'" 1000Hz (Note 2) -- 9.6 11.0 -- 9.6 11.0 

Input Noise Current tnp.p O.lHzto 10Hz (Note 2) -- 14 30 -- 14 30 pAp-p 

fa = 10Hz (Note 21 -- 0.32 0.80 -- 0.32 0.80 

I nput Noise Current Density 'n fa == 100Hz (Note 21 -- 0.14 0.23 -- 0.14 0.23 pAtVHz 

fa'" 1000Hz (Note 21 -- 0.12 0.17 -- 0.12 0.17 

I nput Resistance - Differential Mode R in 20 60 -- 20 60 --- Mn 

I nput Resistance - Common Mode R inCM -- 200 -- - - 200 -- Gn 

I nput Voltage Range CMVR ± 13.0 ±14.0 -- ± 13.0 ±14.0 -- V 

Common Mode Rejection Ratio CMRR VCM =±CMVR 110 126 -- 110 126 -- dB 

Power Supply Rejection Ratio PSRR Vs = ±3V to ±18V 100 110 -- 100 110 -- dB 

Rl ~ 2kn. Va:: ±-lOV 200 500 -- 200 500 --
Large Signal Voltage Gain Avo RL ~500n. Vo = ± .5V 150 500 -- 150 500 -- V/mV 

Vs = ±3V 

RL ;'10kn ± 12.5 ±13.0 -- ± 12.5 ± 13.0 --
Maximum Output Voltage Swing "oM RL ;' 2kn ±12.0 ±12.8 -- ±12.0 ±12.8 -- V 

RL ;. 'kS! ±10.5 ± 12.0 -- ±10.5 ± 12.0 --
Slewing Rate SR RL ~ 2kn -- 0.25 -- -- 0.25 -- V/JJ.sec 

Closed Loop Bandwidth BW AVCL '" +1.0 -- 1.2 -- -- 1.2 -- MHz 

Open Loop Output Resistance Ro Va:: 0, 10:: 0 -- 60 -- -- 60 -- n 

-- 90 120 -- 90 120 
Power Consumption Pd mW 

Vs = ± 3V -- 4 6 -- 4 6 

Offset Adjustment Range Rp - 20kn -- ±4 -- -- ±4 -- mV 

I nput Capacitance Cin -- 8 -- -- 8 -- pF 

The following specifications apply for V s ~ ± 15V, _55°C ';;TA .;; +125°C, unless otherwise noted. 

Input Offset Voltage Vos -- 0.3 0.7 -_. 0.3 0.7 mV 

Average Input Offset Voltage Drift 

Without External Trim TCVos -- 0.7 2.0 -- 0.7 
.2.0 

JJ.V/C (Note 21 
With External Trim TeVosn Rp F 20kn -- 0.3 1.0 -- 0.3 1.0 JJ.V/oC 

(Note 21 

Input Offset Current 'os 
-- 1.8 5.6 -- 1.8 5.6 nA 

Average Input Offset Current Drift TClos -- 8 50 -- 8 50 pAfoC 

Input Bias Current 'B -- ±2.0 ±S.O -- ±2.0 ±6.0 nA 

Average I nput Bias Current Drift TC'a -- ,3 50 -- 13 50 pAfoe 

Input Voltage Range CMVR ± 13.0 ± 13.5 -- :t 13.0 ± 13.5 -- V 

Common Mode Rejection RatiO CMRR VCM = ± CMVR ,06 123 -- lvS 123 -- dB 

Power Supply Rejection Ratio PSRR Vs '" ± 3V to ± 18V 94 106 -- 94 106 -- dB 

Large Signal Voltage Gain Avo RL ~ 2kH.vo =±10V 150 400 -- 150 400 -- V/mV 

Maximum Output Voltage Swing VoM RL ;. ·2kn ± 12.0 ±12.S -- ± 12.0 ±12.6 -- V 

NOTE 1: Exclude first hour of operation to allow for stabilization of external circuitry. Parameter is not 100% tested; 
90% of all units meet this specification. 

NOTE 2: Parameter is not 100% tested; 90% of all units meet these specifications. 



OP-l0 

MATCHING CHARACTERISTICS OP-'OEY OP-'OCY 

These specifications apply for Vs = ± 15V, TA = 25°C, unless otherwise noted. 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max II Units 

Input Offset Voltage Match t:J.Vo• ._- 0.12 0.5 ---- 0.3 -- mV 

A~erage Non-I nverting Bias 

Current IB+ -- ± 1.3 ± 4.5 --- ± 2.0 .- - nA 

Non·lnverting Off.et Current 10 .+ -- 1.1 4.5 -- 1.8 --- nA 

Inverting Offset Current 10 ,- -- 1.1 4.5 .-- 1.8 -- nA 

Common·Mode Rejection t:J.CMRR VCM = ±CMVR 106 120 -- -- 117 -- dB 

Ratio Match 

Power Supply Rejection 

Ratio Match t:J.PSRR Vs =±3Vto±18V 94 110 -- -- 106 -- dB 

Channel Separation 126 140 -- 120 137 -- dB 

These specifications apply for V s = ± 15V, DOC';;; T A .;;; 7Doc, unless otherwise noted. 

Input Offset Voltage Match t:J.Vos -- 0.18 0.7 -- 0.4 -- mV 

Input Offset Voltage Trac~ing 

Without External Trim TCll.Vos -- 0.9 2.3 -- 1.3 -- p.vtc 
(Note 1) 

With External Trim TCt:J.Vosn Rp = 20kil -- 0.3 0.9 -- 0.6 -- p.vtc 
Channel A only 
See Page 6·30 

Average Non·1 nverting Bias 

Current IB+ -- ±2.0 ±6.0 -- ±2.8 -- nA 

Average Drift of Non-Inverti"g 

Bias Current TCI B+ -- 12 40 -- 18 -- pA/oC 
(Note 1) 

Non·lnverting Offset Current los+ -- 2.0 6.0 -- 2.8 -- nA 

Average Drift of Non·1 nverting TClos+ -- 15 50 -- 20 -- pAtC 

Offset Current (Note 1) 

I nverting Offset Current los- -- 2.0 6.0 -- 2.8 -- nA 

Common Mode R·ejection 

Ratio Match ll.CMRR 103 117 -- -- 114 -- dB 

Power SupplV Rejection 

Ratio Match llPSRR 90 105 -- -- 102 -- dB 

NOTE 1: Parameter not 100% tested; 90% of all units meet these specifications. 
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INDIVIDUAL AMPLIFIER CHARACTERISTICS OP-10EY OP-10CY 

These specifications apply for V s ; ±15V, T A ; 25°C, unless otherwise noted. 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max Units 

Input Offset Voltage Vas -- 0.2 0.5 -- 0.3 1.3 mV 

Input Offset Voltage Stability Vos/Time INote 11 -- 2.5 9 -- 3.5 -- J1V/Mo 

.... Jnput Offset Current los -- 1.2 3.B -- I.B 6.0 ~ 
Input'Sias Current 18 -- ± 1.2 ±4.0 --- ± 1.8 ± 7.0 nA 

Input Noise Voltage enp .p a.1Hz to 10Hz INote 21 -- 0.35 0.6 -- 0.38 0.65 J1V p.p 

fa'" 10Hz INote 21 -- 10.3 lB.O -- 10.5 20.0 

Input Noise Voltage Density en '0'" 100Hz INote 21 -- 10.0 13.0 -- 10.2 13.5 nVyHz 

fo.= 1000Hz INote 21 -- 9.6 11.0 -- 9.B 11.5 

I nput Noise Current inpop a.1Hz to 10Hz INote 21 -- 14 30 -- 15 35 pAp·p 

fa'" 10Hz INote21 -- 0.32 O.BO -- 0.35 0.90 

Input Noise Current Density ;n fa"" 100Hz INote 21 -- 0.14 0.23 -- 0.15 0.27 pA/yHz 

fa = 1000Hz INote 21 -- 0.12 0.17 -- 0.13 O.lB 

I nput Resistance - Differential Mode Ain 15 50 -- B 33 -- Mn 

Input Resistance - Con"'110n Mooe j 
RmCM -- 160 -- ._- 120 -- '. Gn 

I nput Voltage Range CMVR ± 13,0 ± 14.0 -- ± 13.0 ± 14.0 -- V 

Common Mode Rejection Ratio CMRR VCM - ± CMVR 106 123 -- 100 120 -- dB 

Power Supply Rejection Ratio PSRR V 5'= ± 3V to ± lBV 94 107 -- 90 104 -- dB 

.R L ~ 2k-n. Vo =: ± TOV 200 500 -- 120 400 --

Large Signal Voltage Gain Ava RL ;;' 5oon. Va = ± .5V 150 500 -- 100 400 -- VfmV 

V = ±3V s. '. 

RL ;;',0kn ± 12.5 ± 13.0 -- ± 12.0 ± 13.0 --
Maximum Olltput Voltage Swing. VoM RL ;;'2kn ± 12.0 ± 12.B -- ± 11.5 ± 12.B -- V 

RL ;;'lkn ± 10.5 ± 12.0 --- -- ±'12 .O --

Slewing Rate SR RL ;;'2kn - 0.25 -- --- 0.25 --- V//Jsec 

Closed Loop Bandwidth BW AVCL = +1.0 -- 1.2 --- -- 1.2 -- MHz 

Open Loop Output Resistance Ro Vo '" 0, '0 .. 0 -- 60 --- - 60 -- n 

-- 90 120 -- 95 150 
Power Consumption Pd 6 4 B 

mW 
Vs == ± 3V -- 4 --

Offset Adjustment Range Rp - 20kn -- ±4 -- -- ±,4 -- mV 

Input Capacitance Cin -- -- -- B -- pF 

The following specifications apply for V s ; ± 15V, O°C .;;;; T A .;;;; + 70°C, unless otherwise noted . 

Input Offset Voltage Vas -- 0.25 0.6 -- 0.35 1.6 mV 

Average Input Offset Voltage Orift 

Without E )Cternal Trim TeVos INote 2) -- 0.7 2.0 -- 1.2 4.5 
IlV/oC 

With External Trim TeVosn Rp = 20kn INote 21 -- 0.3 1.0 -- 0.4 1.5 

Input Offset Current los -- 1.4 5.3 -- 2.0 B.O nA 

Average Input Offset Current Drift Telos INote 21 -- B 35 -- 12 50 pA/C 

I nput Bias Current 18 -- ± 1.5 ± 5.5 - ± 2.2 ±9.0 nA 

Average Input Bias Current Orift TCI B INote 21 -- 13 35 -- lB 50 pA/C 

Input Voltage Range CMVR ± 13.0 ± 13.5 -- ± 13.0 ±.13.5 -- V 

Common Mode Rejection Ratio CMRR VCM = ±CMVR 103 123 -- 97 120 -- dB 

Power Supply Rejection Ratio· PSRR Vs "'±3V to ± l8V 90 104 -- B6 100 -- dB 

Large Signal Voltage Gain Ava RL ;;;o.2kf2. Vo - ± 10V 180 450 -- 100 400 V/mV 

Maximum Output Voltage Swing VoM RL ;;. 2kn. ± 12.0 ± 12.6 -- ±11.0 ± 12.6 - V 

NOTE 1: Exclude first hour of operation to allow for st~bilization of external circuitry. Parameter is not 100% tested; 

90% of all units meet this specification. 

NOTE 2: Parameter is not 100% tested; 90% of all units meet these specifications. 
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OP-10 

TYPICAL PERFORMANCE CURVES 

MATCHING CHARACTERISTIC 

TRIMMED OFFSET VOLTAGE MATCH 
VS TEMPERATURE 

TEMPERATURE ("C) 

LOW FREQUENCY NOISE TEST CIRCUIT 

l.3kQ OUTPUT 

(~IOHI FILTER) 

INPUT REFERRED NOISE- t?ooo. !52~~~ -200nY/cm 

-. 
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STABILITY VS TIME 
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T .. -Z'·C 
I/2:oP-
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FUNCTION Of TRIMMING POT lAp) SIZE AND boVos 

~ 0 

~ 

to.,+-=,"":':+-+-f-
~ 
~ 

-1. 0 l--'--l--'--+-J_I-J....-I--'--+---"-1 . 
UHT'U .... ED OFFSET VOL.TAGE ..... TeN 6Vo, ImVI 

(CURVES ARE SVMMETIUCAI.. ABOUT ZERO FOR AVot <OJ 

MATCHING CHARACTERISTIC 
MAXIMUM INPUT ERROR VS SOURCE RESISTANCE . 

, 

.. , 

, .. 

~:"-IO' _"ac TO +1211"C 
v,-:tII!iV 

i' , , 

UNTRIM'IIlO -!HI"C TO +121!1~C I ~ 

IIIIIII!/' UNTRIMMED U"fd 
TRI .... ED -!lI!i"C TO ... 12'·C 

I II 11111 I 
1.0 10 

SOURCE RESISTANCE "01 

TOTAL INPUT NOISE VOLTAGE 
VS FREQUENCY 

~~ ttti Itl ..... -aoo,a ~-tt 
THERMAl. NOIaI 01" lOUftU 

"UIITOttI 'NC:I.UOlo =t'i't 
. I 1111<xeLUOEO I I 
~ ~ 

- fII.-O I 
I/ZOP-IO 
V,-:t16Y 
l .. -ZO·C 

I II , .. '00 
rltf.OUItNCY (HII 

'000 

OFFSET VOLTAGE DRIFT WITH TIME 

• Z 

~ · ~ 0 

· ~ -2 

~ 

10 
.. e 

6-36 

II. 

· 
· 

MATCHING GHARACTERISTIC 

CHANNEL SEPARATION VS FREQUENCY 
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TYPICAL PERFORMANCE CURVES 

CMRR.VS FREQUENCY 
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CLOSED LOOP RESPONSE 
FOR VARIOUS GAIN CONFIGURATIONS 
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APPLICATIONS INFORMATION 

TRIPLE OP-AMP INSTRUMENTATION AMPLIFIER 

r-----' 

r-
vOI-o.oamV 
TCYo.-O;lI"YI-C 
NOISEaO.&"VP-P 
RIM-IOOGA 
111I-t:I.OnA 

l. 
I 
I·OP-IOA L _____ 

R" ZkO 

RI .... 

•• 0." 

RO .... 
RI5 ZkA 

.7 
ZOUl 

RI 20kA 

OUTPUT 

YOUT·VII,(I+RI~R2) ~ 
GAIN-'OO 

GAIN LIN • t ,002'" 
SLEW RATE = 2.5V/" sec 

PSRR-I1Zc1B 

'FR·~ 
THEN CIlIRR-IZDda 

INSTRUMENTATION AMPLIFIERS USING OP·10 

Instrumentation Amplifiers with performance surpassing those cost­
ing many hundreds of dollars can be easiiy and compactly built 
using the Op·l0. Typical performance for a 2. and 3·amplifier 
design are given in the table. The 3-amplifier design, while more 
complex, has the advantages of convenient overall gain adjustment 
by trimming a single resisior (R3) and· of wide common·mode 
voltage handling capability at any overall gain, plus improved gain 
linearity. Slew rate, small signal bandwidth and full power band· 
width are also superior and may be further improved by choosing a 
high·speed op·amp such as the OP-Ol series for the output op-amp. 

INSTRUMENTATION AMPL·IFIER 2 Op·AMP DESIGN 

PRECISION DUAL TRACKING VOLTAGE REFERENCES 
USINGOP·10 

V+ R4 

Rz 

21 •• 

VI VO 

CMRR VS FREQUENCY 

INSTRUMENTATION AMPLIFIER (3 OP·AMP DESIGN) 

!"Ot-+-Hfttthi 

! 

'·~I .• ,.-J'-J...J..J.w.1!:-.....I...J...J...LI-w.!:->-J....J....I.~,~ •• :'l. 

TYPICAL PERFORMANCE OF INSTRUMENTATION AMPLIFIERS 
GAIN = 100 

PARAMETER 2 OP AMP 3 OP AMP 
DESIGN DESIGN 

Gain Nqnlinearitv .004% .00\% IOP·OS) 
.002% IOP·OI ) 

Initial Input Offset Voltage 7Ol1V 7SI1V 
vs. Temp (amplifier A 
nulled with 20K pod 0.3/-1Vi"C 0.3/lVi"C 
vs. Time 3.SpV Imonth 3.511V Imonth 

I"pul Bias Current ±1.0nA ±1.0nA 
vs. Temp. 10pA/oC 10pA/oC 

Input Offset Current O.BnA O.BnA 
vs. Temp. 12pAi"C 12pA/oC 

Input Impedance 
Differential BOG!! 1 ()(IGH 
Common Mode l00G!! l00GH 

Input NOise Voltage O.S/-IV p.p O.S/-IV p.p 
1.1 to 10Hz) 

Input NOise Current 14pA p.p 14pA pop 
1.1 to 10HzI 

Common Mode Rejection 120dB 120dB 
Power Supply Rejection 112dB 112dB 
Frequency Response 

Small Signal ( JdB) 8.0kHz 26kHz IOP·OSI 
B5kHz IOP·O!') 

Full Power a.5kHz 4.3kHz IOP·05) 
43kHz IOP·Ol ) 

Slew Rate .2SV//l' 0.2S V/p..sec IOP.oSI 
4.0 V//lsec IOP·Oll 

Precision dual tracking voltage references using a single reference 
source are easily constructed using OP-l0. These references 
exhibit low noise, excellent stability vs temperature and time and 
have excellent power supply rejection. 

In the circuit shown, R3 should be adjusted to set IREF to operate 
VREF at its minimum temperature coefficient current. Proper 
circuit start·up is assured by R Z' Z I , and 0 I . 

R2 
VI = VREF (1 + "AT) 

V2 = V1 (-RS ) 
R4 

Output Impedance (toiL: 1.0mA -S.OmA) ....... 0.2S ·10·~n 
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PMI OP-14 
DUAL MATCHED HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER 

GENERAL DESCRIPTION 

The OP-14 Series. of Dual Matched High Pllrformance General 
Purpose Operational Amplifiers provides .significant improve­
ments over industry-standard 1458/1558 types while maIn­
taining pin-for-pin compatibility, elise of application, and low 
cost: Key specifications, such-as Vos, los; IB' CMRR, PSRR, 
and Avo, are guafanteed over the full operating temperature 
range. Precision Monolithics' exclusive Silicon-Nitride "Triple 
Passivation" process eliminates "popcorn noise." A thermally' 
symmetrical input stage design provides low TCVos, TClos 
and insensitivity· to output load conditions. The OP·14 Series 
is ideal for upgrading existing designs where accuracy improve­
ments are required and for eliminating speciai 'Iow drift or low 
noise selected types. For similar devices with nulling capability, 
refer to the OP-04 data sheet. 

SIMPLIFIED SCHEMATIC 

(1/2 OF CIRCUIT SHOWN) 
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• Excellent D.C. Input Specifications 

• Matched Vos and CMR R 

• Fits Standard 1458/1658 Socket 

• Internally Compensated 

• Low Noise 

• Low Drift 

• Low Cost 

• 0° /+70°C and _65° /+126°C Models 

• Silicon-Nitride Passivation 

• Models With MIL-STD-883A Class B 

Processing Available From Stock 

PIN CONNECTIONS AND ORDERING INFORMATION 

TOP VIEW 

INVERTIN. INVERTIN. 
INPUT (A)2"-...:r---,- '-L:...-"IINPUT(I) 

4V-

T0-99 (J·Suffix) 

ORDER:·OP·14AJ 

OP·14J 

Op·14EJ 

OP~.14CJ 

Military Temperature .Range Devices 

With MI L-sT0-8S3A Class B Processing: 

ORDER: OP14-8S3·AJ 

OP14-8S3..J 



OP-14 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Internal Power Dissipation (Note 1) 

Differential Input Voltage 

Input Voltage 

Output Short Circuit Duration 

Storage Temperature Range 

Lead Temperature Range (Soldering, 60 sec) 

MATCHING CHARACTERISTICS 

±22V 

500mW 

±30V 

Supply Voltage 

Indefinite 

_65° to +150°C 

300°C 

Operati ng Temperature Range 

OP-14A,OP-14 
OP-14E,OP-14C 

-55°C to +125~C 
O°C to +70°C ' 

Note 1: Maximum package power dissipation vs. ambient' 
temperature. 

TO-99 (J) 

OP-14A 
OP-14E 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 
BO°C 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 
7.1mWfC 

OP-14 
OP-14C 

These specifications apply for V s =, ±15V, T A = 25·C, Rs .. lOOn, unless othe,owise noted. 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max Units 

Input Offset Voltage Match /lVos - 0.3 1.0' - 1.0 2.0 mV 

Common, Mode Rejection 
/lCMRR VCM = ± CMVR 94 106 - 94 106 - dB Ratio Match 

These specifications apply for Vs = ±15V. -55·C .. T A" +125·C for OP-14A and OP-14. O·C .. T A" 70·C for OP-14E and OP-14C, 
Rs" loon unless otheowise noted. 

Input Offset Voltage Match /lVos 

Common Mode Rejection 
/lCMRR VCM =± CMVR Ratio Match 

MATCHING PARAMETER DEFINITIONS 

COMMON MODE REJECTION RATIO MATCH (~CMRR)_ 

The difference between the common-mode rejection ratios 

(expressed in volt/volt! of side A and side B. ~CMRR in 

dB = 20 10910 (~CMRR in volt/volt!. 

OP-14 DEFINITIONS 

INPUT OFFSET VOLTAGE IVos) 
The voltage which must be applied between the input terminals to 
obtain zero output voltage with no load. 
INPUT OFFSET CURRENT lias) 
The difference between the currents into the two input terminals 
when the output is at zero volts with no load. 
INPUT BIAS CURRENT (lB) 
The average of the currents into the two input terminals when the 
output is at zero volts with no load. 
INPUT VOLTAGE RANGE (CMVR) 
The range of common-mode voltage on the input terminals for 
which the common-mode rejection specifications apply. 
COMMON-MODE REJECTION RATIO (CMRR) 
The ratio of the input voltage range to the peak-to-peak change in 
input offset voltage over this range. 
POWER SUPPLY REJECTION RATIO (PSRR) 
The inverse ratio of the change in input offset voltage to the change 
in power supply voltage producing it. ' 
MAXIMUM OUTPUT VOLTAGE SWING (Vom) 
The peak output voltage that can be obtained without clipping_ 

. LARGE SIGNAL VOLTAGE GAIN (Ava) 
The ratio of the chang~ in output voltage (over a specified ranger to 
the change in input voltage producing it. 
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- 0.5 1.5 - 1.5 ;3.0 mV 

90 100 - 90 100 - dB 

INPUT OFFSET VOLTAGE MATCH (~Vos). The differ­

ence, between the offset voltages of side A and side B; 

(VOSA-VOSB)' 

'AVERAGE OFFSET VOLTAGE DRIFT (TCVos) 
The ratio of the change in the offset voltage to the change in tem­
perature producing it. 
AVERAGE OFFSET CURRENT DRIFT (TClos) 
The ratio of the change in the offset current to the change in 
temperature producing it. 
POWER DISSIPATION (Pd) 
The total power dissipated in the amplifier with the output at zero 
volts and no load. 
UNITY GAIN CLOSED LOOP BANDWIDTH (BW) 
The frequency at which the magnitude of the small signal voltage 
gain of the amplifier, operated closed-loop as a unity-gain follower, 
is 3 dB below unity. 
INPUT NOISE VOLTAGE (enp_p) 
The peak-to-peak noise voltage in a specified frequency band. 
INPUT NOISE VOLTAGE DENSITY (en) 
The rms noise voltage in a 1 Hz band surrounding a specified value 
of frequency. 
INPUT NOISE CURRENT (inp-p) 
The peak-to-peak noise current in a specified frequency band. 
INPUT NOISE CURRENT DENSITY (in) 
The rms noise current in a 1 Hz band surrounding a specified value 
of frequency. 



OP-14 

ELECTRICAL CHARACTERISTICS (Each Amplifier) OP-14A OP-14 

These specifications for V s ~ l15V, TA ~ 25"C, unless otherwise noted. 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max Units 

I nput Offset Voltage Vas Rs:::c50kll - 0.3 0.75 - 1.0 2.0 mV 

Input Offset Current los - 0.5 2.0 - 1.0 5.0 nA 

Input Bias Current IB - 18 50 - 20 50 nA 

Input Resistance-Differential Mode R in 3.8 7.5 - 2.3 7.0 - MIl 

Input Voltage Range CMVR =12.0 = 13.0 - =12.0 =13.0 - V 

Common Mode Rejection Ratio CMRR 
VCM - ±CMVR 

90 110 - 90 100 - dB 
R < 50k!! s-

Power Supply Rejection Ratio PSRR V s = t5 to ±20V 90 110 - 90 100 - dB 
Rs <:; 50k!! 

Output Voltage SWInO Vom RL~2kll =12.0 :13.0 - ,,12.0 =13.0 - V 

Large Signal Voltage Gain A 
RL ~ 2k!! 

100 250 - 50 200 - Vim V 
va Vo°:!:10V 

Power Consumption Prl Va = OV - 40 60 - 50 90 mW 

Input Noise \Iolta~e e np_p 0.1 Hz to 10Hz .. 0.65 - - 0.65 - IlV POp 

fa 10Hz 25 - - 25 -

Input NOise Voltage DenSity e n fa - 100Hz - 22 - - 22 - nV/'\/Hz 

fa ° 1000Hz - 21 - - 21 -

Innut NOise Current inp_p 0.1 Hztol0Hz -- 12.8 - - 12.8 - pA Pop 

fa - 10Hz - 1.4 - - 1.4 -

Input Norse Current Density 'n fa - 100Hz - 0.7 - - 0.7 - pA/,/Hz 

fa = 1000Hz _. 0.4 - - 0.4 -

Slew Rate INote 1) SR 0.4 0.6 - 0.4 0.6 - V/lls 

Large Signal Bandwidth (Note 1) Va ~ 20Vp-p 4.0' 8.0 - 4.0 8.0 - kHz 

Closed Loop Bandwidth INote 1) BIN AVCL 0+1.0 0.8 1.3 - 0.8 1.3 - MHz 

Risetime INote 1) AV = +1 
VIN = 50mV 

- 200 300 - 200 300 nsec 

Overshoot INote 1) - 5 10 - 5 10 % 

The following specifications apply for V s = ± 15V, ·-55°C < T A < +125°C,unless otherwise noted 

Input Offset Voltage Vas Rs S; 50kH - 0.5 1.5 - 1.4 3.0 mV 

Average Input Offset Voltage 
TCVos Rs S; 5kll - 2.0 8.0 - 4.0 10.0 IlVfC 

Drift INote 11 

Input Offset Current los - 1.0 5.0 - 2.0 10.0 nA 

Average Input Offset Current Drift TClos - 7.5 75 - 15 150 pArC 

Input Bias Current IB - 30 100 - 40 100 nA 

Input Vol~age Range CMVR ± 12.0 ± 13.0 - ± 12.0 ±13.0 - V 

Common Mode Rejection Ratio CMRR 
VCM = ±CMVR 

84 110 - 84 100 - dB Rs S;50kH 

Power Supply Rejection Ratio PSRR Vs=±5to±20V 
RsS; 50k!1 

84 110 - 84 100 - dB 

L'arge Signal Voltage Gain Ava 
RL22k!1 

50 100 - 25 60 - V/mV 
Va = ±10V 

Maximum Output Voltage Swing Vom RL 2 2k!1 ±12.0 ±1:1.0 - ±12.0 ±13.0 - V 

Note 1: Parameter is not 100% tested. 90% of a/l units meet these specifications. 
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ELECTRICAL CHARACTERISTICS (Each Amplifier) OP-14E OP-14C 

These specifications for V s = 1: 15V, T A = 25"C, unless otherwise noted. 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max Units 

I nput Offset Voltege Vas. Rs ~ SDk!! 0.3 0.75 1.0 2.0 mV 

Input Offset Current los 0.5 2.0 1.0 5.0 nA 

Input Bies Current IB - 18 50 - 20 50 nA 

Input Resistance-Differential Mode R in 3.8 7.5 -- 2.3 7.0 - Ml! 

Input Voltage Range CMVR ±12.0 ±13.0 - ±12.0 ±13.0 _. V 

Common Mode Rejection Ratio CMRR 
V CM = ±CMVR 

90 110 - 90 100 - clB 
Rs ~ SDk!! 

Power Supply Rejection Ratio PSRR Vs = ±5 to ±20V 90 110' - 90 100 .. clB 
Rs~50k!! 

Output Voltage Swing Vom RL2.2k!! :12.0 :13.0 - ±12.0 :13.0 - V 

Large Signal Voltage Gain A 
RL:::2kl! 

100 250 - 50 200 - Vim V 
vo Vo=±10V 

--
Power Consumption Pd Vo = OV - 40 60 - 50 90 mW 

Input Noise Voltage enp_p 0.1 Hz to 10Hz - 0.65 .- - 0.65 - ~V p.p 

fo = 10Hz - 25 - - 25 -

Input Noise Voltage Density en fo = 100Hz - 22 - - 22 - nV/, Hz 

fo = 1000Hz - 21 - - 21 -

Input Noise Current inp.p 0.1 Hz to 10Hz - 12.8 - - 12.8 - pA p.p 

10 = 10Hz - 1.4 - - 1.4 -

Input Noise Current Density in 10 = 100Hz - 0.7 - - 0.7 - pAl, Hz 

10 = 1000Hz - 0.4 - - 0.4 -

Slew Rate (Note 11 SR 0.4 0.6 - 0.4 0.6 - V/~s 

Large Signal Bandwidth (Note 1) Vo = 20Vp-p 4.0 8.0 - 4.0 8.0 - kHz 

Closed Loop Bandwidth (Note 1) BW AVCL = +1.0 O.B 1.3 - 0.8 1.3 - MHz 

Risetime (Note 1) AV= +1 

VIN = 50mV 
- 200 300 - 200 300 nsec 

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

The following specifications apply for V s = ±15V, O°C ::::: T A::::: +70°C, unless otherwise noted. 

Input Olfset Voltage vos Rs ~ 50k!! - 0.4 1.5 - 1.2 3.0 mV 

Average I nput Offset Voltege 
TCVos Rs ~ 5k!! - 2.0 8.0 - 4.0 10.0 ~Vrc 

Drift (Note 1) 

I nput Offset Current los - 0.7 4.0 - 1.4 10.0 nA 

Average Input Offset Current Drift TClos - 7.5 120 - 15 250 pArC 

Input Bias Current IB - 22 100 - 25 100 nA 

Input Voltage Range CMVR ±12.0 ±13.0 - ±12.0 ±13.0 - V 

Common .Mode Rejection Ratio CMRR 
VCM" ±CMVR 

84 110 - 84 100 - dB 
Rs ~ 50k!! 

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

84 110 - 84 100 - dB 
Rs ~ 50k!! 

Large Signal Voltage Gain Ava 
R L ;:: 2k!! 

50 200 - 25 150 - V/mV 
Va = ±10V 

Maximum Output Voltage SWing Vom R L ;:: 2k!! ±12.0 ±13.0 - ±12.0 ±13.0 - V 

Note 1: Parameter is not 100% tested. 90% of all units meet these specifications. 
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TYPICAL PERFORMANCE CURVES (Each Amplified 
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INPUT BIAS CURRENT 
VS TEMPERATURE 
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TYPICAL PERFORMANCE CURVES lEach Amplifier) 

~ 
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INPUT WIDE BAND NOISE VS BANDWIDTH 
(.1 Hz TO FREQUENCY INDICATED) 
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PMI SSS725 
INSTRUMENTATION OPERATIONAL AMPLIFIER 

GENERAL DESCRIPTION 

The SSS725 Series of monolithic Instrumentation Operational 
Amplifiers is specifically designed for accurate high-gain 
amplification of low level input signals in the presence of large 
common mode voltages. Superior DC input characteristics 
include very low offset voltage and current, extremely high 
open loop gain, low l/f and wideband noise and a complete 
absence of "popcorn" noise. The extremely low offset voltage 
drift is further improved by an advanced nulling technique 
that provides optimum TCVos performance when VOS has 
been nulled to zero. Very high common mode and power 
supply rejection enable,accurate performance in the presence 
of large spurious signals. 

Flexible external compensation provides wide bandwidth and 
high slew rate operation in high closed-loop gain applications. 
The superior long term stability, and compatibility with 
MIL-STD-883 processing make the SSS725 an excellent choice 
for high reliability process control and aerospace applications, 

. .-Including strain gauge and thermocouple amplifiers, low noise 
audio amplifiers and instrumentation amplifiers. The SSS725 

SIMPLIFIED SCHEMATIC 

.021. QZe,A21,R22 
COMPRISE THE INPUT PROTECTION CIRCUIT. 

t oZ3• OZ9, At9, ROO 
COMPRISE THE OUTPUT PROTECTION CIRCUIT. 

FEATURES 

_ Very High Voltage Gain .. _ .. _. 1000 kV/V Min 

_ Low Offset Voltage and Offset Current 

_ Low Drift vs_ Temperature (TCVos). _ 0.61J.VfC Max 

_ Low Input Voltage and Current Noise 

- Low Offset Voltage Drift with Time 
_ High Common Mode Rejection. _ . _ •.. 120 dB Min 

_ High Power Supply Rejection. . . . . .. 21J.V/V Max 

_ Wide Supply Range ............ ±1.5V to ±22V 

_ ±30V Input Overvoltage Protection 

- MIL-STD-883 Processing Available 

Series are, direct replacements for all 725 types providing 
superior DC and noise performance plus the unique feature of 
complete input differential voltage and output short circuit 
protection. Further improvements in input performance plus 
complete internal frequency compensation are available: 
request the OP-05 Instrumentation and OP-07 Ultra-low Offset 
Voltage Operational Amplifier data sheets. 

PIN CONNECTIONS AND ORDERING INFORMATION 

2 ' 

V .. TRIIU 

INV • .lNPUT 4 

V· • 

• 

TOP VIEW 

4 V- (CASE I 

• OUTPUT 

14 

13 

12 VOoTRIM 

II V+ 

10 OUTPUT 

.COIIP. 

Va-TRIMZ, ,.\IotTAIM Ig'lo 
INV. INPUT 5 .. ' • y+ 

MON-IHV. INPUT 4,· 7 ~PUT 
V .. 15 ICOIIP. 
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TO-99 (J-Suffix) 
ORDER: SSS725AJ 

SSS725J 
SSS725BJ 
SSS725EJ 
SSS725CJ 

14PIN DIP (Y-Suffix)" 
ORDER: SSS725AY 

SSS725Y 
SSS725BY 
SSS725EY 
SSS725CY 

"Formerly "P" Suffix 

10 PIN FLATPACK 
(L-Suffix) 

ORDER: SSS725AL 
SSS725L 
SSS725BL 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ±22V Operating Temperature Range 

Internal Power Dissipation (Note 1 ) 500mW SSS725A, SSS725 -55°C to +125°C 
Differential Input Voltage ±30V SSS725B _25°C to +B5"C 
Input Voltage (Note 2) ±22V SSS725E, SSS725C O°C to +70°C 
Output Short Circuit Duration Indefinite 
Storage Temperature Range -65°C to +150°C Lead Temperature Range (Soldering, 60 sec) 300°C 

NOTES: 

Note 1: Maximum package power dissipation vs. ambient temperature. 

Package Type Maximum Ambient Derate Above Maximum 
Temperature for Rating Ambient Temperature 

TO-99 (J) BO°C 7.1mW/"C 
DUAL-IN-LiNE (Y) 100°C 10.0mW/oC 

FLAT (L) 62°C 5.7mW/"C 

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

FREQUENCY COMPENSATION 

COMPENSATION CIRCUIT 

USE R3 (aSln) 
WITH CAPACITIVE 
LOAD 

COMPENSATION VALUES 

Ave! R1 C1 R2 C2 
(n) ()IF) (n) ()IF) 

10000 10K 50pF - -
1000 470 .001 - -

100 47 .01 - -
10 27 .05 270 .0015 

1 10 .05 39 .02 

TYPICAL DYNAMIC PERFORMANCE CURVES 

OPEN LOOP RESPONSE 
FOR VALUES OF COMPENSATION 
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'The compensation network (R1, C1) should 
be returned to the V-terminal. If the network 
is returned. to ,ground, serious degradation of 
power supply rejection performance with fre­
quencywill occur. See typical curves, page 6-49 
(PSRR vs FREQUENCY). 

** The trimming potentiometer should be 
20Kn for optimum nulled offset voltage 
drift. See page 6-49 for change indrift caused 
by potentiometers ranging from 5Kn to 
100Kn. 

SLEW RATE USING RECOMMENDED 
COMPENSATION NETWORKS 



SSS-725 

ELECTRICAL CHARACTERISTICS SSS725A SSS725 

These specifications apply for V s = ± 15V, T A = 25°C, unless otherwise noted. 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max Units 

I nput Offset Voltage Vo, R, ~ 20k!2 -- 0.06 0.1 -- 0.2 0.5 mV 

Input Offset Current 10 , -- 0.3 1.0 -- 0.75 5.0 nA 

Input Bias Current IB -- 30 70 -- 30 80 nA 

fo = 10Hz INotell -- 9.0 15.0 -- 9.0 15.0 
Input Noise Voltage Density en fo = 100Hz INote 11 -- 8.0 9.0 -- 8.0 9.0 nV/YHZ 

fo = 1000Hz INotell -- 7.0 7.5 -- 7.0 7.5 

fa = 10Hz (Note 1) -- 0.5 1.2 -- 0.5 1.2 
I nput Noise Current Density in fa '" 1 DQHl (Note 1 ) -- 0.25 0.6 -- 0.25 0.6 pA/YHZ 

fo = 1000Hz INotell -- 0.15 0.25 -- 0.15 0.25 

Input Resistance Ain, O.B 1.8 -- 0.7 1.8 -- M!2 

Large Signal RL ;;;'2k!2 

Voltage Gain Avo Vo=±10V 1,000,000 3,000,000 -- 1,000.000 3,000,000 -- VIV 

RL ;;;'10k!2 ±12.5 ±13.0 -- ±12.5 ±13.0 - - V 
Output Voltage Swing Vom RL ;;;'2k!2 ±12.0 ±12.8 -- ±12.0 ±12.8 -- V 

RL ;;;'lk!2 ±11.0 ±12.5 -- ±11.0 ±12.5 - - V 

Input Voltage Range CMVR ±13.5 ±14.0 -- ±13.5 ±14.0 -- V 

Common Mode Rejection Ratio CMRR R,';' 20kn 120 126 -- 120 126 -- dB 

Power Supply Rejection Ratio PSRR .R,';;20k!2 -- 0.5 2.0 -- 1.0 5.0 J1VIV 

Power Consumption Pd -- 90 120 -- 90 120 mW 

Large Signal 
RL" soon 

Avo Vo=±O.5V 100.000 600,000 -- 100.000 600,000 -- V/V 
Voltage Gain Vs=±3V 

Power Consumption Pd Vs"'±~V -- 4 6 -- 4 6 mW 

The following specifications apply for V s '" ± 15V, _55°C <;;;TA <;;; +125°C, unless otherwise noted. 

Input Offset Voltage 

(Without external trim) -Vos R,';; 20k!2 -- 0.08 0.18 -- 0.3 0.7 mV 

Average Input Offset Voltage 

Drift (without external trim) TeVos A,=50!2 INote 21 -- 0.3 0.8 -- 0.7 2.0 J1V/C 

Average Input Offset Voltage 

Drift (with external trim) TeVosn A,=50n INote 21 -- 0.2 0.6 -- 0.28 1.0 !1VroC 

Input Othet Current 
TAMAX -- 0.25 1.0 -- 0.6 4.0 nA 

10 , 
TAMIN -- 0.8 4.0 -- 2.0 18.0 nA 

Average Input Offset Current Drift Telos -- 3 20 -- 8 90 pA/oc 

TAMAX -- 22 60 -- 25 70 'nA 
Input Bias Current IB TAMIN -- 40 120 -- 45 180 nA 

Common Mode Rejection Ratio CMRR As" 20k!l 114 124 -- 110 122 -- dB 

Power Supply Rejection Ratiq PSAR R, .;; 20k!2 -- 1.0 5.0 -- 2.0 8.0 J1VIV 

Vo=±10V; RL;;'2k!2 
Large Signal Voltage Gain TAMAX 1,000,000 .3.500,000 -- 1,000,000 3,500,000 -- V/V 

Avo 
TAMIN 700,000 2,000,000 -- 500.000 1,800,000 --

Ma)(imum Output Voltage SwJ.ng Vom RL ;;;. 2k!2. ±12.0 ±12.6 -- ±12.0 ±12.6 -- V 

Note 1; Parameter is not 100% tested. 90% of all units meet these performance indicated if both sides of the contacts are not kept at 

specifications. approximately the same temperature. Therefore, the d~vice ambient 

Note 2; Thermoelectric voltages generated by dissimilar metals at the temperature should not be altered without simultaneously changing the 

contacts to the input terminals can prevent the realization of the contact temperature. 



555-726 

ELECTRICAL CHARACTERISTICS SSS725B 

These specifications apply for V s ='± 15V, T A = 25° C, unless otherwise noted, 

Parameter Symbol Test Conditions Min Typ 'Max Units 

Input Offset Voltage Vas Rs"; 20kU -- 0.3 0.75 mV 

Input Offset Current los -- 0.75 5.0 nA 

Input Bias Current IB -- 30 80 nA 

fa'" 10Hz (Note 11 -- 9.0 15.0 

Input Noise Voltage Density en fa:. 100Hz (Note 1) -- 8.0 9.0 nV/.JH, 

fa:: 1000Hz (Note 1) -- 7.0 7.5 

fa - 10Hz (Nole 1) -- 0.5 1.2 

Input Noise Current Densitv ;n fo'" 100Hz (Note 11 -- 0.25 0.6 pA/~ 
fa = 1 DaCHz (Note 1) -- 0.15 0.25 

Input ~esistance Ain 0.7 1.8 -- Mn 

large Signal RL ;;. 2kU V/V 
Voltage Gain Avp V o ",±10V 1,000,000 3,000,000 --

RL ;;. 10kU ±12.5 ±t3.0 -- V 

Output Voltage Swing Yom RL ;;. 2kU ±12.0 ±12.B -- V 

RL ;;. lkn ±1'.0 ±12.5 -- V 

Input Voltage Range CMVR ±13.5 ±14.0 -- V 

Common Mode Rejection Ratio CMRR Rs ~ 20kn 110 115 -- dB 

Power Supply Rejection Aatio PSRR Rs ,.; 20kU -- 1.0 5.0 IlVN 

Power Consumption Pd -- 90 120 mW 

Large Signal 
RL ;;' 500U 

Ava Vo·±0.5V 100.000 600,000 -- V/V 
Voltage Gain 

Vs=±3V 

Power Consumption Pd Vs=±3V -- 4 6 mW 

The following specifications apply for V s = ± 15V, _25°C .;; T A .;; + 8SoC, unless otherwise noted. 

Input Offset Voltage 

(Without external trim) Vas Rs ,.; 20kU -- 0.4 1.0 mV 

Average Input Offset Voltage 2.8 

Drift (without external trim) TCVos Rs'50U INote 2} -- 1.0 INote 11 IlV/oC 

Average Input Offset Voltage 1.0 

Drift (with eldernal trim) TeVosn Rs'50U INote 2} -- 0.3 INote 11 IlVtC 

TAMAX -- 0.7 5.0 nA 
Input Offset Current los TAMIN 1.3 14.0 nA 

90 
AV8fage I nput Offset Current Drift TClos -- 6 INote 1} pAtC 

TAMAX -- 30 80 nA 
I nput Bias Current IB TAMIN -- 40 150 nA 

Common Mo~e Rejection Ratio CMRR AS" 20kU 106 113 -- dB 

Power SupplV Rejection Ratio PSRR RS"; 20kU -- 2.0 8.0 IlVN 

Vo·±10V; RL~kU 
Large Signal Voltage Gain Ava TAMAX 1,000,000 3,500,000 -- V/V 

TAMIN 500.000 2,300,000 --
Maximum Output Voltage Swing Yom RL ;;. 2kU ±12.0 ±12.6 -- V 

Note 1 : Parameter is not 100% tested. 90% of all units meet these performance indicated if both sides of the contacts are not kept at 
specification •. approximately the same temperature. Therefore, the device ambient 
Note 2: Thermoelectric voltage. generated by dissimilar metals at the temperature should not be altered without simultaneously changing the 
centa,cts to the input terminals can prevent the realization of the contact temperature. 
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ELECTRICAL CHARACTERISTICS SSS725E SSS725e 

These specifications apply for V s = ±15V, T A = 25 e, unless otherwise noted 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max I:Jnits 

Input Offset Voltage Vos As " 20kQ -.- 0.2 0.5 -- 0.4 1.3 mV 

Input Offset Current los -- 0.75 5.0 -- 2 13 nA 

Input Bias Current 18 -- 30 80 -- 40 110 nA 

fa'" 10Hz (Note 11 -- 9.0 15.0 -- 9.0 15.0 
Input Noise Voltage Density en fa := 100Hz INote 1) -- 8.0 9.0 -- 8.0 9.0 nV/VHz 

fa = 1000Hz INote 1) -- 7.0 7.5 -- 7.0 7.5 

fo:= 10Hz INote 1) -- 0.5 1.2 -- O.S 1.4 
Input Noise Current Density ;n fa'" 100Hz (Note 11 -- 0.25 O.S -- 0.3 0.7 pA/VHz 

fa =:: 1 DQDHz (Note 1 ) .- 0.15 0.25 -- 0.2 0.3 

I nput Resistance Rin 0.7 1.8 -- 0.5 1.5 -- MQ 

Large Signal AL;;> 2kQ 

Voltage Gain Avo V o '-·±10V 1,000,000 3,000,000 -- 500,000 3,000,000 -- V/V 

AL ~ 10k[l ±12.5 ±13.0 -- ±12,O ±13.0 -- V 
Output Voltage Swing Vem AL ;;> 2kQ ±12.0 ±12.8 -- ±11.5 ±12.8 -- V 

AL ;;> lkQ ±11.0 ±12.5 -- -- ±12.0 -- V 

Input Voltage Range CMVA ±13.5 ±14.0 -- ±13.5 ±14.0 -- V 

Common Mode Rejection Ratio CMAA Rs ::.:; 20kS2 120 12S -- 100 115 -- dB 

Power Supply Rejection Ratio PSAA As .;:; 20kS) -- 1.0 S.O -- 2.0 10 /lVIV 

Power Consumption Pd -- 90 120 -- 110 150 mW 

Large Signal 
AL;;> SOOn 

Voltage Gam Avo Vo ±O.5V 100.000 SOO.OOO -- SO,OOO 600,000 -- V/V 

Vs ±3V 

Power Consumption Pd Vs ±3V -- 4 S -- 4 B mW 

The following specifications apply for Vs = ±15V, oOe.;;; TA .;;; + 70oe, unless otherwise noted, 

Input Offset Voltage 
(Without external trim) Vas As ~ 20kSl -- 0.25 O.S -- 0.5 I.S mV 

Average Input Offset Voltage 2.0 4.5 
Drift (without external trim) TeVos As 50H INote 21 -- 0.7 (Note 11 -- 1.4 ! (Note 1) /lV/'C 

Average Input Offset Voltage 1.5 
Drift (with external trim) TCVosn As SOn INole 21 -- 0.2 O.S -- 0.5 (Note 11 I'vl'c 

TAMAX -- O.SS 5.0 -- 2.0 15 nA 
Input Offs~t Current los TAMIN -- 0.9 7.0 -- 3.0 25 nA 

-- 40 -- 150 
Average I nput Offset Current Drift Telos - - 4 (Note 1) - - 14 INole 11 pA/C 

TA MAX -- 30 80 - - 35 110 nA 
Input Bias Current IB TAMIN -- 35 100 - - 45 laO nA 

Common Mode Rejection Ratio CMAA AS "20kH 1 15 1 la -- 97 113 -- dB 

Power Supply Rejection Ratio PSAA AS .;:; 20k!l -- 1.5 7.0 - - 3.0 15 /lV/V 

Vo ±10V; RL~2k.n 

Large Signal Voltage Gain Avo TAMAX 1,000,000 3,200,000 -- 400,000 3.200,000 -- VlV 
TAMIN 800,000 2,700,000 -- 300,000 2,700,000 --

Maximum Output Voltage Swing Vom AL ;;>2kQ ±12.0 ±12.S -- ±11.0 ±12.6 -- V 

Note 1: Parameter is nol 100% tested, 90% of all units meet these performance indicated if both sides of the contacts are not kept at 

specifications. approximately the same temperature. Therefore. the device ambient 

Note 2: Thermoelectric voltages 'generated by dissimilar metals at the temperature should not be altered without simultaneously changing the 

contacts to the input terminals can prevent the realization of the contact temperature. 
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TYPICAL PERFORMANCE CURVES 
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TYPICAL PERFORMANCE CURVES 
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PMI SSS741 
COMPENSATED OPERATIONAL AMPLIFIER 

GENERAL DESCRIPTION 

The SSS741 Series of Internally Compensated Operational 
Amplifiers provides significant performance improvement while 
retaining full pin·for·pininterchangeability with industry· 
standard general·purpose types. Improved offset v()ltage, bias 
current, bandwidth and noise performance enable immediate 
system 'performance upgrading without redesign and eliminate 
costly special selections. Precision Monolithics' exclusive 
Silicon·Nitride "Triple Passivation" process eliminates "pop' 
corn 'noise" and provides maximum reliability and long term 
stability of parameters for lowest overall system operating 
cost. The SSS741 Series is ideal for use in summing amplifiers, 
iritegrators, active filters and in other circuits where improved 
dyriamic performance and accuracy are required. SSS74"s 
with processing per the requirements of MIL 38510/883 are 
available. For dual versions, see the SSS747 Series data sheet. 
For very high performance general purpose operational amp· 
lifiers, refer to the OP·02 Series data sheet. 

SCHEMATIC DIAGRAM 

SSS741 

CIRCLED NUMBERS CORRESPOND 
TO TO-It PIN CONFIGURATION 
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FEATURES 

_ Improved DC Specifications 

_ Low Input Bias Current ............ 50 nA Max 

_ High Large Signal Voltage Gain ... Up to 100 kV/V 

_' Internal Frequency Compensation 

_ Large Common Mode Voltage Range ....... ±12V 

_ Low Power Consumption .......... 85 mW Max 

_ Continuous Short Circuit Protection 

_ MI L-STD-883 Processing Available 

_ Silicon·Nitride Passivation 

PIN CONNECTIONS AND ORDERING INFORMATION 

8 

INVERTING -

BALANCES7 v+ 

INPUT 2. 6 OUTPUT 

3 5 BALANCE 

NON':~~5~TlNG 4 v- (ca.e) 

• 14 

13 

12 

11 v+ 

TO'99 (J·Suffix) 
ORDER: SSS741J 

SSS741GJ 
SSS741BJ 
SSS741CJ 

14 PIN DIP (Y·Suffix) 
ORDER: SSS741Y 

SSS741GY 
SSS741BY 
SSS741CY 

BALANCE 3 

INV. INPUT 4 

NON·INV,5 
INPUT 

v- 6 

10 OUTPUT 

9 BALANCE 

7 

TOP VIEW 



888-741 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
NOTES: SSS741, SSS741 B, SSS741 G ±22V 

SSS741C ±18V Note 1: Maximum package power dissipation vs. ambient 

I nternal Power Dissipation (Note 1) 500mW temperature 

Differential I nput Voltage ±30V 
Input Voltage Supply Voltage MAXIMUM AMBIENT DERATE ABOVE 

Output Short Circuit Duration Indefinite TEMPERATURE MAXIMUM AMBIENT 

Storage Temperature Rarige --£5°C to+150°C PACKAGE TYPE FOR RATING TEMPERATURE 

Operating Temperature Range 
TO·99 (J) 80°C 7.1mWtC 

DUAL-IN-LINE (Y) 100°C 10.0mWtC 
SSS741, 5SS741 G -55°C to +125°C 
SSS741B -25°C to +85°C 

SSS741C O°C to +70°C 

Lead Temperature Range (Soldering, 60 sec) 300°C 

ELECTRICAL CHARACTERISTICS SSS741 SSS741G 

These specifications apply for T A = 25°C 
±5V:$ Vs :$ ±20V ±5V:$ Vs :$ ±15V 

unle~s otherwise noted unless otherwise noted 

Parameter Symbol Test Conditions Min Max Min Max Units 

Input Offset Voltage Vas RS::; 50kn - 2.0 - 5.0 mV 

Input Offset Current lOS - 5.0 - 25 nA 

Input Bias Current IB - 50 - 100 nA 

Input Resistance RIN 2.0 - 1.0 - Mn 

Large Signal 
Ava 

RL 2: 2knvs = ±15V 
100,000 - 50,000 - V/V 

Voltage Gain VO=±10V 

Output Voltage Swing VOM 
Vs = ±15V RL 2: 10kn ±12 - ±12 - V 
RL 2: 2kn ±10 - ±10 - V 

Input Voltage Range CMVR VS=f15V ±12 - ±12 - V 

Common Mode Rejection Ratio CMRR RS::; 50kn 80 - 70 - dB 

Power Supply Rejection Ratio PSRR RS :s.50kn - 100 - 150 /-lV/V 

Power Consumption PD Vs = ±15V - 85 - 85 mW 

The following specifications apply for ±5V:$ Vs :$ ±20V ±5V:$ Vs :$ ±15V 
-55°C ~ T A :$ +125°C unless otherwise noted unless otherwise noted 

Input Offset Voltage Vas RS::; 50kn - 3.0 - 6.0 mV 

Input Offset Current lOS - 10 - 50 nA 

Input Bias Current IB - 100 - 200 nA 

Large Signal RL 2: 2kn 

Voltage Gain Ava VS=±15V 50,000 - 25,000 - V/V 
Va =±10V 

RL 2: 10kn ±12 ±12 V 
Output Voltage Swing VOM RL 2: 2kn ±10 - ±10 - V 

Vs = ±15V 
----------

-

Common Mode Rejection Ratio CMRR RS::; 50kn 80 - 70 - dB 

Power Supply Rejection Ratio PSRR as::; 5Qkn - 100 - 150 /-lV/V -
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555-741 

BALANCING CIRCUIT 

J-Package v+ 
V-Package V+ 

2~~ K 4--

6 
._~ __ 1O .~~ 

10 K.o. 
3 10~9 

1 .to Atr 5 
A~ .. ~ 

4 
6 

v- v-

ELECTRICAL CHARACTERISTICS SSS741B SSS741C 

These specifications apply for T A = 25°C 
±5V ~ Vs ~ ±20V 

unless otherwise Vs = ±15V 
specified 

Parameter Symbol Test Conditions Min Max Min Max Units 

Input Offset Voltage VOS RS ~ SOH! - 3.0 - 6.0 mV 

Input Offset Current lOS - S.O - 2S nA 

Input 8ias Current 18 - SO - 100 nA 

I nput Resistance RIN 2.0 - 1.0 - Mn 

Large Signal 
AVO 

RL ~ 2kn Vs = ±15V 
50,000 - 25,000 - V/v 

Voltage Gain Vo = ±10V 

Output Voltage Swing YOM 
Vs = ±15V RL ~ 10kn ±12 - ±12 - V 
RL ~ 2kn ±10 - ±10 - V 

Input Voltage Range CMVR VS=±15V ±12 - ±12 - V 

Common Mode Rejection Ratio CMRR RS::: 50kn 80 - 70 - d8 

Power Supply Rejection Ratio PSRR RS::: 50kn - 100 - 150 I'V/v 

Power Consumption PD VS=±15V - 85 - 85 mW 

The following specifications apply for ±5V ~ Vs ~ ±20V 

-25°C ~ T A ~ +B5°C - 555741 B unless otherwise Vs = ±15V 

O°C~TA ~+70°C-555741C specified 

Input Offset Voltage VOS RS::: 50kn - 4.0 - 7.5 mV 

Input Offset Current lOS - 10 - 50 nA 

Input Bias Current 18 - 100 - 200 nA 

Large Signal 
RL ~ 2kn 

AVO Vs = ±15V 25,000 - 15,000 - V/v 
Voltage Gain 

Vo = .10V 

Vs = ±1SV RL ~ 10kn ±12 - .12 - V 
Output Voltage Swing YOM RL ~ 2kn .10 - ±10 - V 

Common Mode Rejection Ratio CMRR RS :s SOkn 80 - - - d8 

Power Supply Rejection Ratio PSRR RS :s 50kn - 100 - - I'V/v 
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PMI 888747 
DUAL COMPENSATED OPERATIONAL AMPLIFIER 

GENERAL DESCRIPTION 

The SSS747 Series of Internally Compensated Dual Operational 
Amplifiers provides sign.ificant performance improvements 
while retaining full pin-for-pin interchangeability with industry­
standard general-purpose types. Improved off,et voltages, bias 
current, bandwidth· and noise performance enable immediate 
system performance upgrading without redesign and eliminate 
costly special selections. Precision Monolithics' exclusive 
Silicon-Nitride "Triple Passivation" process eliminates "pop­
corn noise" and provides maximum reliability and long term 
stability of parameters for lowest overall system operating 
cost. The SSS747 is ideal for use in summing amplifiers, 
integrators, active filters and in other circuits where improved 
performance and accuracy are required .. For very high per­
formance dual operational amplifiers with the same pinout as 
SSS747, see the OP-04 data sheet. 

SCHEMATIC DIAGRAM 

(1/2 OF CIRCUIT SHOWN) 

* DIP AND FLATPACK ONLY 

6-54 

FEATURES 

_ Improved D_C_ Specifications 

• Low Input Bias Current 

- High Large Signal Voltage Gain 

_ Internal Frequency Compensation 

- Large Common Mode Voltage Range 

_ Low Power Consumption 

_ Continuous Short Circuit Protection 

_ MI L-STD-883A Processing Available 

• Silicon-Nitride Passivation 

PIN CONNECTIONS AND ORDERING INFORMATION 

TOP VIEW 

C · 
'-'''V.' '."PUT lA' I _. '<$ .... L ... ,.C[ 'A' 

NON-INV. INPUT {A}2'" 13 V+ 'A' 

.... LANCE! ... )3 120UTPUT(AI 

V-4 IIN.e, 

BALANCE (III $ 10 OUTPUT till 

NOH-INV.IHPUT tal" 'V+ lal 

INV.INPUT IIIJ7 a ,ALANC[ (al 

INV.I"IPUTIAllm. -.' .... "."C[I ... ' 
NON-IHV.INPUT CA)2 • ""'+{A, 

, BALANCE!"', - 120UTPUTlA, 

'1- 4 11 N.C. 

IAL,t,NCE{BIIi _ IOQUTPUT{I) 

NON-IHV.INPUT 18'a , . 'v+UII 

INV. INPUT (II T ' ., 'AL4NC[ 181 

TO-100 IK-Suffix) 
ORDER: SSS747K 

SSS747GK 
SSS747BK 
SSS74icK 

14 PIN DIP (Y-Suffix) 
ORDER: SSS747Y 

SSS747GY 
SSS747BY 
SSS747CY 

14 PIN 

FLATPACK (M-Suffix) 

ORDER: SSS747M 
SSS747GM 
SSS747BM 



555-747 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Internal Power Dissipation (Note 1) 

Differential Input Voltage 

I nput Voltage 

Output Short Circuit Duration 

Storage Temperature Range 

Operating Temperature Range 
SSS747,SSS747G 
SSS747B 
SSS747C 

±22V 

500mW 

±30V 

Supply Voltage 

Indefinite 

-65u to 150° C 

-55°C to +125°C 
-25°C to +B5°C 

O°C to +70°C 

Lead Temperature Range (Soldering, 60 sec) 300°C 

ELECTRICAL CHARACTERISTICS (Each Amplifier) 

These specifications apply for T A = 25°C. 

Parameter Symbol Test Conditions 

I nput Offset Voltage Vas RS:S 50kn 

I nput Offset Current lOS 

I nput Bias Current IB 

I nput Resistance RIN 

NOTES: 

Note 1: Maximum package power dissipation vs. ambo 

ient temperature. 

MAXIMUM AMBIENT . DERATE ABOVE 
TEMPERATURE MAXIMUM AMBIENT 

PACKAGE TYPE FOR RATING TEMPERATURE 

DUAL-IN-LiNE (Y) 
TO·100 (K) 
l4-LEAD FLATPACK (M) 

SSS747 

±5V ~ Vs ~ ±20V 
unless otherwise noted 

Min Max 

- 2.0 

- 5.0 

- 50 

2.0 -

SSS747G 

10.Omwrc 
7.lmW/oC 
5.7mW/oC 

±5V ~ Vs ~ ±15V 
unless otherwise noted 

Min Max Units 

- 5.0 mV 

- 25 .nA 

- 100 nA 

1.0 - Mn 

Large Signal 
Ava 

RL ~ 2kn Vs = ±15V 
100,000 50,000 V/V - -

Voltage Gain Va = ±10V 

Output Voltage Swing YOM 
Vs = ±15V RL ~ 10kn ±12 - ±12 - V 

RL ~ 2kn ±10 - ±10 - V 

I nput Voltage Range CMVR VS=±15V ±12 - ±12 - V 

Common Mode Rejection Ratio CMRR RS :S 50kn 80 - 70 - dB 

Power Supply Rejection Ratio PSRR RS:S 50kn - 100 - 150 IN/V 

Power Consumption Po VS=±15V - 85 - 85 mW 

Channel Separation CS 100 - 80 - dB 

The following specifications apply for -55°C ~ T A ~ +125°C. 
±5V ~ Vs ~ ±20V ±5V ~ Vs ~ ±15V 

unless otherwise noted unless otherwise noted 

Input Offset Voltage vas RS:S 50kn - 3.0 - 6.0 mV 

Input Offset Current lOS - 10 - 50 nA 

Input Bias Current IB - 100 - 200 nA 

Large Signal RL ~ 2kn 

Voltage Gain AVO VS=±15V 50,000 - 25,000 - VIV 
Va = ±10V 

RL ~ 10kn ±12 ±12 V 
Output Voltage Swing YOM RL 2: 2kn ±10 - ±10 - V 

VS=±15V 

Common Mode Rejection Ratio CMRR RS:S 50kn 80 - 70 - dB 

Power Supply Rejection Ratio PSRR RS:S 50kn - 100 - 150 IlV/V 
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BALANCING CIRCUIT 

2 
>--12 

ELECTRICAL CHARACTERISTICS 

Each Amplifier 

These specifications apply for T A = 25°C 

Parameter Symbol 

Input Offset Voltage VOS 

Input Offset Current lOS 

Input Bias Current IB 

I nput Resistance RIN 

Large Signal 
AVO Voltage Gain 

Output Voltage Swing VOM 

Input Voltage Range CMVR 

Common Mode Rejection Ratio CMRR 

Power Supply Rejection Ratio PSRR 

Power Consumption Po 

CI",nnel Separation CS 

The following specifications apply for 

-25QC'~ T A ~ +85°C - SSS747B 

O°C ~ T A'~ +70°C ~ SSS747C/SSS1458 

Input Offset Voltage Vos 

Input Offset Current lOS 

Input Bias Current IB 

Large Signal 
AVO Voltage Gain 

Output Voltage Swing VOM 

Common Mode Rejection Ratio CMRR 

Power Supply Rejection Ratio PSRR 

555-747 

OIPANO 
FLATPACK 
ONLY 

Test Conditions 

RS:S SOkn 

R L 2: 2kH Vs = i 15V 
VO.= ±10V 

Vs = ±lSV RL 2: 10kn 
RL 2: 2kn 

Vs = ±15V 

RS :s SDk!! 

RS:S SOkn 

Vs = ± lSV 

RS ~ SOkH 

RL 2: 2kn 
VS=±lSV 
Vo = ±10V 

Vs = ±lSV RL 2: 10k!! 
RL 2: 2kn 

RS:S SOkn 

RS:S SOH! 
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6 
>--10. 

7 

SSS747B SSS747C 

±5V ~ Vs ~ ±20V ±5V S; Vs ~ ±15V 
unless otherwise unless otherwise 

specified specified 

Min Max Min Max Units . 

- 3.0 - S.O mV 

- S.O - 25 nA 

- SO - 100 riA 

2.0 - 1.0 - Mn 

SO.OOO - SO,OOO - V/V 

i 12 - ±12 - V 
±10 - ±10 - V 

±12 - ±12 - V 

80 - 70 - dB 

- 100 - lS0 ,..V/V 

- BS - BS mW 

100 - 80 - dB 

±5V ~ Vs ~±20V ±5V ~ Vs ~ ±15V 

unless otherwise unless otherwise 

specified specified 

- 4.0 - 6.0 mV 

- 10 - SO nA 

- 100 - 200 nA 

2S,OOO ~ 2S,Ooo - V/V 

.. 

"± 1:l ±12 V - -
±10 '-10 V 

80 - 70 - dB 

- 100 - 150 ,..V/V 



SSS1458/1558 PMI 
® 

DUAL COMPENSATED OPERATIONAL AMPLIFIER 
GENERAL DESCRIPTION 

The SSS1458/1558 Series of Internally Compensated Dual 
Operational Amplifiers provides significant performance im­
provements while retaining full pin-for-pin interchangeability 
with industry-standard types_ Improved offset voltages, bias 
current, bandwidth and noise performance enable immediate 
system performance upgrading without redesign and eliminate 
costly special selections_ Precision Monolithics' exclusive 
Silicon-Nitride "Triple Passivation" process eliminates "pop­
corn noise" and provides maximum reliability and long term 
stability of parameters for lowest overall system operating 
cost_ The SSS1458/1558 is ideal for use in summing amplifiers, 
integrators, active filters and in other circuits where improved 
performance and accuracy are required_ For very high per­
formance dual operational amplifiers with the same pinout as 
SSS1458/1558, see the OP-14 data sheet_ 

SCHEMATIC DIAGRAM 

(1/2 OF CIRCUIT SHOWN) 
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FEATURES 

- ImprovedD_C_ Specifications 

_ Low Input Bias Current _____________ <100nA 

• High Large Signal Voltage Gain ________ >50,000 

- Internal Frequency Compensation 

- Large Common Mode Voltage Range _____ >±12V 

_ Low Power Consumption _ _ _ _ _ _ _ _ _ _ _ _ <85mW 

_ Continuous Short Circuit Protection 

_ MI L-STD-883A Processing Available 

• Silicon-Nitride Passivation _ _ _ _ _ _ _ _ _ _ Low Noise 

PIN CONNECTIONS AND ORDERING INFORMATION 

INVERTING 
INPUT IAI 2 

TOP VIEW 

4 y-

TO-99 (J-Suffix) 

ORDER: SSS1558J 
SSS1458J 

INVERTING 
6INPUT(S) 



555-1458/1558 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ±';2V 
500mW 

±30V 
Supply Voltage 

Indefinite 
_65° to +150°C 

Lead Temperature Range (Soldering, 60 sec) 
Internal Power Dissipation (Note) 
Differential Input Voltage 
Input Voltage 
Output Short Circuit Duration 
Storage Temperature Range 

Operating Temperature Range 
S5S1558 
SSS1458 

NOTE: Derate at 7.1 mWfC above 80°C. 

-55°C to +125°C 
O°C to +70°C 

ELECTRICAL CHARACTERISTICS (E;ach Amplifier) SSS1558 SSS1458 

These specifications apply for T A '= 25°C and ±5V';; Vs';; ±15V unless otherwise noted. 

Parameter Symbol Test Conditions Min Max Min Max Units 

I nput Offset Voltage Vas RS:S 50kn - 5.0 - 5.0 mV 

I nput Offset Current lOS - 25 - 25 nA 

Input Bias Current IB - 100 - 100 nA 

Input Resistance RIN 1.0 - 1.0 - Mn 

Large Signal 
Ava 

RL 2: 2kn Vs = ±15V 
50,000 - 50,000 V/v Voltage Gain Va = ±10V 

-

Output Voltage Swing VOM 
Vs = ±15V RL 2: 10kn ±12 - ±12 - V 
RL 2: 2kn ±10 - ±10 - V 

Input Voltage Range CMVR VS=±15V ±12 - ±12 - V 

Common Mode Rejection Ratio CMRR RS:S 50kn 70 - 70 - dB 

Power Supply Rejection Ratio PSRR RS:S 50kn - 150 - 150 /J.V/v 

Power Consumption Po VS=±15V - 85 - 85 mW 

Channel Separation CS 80 - 80 - dB 

The following specifications apply for ±5V';; Vs';; ±15V, -55°C';; T A';; +125°C for SSS1558, and 
O°C.;; T A';; +70°C for SSS1458 unless otherwise noted. 

'. 

Input Offset Voltage Vas RS 'S- 50kn - 6.0 - 6.0 mV 

,Input Offset Current lOS - 50 - 50 nA 

Input Bias Current IB - 200 - 200 nA 

Large Signal 
RL 2: 2kn 

Voltage Gain Ava Vs = ±15V 25,000 - 25,000 - V/v 
Va = ±10V 

Output Voltage Swing VOM 
Vs = ±15V RL 2: 10kll ± 12 ±12 V 

RL 2: 2kn ±10 
-

110 
-

V 

Common Mode Rejection Ratio CMRR RS :s 50kll 70 - 70 - dB 

Power Supply Rejection Ratio PSRR RS:S 50kn - 150 - 150 /J.V/v 
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PMI 
® 

PM-108A 
LOW INPUT CURRENT OPERATIONAL AMPLIFIER 

PM108A / PM208A / PM308A / PM108 / PM208 / PM308 

GENERAL DESCRIPTION 

The PM 1 OBA Series of precision monolithic operational 
. amplifiers features extremely low input offset and bias 

currents. Although directly interchangeable with industry­
standard types, Precision Monolithics' advanced processing 
technique provides a significant improvement in input noise 
voltage. Low supply current drain over a wide power supply 
range makes the PM lOBA attractive in battery operated and 
other low power applications. Low offset current and low 
bias current provide excellent performance in high impedance 
circuits such as long period integrators, sample-and-holds, 
and with piezoelectric and capacitive transducers. 

SIMPLIFIED SCHEMATIC 

PIN CONNECTIONS AND ORDERING INFORMATION 

TOP VIEW 
COMP 

4 V- ICASEI 

COMP 2 

GUARD 3 

INV. INPUT 4 

NON-IHY. INPUT e 
GUARD 6 

V-7 

• 

FEATURES 

_ Low Offset Current .............. 200pA Max 
_ Low Bias Current ............... 2.0nA Max 
_ Low Power Consumption ..... 1BmW Max @±15V 
_ LDw Offset Voltage Drift ........ 5.0jJ.Vt C Max 
_ High Common Mode Input Range .... ±13.5V Min 
_ MIL-STD-883 Processing Available 
_ Silicon-Nitride Passivation 

14 

13 

12 COMP 

II y. 

10 OUTPUT 

COMPENSATION CIRCUITS 

STANDARD 

R, 

C, 

ALTERNATE 

OUTPUT 

R, 
c,aR\+Rz Co 

Co -30pF 

OUTPUT 

R, 
cSa R\ +R2 Co 

Co·IOOpF 

(Improves rejection of power supply 
noise by a factor of ten) 

Ig'oco"P GUARD 2 • COMP 

INY. INPUT 3 _ 8 Y. 

NON-INV. INPUT 4· 7 OUTPUT 

GUARD. • V-leASE) 

TO-99 (J-Suffix) 

ORDER: PM108AJ/PM108J 
PM208AJ/PM208J 
PM308AJ/PM308J 

14 PIN DIP (Y-Suffix) 

ORDER: PM108AY/PM108Y 
PM208A Y /PM208Y 
PM308AY/PM308Y 

10 PIN FLATPACK (L-Suffix) 

ORDER: PM108AL/PM108L 
PM208ALlPM208L 
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PRELIMINARY 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
PM 1 08A. Hj8, 208A, 208 

PM308A,308 

Internal Power Dissipation (Note 1) 
Differential Input Current (Note 2) 
Input Voltage (Note'3) 
Output Short Circuit Duration 

ELECTRICAL CHARACTERISTICS 

PM-108A 

±20V 

±18V 

SOOmW 

±10mA 

±lSV. 

Indefinite 

Operating Temperature R·ange 
PM108A, PM108 

PM208A, PM208 

PM308A, PM308 

Storage Temperature .Range 
Lead Temperature Range 

(Soldering, 60 sec) 

PM108A 

PM208A 

These specifications apply for ± 5V·';;; V ~ .;;; ± 20V and T A = 25°C unless otherwise noted. 

Parameter Symbol Conditions Min Typ Max 

Input Offset Voltage Vos - 0.3 0.5 

Input Offset Current los - 0.05 0.2 

Input Bias Current IB - O.B 2.0 

Input Resistance Rin 30 70 -

Large Signal Voltage Gain Avo Vs=±15V, Vout= ±10V, 

RL ;;;'10kil 
BO 300 -

Supply Current Is lout= 0, Vout = 0 - 0.3 0.6 

PM108 

PM208 

'-55°'C to +125°C 
- 2SoC to +85°C 

O°C to +70°C 

-65°C to +150°C 

Min Typ Max Units 

- 0.7 2.0 mV 

- 0.05 0.2 nA 

- O.B 2.0 nA 

30 70 - Mil 

50 300 - V/mV 

- 0.3 0.6 mA 

The following specifications apply for ±5V,;;VS.;;±20V, -55°C';; TA .;; +125°C ior PM10B and PM1OBA, -25°C"; T A ";+B5°C for 
PM208 and PM208~, unless otherwise noted. 

Input Offset Voltage 'V 
os - 0.4 1.0 - 1.0 3.0 mV 

Average I nput Offset 
Voltage Drift 

TCVos - 1.0 5.0 - 3.0 15 INloC 

Input Offset Current los - 0.1 0.4 - 0.1 0.4 nA 

Average Input Offset TClos - 0.5 2.5 - 0.5 2.5 pA/oC 

Current Drift 

Input Bias Current IB - 1.0 3.0 - 1.0 3.0 nA 

Large Signal Voltage Gain Avo V=±15VV =±10V 40 200 - 25 200 - V/mV 
5 ' out 

RL ;;;'10kil 

Output Voltage Swing VoM , Vs=±15V, RL = 10kil ±13 ±14 - ±13 ±14 - V 

Input Voltage Range CMVR V =±15V 
s 

±13.5 - - ±13.5 - - V 

Common Mode Rejection Ratio CMRR 96 110 - B5 100 - dB 

Supply Voltage Rejection Ratio PSRR 96 110 - 80 96 .- dB 

Supply Current I 
s Vout= 0, TA = MAX - 0.15 0.4 - 0.15 0.4 mA 
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PRELIMINARV PM-108A 

ABSOLUTE MAXIMUM RATINGS 

NOTE 1: Maximum package power dissipation vs. ambient 
temperature: 

NOTE 2: The inputs are shunted with back-to-back diodes 

for overvoltage protection. Therefore. excessive current 

will flow if a differential input voltage in excess of 1 V is 

applied between the inputs unless some limiting resistance 
is provided. 

Maximum Derate Above 
Ambient Maximum 

Temperature Ambient 

Package Type for Rating Temperature 

BO°C TO-99 (J) 

Dual-in-Line (V) 100°C 

Flat Pack (L) 62°C 

7.1 mWfC 

10.0 mWfC 
5.7 mWfC 

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

ELECTRICAL CHARACTERISTICS PM30BA PM30B 

These specifications apply for ±5V .;;; V S .;;; ±15V and T A = 25°C unless otherwise noted. 

Parameter Symbol Conditions Min Typ Max Min Typ Max Units 

Input Offset Voltage V as - 0.3 0.5 - 2.0 7.5 mV 

I nput Offset Current los - 0.2 1.0 - 0.2 1.0 nA 

Input Bias Current IB - 1.5 7.0 - 1.5 7.0 nA 

Input Resistance R in 10 40 - 10 40 - MSl 

Large Signal Voltage Gain Ava 
Vs=±15V. Vout=±10V 
RL ;;'10kSl 

80 300 - 25 300 - V/mV 

Supply Current Is lout= O. Vout = 0 - 0.3 0.8 - 0.3 0.8 mA 

The following specifications apply for ±5v';;;v s ';;;±15V and OOC';;;T A ';;;+70oC unless otherwise noted. 

Input Offset Voltage V as - 0.4 0.73 - 3.0 10.0 mV 

Average I nput Offset 
TCVos - 1.0 5.0 - 6.0 30 }NtC 

Voltage Drift 

Input Offset Current los - 0.3 1.5 - 0.3 1.5 nA 

Average I nput Offset TClos - 2.0 10 - 2.0 10 pAtC 
Current Drift 

Input Bias Current IB - 2.0 10 - 2.0 10 nA 

Large Signal Voltage Gain Avo Vs=±15V. Vout=±lOV. 
RL ;;'lOkSl 

60 200 - 15 100 - V/mV 

Output Voltage Swing VoM Vs =±15V;R L =10kSl ±13 ±14 - ±13 ±14 - V 

I nput Voltage Range CMVR V = ±15V s ±14 - - ±14 - - V 

Common Mode Rejection Ratio CMRR 96 110 - 80 100 - dB 

Supply Voltage Rejection Ratio PSRR 96 110 - 80 96 - dB 

Supply Current Is Vout=O,TA=MAX - 0.23 - - 0.23 - rnA 



PMI PM-725 
INSTRUMENTATION OPERATIONAL AMPLIFIER 

GENERAL DESCRIPTION 

The PM725 Series of monolithic Instrumentation Operational 

Amplifiers provides industry'standard725 specifications. In 

addition. Precision. Monolithics' exclusive Silicon-Nitride 

"Triple Passivation" process eliminates "popcorn noise" and 

provides maximum reliability a'n'd long term stability of param­
eters for lowest, overall system operating cost. For improved 

specifications. see the SSS725 Series data sheet. For devices 

with internal frequency compensation request the OP-05 

Instrumentation and OP-07 Ultra-low Offset Voltage Opera­

tional Amplifier data sheets. 

SIMPLIFIED SCHEMATIC 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ±22V Lead Temperature Range 
Internal Power Dissipation (Soldering, 60 sec) 

FEATURES 

• Extremely High Voltage Gain _ ...... , 3MV IV Typ 

• Low Offset Voltage and Offset Current 

• Low Drift with Temperature 

• Low Input Voltage And Current Noise 

• High Common Mode Rejection .... _ ... 11 Odb min 

• High Power Supply Rejection .... _ ... 10J.lv/v max 

• Silicon-Nitride Passivation 

• Differential Input Overvoltage Protection 

PIN CONNECTIONS AND ORDERING INFORMATION 

TOP VIEW 

TO-99 (J·Suffix) 
ORDER: PM·725J 

INVERTING PM-725CJ INPUT 2 a OUTPUT 

• V- (CASE) 

I' 

13 

YOI TRIM 3 12 Voo TRIM 14 PIN DIP IY Suffix) 
INY. INPUT 4 II v+ ORDER: PM·725Y 

NON-INV. INPUT 5 10 OUTPUT PM·725CY 

v- 6 • COMPo 

COMPENSATION 

COMPENSATION COMPONENT VALUES 

A, C, A, c, 
AV 1!l1 II'F) Ill) (!IF) 

300°C 10,000 ,", 50llF 

(See note) 500mW Operating Temperature' Range 
1,000 '" 000 

'"0 " 00 

Differential Input Vo.ltage !,5V PM725 _55° C to +125° C '" " 05 "0 0015 

Input Voltage Supply Voltage PM725C O°C to +70°C , , 
'" 05 39 " 

.Jl 
.. , V' 

Output Short Circuit NOTE: For the TO·99(J) package derate at PM72 

I Duration Indefinite 7.1 mW/"C above SOvC: for the i ~l ., 1 l00Hl 

Storage Temperature DIP(Y) package derate at 10.0mWI c,:!: " , 
Range _65u C to +150°C °c above 100°C. I ·u •• '-6In_ ...... "' .. , ~M72 

, 
R 1 . "I!J*". wuh ClPKltlllelo.d. 

COMPENSATION VOLTAGE OFFSET 
CIRCUIT NULL CIRCUIT 
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PM-726 

ELECTRICAL CHARACTERISTICS PM725 PM725C 

These specifications apply for V s = ± 15V, T A = 25°C. unless othp.rwise noted. 

Parameter Svmbol Test Conditions Min TVp Max Min TVp Max Units 

Input Offset Voltage 
Vos RS.;;10kn 0.5 1.0 0.5 2.5 mV 

(Without external trim) 

Input Offset Current los 2.0 20 2.0 35 nA 

Input Bias Current IB 42 100 42 125 nA 

fo=10Hz 15 15 nV/,jHz 

Input Noise Voltage en fo=100Hz 9.0 9.0 nV/,jHz 

fo = 1 kHz 8.0 8.0 nV/,jHz 

fo = 10 Hz 1.0 1.0 pA/,jHz 

I nput Noise Current in fo = 100 Hz 0.3 0.3 pA/,jHz 

fo = 1 kHz 0.15 0.15 pA/,jHz 

Input Resistance Rin 1.5 1.5 Mn 

Input Voltage Range 'CMVR ±13.5 ±14 ±13.5 ±14 V 

Large Signal Voltage Gain Avo RL;;.2kn,VO=±10V 1,000,000 3,000,000 250,000 3,000,000 V/v 

Common Mode Rejection Ratio CMRR RS';; 10 kn 110 120 94 120 dB 

Power Supply Rejection Ratio PSRR RS';; 10 kn 2.0 10 2.0 35 J,lV/v 

RL;;.10kn ±12 ±13.5 ±12 ±13.5 V 
Output Voltage Swing Yom 

RL;;' 2 kn ±10 ±13.5 ±10 ±13.5 V 

Output Resistance Ro 150 150 n 

Power Consumption Pd 80 105 80 150 mW 

The following specifications apply for Vs - ±15V, -55uC .;; TA .;; +125uC for PM725, ouC .;; T A';; +70uC for PM725C, unless otherwise noted. 

Input Offset Voltage 
Vos RS';; 10 kn 1.5 3.5 mV 

(Without external trim) 

Average Input Offset Voltage Orift 
TCVos RS= 50n 2.0 5.0 2.0 J,lVrc 

(Without external trim) 

Average Input Offset Voltage Orift 
TCVosn RS = 50n 0.6 0.6 J,lV/oC 

(With external trim) 

TA =MAX 1.2 20 1.2 35 nA 
Input Offset Current los 

4.0 50 nA TA = MIN 7.5 40 

Average Input Offset Current Drift TClos 35 150 10 pArc 

TA=MAX 20 100 125 nA 
Input Bias Current IB 

TA =MIN 80 200 250 nA 

RL;;'2kn,TA=MAX 1,000,000 125,000 V/v 
Large Signal Voltage Gain Avo 

125,000 V/v RL;;' 2 kn, TA = MIN 250,000 

Common Mode Rejection Ratio CMRR RS';; 10 kn 100 115 dB 

Power Supply Rejection Ratio PSRR RS';; 10 kn 20 20 J,lV/v 

Output Voltage Swing Yom RL;;' 2 kn ±10 ±10 V 
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PMI PM-741 
COMPENSATED OPERATIONAL AMPLIFIER 

GENERAL DESCRIPTION 

The PM741 Series of Internally Compensated Operational 
Amplifiers provides industry-standard 741 specifications. In 
addition, Precision Monolithics' exclusive Silicon-Nitride 
"Triple Passivation" process eliminates "popcorn noise" and 
provides maximum reliability and long term stability of paramo 
eters for lowest overall system operating cost. For improved 
specifications, see the SSS741 Series data sheet. For very high 
performance general purpose op amps, refer to the OP-02 
Series data sheet. 

SCHEMATIC DIAGRAM 

AI .. A2 A. 

-. (i) BALANCE .@ 8Al.ANCE 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
PM741 
PM741C 

Internal Power Dissipation (Note 1 ) 

Differential Input Voltage 

Input Voltage 

CIRCLED NUMBERS CORRESPOND 
TO TO-II PIN CONFIGURATION 

±22V 
±18V 

-500 mW 

±30V 

Supply Voltage 

Output Short CircUit Duration Indefinite 

Storage Temperature Range _65°C to +150°C 

Lead Temperature Range (Soldering, 60 sec) 300°C 

FEATURES 

_ Industry Standard 741 Specifications 

_ Internal Frequency Compensation 

_ Continuous Short Circuit Protection 

_ MI L-STD-883 Processing Available 

_ Silicon-Nitride Passivation 

iii Low Noise 

PIN CONNECTIONS AND ORDERING INFORMATION 

• 14 

13 

12 

11 v+ 

TO-99 (J-Suffix) 
ORDER: PM741J 

PM741CJ 

14 PIN DIP (Y-Suffix) 
ORDER: PM741Y 

PM741CY 

2 

BALANCE 3 

INV. INPUT 4 

NON-INV.5 
INPUT 

v- 8 

-7 

10 OUTPUT 

9 BALANCE 

Operating Temperature Range 
PM741 
PM741C 

-55°C to +125°C 
O°C to +85°C 

Note 1. Maximum package power dissipation vs ambient 
temperature; 

PACKAGE TYPE 

TO·99 (J) 
DUAL·IN-L1NE (Y) 

MAXIMUM AMBIENT 
TEMPERATURE 

FOR RATING 

80°C 
100°C' 

DERATE ABOVE 
MAXIMUM AMBIENT 

TEMPERATURE 

7.1mW/oC 
10.DmW/"C 



PM·741 

ELECTRICAL CHARACTERISTICS 

These specifications apply for TA = 25°C. Vs = ±15V. 
PM741 PM741C 

'mless,otherwise specified. 

Parameter Symbol Test Conditions Min Max Min Max Units 

Input Offset Voltage Vas RS'; 10k!l - 5.0 - 6.0 mV 

" 

Input Offset Current lOS - 200 - 200 nA 

Input Bias Current IB - SOO - 500 nA 

Input Resistance RIN 0.3 - 0.3 - M!l 

Large Signal 
AVO 

RL;;' 2k!l 
50.000 - 25.000 - V/V 

Voltage Gain Va = ±10V 

Supply Current IS - 2.B - 2.B rnA 

The following specifications apply for -55°C';;; T A .;;; +125°C -
Vs = ±15V Vs =±15V 

PM741 and O°C';;;. T A';;; +85°C - PM741C. 

Input Offset Voltage Vas RS'; 10k!l - 6.0 - 7.5 mV 

Input Offset Current lOS - 500 - 300 nA 

Input Bias Current IB - 1.5 - O.B IJA 

Large Signal 
AVO 

RL;;' 2k!l 
25.000 - 15.000 - VIV 

Voltage Gain Va = ±10V 

Output Voltage Swing VOM RL ;;'10k!l ±12 - ±12 - V 
RL;;' 2k!l ±10 - ±10 - V 

Input Voltage Range CMVR ±12 - ±12 - V 

Common Mode Rejection Ratio CMRR RS'; 10k!l 70 - 70 - dB 

- -
Power Supply Rejection Ratio PSRR, RS'; 10k!l 17 77 dB 



PMI PM-747 
® 

DUAL COMPENSATED OPERATIONAL AMPLIFIER 
GENERAL DESCRIPTION 

FEATURES 
The PM747 Series of Internally Compensated Dual Operational 
Amplifiers provides industry-standard 747 specifications. In 
addition, Precision Monolithics' exc.lusive Silicon-Nitride 
"Triple Passivation': process eliminates "popcorn noise" and 
provides maximum reliability and IOhg term stability of param­
eters for lowest overall system· operating cost. For improved 
specifications, see, the SSS747 Series data sheet. For very high 
performance dual op amps, refer to the OP·l0 Dual Matched 
Instrumentation Operational Amplifier data sheet. 

_ Dual PM 741 Internally Compensated Operational 

SCHEMATIC DIAGRAM 

(1/2 OF CIRCUIT SHOWN) 

Amplifier 

_ Internal Frequency Compensation 

_ Continuous Short Circuit Protection 

_ MI L-STD-883 Processing Available 

_ Silicon-Nitride Passivation 

_ Low Noise 

PIN CONNECTIONS AND 
ORDERING INFORMATION 

TOP VIEW 

ov-

rN'tr"~UTIA1'C. , .......... Ncrl .. ' 
NON-IN't 'NPUT 11012 + "V+ lA' 

.... L ... NCE 'Al:S 12 OUTPUT IAI 

v-.. II ... C. 

.... LANCE'I'a 10 OlITI"UT ,I, 

H'*-INV.INI"UT (I" • v+ {II 
'MV.INPUT II't • ULANCE tl, 

TO-l00 (K-Suffix) 

ORDER: PM747K 
PM747CK 

14 PIN DIP (Y-Suffix) 

ORDER: PM747Y 
PM747CY 

* DIP PACKAGE ONLY 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
PM747 
PM747C 

Internal Power Dissipation 
(See note) 
Metal Can (K) package 
DIP (Y) Package 

Differential Input Voltage 
Input Voltage 
Output Short Circuit 

Duration 

±22V 
±leV 

SOOmW 
670mW 

Storage Temperature Range -6So to. ISO" C 
Lead Temperature Range 

(Soldering, 60 sec) 300"C 
Operating Temperature Range 

PM747 -SSoC to +12SoC 
PM747C O°C to +70°C 

±30V NOTE: For the TO·l00(K) package derate 
Supply Voltage at 7.1mWrC above BO°C; for the 

DIP(Y) package derate at 10.0mWI 
Indefinite °c above 100°C. 
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PM-747 

ELECTRICAL CHARACTERISTICS PM747 PM747C Each Aml!lifier ' 
These specifications apply, for TA = 25°C. Vs = ±15V. 
unless otherWise noted. 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max Units 

Input Offset Voltage VOS RS c; 10 k.ll - 1.0 5.0 - 1.0 6;0 mV 

Input Offset Current lOS - 20 200 - 20 200 nA 

Input Bias Current IB - 80 500 - BO 500 nA 

I nput Resistance RIN 0.3 2.0 - 0.3 2.0 - Mn 

Input Capacitance CIN - 1.4 - - 1.4 - pF 

Offset Voltage Adjustment Range - ±15 - - ±15 - mV 

Large Signal Voltage Gain AVO RL;;.2kn.VO,,±10V 50 200 - 25 200 - V/mV 

Output Resistance RO - 75 ,- - 75 - n 

Output Short Circuit Current ISC - 25 - 25 - mA 

Supply Current ISY - 1.7 2.8 - 1.7 2.8 mA 

Power Consumption Po Vs - :1:15 V - 50 85 - 50 85 mW 

Transient Response I Risetime VIN - 20mV. RL - 2 kn - 0.3 - - 0.3 - "sec 
(Unity Gain) I Overshoot CL C; 100 pF - 5.0 - - 5.0 - % 

Slew Rate • RL C; :2kn - (l.7 - - 0,7 - V/"sec 

Channel Separation, ,', CS - 120 ,- - 120 - dB 
, 

The followi'ng specificati'ons apply forVs = ±15V. -55°C C; TA 
, 

.;; +125°C for PM747. OoC'; TA C; +70°C for PM747C. unless ' 
otherwise noted. 

Input Offset Voltage VOS RS C; 10kn - 1.0 6.0 - 1.0 7.5 mV 

TA=MAX ~ 7.0 200 - 7.0 200 nA 
Input Offset Current lOS 

TA=MIN 85 500 30 300 nA - -
TA=MAX - 0.03 0.5 - 0.03 0.5 "A Input Bias Current IB 
TA= MIN - 0.3 1.5 - 0.10 0.8 "A 

Input Voltage Range CMVR ±12 ±13 - ±12 ±13 - V 

Common Mode Rejection Ratio CMRR RS C; 10 kn 70 90 - 70 90 - dB 

Power Supply Rejection Ratio PSRR RS C; 10 kn - 30 150 - 30 150 "V/v 
Large Signai Voltage Gain AVO RL;;'2kn.VO=±10V 25 ,- - 15 - - V/rriV 

Output Voltage SWing 
RL;;>10k.ll ±1,2 ,±14 - ±12 ±14 - V 

VOM, ' 
RL;;.2 kn ±10 ±13 - ±10 ±13 - V 

TA -MAX - 1.5 2.5 - 1.5 2.5 mA 
Supply Current ISY 

TA= MIN - 2.0 3.3 - 2.0 3.3 mA 

TA-MAX - 45 75 - 45 ' 75 mW 
Power Co.nsumption Po 

TA=MIN 60 100 - 60 100 mW -



PMI PM-1458/1558 
DUAL COMPENSATED OPERATIONAL AMPLIFIER 

GENERAL DESCRIPTION 

The PM1558 Series of Internally Compensated Dual Opera­
tional Amplifiers provides industry-standard 1558 specifica­
tions and pin-for-pin compatibility_ In addition, Precision 
Monolithics' exclusive Silicon-Nitride "Triple Passivation" 
process eliminates "popcorn noise" and provides maximum 
reliability and long term stability of parameters for lowest 
overall system operating cost. For improved specifications, 
refer to the 555747/1558 Dual Internally Compensated 
Operational Amplifier data sheet. For precision dual op amps, 
refer to the OP-10 Dual Matched Instrumentation Operational 
Amplifier data sheet. 

SCHEMATIC DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

FEATURES 
_ Dual PM 741 Internally Compensated Operational 

Amplifier 

- Internal Frequency Compensation 

_ Low Power Consumption 

_ Continuous Short Circuit Protection 

_ MI L-STD.-883 Processing Available 

_ Silicon-Nitride Passivation 

PIN CONNECTIONS AND ORDERING INFORMATION 

INVERTING 
INPUT (A) 2 

TOP VIEW 

4 v-

TO-99 

ORDER: PMI558J 
PMI458J 

INVERTING 
6 INPUT (B) 

Supply Voltage 
PM1558 
PM1458 

Operating Temperature Range 

Internal Power Dissipation 
(See note) 

±22V 
±18V 

500mW 
Differential Input Voltage ±30V 
Input Voltage Supply Voltage 
Output Short Circuit 

Duration 
Storage Temperature 

Range 
Lead Temperature Range 

(Soldering. 60 sec) 

Indefinite 

_65° to 150° C 

PM1558 
PM 1458 

-55'C to +125'C 
O' C to +70" C 

For the TO-99(J) package derate at 7.1 mWfC above 80° C. 
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PM-1458/1558 

ELECTRICAL CHARACTERISTICS 
Each Amplifier 

These specifications apply for T A = 25° C. V s = ± 15V. 
PM1558 PM1458 unless othervvise noted. 

Parameter Symbol Test Conditions Min Typ lVIax Min Typ . Max Units 

Input Offset Voltage VOS RS .. 10kn - 1.0 5.0 - 2.0 6.0 mV 

I nput Offset Current lOS - 0.03 0.2 - 0.03 0.2 IJA 

Input Bias Current IB - 0.2 0.5 - 0.2 0.5 IJA 

Input Resistance RIN 0.3 2.0 - 0.3 2.0 - Mn 

Large Signal Voltage Gain AVO RL;;' 2Kn. Vo = ±10V 50 200 - 20 100 - V/mV 

Output Voltage Swing VOM RL ;;'10Kn ±12 ±14 - ±12 ±14 - V 

I nput Voltage Range CMVR Vs = ±15V ±12 ±13 - ±12 ±13 - V 

Common Mode Rejection Ratio CMRR RS .. 10kn 70 90 - 70 90 - dB 

Power Supply Rejection Ratio PSRR RS" 10kn - 30 150 - 30 150 IJV/V 

Power Consumption both 
PD Vo=O - 70 150 - 70 170 mW Amplifiers 

Channel Separation CS - 120 - - 120 - dB 

The following specifications apply for Vs = ±15V. -55°C .. T A 
.. +125°C for PM155B. O°C .. TA" +70°C for PM145B. 
unless otherwise noted. 

I nput Offset Voltage Vas RS" 10kn - - 6.0 - - 7.5 mV 

Input Offset Current lOS - - 0.5 - - 0.3 IJA 

Input Bias Current IB - - 1.5 - - O.B IJA 

Large Signal Voltage Gain Ava RL;;' 2kn. Vo = ±10V 25 - - 15 - - V/mV 

Output Voltage Swing VOM RL;;' 2kn ±10 ±13 - ±10 ±13 - V 
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PMI CMP-01 
FAST PRECISION COMPARATOR 

GENERAL DESCRIPTION 

The CMp· 01 is a monolithic Fast Precision Voltage 
Comparator using an advanced compatible 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 5 volt supply 
operation. The large output current sinking and high output 
voltage capability assure good application flexibility, while the 
combination of fast response, high accuracy, and freedom 
from oscillation assure performance in precision level detectors 
and 12 and 13 bit AID converters. The CMP·Ol is pin 
compatible to earlier 111 '. 106, and 710 types. For appli· 
cations requiring lower input offset and bias currents, refer to 
the CMp· 02 data sheet. 

SIMPLIFIED SCHEMATIC 

7-1 

FEATURES 
_ Fast Response Time ...... 110 ns typ .• 180 ns Max 

_ High Input Slew Rate ................ 92V//lS 

_ Low Offset Voltage ..... 0.3 mV typ .• 0.8 mV Max 

_ Low Offset Current . . . . . . . 4 nA typ .• 25 nA Max 

- Low Offset Drift .......... 1.0 /lvtC. 30 pAtC 

_ Standard Power Supplies .......... ±5V to ±18V 

- Guaranteed Operation from Single +5V Supply 
_ No Pull·up Resistor Required for TTL Drive 

_ Wired OR Capability 

_ Fits 111. 106.710 Sockets 

_ Easy Offset Nulling. . . .. Single 2kn Potentiometer 

_ Easy to Use ............. Free from Oscillations 

PIN CONNECTIONS AND ORDERING INFORMATION 

TOP VIEW GROUeNI e v+ TOUTPUT 

N~~~~~ 2 : 6 BALANCE 

INV. INPUT 3 5 BALANCE 

4 v- (CASE) 

GROUND 2 

NON-INV. INPUT;' 

INV. INPUT 4 

COMPo 5 

(CASE) v- 6 

BALANCE 7 

TO·99 (J·Suffi x) 
ORDER: CMp·01J 

CMp·01EJ 
CMp·01CJ 

• " 
13 

12 

II V+ 

10 

9 OUTPUT 

B BALANCE 

14 PIN HERMETIC DIP (Y·Suffix) 
ORDER: CMp·01Y 

CMp·01EY 
CMp·01CY 

GROUND'B'OV+ NON-INV.INPUT 2: 9 OUTPUT 

INV. INPUT 3 8 

COMP. 4 7 BALANCE 

(CASE) v- 5 6 BALANCE 

10 PIN FLATPACK (L·Suffix) 
SPECIAL ORDER ONLY 



ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage, V+ to V· 
Output to Ground 
Output to Negative Supply Voltage 
Ground to Negative Supply Voltage 
Positive Supply Voltage to Ground 
Positive Supply Voltage to Offset Null 
Power Dissipation (See Note) 
Differential Input Voltage 
Input Voltage (Vs = ±15V) 

CMP-01 

36V 
·5V to +32V 

50V 
30V 
30V 

Oto 2V 
500mW 

±11V 
±15V 

Output Sink Current (Continuous Operation) 75mA 
Operating Temperature Range -

CMp·01 
CMp·01 E, -01 C 

Storage Temperature Range 

_55°C to +125°C 
O°C to +70°C 

-65°C to +150°C 
300°C Lead Temperature (Soldering, 60 Sec) 

.Output Short Circuit Duration - to ground . Indefinite 
1 min. to V+ 

Note: Maximum package power dissipation vs. ambient temperature 

Package Type 

TO·99 (J) 

Dual·in·Line (V) 
Flatpack (L) 

TVPICAL PERFORMANCE CURVES 

Maximum Ambient 
Temperature for Rating 

80°C 
100°C 
62°C 

RESPONSE TIME FOR 100mV STEP AND VARIOUS INP'UT OVERDRIVES 
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Derate Above Maximum 
Ambient Temperature 

7.1 mW/oC 
10.0 mWtC 
5.7 mWtC. 

RESPONSE TIME VS SoURCE 
RESISTANCE . 
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RESPONSE TIME TEST CIRCUIT 
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CMP-01 

ELECTRICAL CHARACTERISTICS CMP-01 

These specifications apply for V s = ± 15V, T A = 25°C unless otherwise noted_ 

Parameter Symbol Test Conditions Min. Typ. Max. Units 

Input Offset Voltage Va. A."; 5kU INot.l) 0.3 O.B mV 
Input Offset Current 10 • INote 1) 4 2S nA 
Input Bias Current 10 350 600 nA 
Differential Input Resistance Ain 3.0 14 - MU 
Voltage Gain Av V " 0.4V to 2.4V 200 SOO V/mV 
Response Time t, l00rnV step, 5mV overdrive 

no load (no pull-up) -- 110 180 nsec 
SkU to SV -- 110 -- nsec 

TTL fan-aut = 4. no pull up -- 110 -- nsec 

5V step 5mV overdrive 

no load Ina pull-up) -- 160 -- nsec 

SkU to SV -- 160 -- nsec 

TTL fan-out = 4. no pull up -- 160 -- nsec 
Input Slew Rate 92 VIp. sec 
Input Voltage Range CMVR ± 12.5 ±13.0 V 
Common Mode Rejection Ratio CMRR 94 110 dB 
Power Supply Rejection Ratio PSRR SV..;V.+..; lBV. -lBV";V._ "OV BO 100 dB 
Positive Output Voltage VOH Vin~3mV. 10 - 320~ 2.4 3.2 V 

V ln ~ 3mV, 10 " 0 2.4 4.B -- V 

VSAT Vin<:-lOmV, 'sink = 6.4mA -- 0.3 0.4 
Vtn ~ -10mV. 'sink"" 12mA -- 0.36 0.4S 

Output leakage Current ILEAK Vin >10mV, Vo - 30V -- 0.03 2.0 /lA 
Positive Supply Current 1+ Vin < -10mV S.6 B.O mA 
Negative Supply Current 1- V in " -10mV -- 1.3 2.2 mA 
Power Dissipation Pd Vin " -10mV -- 103 153 mW 
Offset Voltage Adjustment Range Nulling Pot ~ 2kU -- ±S -- mV 

These specifications apply for Vs+ = 5V, Vs- = OV, TA = 25°C, unless otherwise noted 

Input Offset Voltage Yo. R." SkU INote 1) -- 0.4 l.S mV 
Input Offset Current 10 • INot.1) -- 3 21 nA 
Input Bias Current 10 250 SOO nA 
Voltage Gain Av V 0 - O.4V to 2.4V INote 11 SO V/mV 
Response Time t, lOOmV step. 5mV overdrive 

SkU to SV -- 150 -- nsec 

TTL fan-out = 4, 5kO to 5V -- 150 -- nsec 

Input Voltage Range CMVR 1.8 to 3.5 1.7 to 3.8 V 
Saturation Voltage VSAT Vin <::-3.5mV, Isink <6.4 rnA 0.30 0.4 V 

Positive Supply Current 1+ Vin <- -10mV 2.3 3.2 mA 
Power Dissipation Pd Vin:S;;;; -lOmV 11.5 16.0 mW 

The following specifications apply for Vs = ±15V, -55°C";; TA ..;; +125°C, unless otherwise noted. 

Input Offset Voltage Vas R." SkU (Note 1) -- O.S 1.6 mV 
Vs+ = 5V, Vs- = OV INot.ll -- 0.6 2.B mV 

Average Input Offset Voltage Drift 

Without External Trim TeVos AI = son -- l.S -- p.V/oC 

With. External Trim TCV 50 R." SOIl -- 1.0 -- /lVrC 
I "put Offset Current 10 • TA - +12S"C INote 11 -- 4 2S nA 

TA " - 55"C INot.1) - 8 BO nA 
Average Input Offset Current Drift TClos 2S"C" TA .. +12S"C -- 12 -- pArC 

-SSoC .so;: T A c;;: 2SoC -- 36 -- pA/"C 
Input Bias Current 10 TA =+12SoC -- 300 600 nA 

TA = -55"C -- 550 1400 nA 
Voltage Gain Av Va O.4V to 2.4V 100 500 V/mV 
Response Time t, l00mV step, SmV overdrive 

TA = +12SoC, no load -- 160 -- nsec 

T A "" - 55°C, no load -- 90 -- nsec 

Input Voltage Range CMVA 1:12.0 +l,.u V 
Cor"mon Mode Rejection Ratio CMRR 88 106 dB 
Power Supply Rejection Ratio PSRR 5V ~ Vs+ =s;;; 15V. 15V~Vs .;oV 75 96 dB 
Positive Output Voltage VOH Yin ;;. 4mV. '0 "" 200pA 2.4 3.0 -- V 
Saturation Voltage VSAT Vin :< -10mV. 'sink - 0 0.20 0.4 V 

Yin :< -10mV. 'sink = 6.4mA -- 0.32 0.4 V 

NOTE 1: These parameters are specified as the maximum these parameters define an error band which takes into 
values required to drive the output between the logic levels account the worst case effects of voltage gain and input 
of OAV and 2AV with a 1kn load tied to +5V; thus, impedance_ 



CMP-01 

ELECTRICAL CHARACTERISTICS CMP-01E CMP-01C 

These specifications apply for Vs = ±lSV, T A = 2SoC unless otherwise noted_ 

Parameter Symbol T .st Conditions Min. Typ_ MIx. Min. . Typ. Max. Units 

Input Offset Voltage Vo, R,';; SkU INote 11 0.3 O.B 0.4 2.B mV 

Input Offset Current 10, INote 1) 4 25 5 BO nA 

Input Bias Current 18 350 600 400 900 nA 

Differential Input Resistance Rin 3.0 14 1.0 10 MU 

Voltage Gain Av Vo - 0.4V to 2.4V 200 500 '100 500 V/mV 

Response Time t, lOOmV step. 5mV overdrive 

no load (no pull-up) -- 110 180 -- 110 lBO nsec 

SkU to 5V -- 110. -- -- 110 -- nsec 
TTL fan-out z::: 4. no pull up -- 110 -- -- 110 -- "sec 

5V step 5mV overdrive 

no load (no pull·up) -- 160 -- -- 160 -- nsec 

SkU to 5V -- 160 -- -- 160 -- "sec 
TTL fan-out'" 4, no pull up -- 160 -- -- 160 -- nsec 

Input Slew Rate. 92 110 V/p,sec 

Input Voltage Range CMVR ±12.5 ±13.0 ±12.5 ±13.0 V 

Common Mode Rejection Ratio CMRR 94 110 90 110 dB 

Power Supply Rejection Ratio PSRR 5V';;V,+';;lBV. -lBV';;V,-';;OV 80 100 74 9B dB 

Positive Output Voltage VOH Vin ;;o.3mV. 10 - 320pA 2.4 3.2 V 

Vin ;;>3mV, 10 = 240IJA -- -- -- 2.4 3.4 -- V 

Vin>3mV, '0 :. 0 2.4 4.B -- 2.4 4.B -- V 

--
Saturation Voltage Vjn4i;-10mV,lsink '" 0 -- 0.16 0.4 -- 0.16 0.4 V 

Vin < -10mV, 'sink <;; 6'.4mA -- 0.31 0.4 -- 0.31 0.4 V 

--
Output Leakage Current I ILEAK Vin;> 10mV, Vo = 30V 0.03 4.0 0.05 8.0 #A 
Positive Supply Current 1+ Vin <:. -10mV 5.6 B.O 5.6 8.5 mA 

Negative Supply Current 1- Vin < -10mV 1.3 2.2 1.3 2.2 mA 

Power Dissipation Pd Vin "-10mV -- 103 153 -- 103 161 mW 

Offset Voltage Adjustment Range Nulling Pot;' 2kfl ±5 ±5 mV 

These specifications apply for Vs7 = SV, Vs-= OV, TA = 2SoC unless otherwise noted 
Input Offset Voltage vo, R,';; SkU INote 1) -- 0.4 1.5 -- 0.5 3.5 mV 

Input Offset Current 10, INole 1) 3 21 4 65 nA 

Input Bias Current 18 250 500 300 720 nA 

Voltage Gain Av Vo = O.4V to 2.4V INote 1) - 50 - -- 50 -- V/mV 

Response Ti":,e I, lOOmV step, 5mV overdrive 

SkU to 5V -- 150 -- -- 150 -- nsec 

TTL fan·o,ut = 4, 5kn to 5V -- 150 -- -- 150 -- nsec 

Input Voltage Range CMVR 1.8/3.5 1.7/3.8 -- 1.8/3.5 1.7/3.8 -- V 
Saturation Voltage VSAT Vin"'-3.5mV,lsink<:'6.4mA 0.30 0.4 0.30 0.4 V 
Positive 'Supply Current 1+ Vin '" -10mV 2.3 3.2 2.4 3.B mA 
Power-Dissipation Pd Vin '" -10mV -- 11.5 16.0 -- 12.0 19.0 mW 

The following specifications apply for Vs = ±lSV, 0° .;;; TA .;;; +70°C unless otherwise noted. 

Input Offset Voltage vo, R,';; SkU INote 1) -- 0.4 1.4 -- 0.5 3.5 mV 

Vs+ = 5V, V,- "" OV INole 1) -- 0.5 2.4 -- 0.6 4.3 mV 
Average Input Offset Voltage Drift 

Without External Trim TCVes Rs = 50.0 -- 1.5 -- -- 1.8 -- #V/oC 

With External Trim TCVesn R, = SOU -- 1.0 -- -- 1.2 -- #V/oC 

Input Offset Current 10• TA=+70C INote 1) -- 4 25 -- 5 80 nA 

TA "" O°C INole 1) -- 5 45 -- 6 120 nA 
Average Input Offset Current Drift TClos 25°C';; TA .;; +70°C -- 12 -- -- 12 -- pA/oC 

DoC';; TA .;; 25°C -- 35 -- -- 40 -- pA/oC 

Input Bias Current 18 TA = +70 C 330 600 340 900 nA 

TA = O°C -- 400 950 -- 450 1200 nA 
Voltage Gain Av Vo = 0.4V 10 2.4V 100 500 -- 70 500 -- V/mV 
Response Time t, l00mV step, 5mV overdrive 

TA = +70°C. no load -- 130 -- -- 130 -- nsec 

T A = O°C, no load -- 100 -- -- 100 -- nsec 
Input Voltage Range CMVR ±12.0 ±13.3 ±12.0 113.3 V 
Common Mode Rejection Ratio CMRR 90 108 -- B6 108 -- dB 
Power Supply Rejection Ratio PSRR 5V';;V,+ ';;15V. -15V';;V,-';;OV 77 9B -- 70 B8 -- dB 
Positive Output Voltaae VOH V;n .. 4mV. 10 = 200j1A 2.4 3.2 2.4 3.2 V 
Saturation Voltage VSAT Vin '" -10mV. Isink = 0 -- 0.17 0.4 -- 0.17 0.4 V 

Vin '" -fOmV. Isink .. 6.4'mA. -- 0.30 0.4 -- 0.31 0.4 V 

NOTE 1: These parameters are specified as the maximum parameters define an error band which takes into account 
values required to drive the output between the logic levels the worst case effects cif voltage gain and input impedance. 
of 0.4V and 2.4V with a 1 kn load tied to +SV; thus, these 
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CMP-01 

APPLICATION NOTES 

The CMP-01 provides fast respo'1se times even with small 
input overdrives; to achieve this performance requires very high gain 
at high frequencies. The CMP··Ol is completely free. of 
oscillations; however, small values of stray ~pacitance from output 
to input w.hen combined with high-source resistances can cause an 
unstable condition. D. C. characteristics are not affected, but when 
the input is within a few microvolts of the transition level. certain 
contiitions can create an os~illation region. The width 'of this 
oscillatory region and the size of source resistance where oscillations 

'begin is a strong function Qf the stray coupling present. The 
following suggestions are offered as a guide towards minimizing' ,the 
conditions for oscillation: matched sourc~ resistors, minimized stray 
capacitances (e.g. a ground plane between' output and input). 
capacitive output loading (C L). or a capacitor from the 
compensation terminal to A.C. ground IDIP and Flatpakonlyl. 
The capacitive loading techniques will eliminate the oscillations, 
but result in slower response time. Positive resistive feedback 

TYPICAL APPLICATIONS 

PRECISION, DUAL LIMIT, GO/NO GO TESTER 

UPPER 
LIMIT 

INPUT 

creating a hysteresis condition can be very effective - see 
diagram on page 6. Matched bypass capacitors across ,the input 
resistors also can eliminate the instability, 

and if C ;;;. 20 pF [ maximum step size] 
S minimum overdrive 

the response time will approximate the.respon~e 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 suppl ies be bypassed near the socket of the 
device. 

>-+---.--0 OUTPUT 

LEVEL DETECTOR WITH 
HYSTERESIS IPositive Feedbackl 

AI 

VR£F 

RIIIR2 

INPUT 

A2 

LOWER 
LIMIT Wired OR Output is low when 

either limit is exceeded. 
Rl 

Hysteresis width';;; 4V Rl + R2 

31C LOWCOSTA/DCONVERTER 

Output is high when 
input is within limits. 

.3 .4E;iJl .0 

.0 

.7 

.8 

SERIAL 
OUTPUT 

START 

CONVERSION 
COMPLETE 

4131211 6 54 3 
I 

~1~ ~~ZCI( INPUT o--~-_....J 

'i-6 

CONNECT ·START· TO "CONVERSION 
COMPLETE" FOR CONTINUOUS CON­
VERSIONS. 



PMI ICMP-021 
LOW INPUT CURRENT PRECISION COMPARATOR 

GENERAL DESCRIPTION 

The CMp·02 is a monolithic low input current com· 
parator using an advanced compatible 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 bal· 
anced offset nulling, large output drive, and wired·or capa· 
bility combined with internal pull·up maximize application 
convenience. 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. For applications requiring faster response time, 
please refer to the CMp· 01 Fast Precision Comparator 
data sheet. 

SIMPLIFIED SCHEMATIC 

FEATURES 

_ Low Offset Voltage. . . . .. 0.3 mV typ., 0.8 mV Max 
_ Low Offset Current ..... " 0.3 nA typ., 3.0 nA Max 
_ Low Bias Current . . . . . . . .. 28 nA typ., 50 nA Max 
_ Low Offset Drift ............. 1.0 Ilvl"c, 4 pAtC 
_ High Gain .............. 0 0 0 0 0 0.0 200,000 Min 
_ High CMRR 0 0 0 0 0 0 0 0 • 000 0 110 dB typo, 94 dB Min 
_ High Input Impedance 0 • 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 16 MS1 
_ Fast Response Time 0 0 0 0 • 0 0 0 190 ns typo, 270 ns Max 
_ Standard Power Supplies 0 0 0 0 0 0 0 0 0 0 0 ±5V to ±18V 
_ Guaranteed Operation from Single +5V Supply 
- No Pull·up Resistor Required for TTL Drive 
_ Wired·OR Capability 
- Fits 111, 106, 710 Sockets 
_ Easy Offset Nulling 0 0 •• 0 0 Single 2KS1 Potentiometer 
_ Easy to Use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Free from Oscillations 

7-.7 

PIN CONNECTIONS AND ORDERING INFORMATION 

TOP VIEW 

6 BALANCE 

4 v- (CASE) 

TO·99 (J·Suffixl 
ORDER: CMp·02J 

CMp·02EJ 
CMp·02CJ 

• 
GROUND 2 

NON~INV. INPUT 3 

INY. INPUT 4 

COMPo ~ 

(CASE) y- 6 

BALANCE 7 

,. 
13 

'2 
II Vi' 

'0 
9 OUTPUT 

8 BALANCE 

14 PIN HERMETIC DIP (Y·Suffix) 
ORDER: CMP-Q2Y 

CMP·02EY 
CMp·02CY 

GROUND'B'OV. NON-IHV,INPUT 2: 9 OUTPUT 

INV.INPUT 3 e 
COMP. 4 7 BALANCE 

(CASE) Y- & 6 BALANCE 

10 PIN FLATPACK (L·Suffix) 
SPECIAL ORDER ONLY 



CMP-02 

ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage, V+ to V- 36V Output Sink Current (Continuous Operation) 75 mA 

Output to Ground -5V to +32V Operating Temperature Range -

Output to Negative Supply Voltage 50V CMP-02 -55°C to +125°C 

Ground to Negative Supply Voltage 30V CMP-02E, -02C O°Cto +70oC 

Positive Supply Voltage to Ground 30V Storage Temperature Range _65°C to +150°C 

Positive Supply Voltage to OffsetNull Oto 2V Lead Temperature (Soldering, 60 Sec) 300°C 

Power Dissipation (See Note) 500mW Output Short Circuit Duration - to ground Indefinite 

Differential Input Voltage ±11V to V+ 1 min_ 

Input Voltage (V, = ±15V) ±15V 

Note: Maximum package power dissipation vs. ambient temperature 

Maximum Ambient Derate Above Maximum 
Package Type Temperature for Rating Ambient Temperature 

TO-99 (J) 80°C 7.1 mW/oC 
Dual-in-Line (Y) 100°C 10.0 mW/C 
Flatpack (L) 62°C 5.7 mW/oC 

TYPICAL PERFORMANCE CURVES 

RESPONSE TIME FOR l00mV STEP AND VARIOUS .INPUT OVERDRIVES RESPONSE TIME VS SOURCE 
RESISTANCE 

• 
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CMP-02 

ELECTRICAL CHARACTERISTICS 

These specifications apply for Vs = ± 15V, TA = 25°C unless otherwise noted. 
Parameter 

Input Offset Voltage 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Differential Input Resistance 

Voltage Gam 

Response Time 

Input Slew Rate 

Input Voltage Range 

Common Mode Rejection Ratio 

Power Supply Rejection Ratio 

Positive Output Voltage 

Saturation Voltage 

Output Leakage Current 

t'ositive Supply Current 

Negative Supply Current 

Power Dissipation 

Offset Voltage Adjustment Range 

Symbol 

AV 

t, 

CMVR 

CMRR 

PSRR 

VSAT 

1+ 

I· 

Test Conditions 

As ~ 5kil (Note 1) 

R, .; 50KIl INote 11 

(Note 1) 

Vo = O.4V to 2.4V 

lOOmV step, 5mV overdrive 

no load (no pull-up) 

5kll to 5V 

TTL fan-out'" 4, no pull up 

5V<'Vs+~18V,-18V~Vs_ ~OV 

V In ;;;. 3mV. 10 320,uA 

V ,n ~ 3rnV, 'a '" 0 

V,rI';:;;-10mV,l smk = 6.4mA 

VIn:S;;;: -10mV, 'Slllk '" 12mA 

Nulling Pot;;' 2kU 

Min. 

5.0 

200 

± 12.5 

94 

80 

2.4 

2.4 

These specifications apply for Vs+ = 5V, Vs- = OV, TA = 25°C, unless otherwise noted 
Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Voltage Gain 

Response Time 

Input Voltage Range 

Saturation Voltage 

Positive Supply Current 

Power DiSSipation 

'8 
t, 

CMVR 

VS AT 

1+ 

R~ ~ 5kU (Note 1) 

(Note 1) 

Vo == D.4V to 2.4V (Note 1) 

lOOmV step, 5mV overdrive 

5k~ to SV 

TTL fan·out == 4, 5k11 to SV 

1.8 to 3.S 

CMP-02 

Typ. 

0.3 

0.3 

0.3 

28 

16 

500 

190 

190 

190 

12.5 

-t13.0 

110 

100 

3.2 

4.8 

0.3 

0.36 

0.03 

5.5 

1.1 

99 

:!:5.0 

0.4 

0.25 

24 

50 

250 

250 

1.7 to 3.9 

0.30 

2.2 

11.0 

The following specifications apply for V 5 = ± 15V, -55°C';; T A .;; +125°C, unless otherwise noted. 
Input Offset Voltage 

Average Input Offset Voltage Drift 

Without External Trim 

With External Trim 

Input Offset Current 

Average Input Offset Current Drift 

I nput Bias Current 

Voltage Gain 

Response Time 

Input Voltage Range 

Cor.lmon Mode Rejection Ratio 

Power Supply Rejection Ratio 

Positive Output Voltage 

Saturation Voltage 

TCVos 

TCVos n 

TClos 

18 

AV 

t, 

CMVR 

CMRR 

PSRR 

VSAT 

Rs ~ 5kn (Note 1) 
Vs+ == SV, Vs- = OV (Note 1) 

TA - +12SoC (Note 1) 

TA = - SSOC (Note 1) 

2SoC ,s;;; TA ~ +12SoC 

-55'C'; TA .; 25'C 

TA - +12SoC 

TA = -55'C 

Vo - D.4V to 2.4V 

1 UDmV step, 5mV overdrive 

T A = +12SoC. no toad 

T A == - SSOC. no load 

V in ~ -10mV, Islnk = 0 

Vtn ..;; -10mV, ISlnk = ,6.4rnA 

100 

.:!:12.0 

88 

75 

2.4 

0.5 
0.6 

1.5 

1.0 

0.3 
0.6 

2.0 
4.0 

25 
45 

500 

310 

155 

113,0 

106 

96 

3.0 

0.20 

0.32 

Max. 

0.8 

0.9 

3.0 

50 

270 

0.4 

0.45 

2.0 

8.0 

2.2 

153 

1.5 

3.0 

45 

0.4 

3.0 

15.0 

1.6 
2.8 

4.0 
12.0 

50 
120 

0.4 

0.4 

Units 

mV 
mV 

nA 

nA 

Mil 

V/mV 

nsec 

V/JJ sec 

v 
d8 

d8 

v 
V 

v 
V 

mA 

mA 

mW 

mV 

mV 

nA 

nA 

V/mV 

nsec 

V 

V 

mA 

mW 

mV 
mV 

nA 

nA 

nA 

nA 

V/mV 

V 

dB 

d8 

V 

V 

V 

NOTE 1: These parameters are specified as the maximum 
values required to drive the output between the logic levels 
of OAV and 2AV with a 1 krl 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. 
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CMP-02 

ELECTRICAL CHARACTERISTICS CMP-02E 

These specifications apply for Vs = ±15V, TA = 25°C unless otherwise noted_ 
Parameter 

Input Offset Voltage 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Differentidl Input Resistance 

Voltage Gain 

Response Time 

Input Slew Rate 

Input Voltage Range 

Common Mode Rejection Ratio 

Power Supply Rejection Ratio 

Positive Output Voltage 

Saturation Voltage 

Output Leakage Current 

Positive Supply Current 

Negative Supply Current 

Power Dissipation 

Offset Voltage Adjustment Range 

Symbol 

t, 

CMVR 

CMRR 
PSRR 

1+ 

1-

Test Conditions 

R, .; 5k!l INot. 11 

R, .; 50K!l INot. 1) 

(Note 1) 

Vo - O.4V to 2,4V 

100rnV step, 5mV overdrive 

no load (no pull-up) 

5k!l to 5V 

TTL fan-out = 4. no pull up 

Vm ~3mV, 10 320J.lA 

V In ;> 3mV. 10 = 240t,tA 

Vm >3mV,lo "" 0 

V in " -10mV. Isink = 0 
V ln ~ -10mV, Isink ,.;; 6.4 rnA 

Vin ~ lOmV. Vo - 30V 

V in :( -lOmV 

Vln :( -10mV 

Vm " -10mV 

Nulling Pot> 2kn 

Min. 

5.0 

200 

± 12.5 

94 

80 

2.4 

2.4 

Typ. 

0.3 

0.3 

0.3 

28 

16 

500 

190 

190 

190 

12.5 

±13.0 

110 

100 

3.2 

4.8 

0.16 

0.31 

0.03 

5.5 

1.1 

99 

±S.O 

Max. 

0.8 

0.9 

3.0 

50 

270 

0.4 

0.4 

4.0 

8.0 

2.2 

153 

These specifications apply for V s+ - 5V, V s- = OV, T A = 25°C untess otherwise noted 
Input Offset Voltage 

Input Offset Current 

Input Bias Current 10 

Voltage Gain 

Response Time 

Input Voltage Range CMVR 
Saturation Voltage 

Positive Supply Current )+ 

R, .; 5k!l INot. 1) 

(Note 1) 

Vo '" O.4V to 2.4V (Note 1) 

lOOmV step. SmV overdrive 

5k!l to 5V 

TTL fan·out = 4. 5k.Q to SV 

Yin " -10mV 

1.813.5 

0.4 

0.25 

24 

50 

250 

250 

1.7/3.8 

0.3 

2.2 

1.5 

3.0 

45 

0.4 

3.0 

Power Dissipation Pd Vln ~ -10m'! 11.0 15.0 

Min. 

1.5 

100 

± 12.5 

90 

74 

2.4 

2.4 

1.813.5 

The following specifications apply for Vs = ±15V, 0° .;; T A';; +70°C unless otherwise noted. 
Input Offset Voltage 

Average Input Offset Voltage Drift 
Without External Trim 

With External Trim 

Input Offset Current 

Average Input Offset Current Drift 

Input Bias Current 

Voltage Gain 

Response Ti me 

Ir,put Voltage Range 

Common Mode Rejection Ratio 

Po ..... er Supply Rejection RatiO 

Positive Output Voltage 

Saturation Voltage 

Tevos 

TCVosn 

TClos 

10 

AV 

t, 

CMVR 

CMRR 

PSRR 

VSAT 

Rs OS;;; 5kn (Note 1) 

Vs+ '" 5V. V s - '" OV (Note 1) 

R, = 50!l 

R, = 50!l 
TA - +70"'C (Note 1) 

TA = O'C INot.l) 

2S0C :( TA '" +70°C 

O'C.; TA .; 2S'C 

Vo '" 0.4V to 2.4V 

100mV step. SmV overdrive 

TA '" +70°C. no load 

T '" O°C, no load 

5V';V .. <;;15V.,,15V<;;V,-';OV 

Yin :( -10mV. Ismk = 0 

Vln :( -lOmV, Ismk '" 6.4mA 

100 

±12.0 

90 

77 

2.4 

0.4 

0.5 

1.5 

1.0 

0.3 
0.4 

2.0 
4.0 

26 
34 

500 

225 

180 

±13.0 

108 

98 

0.17 

0.30 

1.4 

2.4 

3.0 
6.0 

50 
80 

0.4 

0.4 

70 

±12.0 

86 

70 

2.4 

CMP-02C 

Typ. 

0.4 

0.4 

0.4 

35 

12 

500 

190 

190 

190 

12.5 

±13.0 

110 

98 

3.4 
4.8 

0.16 

0.31 

0.05 

5.6 

1.2 

102 

±S.O 

0.5 

0.35 

30 

50 

250 

250 

1.7/3.8 

0.3 

2.3 

11.5 

0.5 

0.6 

1.8 

1.2 

0.4 

0.5 

3.0 

5.0 

33 
42 

500 

225 

180 

±13.0 

108 

88 

3.2 

0.17 

0.31 

Max. 

2.8 

3.0 

15 

100 

270 

0.4 

0.4 

8.0 

8.5 

2.2 

161 

3.5 

14 

90 

0.4 

3.6 

18.0 

3.5 

4.3 

15 
25 

100 
160 

0.4. 

0.4 

Units 

mV 

mV 

nA 

nA 

M!l 

VlmV 

nsec 

nsec 

nsec 

V/Jlsec 

v 
d8 

d8 

v 
V 

V 

V 

V 

pA 

mA 

mA 

mW 

mV 

mV 

nA 

nA 

V/mV 

nsec 

nsec 

V 

V 

mA 

mW 

mV 

mV 

pVl'C 

pVl'C 

nA 

nA 

pAl'C 

pAl'C 

nA 

nA 

Vim V 

nsec 

nsec 

V 

dB 

d8 

V 

V 

V 

NOTE 1: These parameters are specified as the maximum 
values required to drive the output between the logic levels 
of 0.4 V and 2.4 V with a 1 kn load tied to +5V; thus, these 

parameters define an error band which takes into account 
the worst case effects of voltage gain a'nd input impedance. 



TYPICAL PERFORMANCE CURVES 

INPUT OFFSET ERROR VS 

SOURCE RESISTANCE 
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CMP-02 

APPLICATION NOTES 

The CMp·02 provides fast response times even with small 
input 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 output 
to input when combined with high·source resistances can cause an 
unstable condition. D. C. characteristics are not affected, but when 
the input is within a few microvolts of the transition level, certain 

conciitions can create an oscillation region. The width of this 
osc)!latory region and the size of source resistance where oscillations 
begin is a strong function of the stray coupling present. The 
following suggestions are offered as a guide towards minimizing the 
conditions for oscillation: matched source resistors, minimized stray 
capacitances (e.g. a ground plane between output and input), 
capacitive output loading (Cll, or a capacitor from the 
compensation terminal to A.C. ground (DIP and F latpak only). 
The capacitive loading techniques will eliminate the oscillations, 
but result in slower response time. Positive resistive feedback 

TYPICAL APPLICATIONS 

PRECISION, DUAL LIMIT, GO/NO GO TESTER 

UPPER 
LIMIT 

INPUT 

creating a hysteresis condition can be very effective - see 
diagram on page 6. Matched bypass capacitors across the input 
resistors also can eliminate the instability, 

and if Cs ;;. 20 pF [ ~~xim~m stc2 ~jze ] 
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. 

-= 

2~ 
CST,..,. 

r-----jb----, 
l~ : + I 

R. I 
C .... -02 OUTPUT 

~~ ~: tCL 1i;=Tf : .... ----11-----' 
c. CsT ... 

LEVEL DETECTOR WITH 
HYSTERESIS (Positive Feedback) 

"' 
VREF 

RIIIR2 

INPUT 

"2 

Wired OR Output is low when 
either limit is,exceeded. 

PRECISION PHOTODIODE LEVEL DETECTOR 

Output is high when 

5kO 

input is within limits. 
Hysteresis width';;; 4V -R, R, 

+ R2 

For R, = 2.5 Mn, R2 = R3 = 5Mn, the output state 
changes at a photo diode current (IXT) of O.5/lA. (The 
output changes state at threshold current IX T = ~ where 

R 2R2 
R, =--,f and R3 = R2 ) 

7 TTL FAN-OUT. 3 
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® 
PMI IMAT-Oll 

ULTRA-MATCHED MONOLITHIC DUAL TRANSISTOR 

GENERAL DESCRIPTION 

The MAT-01 series are monolithic ultra-tightly matched 
dual NPN transistors, fabricated using an exclusive Silicon 
Nitride "Triple-Passivation" process which provides ex­

treme stability of critical parameters versus both temperature 
and time_ Outstanding matching characteristics .include offset 
voltages of 401N, temperature drift of Vas of 0_15/-lV /oC 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 @ Ic = 10nanoamperes! Excellent logarithmic 
conformance over a seven decade collector current span 
suggests application in log/antilog and multiplier/divider cir­
cuitry. The very low values of noise voltage and current make 
the MAT-01 ideal for usage in critical low-level input 
stages while the 6 pin TO-78 package allows direct replace­
ment of most previous dual transistors for immediate per­
formance improvements. The very high h FE ot low collector 

ABSOLUTE MAXIMUM RATINGS 

MAT'01 MAT-01 
AH,GH H,FH 

Collector-Base Voltage (BVCBOI 45V 60V 
Collector-Emitter Voltage (BVCE01 45V 60V 
Collector-Collector Voltage (BVCCI 45V 60V 
Emitter-Emitter Voltage (BVEEI 45V 60V 
Emitter-Base Voltage (BVEB01 (Note 11 5V 5V 
Collector Current (I CI 25mA 25mA 
Emitter Current (I E) 25mA 25mA 

NOTES 

Note 1: Application of reverse bias voltages in excess of rating 
shown can result in degradation of hFE and hFE matching charac-
teristics. Do not attempt to measure BV EBO greater than the 5V 
rating shown. 

CONNECTION DIAGRAM 

EXCELLENT LOG CONFORMANCE 

FEATURES 

• Tight Vos (VBE Match) 40/-lV Typ, 100/-lV Max 

• Low TC Vos 0_15/-lVtC Typ, 0_5/-lVfC Max 

• Tight hFE Match 0_7% Typ, 3_0% Max 

• High hFE 770 Typ, 500 Min 

• Excellent h F E Linearity 

• High hFE at Low IC 

from 10nA to 10mA 

590 Typ @ Ic = 10nA 

• Low Noise Voltage 0.23/-lVp-p - 0.1 Hz to 10 Hz 

• Excellent Long Term Stability 0_2/-lV/Month. Typ 

• High Breakdowns 45V and 60V Min 

• Precision Logarithmic Conformance 

• Direct Replacement for Most Dual Transistors 

currents also makes the MAT-01 attractive in all high 
impedance and micropower circuit designs. 

MAT-01 MAT-01 
AH,GH H,rH 

Total Power Dissipation 
Case Temperature ';;40oC (Note 21 1.8W 1.8W 
Ambient Temperature <70oe 

(Note 31 500mW 500mW 
Operating Ambient Temperature _55°C to +125°C 

Operating Junction Temperatl;lre _55°C to +150oC 

Storage Temperature _65°C to +150oC 

Lead Temperature (Soldering, 60 sec.) 300°C 

Note 2: Rating applies to applications using heat sinking to control 

case temperature. Derate linearly at 16.4mW/oC for case tempera-
° tures above 40 C. 

Note 3: Rating applies to applications not using heat sinking; device 
in free air only. Derate linearly at 6.3mW/oC for ambient tempera-

° tu res above 70 C. 

TOP VIEW 

I 7 
CI 

/- -- - .... , C2 

2 I , 6 TOP 
BI \ 

/ 
I 

B2 VIEW , --- -
3 5 
EI E2 

Note: Substrate is connected to case. 
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MAT-01 

ELECTRICAL CHARACTERISTICS 

These specifications apply for VeB = ,15V, Ie = 1 OJ.! A, T A = 25°e, unless otherwise noted. 

MAT-01AH MAT-01GH 

Parameter Symbol Test Conditions Min Typ ivlax Min Typ Max Units 

Breakdown Voltage BVCEO 45 -- -- 45 - - V 

Offset Voltage Vas -- 0.04 0.1 -- 0.10 0.50 mV 

Offset Voltage Stability 
First Month Vas/Time (Note 1) -- 2.0 -- -- 2.0 -- /lV/Month 
Long Term Vos/Time (Note 2) -- 0.2 -- -- 0.2 -- /lV/Month 

Offset Current los -- 0.1 0.6 -- 0.2 3.2 nA 

Bias Current IB -- 13 20 -- 18 40 nA 

Current Gain hFE IC = 10nA -- 590 -- -- 430 --
hFE IC = 10llA 500 770 -- 250 560 --
hFE IC = lOrnA -- 840 -- -- 610 --

Current Gain Match 8hFE -- 0.7 3.0 -- 1.0 8.0 % 
8hFE 100nAo;;;Ico;;;lOmA -- 0.8 -- -- 1.2 -- % 

Low Frequency· Noise Voltage enp.p 0.1 Hz to 10Hz -- 0.23 0.4 -- 0.23 0.4 /lVp-p 
(Note 3) 

Broadband Noise Voltage enRMS 1Hz to 10kHz -- .60 -- -- .60 -- /lVRMS 
Narrowband Noise Vohage en fo = 10Hz (Note 3) -- 7.0 9.0 -- 7.0 9.0 nV/..jHz 

Density fo = 100Hz (Note 3) -- 6.1 7.6 -- 6.1 7.6 nV/YHz 
10 = 1000Hz (Note 3) -- 6.0 7.5 -- 6.0 7.5 nV/YHZ 

Offset Voltage Change l>.Vos/l>.VCB Oo;;;VCB o;;;30V -- 0.5 3.0 -- 0.8 8.0 /lVN 
Offset CurreQt. Change. 810S/8VCB Oo;;;VCB o;;;30V .-- 2.0 15 -- 3.0 70 pAN 

Collector-Base Leakage Current ICBO Vce=30V,IE=C -- 15 50 -- 25 200 pA 
(Note 4) 

Collector·E mitter Leakage ICES VCE = 30V, VBE = 0 50 200 -- 90 400 pA 
Current (Note 4) 

Coliector·Coliector Leakage ICC VCC =30 -- 20 200 -- 30 400 pA 
Curre.nt 

Collector Saturation Voltage VCE(SAT) IB = O.lmA,I C = lmA -- 0.12 0.20 -- 0.12 0.25 V 

VCE(SAT) IB = lmA,IC = 10mA -- 0.8 -- -- 0.8 -- V 

Gain-Bandwidth Product fT VCE = 10V, IC = 10mA -- 450 . -- -- 450 -- MHz 

Output Capacitance Cob VCE =15V,I E =O -- 2.8 -- -- 2.8 -- pF 

Corlector-Collector Capacitance CCC VCC=O -- 8.5 -- -- 8.5 -- pF 

The following specifications apply for VeB = 15V, Ie = 10llA, -55°e 0;;; TAO;;; +125°e, unless otherwise noted. 

Offset Voltage Vos -- 0.06 0.15 -- 0.14 0.70 mV 

Average Offset Voltage Drift TCVos -- 0.15 0.50 -- 0.35 1.8 /lV/C 
Offset Current los -- 0.9 8.0 -- 1.5 15.0 nA 

Average Offset Current Drift TClos -- 10 90 -- IS 150 PA/C 
Bias Current IB -- 28 60 -- 36 130 nA 

Current Gain hFE 167 400 -- 77 300 --
Collector-Base Leakage Current ICBO TA = 125°C, VCB =3OV, -- IS 80 -- 25 200 nA 

IE = 0 (Note 4) 

Coliector·Emitter Leakage ICES T A = 125"C, VCE =30V, -- 50 300 -- 90 400 nA 
Current VBE = 0, (Note 4) 

Collector·Colle,ctor Leakage ICC TA = 125°C, VCC = 30V -- 30 200 -- 50 400 nA 
Current 

NOTES: Note 3: Parameter is not 100% tested; 90% of all units mAet 
this specification. 

Note 1: Exclude fiist hour of operation to allow for stabilization 
of external circuitry. Note 4: The collector-base (lCBO) and collector-emitter (lCEO) 

leakage currents may be reduced by a factor of two to ten times 
Note 2: Parameter describes long term average drift trend after by connecting the substrate (package) to a potential which is 
first month of operation. lower than either collector voltage. 
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MAT-01 

ELECTRICAL CHARACTERISTICS 

These specifications apply for V CB = 15V, IC = lOll A, T A = 25°C, unless otherwise noted. 

MAT·01H MAT-01FH 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max Units 

Breakdown Voltage BVCEO 60 -- -- 60 -- -- V 

Offset Voltage Vas -- 0.04 0.1 -- 0.10 0.50 mV 

Offset Voltage Stability 
First Month Vas/Time (Note 1) -- 2.0 -- 2.0 -- IlV/Month 
Long Term Vas/Time (Note 21 -- 0.2 -- -- 0.2 -- IlV/Month 

Offset Current los -- 0.1 0.8 -- 0.2 3.2 nA 

Bias Current IB -- 15 30 -- 18 40 nA 

Current Gain hFE IC = 10nA -- 520 -- -- 430 --

hFE IC = IOIlA 330 680 -- 250 560 --

hFE IC = 10mA -- 740 -- -- 610 --
Cu rrent Gai n Match 6hFE -- 0.7 2.7 -- 1.0 8.0 % 

6hFE 100nA"';; IC"';; 10mA -- 0.8 -- -- 1.2 ~- % 

Low Frequency Noise Voltage enp.p 0.1 Hz to 10Hz 
(Note 31 

-- 0.23 0.4 -- 0.23 0.4 IlV p,p 

Broadband Noise Voltage enRMS 1 Hz to 10kHz -- .60 -- -- .60 -- IlVRMS 
Narrowband Noise Voltage en fa = 10Hz (Note 31 -- 7.0 9.0 -- 7.0 9.0 nV/YHz 

Density fa = 100Hz (Note 3) -- 6.1 7.6 -- 6.1 7.6 nV/'I/HZ 
fa = 1000Hz (Note 31 -- 6.0 7.5 -- 6.0 7.5 nV/...jfh 

Offset Voltage Change 6Vos/6VCB O"';;VCB"';;45V -- 0.5 3.0 -- 0.8 8.0 IlV N 
Offset. Current Change 610s/6VCB 0"';;VCB"';;45V -- 2.0 15.0 -- 3.0 70 pAN 

Coliector·Base Leakage Currerit ICBO VCB = 45V, IE =0 -- 15 50 -- 25 200 pA 
(Note 4) 

Coliector·Emitter Leakage ICES VCE = 45V, VBE = a -- 50 200 -- 90 400 pA 
Current (Note 4) 

Coliector·Coliector Leakage ICC VCC = 45 -- 20 200 -- 30 400 pA 
Current. 

Collector Saturation Voltage VCE(SATI 18 = O.lmA, IC = rmA -- 0.12 0.20 -- 0.12 0.25 V 

VCE(SATI IB = lmA, IC = 10mA -- O.B -- -- 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 

Coliector·Coliector Capacitance CCC VCC =0 -- 8.5 -- -- 8.5 -- pF 

The following specifications apply for V CB = 15V, IC = 101lA, -55°C"';; T A"';; +125°C, unless otherwise noted. 

Offset Voltage Vas -- 0.06 0.15 -- 0.14 0.70 mV 

Average Offset Voltage Drift TCVos -- 0.15 0.50 -- 0.35 1.8 Ilvtc 

Offset Current los -- 0.9 9.0 -- 1.5 15.0 nA 

Average Offset Current Drift TClos -- II 110 -- 15 150 pAloC 

Bias Current IB -- 30 95 -- 36 130 nA 

Current Gain hFE 105 350 -- 77 300 --
Coliector·Base Leakage Current IC~O T A = 125°C, VCB =45V, -- 15 80 -- 25 200 nA 

IE = a (Note 4) 

Coliector·Emitter Leakage ICES TA = 125°C,VCE=45V, -- 50 300 -- 90 400 nA 
Current VBE = 0, (Note 4) 

Coliector·Coliector Leakage ICC TA = 125°C, VCC =45V -- 30 200 -- 50 400 nA 
Current 

NOTES: Note 3: Parameter is not 100% tested; 90% of all units meet 
this specification. 

Note 1: Exclude first hour of operation to allow for stabilization 
Note 4: The collector·base IICBO) and collector-emitter IICEO) of external circuitry. 
leakage currents may be reduced by a tactor of two to ten times 

Note 2: Parameter describes long term average drift trend after by connecting the substrate (package) to a potential which is 
first month of operation. lower than either collector voltage. 
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TYPICAL PERFORMANCE CURVES 

OFFSET VOLTAGE 

VS. TEMPERATURE 

"0+---+--+-1-+ 

TEMPERATURE- ·c 

CURRENT GAIN 

VS. COLLECTOR CURRENT 

NOISE VOLTAGE DENSITY 
'.000 .. --,--,.--,--.....,.--, 

MAT-OI 
NOISE VOLTAGE ~NSIT'l' 

T.-;!5'C 

,·····1 I ' 

o.~"', --+--!:---±::--:±::::---::-l,opoo 

APPLICATION INFORMATION 

MAT-01 

OFFSET DRIFT VS. TIME 

, -- I 

, I . DEVICE'A" 

-........:-1·~~-r---:--
'~rh 1V't'- ~-

~~ , ~" . 
, 
, 

.~ 

o 

- -
DEVICE 'C' 

t- o-

I 
I 

5 6 7 • • m II ~ 13 
T'M[-(MOHTHS) 

CURRENT GAIN 

VS. TEMPERATURE 

NOISE CURRENT DENSITY 

""AT-OI 
NOISE CURRENT DENSITY 

T.-25'C 

~ 10.01---,J---+--1--
~ 
~ 
~ 
~ 
~ 

! 
I 

BASE·EMITTER VOLTAGE 

VS. COLLECTOR CURRENT 

100JlAHH-,."rr+-Hl-h 

§ 10pAH++H++tl 
B ,,,. 1-J.++-'+'·H 

~ IOOnA'HH--t--Hr-'1 
~ 8 10nA+-+++-f-/· 

IDOl' 

0 

0 

, 
, 
, 

.... SE-EJoIITTER VOLTAGE, V -mY 

SATURATION VOLTAGE 

VS. COLLECTOR CURRENT 

01 10 100 
COLLECTOR CURRENT.", ... 

GAIN·BANDWIDTH 

VS. COLLECTOR CURRENT 

MAT.L7 r-'--
/ 

/ T.·25'C 

/ 'IIn"OY 

/ 
/ 

/ 
'fA '0,.0'" IOqIIA lmA IOIfIA 

COLLECTOR CURRENT 

Application of reverse bias voltages to the emitter-base junctions in e>;cess of ratings (5V) may result in dttgradation of hFE and hFE 
matching characteristics; circuit designs should be checked to insure that such reverse bias voltages cannot be applied during transient 
conditions, such as at circuit turn·on and turn·off. 

The 'designer is cautioned that stray thermoelectric voltages generated by dissimilar metals at the contacts to the input terminals can prevent 
realization of the drift performance indicat~d. Best operation will be obtained when both input terminals are maintained at the same 
temperature, preferrably close to the temperrtture of the device's package. 
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MAT-01 

TYPICAL APPLICATIONS 

PRECISION OPERATIONAL AMPLIFIERS PRECISION REFERENCE 

f5V ~j~ • IIATCH TO 0.1% 
RL ** SEE TABLE FOR SPECIFIC DEVICE TYPE 

VREF 

RL * RL* 

~ ~., .. 
"Cc SSS741** 

l~ I"~- ----- -, , 
\ . R, I.'kn 

+ I IlAT-OIAH** I - -IiIV 

'-~-,---' 
I 

-l- V .. _7.OV 
TtY •• -'OpPtn/·C 

IIAT-OIAH IIAT-OIAH MAT-QIGH IIAT-oIGH 
Ro&:40n 555741 555741 55S741C SSS741C 

Vo.MAX O.15mV ·O."27mV 065mV 1.2mV 

-15V TCYOIMAX .6/,W"C r"w·c 2~VI·C 4"W"C f\mar be adjultedtonmimire leV., ,MAX O.anA O.lnA 3.2nA O.32nA Incr.oliI'Q 11. .. 11 cause 0 polhif. 
I.MAX ZOnA 2nA 40nA 4nA chWIlI In TCVIIV 
GAINIlIN 000 02 000 800000 800 000 
I 2~A 21'A 2Ol'A 21'A Notel.'~ or QI will'" reduc •• .., 

100kn Illn 100kn 1110 operation ~ br ....... ,..., 

MAT-Ol TEST CIRCUITS 

MAT·(l1 MATCHING MEASUREMENT CIRCUIT 

+/6.5V r60V 
50kO 

SOkOl '$i 50kO· I 
+ 

. OP-05 r-----o VO<l1 

5'AO"'"""": r/j-----'\ 
s~ IOOkOIVa 

['.1 [- I -"V 

.~ ~M;;J 
, , 

L;~~ \ MAT-OI I , / 
..... _----- loon 1% 

IOOpF IOOpF 

+ 20~' 
.,;, 

TEST 5'. SiB READING UNITS 

V •• I x I x I Vou" ONE mV, .. VOL TJ 

V- ' .. I 0 1 0 I VOU'2- Vou 'l ONE nAII'u VOLT I 

• MATCHED TO 0.01% 

MAT·Ol NOISE MEASUREMENT CIRCUIT 

+15V 

50kO· 

50kO 50kO +ISV 
OUAN-TECH 

+ 53' Ie NOISE 

IOP-05 
ANALYZER 

~ ~~ B 'DENSITY 

~j r.i 2.5MO 3.3kO 

,------ .... 
-15V • 

I , VOl 
I "'-l \ 4'0 

4.7j1F I ~~~QUENCY 
J- ~M~ I I 4MO I \ I ':' NOISE 

.... _---- ". 

, 
'pF MAT-OI 2pF 

1000 

120kO = 
~2'l"A -

TEST 5' 5'B 52 53 READING 

-IiIV 
NOISE VOLTAGE DENSITY • x X • VOI/W 
(PER TRANSISTOR) 

NOISE CURRENT DENSITY 0 0 • A VOl/V2-4MO 
(PEF!: TRANSISTOR) 

LOW FREQUENCY NOISE • • 0 B V02 PEAK-TO-PEAK 
(REFERRED TO INPUT 25.000 
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MAT-ot 

CROSS REFERENCE - MAT-01 TO MONOLITHIC DUAL TRANSISTORS (lc = 10,uA) 

BVCEO Vos TCVos 
hFE 

los TClos 
DEVICE MIN MAX MAX MAX MAX 

(V) (mV) (Ilv rc) MIN 
(nA) (pAt C) 

MAT-01AH 45 0.1 0.5 500 0.6 90 

MAT·01H 60 0.1 0.5 330 0.8 110 

MAT-01FH 60 0.5 1.8 250 3.2 150 

MAT01GH 45 0.5 1.8 250 3.2 150 

LM114A 45 0.5 2.0 500 2.0 .. 

LMl14 45 2.0 10 250 10 ---
LM115A 60 0.5 2.0 250 2.0 ---
LMl15 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 

CROSS REFERENCE - MAT-Ol TO 2N TYPES (lc = 10J,lA) 

BVCEO Vos TCVos hFE %hFE los TClos 
DEVICE MIN MAX MAX MIN MATCH MAX MAX· 

(Vi imV; iJ,lV/"C; MAX inAl ipAtC) 

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 

MAT-01FH 60 0.5 1.8 250 8 3.2 150 
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 the above are physically interchangeable pin-for-pin with MAT-Ol series. 
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PMI REF-01 
+ IOV PRECISION VOLTAGE REFERENCE 

GENERAL DESCRIPTION 

The REF·01 Series of Precision Voltage References provides a 
stable +10V output which can be adjusted over a ±3% range 
with minimal effect on temperature stability. Single supply 
operation over an input voltage range of 12 to 40V, low cur· 
rent 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·01 an excellent choice 
whenever a stable voltage reference is required, such as in DIA 
and AID converters, in portable instruments, and in digital 
voltmeters. Full military temperature range devices with 
screening to M I L·STD·883A are available. 

SIMPLIFIED SCHEMATIC 

FEATURES 

_ Adjustable 10 Volt Output ............... ±3% 

_ Excellent Temperature Stability ........ 3 ppm/o C 

_ Low.Noise ...••.............. , .. 20/lVp·p 

_ Low Power ........ • . • . • • . . . . • .. 15mW 

_ Wide Input Voltage Range •....•..... 12 to 40V 

_ High Load Driving Capability. . . . . . . . . .. 20mA 

_ No External Components 

_ Short Circuit Proof 

_ MI L·STD·883A Screening Available 

}--..... -+--+--~~TPUT 

~--------~----------~--+---~--

PIN CONNECTIONS AND ORDERING INFORMATION 

TOP VIEW 

Ne 
B 

4 
. GROUND 

(CASE) 

9-1 

T0-99 (J·Suffix) 

ORDER: REF·01AJ (_55°/+125°C) 
REF.OlJ (_55°/+125°C) 
REF.01EJ (00 no°C) 
REF·Ol HJ (00 noD C) 
REF-01CJ (00 no°C) 



REF-01 

ABSOLl)TE MAXIMUM RATINGS 

Input Voltage REF-Ol,A,E,H 40V Operating Temperature Range 
REF,OlC 30 V REF-01A, REF-Ol -55°C to +125°C 

Power Dissipation (see note) 500mW 
O°C to +70°C Output Short Circuit Duration Indefinite REF~lE,REF~lH,REF~lC 

. (to ground or VIN) 
Storage Temperature Range -65°C to +150°C Note: Derate at 7.1 mW 1° C above 80° C ambient 
Lead Temperature (Soldering, 60 sec) 300°C temperature. 

ELECTRICAL CHARACTERISTICS 

REF·01A REF-01 

These specifications apply for VIN = +15V. T A = 25" C, unless otherwise noted. 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max Units 

. Output Voltage Va· IL' 0 9.97 10.00 10.03 9.95 10.00 10.05 V 

Output Adjustment Range .uVtrim Rp = 10k!! ±3.0 ±3.3 - ,3.0 t3.3 - '{, 

Output Voltage Noise enp_p 0.1 Hz to 10Hz - 20 30 - 20 30 ~Vp·p 

(Note 5) 

Input Voltage Range VIN 12 - 40 12 - 40 V 

Une Regulation VIN = 13 to 33V - 0.006 0.010 - 0.006 0.010 %N 
(Note 4) 

Load Regulation IL = 0 to 10mA - 0.005 0.008 - 0.006 0.010 %/mA 
(Note 4) 

Turn-on Settling Tim~ ton To to.1 % of final •. 5.0 - - 5.0 - J.lSCC 

value 

Quiescent OHrent 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 OJrrent ISC Va' 0 - 30 - - 30 - mA 

The following specifications apply for VIN = +15V, -55' C .. TA <; +125 'C. unless otherwise noted. 

Output Voltage Cha~ge .lVOT 0"<;TA<;+70"C - 0.02 0.06 - 0.07 0.17 % 
with Temperature 
(Notes 1 and 2) -55"<;TA<; +125" C - 0.06 0.15 - 0.18 0.45 % 

Output Voltage TCVO (Note 3) - 3 8.5 - 10 25 ppmf'C 
Temperature Coefficient 
O1ange in Va Temperature 
Coefficient with Output 

Rp' 10k!! - 0.7 - - 0.7 - ppm/% 

Adjustment 

Une.Regulation 0"<;TA<:+70"C - 0.007 0.012 - 0.007 0.012 %IV 
(VIN = 13 to 33V) 
(Note 4) -'55"<;TA.;+125" C - 0.009 0.Q15 - 0.009 0.015 . %IV 

load Regu latian 0"<;TA<;+70"C - 0.006 0.010 - 0.007 0.012 %/mA 
(lL = 0 to 8mA) 
(Note 4) -55"<;TA<;+125" C - 0.007 0.012 - 0.009 0.Q15 %/mA 

NOTE 1: ~VOT is defined as the absolute difference between the maximum output voltage and minimum output voltage over the specified 
temperature range expressed as a percentage of 1 OV: 

LiVOT' 
VMAX -VMIN 

10V 
X 100 

NOTE 2: ,6,VOT specification applies trimmed to 10.00QV or untrimmed. 

NOTE 3: TCVO,'is defined as ,aVOT divided by t~e temperature range; i.e., TCVO(OOto+70"C):.: 
LiVOT 0"to.70·'C 

70"C 

and. TCVO (-55' to+125° C) • 
LiVOT -55 to+125"C 

t80"C 

NOTE 4: Line and Load Regulation specifications include the effects of self heating. 

NOTE 5: Parameter is not 100% tested; 90% of units meet this specification. 
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REF-01 DEFINITIONS 

LINE REGULATION OUTPUT VOLTAGE NOISE (snp.pl 
The ratio of the change in output voltage to the change in line The peak to peak output noise voltage in a specified frequency 
voltage producing it. band. 
LOAD REGULATION OUTPUT CHANGE WITH TEMPERATURE (Ll.VOTI 
The ratio of the change in output voltage to the change in load The absolute difference between the maximum output voltage 
current producing it. and the minimum output voltage over the specified temperature 
QUIESCENT CURRENT IISVI range expressed as a percentage of 1 OV: 
The current required from the supply to operate the device VMAX-VMIN 
with no load. Ll.VOT = X 100 

10V' 
OUTPUT TURN·ON SETTLING TIME (tonI OUTPUT TEMPERATURE COEFFICIENT (TCVOI 
The time required for the output voltage to reach its final value The ratio of the output change with temperature to the specified 
within a specified error band after application of VIN. temperature range expressed in ppmrC. 

ELECTRICAL CHARACTERISTICS 

REF·01E REF·01H REF·01C 

These specifications apply for VIN = +15V,.TA = 25Q C, unless otherwise noted. 

Parameter Symbol Test Conditions ,Min Typ Max Min Typ Max Min Typ Max Units 

Output Voltage Vo IL= 0 9.97 10.00 10.03 9.95 10.00 10.05 9.90 10.00 10.10 V 

Output Adjustment Range <l.Vtrim Rp = 10k!! ±3.0 ±3.3 - ±3.0 ±3.3 - ±2.7 ±3.3 - % 

Output Voltage Noise enp•p 0.1 Hz to 10Hz - 20 30 - 20 30 - 25 35 IlVP-P 
(Note 51 

Input Voltage Range VIN 12 - 40 12 - 40 12 - 30 V 

Line Regulation VIN = 13to 33V - 0.006 0.010 - 0.006 0.010 - - - %/V 
(Note 41 

VIN = 13 to 30V - - - - - - 0.009 0.015 %/V 

Load Regu lat ion IL = 0 to 10 rnA - 0.005 0.008 - 0.006 0.010 - - - %/mA 
(Note 41 

IL ~ 0 to 8 rnA - - - - - - - 0.006 0.015 %/mA 

Turn-on Settling Time ton To '0.1% of final .. 5.0 - - 5.0 - - 5.0 - Ilsec 
value 

Quiescent Current ISY No Load - 1.0 1.4 - 1.0 1.4 - 1.0 1.6 rnA 

Load Current IL 10 21 - 10 21 - 8 21 - rnA 

Sink Current IS -0.3 -{l.5 - -0.3 -0.5 - 0.2 -0.5 - rnA 

Short Circuit Current ISC Vo = 0 - 30 - - 30 - - 30 - rnA 

The following specifications apply for VIN - +15V, O"C "" T A ... +70" C, unless otherwise noted. 

Output Voltage Chang.' <l.VOT (Notes - 0.02 0.06 - 0.07 0.17 - 0.14 0.45 % 
with Temperature I and 21 

Output Voltage Tern· TCVO Note 31 - 3 8.5 - 10 25 - 20 65 ppmi"C 
perature Coefficient 

Change in Vo Temper· Rp = 10k!! - 0.7 - - 0.7 - - 0.7 - ppm/% 
ature Coefficient With 
Output Adjustment 

Line Regulation VIN = 13 to 33V - 0.007 0.012 - 0.007 0.012 - - - %/V 
(Note 41 

VIN = 13 to 30V - - - - - - - 0.011 0.018 %/V 

Load Regulation IL=Ot08mA - 0.006 O.OlD - 0.007 0.012 - - - %/mA 
(Note 41 

IL = Ot05 rnA - - - - - - - 0.008 0.018 %/mA 

NOTE 1: ",l,VOT is defined as the absolute difference between the maximum output volta.ge and the minimum output voltage over the 
specified temperature range expressed as a percentage of 10V: 

Ll.VOT= 
VMAX -VMIN 

X 100 
10V 

NOTE 2: LI. VOT specificatio.n applies trimmed to +1 O.OOOV or untrimmed. 

NOTE 3: TCVO is defined as Ll.VOT divided by the temperature range; i.e., TCVO = ~~?; 
NOTE 4: Line and Load Regulation specifications include the effects of self heating. 

NOTE 5: Parameter is n~t 100% tested;.90%.of.units meet th.is specification. 



TYPICAL PERFORMANCE CURVES 
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APPLICATIONS INFORMATION 

DIA CONVERTER REFERENCE 

+15V -1:iV 

81828384858687 BB- EO 
pas FULL SCALE 1 1 1 1 1 1 1 1 +9.920 

POS FULL SCALE-LS8 1 1 1 1 1 1 1 0 +9.840 

(+1 ZERO SCALE 1 0 o 0 0 0 0 0 +0.040 

I-l ZERO SCALE 0 1 1 1 1 1 1 1 -0.040 

NEG FULL SCALE+LSB o 0 0 0 0 0 0 1 -9.840 

NEG FULL SCALE o 0 o 0 0 0 0 0 -9.920 

±10V REFERENCE 

+15V 

2 
VIN 

REF-OI VOt=S'----.... -------o+IOV 
5 

GRD IOKn 

4 

IOKll 

5Kll 

= 

CURRENT SOURCE 

+15V 

2 
VIN 

Vo 6 

REF-OI 
TRIM 5 

GRD 
4 

lOUT 

VOLTAGE COMPLIANCE: -25V TO+3V 

">-.4 ......... 0-IOV 

REF-01 

AID CONVERTER REFERENCE 

PRECISION CALIBRATION STANDARD 

2 

VIN •• 6!.-__ .... _-o 
VOr- + 

REF-O' 
~--.Kl00K 

CURRENT SINK 

lOUT 
2 

VIN 
Vo 6 

c 10.000V 

REF-OI 
TRIM 5 

GRD 

IO.OV 
R IOUT=-R-+lmA 

4 

-15V 

VOLTAGE COMPLIANCE:-3V TO ... 25V 



OPERATING INFORMATION 

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 reference 
to a voltage other than 1 OV. Of course, the output can 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 olthe device. Typically the temper· 
ature coefficient change is 0.7 ppmfC for 100mV of output 
adjustment. 

The addition of a power transistor, a resistor, and a capacitor 
converts the REF·Ol into a precision 10V supply with one 
ampere current capability. At V+= l5V, the REF·Ol can 
carry in excess of l4mA of load current with good regulation. 
If the power transistor current gain exceeds 75, 8 one ampere 
supply can be realized. At V+ = 20V, the REF·Ol's maximum 
usable load current increases, reducing the power transistor's 
current gain requirement to 50 for a one ampare supply. 

REF-01 
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APPLICATIONS INFORMATION 

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 <D ; the only important error considera­
tion at room temperature is the negative supply rajection of the 
op amp. The typical 3/lVIV .PSRR of the OP-02E will create 
an 8 ppm change (3/lV IV X 25V /10V) in output current over 
a 25V range; for example .. a 10mA current source can be 
built (R = 1[<n) with 300 Mn output impedance 

(RO = 25V ) 
~ 8x10-6x10mA 

1:50V 

VIN 
-----.§. Vo ® 

REF-O! 

GRO 

2 
4 

R (TRIM FOR 
CALIBRATION) 

6 ~ .. 3,--___ .... _-ovo.0 TO 25V 

RC '10-0 SEC b~5~ IO' t~v 

REFERENCE STACK WITH EXCELLENT LINE REGULATION 

Three REF-01's can be stacked to yield 10.000, 20.000 and 
3O.000V outputs. An additional advantage is near-perfect 
line regulation <if the 1 O.OOQ, and 20.000 output voltages. A 
32V to 60V input change produces an output change which 
is less than the noise voltage of the devices. A load bypass 
resistor (RB) provides a path for the supply current (lSY) 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, ... 
100V. The line voltage cen range from 105 to 130V. How­
ever, cere must be taken to ensure that the total load currents 

{ do not exceed the maximum usable current (typically 21 mAl. 
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REF-02 
+5V PRECISION VOLTAGE REFERENCE 

GENERAL DESCRIPTION 

The R E F-02 Precision Voltage Reference provides a stable 
+5V output which can be adjusted over a ±6% range with 
minimal effect on temperature stability. Single supply opera­
tion 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, such as in D/A and A/D 
converters, in portable instruments, and in digital voltmeters. 
The versatility of the REF-02 is illustrated by its use as a 

monolithic thermometer and as a SV, 4-A regulator. For 
+10V Precision Voltage References see the REF-Ol data sheet. 

SIMPLIFIED SCHEMATIC 

" 
GAOt:HD 

9-8 

FEATURES 

- Adjustable 5 Volt Output . _ .•..••.•..... ±6% 

_ Excellent Temperature Stability ....... 3 ppmfC 

_ Low Noise ......•........... _ ... lOIlVp-P 

_ Low Power .......•.•.•............ 1SmW 

_ Wide Input Voltage Range. . • • • . . . .. 7V to 40V 

_ High Load Driving Capability ...••...•... 20mA 

_ Temperature Voltage Output ..•.•... 2.1 mVfC 

_ No External Components 

_ Short Circuit Proof 

_ MI L-STD-883A Screening Available 

PIN CONNECTIONS AND ORDERING INFORMATION 

NC 
8 

4 
GROUND 

CASE 

TO-99 (J-Suffix) 

ORDER: REF-02AJ (-5So/+12SoC) 
REF-02J(-5S0 /+12SoC) 
REF-02EJ (0° 170°C) 
REF-02HJ (0° 170°C) 
REF-02CJ (0° 170°C) 



REF·02 

ABSOLUTE MAXIMUM RATINGS 

Input Voltage REF02, A, E, H 40 V Operating Temperature Range , ' 

REF-02C 30V REF-02A, REF-02 _55°C to +125°C 
Power Dissipation (see note) 500mW 

O°C to +70°C 
Output Short Circuit Duration Indefinite 

REF-02E, REF-02H, REF-02C 

(to ground or VIN) 

Storage Temperature Range -65°C to +150°C Note: Derate at 7.1 mW/"C above ao°c ambient 

Lead Temperature (Soldering, 60 sec) 3000 e temperature. 

ELECTRICAL CHARACTERISTICS 

I REF-02A ~ REF-02 ~ 
These specifications apply for VIN = +15V, TA = 25°C, unless otherwise noted. 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max Units 

Output Voltage, Vo IL:"O 4.985 ,,'5.000 5.015 4.975 5.000 5.025 V 

Output Adjustment Range aVlri{TI Rp = 10kn ±3.0 ±6.0 - ±3.0 ±6.0 - % 

Outpul Vollage Noise enp,p O.lHz to 10Hz - 10 15 - 10 15 IlVp-P 
(Note 1) 

Input Voltage Range VIN 7 - 40 7 - 40 V 

Load Regulation VIN =710 33V 
, 

- 0.006 0,010 - 0.006 0.010 %IV 
(Note 2) 

Line Regulation IL =Oto lamA - 0.005 0.008 - 0.006 0.010 %/mA 
(Note 2) 

,Turn-on Settling Time Ion To £0'.1% of fin'al - 5.0 - - 5.0 -, ~sec 

value 

Quiescent 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 - {riA 

Short Circuit Current ISC Vo =0 - 30 - - 30 - mA 

Temp Voltage Output VT (Note 3) - 630 - - 630 - mV 

The following specifications apply for VIN = +15V, -55°C .. TA .. +125°C, unless otherwise noted. 

OutP,ut Voltage Change aVOT 00 .. TA .. +70°C '- 0.02 0.06 - 0.07 0.17 % 
with Temperature 
(Notes 4 and 5) -55° .. TA .. +125°C - 0.06 0.15 - 0.18 0.45 % 

Output Voltage TCVO (Note 6) - 3 8.5 - 10 25 ppmfC 
Temperature Coefficient 

Change in Vo Temperature 
0.7 Coefficient with Output Rp = 10kn - 0.7 - - - ppm/% 

Adjustment' 

Line Regulation 00 .. TA .. +70°C - 0.007 0,012 - 0.007 0.012 %IV 
(VIN = 7 to 33V) 
(Note 2) -55°"TA';+125°C' - 0.009 0.015 - 0.009 0.Q15 %IV 
Load Regulation O°.;T A';+ 70° C - 0.006 0.010 - 0.007 0.012 %/mA 
(IL =Ot08mA) 
(Note 2) -55°';T A ';+125° C - 0.007 0.012 - 0.009 0.Q15 %/mA 

Temp Voltage Output TCVT (Note 3) - 2.1 - - 2.1 - mllfc 
Temperature Coefficient 

NOTE 1: Parameter is not 100% tested; 90% of units meet this specification. 

NOTE 2: Line and Load Regulation specifications include the effects of self heating. 

'NOTE 3: Limit current in or out of pin 3 to 50nA and capacitance on pin 3 to 30pF . 

NOTE 4: .1. VOT is defined as the absolute difference between the maximum output volta,ge and minimum oulput voltage over the specified 
temperature range expressed as a percentage of 5V: 

aVOT= 
VMAX-VMIN 

X 100 
5V 

NOTE 5: aVOT specification applies trimmed to 5.000V or untrimmed. 

NOTE 6: TCVO is defined as aVOT divided by the temperatllre range; i.e., TCVO (0· to,HO·C) = 
aVOT 0° to +70°C 

70°C 

and TCVO (-55· to +125°C) = 
aVOT -55· to +125°C 

'lSOoC 

9·9 
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REF-02 DEFINITIONS 

LINE REGULATION OUTPUT VO L T AG E NO ISE (enp_pl 
The ratio of the change in output voltage to the change in line The peak to peak output noise voltage in a specified frequency 
voltage producing it. barid. 
LOAD REGULATION OUTPUT CHANGE WITH TEMPERATURE (AVOTI 
The ratio of the change in output voltage to the change in load 

The absolute difference between the maximum output voltage 
current producing it. 

and the minimum output voltage over the specified temperature 
QUIESCENT CURRENT USVI range expressed as a percentage of 5V: 
The current required from the supply to operate the device 

VMAX-VMIN 
with no load. AVOT= 

5V 
X 100 

OUTPUT TURN-ON SETTLING TIME (tonI OUTPUT TEMPERATURE COEFFICIENT (TCVOI 
The time required for the output voltage to reach its final value The ratio of the output change with temperature to the specified 
within a specified error band after application of VIN temperature range expressed in ppm/oe. 

ELECTRICAL CHARACTERISTICS 

I REF-02E REF-02H 1 REF-02C 1 
These specifications apply for VIN - +15V, TA - 25°C, unle" otherwise noted. 

Parameter Svmbol Test Conditions Min TVp Max Min Typ Max Min Typ Max Units 

Output Voltage Vo IL = 0 4.985 5.000 5.015 4.975 5.000 5.025 4.950 5.000 5.050 V 

Output Adjustment Range aVtrim Rp = 10kU ±3.0 ±6.0 - ±3.0 ±6.0 - ±2.7 ±6.0 - % 

Output Voltage Noise enp-p O.lHz to 10Hz - 10 15 - 10 15 - 12 18 /JVp-p 
(Note 11 

Input Voltage Range VIN 7 - 40 7 - 40 7 - 30 V 

Load Regulation VIN =7 to 33V - 0.006 0.010 - 0.006 0.010 - - - %IV 
(Note 21 

VIN =7 to 30V - - - - - - - 0.009 0.015 %IV 

Une Regulation IL=Otol0mA - 0.005 0.008 - 0.006 0.010 - - - %/mA 

(Note 21 
IL = 0 to 8 mA - - 0.006 0.015 %,/mA - - - - -

Turn-on Settling Time ton To ,0.1%offinal - 5.0 - - 5.0 - - 5.0 - ,usee 
value 

Quiescent Current ISY No Load 1.0 1.4 - 1.0 1.4 - 1.0 1.6 mA 

Load Current IL 10 21 - 10 21 - 8 21 - mA 

Sink Current IS -0.3 -0.5 - -0.3 -0.5 - -0.2 -0.5 - mA 

Short Circuit Current ISC Vo =0 - 30 - - 30 - - 30 - mA 

Temp Voltage Output VT (Note 31 - 630 - - 630 - - 630 - mV 

The following specificalions apply for VIN = +15V, O"C " T A." +70"C, unless otherwise noted. 

Output Voltage Change AVOT (Notes - 0.02 0.06 - 0.07 0.17 - 0.14 0.45 % 
with Temperature 4 and 51 

Output Voltage Tem· TCVO (Note 61 - 3 8.5 - 10 25 - 20 65 ppm/oC 
perature Coefficient 

Change in Vo Temper-
ature Coefficient With Rp = 10kn - 0.7 - - 0.7 - - 0.7 - ppm/% 
Output Adlustment 

Line Regulation VIN=7to33V - 0.007 0.012 - 0.007 0.Q12 - - - %IV 
(Note 21 

VIN=7t03OV - - - - - - - 0.011 0.Q18 %IV 

Load Regulation IL =0 t08 mA - 0.006 0.010 - 0.007 0.012 - - - %/mA 
(Note 21 

IL =Ot05 mA - - - - - - - 0.008 0.Q18 %/mA 

Temp Voltage Output TCVT (Note 31 - 2.1 - -- 2.1 - 2.1 mV/"C 
Temperature Coefficient 

NOTE 1: Parameter is not 100% tested; 90% of units meet this specification. 

NOTE 2: Line and Load Regulation specifications include the effects of self heating. 

NOTE 3: Limit current in or out of pin 3 to 50nA and capacitance on pin 3 to 30pF. 

NOTE 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= 
VMAX-VMIN 

X 100 
5V 

NOTE 5: AVOT specification applies trimmed to +5.0ooV or untrimmed. 

NOTE 6: TCVO is defined as AVOT divided bv the temperature range; i.e., TCVO = ~~?CT 

9-10 



TYPICAL PERFORMANCE CURVES 
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OUTPUT ADJUSTMENT 

The REF·02 trim terminal can be used to adjust the output 
voltage over a 5V ±300mV range. This feature allows the 
system designer to trim system errors by setting the reference', 
to a voltage other than 5V. Of course, the output can also be 
set to exactly 5.000V, or to 5.12V for binary applications. 

+15V 

Adjustment of the output does not significantly affect the 
temperature performance of the device. Typically the temper· 
ature coefficient change is 0.7 ppmfC for 100mV of output 
adjustment. 

TYPICAL APPLICATIONS 

D/A CONVERTER REFERENCE 

~--<>-.... _-oOUTPUT 

t=---o--i~ IOKIl 

BATTERY OPERATED 
D/A CONVERTER REFERENCE 

+15V MSe Lse 

+ISV -15V 

8182839485868788 Eo 
POS FULL SCALE , , , , , , , , +9.920 
PDS FULL SCALE-LSB , , , , , , , 0 +9.840 

(+J ZERO SCALE , 0 o 0 0 o 0 0 +0.040 
H ZERO SCALE 0 , , , , , , , -0.040 

NEG FULL SCALE+L58 o 0 o 0 0 0 0 , -9.840 
NEG rUll SCALE o 0 o 0 0 o 0 0 -9.920 

OUTPUT POWER BOOSTING - 5 VOLT 4 AMP PRECISION REGULATOR 

THEORY OF OPERATION 

With no output load, the voltage across Rl is determined by 
the REF·02's typical supply current of 1 mAo With an output 
load, 01 turns on and provides most of the load current. The 
total currenfthat the REF·02·must supply is the base current 
of aI, and approximately 4mA through R 1. 

Both current limiting and remote sensing may be added using 
the circuitry shown below. Since untrimmed output accuracy 
depends on the grade of REF-02 selected, an optional trim­
ming potantiometer may be used to adjust the output to 
exactly 5.000V. The voltage drop across R3 at 5 amps 
causes Q2 to turn on and remove the base current for 01. 

",:,9 V 

ADJUSTABLE, PRECISION +5V @4A REGULATOR' 
WITH CURRENT LIMITING AND REMOTE SENSING 

+9.8V MINIMUM 

. , .... , 
' .. 

0.12S: 
ow ... 

...-------- -----,-..., °HEATSINK 
I • POWER I 
I DARLINGTON I 
I 2N1OU I , , .... --............... .,.:.,. : L_.:.. ____________ J 

LOAD 1+1 

YIN \/01"=-..,.. __________ -"""'""=,.''0'' 
,REF.Q2 

"' 11111U 
BOURNS. 
:JODIII.1·103 

SENSE 1-1 , 
+-~ _____________ .!:'LO~.~D!:! ... ,O) 

BASIC REGULATOR 
r--------<P--<:>V'N 

r- --.-- -- --- - -----, , , , 
POWER ' 
DARLINGTON : 
2N6053 , , 

__________ J 
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TYPICAL APPLICATIONS 

REFERENCE STACK WITH EXCElLENT LINE REGULATION 

Two REF·Ol's and one REF·02 can be stacked to yield 
5.000, 15,000 and 25,OOOV outputs. An additional advantage 
is near·perfect line regulation of the 5,000 and 15,000 output 
voltages. A 27V to 55V input change produces an output 
change which is less than the noise voltage of the devices. A 
load bypass resistor (Rsl provides a path for the supply 
current (lSyl of the 15.000V regulator. 

In general any number of REF·Ol's and REF-02's can be 
stacked this way. For example, ten devices will yield ten 
outputs in 5 or 10V steps. The line voltage can range from 
100 to 130V. However, care must be taken to ensure that the 
total load currents do not exceed ·the maximum usable 
current (typically 21 mAl. 

VO~6!...---+----~I__---""025.000V 

REF-Ot 
TRIM "'5'--__ -+ ___ -t< 10KO 

GRD 
4 

2 
VIN 

2 

Y,N VOp6'-----1~---o 15.000V 

REF-Ot 

TRIMH 10Kn 
GRD 

4 

VOf=6'----.... ---~I----~,...O 5.000 V 

REF-02 5 
TRIMI"---+(:10Kn 6.BKn 

GRD RS 
4 

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 31'V IV PSRR of the OP-02E will create a 20 ppm 
change (31'V IV X 35V 15VI in output current over a 35V 
range; for example, a SmA current source can be built 
(R = I k!11 with 350 M!1 output impedance: 

RO = ( 
35V ) 

20X 10-6 X 5mA 

REF-02 

GRD 

4 
2 

VIN CD VO~6'--~f--___ --' 
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TYPICAL APPLICATIONS 

3 

±5V REFERENCE 

+15V 

2 
Y,N 

REF -02 
Va 6 ,~----~~----------~+5V 

5 

GRD lOKI! 

4 

5KI! 

CURRENT SOURCE 

3 

+15V 

2 
Y,N 

Vo 6 

REF-02 
TRIM 5 

GRD 
4 

lOUT 

lOKI! 

">--+-0- 5 V 

VOLTAGE COMPLIANCE: -25V TO+ BV 

REF-02 
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PRECISION CALIBRATION STANDARD 

2 

f!---..... --o+ 
REF-02 

3 TRIM 5 lOOK 

CURRENT SINK 

lOUT 
2 

Y,N 6 
Vo 

REF-02 

5.000V . 

3 TRIM 5 

GRD 
R lOUT." 5f>.0V +lmA 

4 

-15V 

VOLTAGE COMPLIANCE:-BV TO 25V 
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PMI has the industry's broadest line of monolithic D/A Converters including the new companding (compression/expansion) 
transfer function D/A Converter, the DAC.-76. Our line of D/A Converters includes a choice of current or voltage outputs, 
6-bit to sign plus 10-bit resolution, ± 0.05% to ± 0.4% nonlinearity, and 85 nsec to 1.5 /Jsec settling time to ± 1/2 LSB. All 
PMI converters are packaged in hermetically sealed DIP packages to provide high reliability and small size. Use the Selection 
Guide to choose a D/A Converter for a specific application. When the application requires a 12-bit DAC, see the Companding 
D/A Converter section of this catalog. We'll be introducing higher-resolution D/A Converters in the coming year. We'll keep 
you informed as these new products are introduced. 
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DAC·02 
DAC·03 
DAC·04 
DAC-08 
DAC-l00 
SSS1508A/ 
1408A 

INDEX 
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PMI DAC-01 
6 BIT MONOLITH IC Df A CONVERTER 

GENERAL DESCRIPTION 

The DAC·Ol is a complete monolithic 6·bit digital·to·analog 
converter, incorporating current steering logic, current sources, 
diffused resistor ladder network, precision voltage reference 
and fast summing op amp on one chip. Monolithic construe· 
tion provides small siie, light weight, low power consumption 
and very high reliability. Wide power supply range, three 
output voltage options, and three input code options assure 
flexibility for a wide variety of appl ications. A seventh bit 
may also be added for greater resolution. The DAC·Ol is 
ideal for CRT deflection circuits, servo positioning controls, 
digitally programmed power supplies and pulse generators, 
modem and telephone system digitizing and demodulation 
circuits, digital filters, and 6·bit AID converters. 

SIMPLIFIED SCHEMATIC 

,..----DIGITAL LOGIC INPUTS ---..., 

MSB LSB 

FULL SCALE TRIM v-

PIN CONNECTIONS AND ORDERING INFORMATION 

MSB AII- • 1-14 FULL SCALE TRIM 

A22- 1-13 V-

A33- -12 BIPOLAR/UNIPOLAR 

A44- -II SUM NODE 

A55- -10 SCALE FACTOR 

LSBA66- -9 GROUND 

V+7- -B ANALOG OUTPUT 

TOP VIEW "Y" 

10-1 

FEATURES 

_ Complete ..•• Includes Reference, Ladder, Switches, 

OpAmp 

_ 6·Bit Resolution ............... 7 Bit Accuracy 

_ Fast .•..•...... ' ... 3J,lsec Settling Time (max.) 

_ 3 Output Options ............ +10V, ±5V, ±10V 

_ Low Power Consumption ..•..•.. 250mW (max.) 

_ Standard Power Supplies .......... ±12V to ±18V 

_ ·55/+125°C or 0/70°C Ranges Available 

_ TTL, DTL Compatible Logic Levels 

_ MIL-STD-883 Processing Available 
_ Low Cost 

v+ SUM NODE SCALE FACTOR 

ANALOG 
OUTPUT 

BIPOLAR/UNIPOLAR GROUND 

14 PIN HERMETIC DIP 
(Y·SUFFIX) 

ORDER: DAC·OIAY 
DAC·OIY 
DAC·01BY 
DAC·01FY , 

DAC·01CY 
DAC·01HY 



DAC-01 

ABSOLUTE MAXIMUM RATINGS 

Operat,i ng Temperature 
OAt-01A, 01, 01 B, 01 F 
OAC-01C,OlH . 

V+ Supply Voltage to Ground 
V- Supply Voltage to Ground 
Logic I nput to Ground 
Internal PbvilerDissipation (Note 1) 

-55°C to +125°C 
O°C to +70°C 

o to +18V 
o to -18V 

-0.7 to +6V 
500mW 

NOTE 1: Rating applies up to ambient temperatures. of 
100°C. For temperatures above. 100°C, derate 
linearly at 10mWfC. 

BASIC CIRCUIT CONNECTIONS 

Storage Temperature _65°C to .j.150°C 

Lead Soldering Temperature 300°C (60 sec) 

Output Short Circuit Duration (Note 2) Indefinite 

NOTE 2: Short circuit may be to ground or either supply. 
Rating applies to +125°C case temperature or 
+75°C ambient temperature 

SUPPLY SEQUENCING 
PROTECTION AND 

FULL SCALE 
ADJUSTMENT TECHNIQUE 

ADDITION OF 7TH BIT OPTIONAL ZERO SCALE OR 
BIPOLAR OFFSET ADJUSTMENT 

-1!lV 0--...... -'------, IOOkn 

IN414B 

IN414B 

v-o---~~~-ov+ 

IMn 

II 

OAC-OI 

7-BIT {SB!~~~~~~~~JJ~ DIGITAL 
INPUT 

LSB 

APPLICATIONS INFORMATION 

INPUT CODES-The OAC-Ol utilizes standard complementary 
binary coding for unipolar mode operation (all inputs high produces 
zero output voltage). Complementary offset binary (bipolar! mode 
operation may be implemented by shorting pin 11 to pin 12 (all 
inputs high produces negative full scale output voltage). One's com­
plement coding may be implemented by shorting pin 11 to pin 12 
and inverting the MSB before entering pin 1 (all other bits are not 
inverted). Two's :complement coding may be implemented by short­
ing pin 11 to pin 12, inverting the MSB before entering pin I, and 
injecting approximately 51lA into pin 11 (which is at ground poten­
tial) by using the "zero scale or bipolar offset adjustment" circuit. 

POWER SUPPLIES-Care should be taken to insure that positive 
voltages are. not applied to the logic inputs for more than approxi­
mately 300m. before the V+ supply is applied. It is also important 
that V- not be removed during operation. The addition of three 
clamping diodes (see fig. above) is recommended where random 
supply sequences mey be encountered. Power supplies should be 
bypassed near the package with a .IIlF disk capacitor_ Chip users 
should connect the substrate to V-. 

10-2 

FULL SCALE ADJUST'-A 500n 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 pop in bipolar mode. If no pot is 
used, tie pin 14 to' V-. 

SCALE FACTOR-For +10 volt or ±5 volt outputs, short pin 10 
to 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 II, but' 
this will seriously degrade the full scale temperature coefficient due 
to the mismatch between the +1150 ppmfC tempco of the diffused 
resistors and the pot tempco. 

CAPACITIVE LOADS-When driving capacitive loads greater than 
50 pF in Unipolar mode or 30 pF in Bipolar mode a 100 pF 
capacitor may be placed from pin 11 to ground for adiled stability. 

LOWER RESOLUTION APPLICATIONS-When less than 6 bits of· 
resolution is required, tie off unused bits to a voltage level greater 
than +2.1 volts. The +5 volt logic supply is usually convenient. 



DAC-01 

ELECTRICAL CHARACTERISTICS SEE SECTION 13 FOR COMPLETE D/A CONVERTER 
DEFINITIONS 

These specifications apply for VS. = ±15V and over the rated operating temperature range unless otherwise noted. 

Parameter DAC-01A DAC-Ol DAC-01B DAC-01F DAC-Ole - DAC-01H Units 

Output Options Unipolar Unipolar Unipolar Unipolar Unipolar Unipolar 
Bipolar Bipolar Bipolar Bipolar 

Temperature Range -55/+125 -55/+125 -55/+125 -55/+125 0/+70 0/+70 °c 

Nonlinearity 25°C - Max ±0.20 ±0.40 ,0.40 ±0.40 ±0.40 ±0.40 %FS 

Nonlinearity Over Temperature - Max ±0.30 ±0.45 ±0.45 ±0.45 ±0.45 ±0.45, %FS 

Full Scale Tempco - Max ±4O ±80 ±120 ±80 ±160 ±160 ppmi"C 

Unipolar Zero Scale Output 25 25 25 40 25 40 mV 
Voltage - Max (Note 1, 2') 

These specifications apply for all DAC-Ol grades, Vs = ± 15V and over the rated operating temperature range unless otherwise noted. 

Parameter Conditions Min Typ Max Units 

Unipolar Full Scale 2Kn load, logic';; 0.5V, short pin 13 to pin 14. +10.00 - +11.75 Volts 
Output Voltage (Note 3) Short pin 12 to Ground and pin 10 to pin 11. 

Bipolar Output Voltage (Note 3) 2Kn Load, Short pin 11 to pin 12. 

±5 Volt Range Short pin 13 to pin 14, Short pin 10 to pin 11. 

VFS+ Logic Inputs';; 0.5V +4.93 - +5.94 Volts 

VFS_ Logic Inputs;' 2.1V -5.94 - -4.93 Volts 

±10 Volt Range Open pin 10 

VFS+ Logic Inputs';; 0.5V +9.86 - +11.89 Volts 

VFS- Logic Inputs;' 2.1V -11.89 - -9.86 Volts 

Bipolar Offset Voltage (Note 1) ±5 Volt Range - ±40 . ±70 mV 
±1/2 (J VFS+ I-I VFS_I) ±10 Volt Range - ±80 ±140 mV 

Resolution - - 6 bits 

Logic Input "0" - - 0.5 Volts 

Logic Input "1" 2.1 - - Volts 

Logic Input Current, Each Input - 2.2 8.0 p.A 

Power Supply Sensitivity ±12V';; Vs';; ±18V VFS" 10.0 V - ±0.01 ±0.15 %VFSIV 

Power Consumption - 200 250 mW 

Settling Time to ±1/2 LSB 2.1 V .;; logic level';; 0.5V TA = 25°C. - 1.5 3 p.sec 

NOTES: 

1. Zero scale or bipolar offset voltage is trimmable to zero volts or to the exact one's or two's complement condition with an external resistor 
network to pin 11. 

2. Logic input voltage ;. 2.1 volts. 

3. Full scale is adjustable to precisely 10 volts for unipolar operation and 10 volt or 20 volt POp bipolar operation with an external 500 ohm 
potentiometer from pin 14 to V-. 

10-3 



PMI DAC-02 
® 

10 BIT PLUS SIGN MONOLITHIC 0/ A CONVERTER 
GENERAL DESCRIPTION 

The DAC-02 is a complete 10 bit plus sign D/A converter on a 
single 82 x 148 mil monolithic chip. All elements of a complete 
sign/magnitude DAC are included-precision voltage reference, 
current steering logic, current sources, B-2 R resistor network, 
logic controlled polarity switch and high speed internally 
compensated output op amp. Monotonicity guaranteed over 
the 00 to 70°C temperature range is achieved by the untrimmed 
diffused R-2R resistor ladder network. The buffered reference 
input is capable of tracking over a wide range of voltages, 
increasing application flexibility. The wide power supply 
range, low power consumption, choice of full scale output 
voltages and sign/magnitude coding assure utility in a wide 
range of applications including CRT displays, data acquisition 

systems, A/D converters, servo positioning controls, and voice 
and music digitizing and reconstruction systems. 

FEATURES 

• Complete ..... _ .. Includes Reference and Op Amp 

• Compact ............ Single 18 Pin DIP Package 

• Bipolar Output .......... Sign/Magnitude Coding 

• Monotonicity Guaranteed 

• Nonlinearity ....................... ±1 LSB 

• Fast .................. 1.5ILsec.Settling Time 

• Stable ........... Full Scale Tempco 60 ppmtC 

• Low Power Consumption .... _ ...... 300 mW Max 

• TTL,DTL, CMOS Compatible Inputs 

• Reliable ......... 100% Burned-in 72 Hrs @ 125°C 

·SIMPLIFIED SCHEMATIC AND PIN CONNECTION DIAGRAM 

REFERENCE 17 ..(1f). OUTPUT 

,,'g----< 
REFERENCE 
INPUT 

DIGITAL 11 
GROUND 

r---

~ r--
t-.. 

ORDERING INFORMATION 

MODEL 

DAC'02 ACX1 (or X2)* 
DAC-02 BCX1 (or X2)* 
DAC-02 CCX1 (or X2)*. 
DAC-02 DDX1 (or X2)* 

I DIGITAL LOGIC INPUTS \ 

Msa I BIT 2 BIT 3 BIT 4 BIT ~ BIT 6 BIT 7 BIT 8 BIT 9 BIT 10 SIGN BIT 
I 2 3 • , • 7 B 9 10 lB 

ol~ 

.~l _)!j!~l -)15!jr~1~! .!. 
~~ t-.. t-..., t-..., 

MONOTONICITY 

10 BITS 
9 BITS 
8 BITS 
7 BITS 

t-..., t-.. 

.1 
t-..., 

? 

131 
! ANALOG GROUND 

FSTEMPCO 

60 ppmfC MAX 
60 ppmfC MAX 
60 ppmi"C MAX 

150 ppmfC MAX 

J 1 1 

TEMP RANGE 

0° /+70°C 
0° /+70°C 
0° /+70°C 
0° /+70°C 

.... Suffix Xl indicates ±10V out;'suffix X2 indicates ±5V out. 
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V+ 

I. 

ANALOG 
I. OUTPuT 

12 

v-

PACKAGE 
HERMETIC 
18 PIN DIP 
18 PIN DIP 
18 PIN DIP 
18 PIN DIP 



DAC-02 

ABSOLUTE MAXIMUM RATINGS 

Operating Temperature Range 

Storage Temperature Range 
V+ Supply to Analog Ground 

V- Supply to Analog Ground 

Analog Ground to Digital Ground 

Logic Inputs to Digital Ground 

ELECTRICAL CHARACTERISTICS 

o°C to 70°C 

-65°C to +150°C 

o to +18V 
o to -18V 

o to ±0.5V 
-5V to (V+ - .7V) 

Internal Reference Output Current 300j.lA 

Reference Input Voltage 0 to +10V 

Internal Power Dissipation 500 mW 

Lead Soldering Temperature 300°C (60 sec) 

Output Short Circuit Duration Indefinite 
(Short circuit may be to ground or either supply. 

These specifications apply for Vs = 115V and over the O°C to 70°C temperature range, unless otherwise specified. 

GRADES AC, BC, CC GRADE DO 

Parameter Condition Min Typ Max Min Typ Max Units 

Resolution Bipolar Output 11 11 11 11 11 11 bits 
Unipolar Output 10 10 10 10 10 10 bits 

Monotonicity O°C to 7ffc 
ISee Note 1) Grade AC 10 - - bits 

Grade BC 9 - - bits 
Grade CC B - - bits 
Grade DO 7 - - bits 

Nonlinearity ffc.to 70°C 
ISee Note 1) Grade AC - - ±0.1 % 

Grade BC - - ±0.1 % 
Grade CC - - ±0.2 % 
Grade 00 - - ±0.4 % 

Settling Time To ±1/2 LSB, 10 Volt Step - 1.5 - - 1.5 - ,",sec 

Full Scale Tempco Total, Internal Reference Connected - - ±60 - - ±150 ppmfC 
Full Scale Tempco External Reference - t30 - - ±30 - ppmfC 
Reference I nput Bias Current - 100 - - 100 - nA 
Reference Input Impedance - 200 - - 200 - Mn 
Reference Input Slew Rate - 1.5 - - 1.5 - V/"sec 
Reference Output Voltage - 6.7 - - 6.7 - V 
Zero Scale Offset Sign. Bit High, All Other Logic Inputs Low - ±5 ±10 - ±5 ±10 mV 
.Zero Scale Symmetry X2 Models 1±5V Full Scalel - ±1 t2.5 - ±1 ±5 mV 

Xl Models 1±10V Full Scalel - ±1 ±5 - ±1 ±10 mV 
Full Scale Bipolar Symmetry ISee DefinitionsllSee Note 21 - ±30 ±60 - ±30 ±80 mV 
Power Supply SenSitivity Vs = ±12V to ±18V - ±0.015 ±0.05 - to.015 ±0.1 % VFS/V 
Power Dissipation 10UT= 0 - 225 300 - 225 350 mW 
Logic Input Current Each Input, -5V to (V+ - ·.7VI - 1 - - 1 - "A 
Logic Input "0" - - 0.8 - - 0.8 V 
Logic Input "1" 2.0 - - 2.0 - - V 
Full Scale Output Voltage (See Note 31 

±10 Volt Models VFS+ (Sign Bit Highl +10.0 - +11.5 +10.0 - +11.5 V 
VFS_ (Sign Bit Lowl -11.5 - -10.0 -11.5 - -10.0 V 

±5 Volt Models VFS+ (Sign Bit Highl +5.00 - +5.75 +5.00 - +5.75 V 
VFS- (Sign Bit Low) -5.75 - -5.00 -5.75 - -5.0p V 

NOTE 1: This parameter is 100% tested at ffC, 25°C and 70°C. 

NOTE 2: These specifications apply for Xl (±10V) models; for X2 (±5V) models, divide specifications shown by 2. 

NOTE 3: Reference Output terminal connected directly to Reference Input terminal, RL = 2Kn, all logic inputs;> 2.0 V. 

10-& 
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DEFINITION OF SPECIFICATIONS* 

BIPOLAR FULL SCALE SYMMETRY 
Tne magnitude of the difference between IVFS+I and 
IVFS_I 

LOGIC "0" 
The (low) logic input voltage necessary to hold a bit OFF. 

LOGIC "'" 
The (high) logic input voltage necessary to hold a bit ON. 

SIGN/MAGNITUDE CODING 
The input logic coding used by the DAC·02. The polarity 
of ·the output voltage is determined by the logic level of the 
Sign Bit; the magnitude of the output voltage is determined 
by the binarily·weighted logic inputs. 

OPERATING INSTRUCTIONS 

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 
if used or if pot and resistor tempcos match. Alternatively, a single 
pot of .. 75Kn may be used. 

REFERENCE OUTPUT -For best results, Reference Output current 
should not exceed 1001lA. 

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·02's 
to the Reference Output of anyone of them. 

REFERENCE INPUT BYPASS-Lowest noise and fastest settling 
operation· will be obtained by bypassing the Reference Input to 
Analog Ground with a O.OIIlF disk capacitor. 

VARIABLE REFERENCES-Operation as a two-quadrant multi­
plying·DAC is achieved by applying an analog input varying between 
o and +10V to the Reference Input terminal. The DAC output is 
then' the scaled product of this voltage and the digital input.· ±5V 
output models (X2) must be used if Reference Input voltages will 
exceed -+ii.7V in order to prevent saturation of the output amplifier. 

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 outputl or to ground (for negative 
Full Scale output). 

POWER SUPPLIES-The DAC·02 will operate within specifications 
for power supplies ranging from ±12V to ±18V. Power supplies 
should be bypassed near the package with a O.IIlF disk capacitor. 
Chip users should connect the substrate to V-. 

CAPACITIVE LOADING-The output' operational amplifier pro­
vides stable operation with capacitive loads up to ·100pF. 

·SEE SECTION 13 FOR COMPLETE OIA CONVERTER 
DEFINITIONS 

ZERO SCALE OFFSET 
The output voltage (VZS+) produced by a positive zero 
scale input code (1·0000000000) 

ZERO SCALE SYMMETRY 
The change in the output voltage produced by switching 
the Sign Bit with all logic bits low (VZS+-VZS-) 

FULL SCALE ADJUSTMENT CIRCUIT 

,--DIGITAL INPUTS~ 
MSB lsa SIGH BIT V+ 

FULL 

REfERENCE 
OUTPUT 

SCALE 10110 

~~~>+~.=EF=E.~,~~~=~~--+---~ 
62110* 
LOWT.C. 

GROUND 

DIGITAL GROUND 

POSITIVE SIGN/MAGNITUDE CODING TABLE 

+ FULL SCALE 

+ "HALF" SCALE 

ZERO SCALE (+1 

ZERO SCALE H 
- "HALF" SCALE 

-FULL SCALE 

SIGN 
BIT 

0 

0 

0 

MSB 

1 

0 

0 0 

0 0 

0 

1 1 1 

0 0 O. 

0 0 0 

0 0 0 

0 0 0 

v-

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

LSB 

1 1 1 

0 0 0 

0 0 0 

.0 0 0 

.0 0 0 

GROUNDING-for optimum noise rejectiop, separate digital and 
analog grounds have been brought out. Best results will be obtained 
if these grounds are connected together at one point only, pre~ 
ferably near the DAC'()2 package, so that the large digital currents 
do not flow through the analog ground path. 



PMI DAC-03 
® 

8 & 10 BIT LOW COST MONOLITHIC D/A CONVERTER 
GENERAL DESCRIPTION 

The DAC-03 is a complete 10 bit low cost D/A converter on a 
single 82 x 148 mil monolithic chip_ All elements of a com­
plete DAC are included-precision voltage reference, current 
steering logic, current sources, R-2R resistor network and high 
speed internally compensated output op amp_ The untrimmed 
diffused R-2R resistor ladder network achieves monotonic 
operation over a wide temperature range_ The buffered refer­
ence input is capable of tracking over a wide range of Voltages, 
increasing application flexibility_ The wide power supply 
range, low power consumption and choice of full scale output 
voltages assure utility in a wide range of applications including 
CRT displays, data acquisition systems, AID conv~rters, and 
servo positioning controls. For bipolar DAC's refer to the 
DAC-02 and DAC-04 data sheets. 

FEATURES 

• Monotonicity Guaranteed 

• Low Cost 
• Complete ____ . __ Includes Reference and Op Amp 

• Compact ____ . ____ . _ Single 18 Pin DIP Package 

• Fast __ . _________ ... __ . 1_5 f.lsec Settling Time 

• Stable _. ____ . _ . _ Full Scale Tempco 60 ppmfC 

• Standard Power Supplies _________ ±12V to ±18V 

• Low Power Consumption . ____ .. __ . 350 mW Max 

• TTL, DTL, CMOS Compatible Inputs 
_ 5V and 10V Models Available 

SIMPLIFIED SCHEMATIC AND PIN CONNECTION DIAGRAM 

,.---------OIG1TAL LOGIC INPUTS ---------, 

CONNECT 
TO REF. 
OUTPUT V> 

" ~~~~~~NC ... E --ll4--jJl}-.,.--.,.--f---+-+--I-----j--t--+--+--I-----j--------+ 

ORDERING INFORMATION 

MODEL 

DAC-03 ADXl (or X2)* 

DAC-03 BDXl (or X2)" 
DAC-03 CDXl (or X2)" 
DAC-03 DDXl (or X2)* 

MONOTONICITY 

10 BITS 
9 BITS 
8 BITS 
7 BITS 

13 

ANALOG GROUND 

TEMP RANGE 

00/+70°C 
0° /+70°C 
0° /+70°C 
0° /+70°C 

"Suffix Xl indicates +10V output; suffix X2 indicates +5V output. 
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FSTEMPCO 

60 ppmfCTYP 
60 ppmfCTYP 
60 ppmfCTYP 
60 ppmfCTYP 

V-

PACKAGE 
HERMETIC 
18 PIN DIP 
18 PIN DIP 
18 PIN DIP 
18 PIN DIP 



ABSOLUTE MAXIMUM RATINGS 

Operating Temperature Range 
Storage Temperature Range 
V+ Supply to Analog Ground 
V- Supply to Analog Ground 
Analog Ground to Digital Ground 
Logic Inputs to Digital Ground 

ELECTRICAL CHARACTERISTICS 

DAC-03 

O°C to 70°C 
-6SoC to +lSO°C 

o to +18V 
o to -18V 
o to ±O.SV 

-5V to (V+ -.7V) 

Internal Reference Output Current 300pA 
Reference Input Voltage 0 to +10V 
Internal Power Dissipation SOO mW 
Lead Soldering Temperature 300°C (60 sec) 
Output Short Circuit Duration Indefinite 

(Short circuit may be to ground or either supply.) 

These specifications apply for Vs = .15V and TA = 25°C unless otherwise specified. 

Parameter Condition Min Typ Max Units 

Resolution 10 10 10 bits 

Grade AD 10 - - bits 

Monaton icity 
Grade BD 9 - - bits 
Grade CD 8 - - bits 
Grade DD 7 - - bits 

Grade AD - - to.l % 
Grade BD - - to.l % 

Nonlinearity Grade CD - - to.2 % 
iliade DD - - to.4 % 

Settling Time To .1/2 LSB, 10 Volt Step - 1.5 - }Jsec 

Full Scale Tempco Total, Internal Reference Connected - t60 - ppmi"C 

Full scale Tempco External Reference - t40 - ppmi"C 

Re·ference I nput Bias Current - 100 - nA 

Reference I nput Impedance· - 200 - Mn 

Reference I nput Slew Rate - 1.5 - Vlllsec 

Reference Output Voltage - 6.7 - V 

Zero Scale Offset - ±1.0 ±10 mV 

Power Supply Sensitivity Vs = ±12V to ±18V - t.015 to.l %VFSIV 

Power Dissipation IOUT=O - 225 350 mW 

Logic Input Current (Each Input, -5V to (V+ - .7V) - 1 - IlA 

Logic Input "0" - - 0.8 V 

Logic Input "1" 2.0 - - V 

Full Scale Output Voltage 

10 Volt Models (Xl) (See Note) +10.0 - +11.5 V 
5 Volt Models (X2) +5.00 - +5.75 V 

NOTE: Reference Output terminel connected directly to Reference Input terminal and pin 18, RL ~ 2Kn, all logic inputs .. 2.0 V. 
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DAC-03 

DEFINITION OF SPECIFICATIONS 

LOGic"o" 
The (low) logic input voltage necessary to hold a bit OFF. 

LOGIC .. ,,, 

The (high) logic input voltage necessary to hold a bit ON. 

APPLICATION NOTES 

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 te~pco resistor is 
used or if pot and resistor tempcos match. Alternatively, a single 
pot of ;;. 75Kn may be used. 

REFERENCE OUTPUT -Far best results, Reference Output current 
should not exceed 1001lA. 

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·03's 
to the Reference Output of anyone of them. 

REFERENCE INPUT BYPASS-Lowest noise a!1d fastest settling 
operation will be obtained by byPassing the' Reference I nput to 
Analog Ground with a O.OIIlF disk capacitor. 

LOWER RESOLUTION APPLICATIONS-For applications not 
requiring full 10 bit resolution, unused logic inputs should be tied 
to ground. 

POWER' SUPPLIES-The OAC·03 will operate within specifications 
for power supplies ranging from ±12V to ±IBV. Power supplies 
should be bypassed near the package with a O.IIlF disk capacitor. 
Chip users should connect the substrate to V-. 

INTERFACING WITH CMOS LOGIC 

The DAC·03's logic input stages require about 1/JA and are 
capable of operation with inputs between -5 volts and V+ less 
.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 VDD lead as shown in Figure 1. The 
diode limits VDD to V+ less ".7 volt-since the outputfromthe 
CMOS device cannot exceed this value, the DAC's maximum 
input voltage rule is satisfied. Summarizing: in all applications, 
the DAC·03 requires either no interfacing components, or at 
most a single inexpensive diode for full CMOS compatibility. 

SEE SECTION 13 FOR COMPLETE OIA CONVERTER 
DEFINITIONS 

ZERO SCALE OFFSET 
The output voltage (VZS) produced by a zero scale input 
code (0000000000) 

FULL SCALE ADJUSTMENT CIRCUIT 

FULL 

REFERENCE 
OUTPUT 

r;;;-- DIGITAL INPUTS~ 

SCALE 10110 

~~ST ~"".[;;;F~[.!::[':::C:;-[ I--f-....,~ 
INPUT 

12IIn­
LOWT.C. 

GROUND 

DIGITAL GROUND 

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·03 package, so that large digital currents do not flow 
through the analog ground path. 

CAPACITIVE LOADING-the output operational amplifier pro· 
vides stable operation with capacitive loads up to 1 OOpF. 

IN414e. 

v+ v-

v •• 
CMOS DRIVING 

DEVICE 
V .. 

FIGURE 1 

VOLTAGE 
OUTPUT 
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PMI DAC-04 
® 

TWO'S COMPLEMENT 10 BIT D/A CONVERTER 
GENERAL DESCRIPTION 

The DAC-04 is a complete 10 bit Two's Complement D/A 

Converter on a single 82 x 148 mil monolithic chip. All ele· 

ments of a complete bipolar output Two's Complement DAC 

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 0° to 70°C tempera, 

ture 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 Com­
plement, Straight Offset Binary, or unipolar operation. The 
±12V to ±18V power supply range, low power consumption 

TTL and CMOS compatibility, choice of full scale output 
voltages and adaptable logic coding capability assure utility in 

a wide range of applications. 

SIMPLIFIED SCHEMATIC AND PIN CONNECTION DIAGRAM 

FEATURES 

_ Complete ....... Includes Reference and Op Amp 

- Compact .. ; ......... Single·18 Pin DIP Package 

- Bipolar Output ....... Two's Complement Coding 

_ Monotonicity Guaranteed 

_ Nonlinearity ............•......... ±1 LSB 

_ Fast ................... 1.5 Ilsec Settling Time 

- Standard Power Supplies ......... ±12V to ±18V 

_ Low Power Consumption ...•....... 300 mW Max 

_ TTL, DTL, CMOS Compatible Inputs 

_ Reliable......... 100% Burned-in 72 Hrs @ 125°C 

I OIGITAL LOGIC INPUTS \ v+ 
BIPOLAR 

SIGN BIT I BIT 2 BIT 3 BIT 4 BIT :5 BIT 6 BIT 7 BIT e 81T 9 81T 10 ADJUST 

REFERENCE 17 
I 2 • • • • 7 8 9 10 18 I. 

OUTPUT 

.+~ ~ REFER~NCE 
-

INPUT 

DIGITAL " GROUND 

~I )1)1)1)1 _)1 ~!)!)! 9 ~ 
r-

~~ ANALOG 

-~ ~ ~ ~ ~ t-., ~ t-., ~ ~ ~ 

1 
I. OUTPUT 

~ ~ 

,.J 12 

1 ANALOG GROUND v-

ORDERING INFORMATION 

MODEL OUTPUT MONOTONICITY FS TEMPCO TEMP RANGE 
PACKAGE 
HERMETIC 

DAC-04ACX2 ±5V 10 BITS 90 ppm(C MAX 0° /+70°C 18 PIN DIP 
DAC-04BCX2 ±5V 9 BITS 90 ppmfC MAX 0° /+70°C 18 PIN DIP 
DAC-04CCX2 ±5V 8 BITS 90 ppm(CMAX 0° /+70°C 18 PIN DIP 
DAC-04DDX2 ±5V 781TS 150 ppmfC MAX 0° /+70°C 18 PIN DIP 
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ABSOLUTE MAXIMUM RATINGS 

Operating Temperature Range 

Storage Temperature Range 

V+ Supply to Analog Ground 

DAC-04 

oOe to 700e 
-65°e to +150oe 

o to +lBV 

o to -lBV 

Internal Reference Output Current 

Reference Input Voltage 

Internal Power Dissipation 

Lead Soldering Temperature 

300 p.A 

o to +10V 

500mW 

300°C (60 sec) V- Supply to Analog Ground 

Analog Ground to Digital Ground 

Logic Inputs to Digital Ground 

o to ±0.5V 

-5V to (V+ - .7V) 

Output Short Circuit Duration Indefinite 

(Short circuit may be to ground or either supply.) 

ELECTRICAL CHARACTERISTICS 

These specifications apply for Vs = ±15V and over the O°C to 70°C temperature range, unless otherwise specified. 

GRADES AC, BC, ec GRADE DD 

Parameter Condition Min Typ Max Min Typ Max Units 

Resolution 10 10 10 10 10 10 bits 

Monotonicity DoC to 70°C 

(See Note 1) Grade AC 10 - - bits 

Grade BC 9 - - bits 

Grade CC 8 - - bits 

Grade DO 7 - - bits 

Nonlinearity DoC to 70°C 

(See Note 1) Grade AC - - ± 0.1 % 

Grade BC - - ±0.1 % 

Grade CC - - ±0.2 % 

Grade DO - - ±OA % 

Settling Time To ±1/2 LSB, 10 Volt Step - 1.5 - - 2.5 - ,usee 

Full Scale TempeD Total, Internal Reference Connected - ±45 ±90 - ±60 ±150 ppm/oC 

Full Scale Tempco Zero Drift External Reference Applied - ±30 - - ±50 - ppm/"C 

Reference I nput Bias Current - 100 - - 100 - nA 

Reference Input Impedance - 200 - - 200 - MU 

Reference Input Slew Rate - 1.5 - - 1.5 - VII-'sec 

Reference Output Voltage - 6.7 - - 6.7 - V 

Unipolar Zero Scale Output Voltage Short Pin 18 to ground (See Note 2) - ±5.0 - - ±5.0 - mV 

Bipolar Offset Voltage Short Pins 15 and lB to Pin '17 (See Note 3) -5.0 - -0.1 -5.0 - -0.1 % Range 

Power Supply Sensitivity Vs = ±12V to ±18V - ±0.015 ±0.1 - ±0.15 - %/V 

Power Dissipation IOUT=O - 225 300 - 300 350 mW 

Logic Input Current Each Input, -5V to (V+ - .7V) - 1.0 - - 1.0 - I-'A 

Logic Input "0" - - 0.8 - - 0.8 V 

Logic Input "1" 2.0 - - 2.0 - - V 

Full Scale Output Range Short Pin 15 to Pin 17 (See Note 4) 10 - 11.5 10 - 11.5 V 

NOTE 1: This parameter is 1 00% tested at 0° C, 25° C and 70° C. 

NOTE 2: May be operated in 0 to +10V Unipolar mode by shorting Pin lB to ground. 

NOTE 3: Bipolar Offset Voltage is trimmable to exact Two's or One's Complement condition with the circuit shown on the next page. 

NOTE 4: Full Scale Output Voltage is trimmable to exact desired output range of 10V with the circuit shown on the next page. 
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DAC-04 

DEFINITION OF SPECIFICATIONS' 

BIPOLAR OFFSET VOLTAGE 1/2(IVFS+I:-IVFSJ) 
The maximum error due to asymmet~y around zero output 
expressed as a percentage of Full Scale Output Range. 

FULL SCALE OUTPUT RANGE 
The peak-lo-peak voltage swing of the converter's output, 
i.e. IVFS+I+IVFS-ll for bipolar operation, and (VFS-VZS) 
for unipolar operation. 

NEGATIVE BIPOLAR FULL SCALE OUTPUT VOLTAGE 
(VFS-) 
The output voltage for 1000000001 input code for Two's 

OPERATING INSTRUCTIONS 

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_-LSBI - 1000000000 

3, Adjust Bipolar Pot for VFS_ -LSB at output . -5.0098V 

4, Turn all bits on (VFS+I - 0 1 1 1 1 1 1 1 1 1 

5. Adjust Full Scale Pot for desired VFS+ value , ... +5,0000V 

6, Check Zero Scale Reading (VZSI - 00 0 0 0 0 0 000 

If this reading is outside desired VZS range, readjust Bipolar Pot 
till the output reads 0,0000 V, 

TWO'S COMPLEMENT CODING TABLE 

INPUT IDEAL 
MSB LSB OUTPUT 

VFS+ 0 +5.000V 

VFS+ - LSB 0 0 +4.990V 

+1 LSB 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 
-1 LSB -0.010V 

VFS- + LSB 0 0 0 0 0 0 ,0 0 -4,990V 

VFS- 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 (VFS_I -,,1 000000000 

3, Adjust Bipolar Pot for VFS- at output ." "" -5.0000V 

4. Turn all bits on (VFS+I - 0.1 1 1 1 1 1 1 1 1 

5, Adjust Full Scale Pot for desired VFS+ value . , . , , +5.0000V 

ONE'S COMPLEMENT CODING TABLE 

INPUT IDEAL 
MSB LSB OUTPUT 

VFS+ 0 1 +5.000V 

VFS+ - LSB 0 0 +4.990V 

+0 0 0 0 0 0 0 0 0 0 0 +0.005V 
-0 ~0.005V 

VFS- + LSB 0 0 0 0 0 0 0 0 1 -4.990V 

VFS- 0 0 0 0 0 0 0 0 0 -5.000V 

SEE SECTION 13FOR COMPLETE D/A CONVERTER' 
DEFINITIONS 

Complement coding, or the output voltage for 1000000000 
input code for One's Complement coding. 

POSITIVE BIPOLAR FULL SCALE OUTPUT VOLTAGE 
(VFS+) 
The output for 0111111111 input code. 

UNIPOLAR FULL SCALE OUTPUT VOLTAGE (VFS) 
The (positive) output voltage for 0111111111 input code. 

UNIPOLAR ZERO SCALE OUTPUT VOLTAGE (VZS) 
The output voltage for 1000000000 input code. 
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FULL SCALE OUTPUT RANGE AND 
BIPOLAR OFFSET ADJUSTMENT CIRCUIT 

-TIE TO GROUND FOR UNIPOLAR OPERATION 

NOTE that two zero states will straddle (± 1/2 LSB) the true zero. 
Therefore the DAC will have symmetrical outputs for both positive 
and negative full scale. 

EXTERNAL ADJUSTMENT NETWORK-Full Scale Output Range 
and Bipolar Offset 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. 

IMPLEMENTING STRAIGHT OFFSET BINARY CODING­
Straight Offset Binary coding is exactly the same as One's Comple­
ment coding except that the most significant bit occurs in true, 
rather than inverted form and the output states are relabeled, To 
convert the, DAC-04 to Straight 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, and 4 of the One's 
Complement adjustment procedure shown above. 

STRAIGHT OFFSET BINARY CODING TABLE 

INPUT IDEAL 
MSB LSB OUTPUT 

VFS+ +5.000V 

VFS+ -1 LSB 0 +4.990V 

+ 1/2 LSB 0 0 0 0 0 0 0 0 0 +0.005V 
Zero 
-1/2LSB 0 -0.005V 

, VFS- +1 LSB 0 0 0 0 0 0 0 0 0 1 -4.990V 

VFS- 0 0 0 0 0 0 0 0 0 0 -5.000V 

REFERENCE OUTPUT -For best results, Reference Output current 
should not exceed 1001lA. 



DAC-04 

OPERATING INSTRUCTIONS - CONT'O 

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-04's 
to the Reference Output of anyone of them. 

POWER SUPPLIES-The DAC-04 will operate within specifications 
for power supplies ranging from ±12V to ±18V. Power supplies 
should be bypassed near the package with a O.l"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-04 package, so that large digital currents do not flow 
through the analog ground path. 

CAPACITIVE LOADING-the output operational amplifier pro­
vides stable operation with capacitive loads up to 100pF. 
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REFERENCE INPUT BVPASS.,.Lowest noise and fastest settling 
operation will be obtained by bypassing the Reference Input to 
Analog Ground with a O.Ol"F disk capacitor. 

VARIABLE REFERENCES-Operation as a two-quadrant multi­
plying DAC is achieved by applying an analog input varying between 
o and +10V to the Reference Input terminal. The DAC output is 
then the scaled product of this voltage and the digital input. A 
reference input of 6.27V will produce approximately nominal 
output range. 

LOWER RESOLUTION APPLICATIONS-For applications not 
requiring full 10 bit resolution, unused logic inputs should be tied to 
ground. 

UNIPOLAR OPERATION-Operation as a 10V positive Qutput 
10 bit converter may be implemented by permanently tying pin 18 
to ground. 



PMI IOAe-oal 
8 BIT HIGH SPEED MULTIPLYING D/A CONVERTER 

GENERAL DESCRIPTION 

The DAC-08 series of 8 bit monolithic multiplying Digital­
to-Analog Converters provide very high speed performance 
coupled with low cost and outstanding applications flexibility_ 

Advanced circuit design achieves 85 nsec settling times with 
very low "glitch" and at loV\' power consumption. Monotonic 
multiplying performance is attained over a wide 40 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 interface to all 
popular logic families with full noise immunity is provided by 
the high swing, adjustable threshold logic inputs. 

High voltage compliance dual complementary current outputs 
are provided, increasing versatility and enabling differentiai 
operation to effectively double the peak-to-peak output swing .. 
In many applications, the outputs can be di rectly converted to 
voltage without the need for an external op amp. 

All DAC-08 series models guarantee full 8 bit monotonicity, 
and nonlinearities as tight as 0.1% over the entire operating 
temperature range are available. Device performance is essen, 
tially unchanged over the ±4.5V to ±18V power supply range, 
with 33 mW power consumption attainable at ±5V supplies. 

EQUIVALENT CIRCUIT 

. " 
" 

v ••• (t)<>-"1I-.--t--...., 

FIGURE 1 

" . .. 

UNIVERSAL DIGITAL LOGIC INTERFACE 
FEATURES 

- Fast Settling Output Current ..............• 85 nsec 

_ Full Scale Current Prematched to ±l LSB 

_ Direct Interface to TTL, CMOS, ECl, HTL, PMOS 

_ Nonlinearity to ±O.l % Max Over Temp Range 

_ High Output Impedance and Compliance .. -10V to +18V 

_ Differential Current Outputs 

_ Wide Range Multiplying Capability .... 1 MHz Bandwidth 

_ low FS Current Drift ................. ±10ppmtC 

_ Wide Power Supply Range ............ ±4.5V to ±18V 

_ Low Power Consumption ........ . . .. 33 mW @ ±5V 
_ low Cost 

The compact size and low power consumption make the 
DAC-08 attractive for portable and military/aerospace applica­
tions; devices processed to M I L-STD-883, Level B are available. 

DAC-08 applications include 8 bit, 1 /.lsec A/D 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 
input/output versatility are required. 

ORDERING INFORMATION AND PIN CONNECTION 

THRESHOLD CONTROL 1 
IOUT2 

V- 3 

IOUT4 
MSB Bl 5 

B26 
B37 
B4B 

• 

TOP VIEW 

16 COMPENSATION 
15 VREF (-) 
14 VREF(+I 
13 V+ 
12 BB LSB 
11 B7 
10B6 
9 B5 

16 PIN HERMETIC DUAL-IN-L1NE 
(Q-Suffix) 

MODEL 

DAC-08AQ 
DAC-08Q 
DAC-OBEQ 
DAC-08CQ 

TEMP. RANGE 

-55/+125°C 
-55/+125°C 

0/+70°C 
O/+70°C 

NONLINEARITY 

±O.1% 
±O.19% 
±O.19% 
±O.39% 

Military Temperature Range Devices 
With MIL-STD-883A Class B Processing: 

ORDER: DAC-OB-883-AQ 
DAC-08-883-Q 
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, DAC-08 

ABSOLUTE MAXIMUM RATINGS (TA = 25"C unless otherwise noted.) 

Operating Temperature 

DAC·OBAO,O 

DAC·OBEO, CO 

Storage Temperature 

Power Dissipation 

Derate above 100cC 

Lead Soldering Temperature 

-55C C to +125°C 

DoC to +70C C 

-u5C C to+150°C 

500mW 

10mW/oC 

300°C (60 sec) 

TYPICAL PERFORMANCE PHOTOGRAPHS 

FIGURE 2 
TRUE AND COMPLEMENTARY OUTPUT OPERATION 

(0000'0000) 

BIT 8 
LOGIC INPUT 

2.4V-

0.4V­
OV-

FIGURE 4 
LSB SWITCHING 

II 1 I 1'1 I I t) 

·~~nT '-I i 
I ' 

j i 1 t I, 1 • : 
- I ; I I, 

'I , 

,,,' :' j! I" 1>, 

8"A-iiiiiiiiiii!~~~~ 
lOUT 0-

I 1 I 1 
,I i 

I I I 

... LLL.rn 
50 nsec/division 

V+ Supply to V- Supply 36V 

Logic Inputs V- to V- plus 36V 

VLC V-to V+ 

Analog Current Outputs See Fig. 12 

Reference Inputs (V1,4' V1S) V-to V+ 

Reference Input Differential Voltage (V14 to VIS) ±lBV 
Reference Input Current (114) 5.0mA 

FIGURE 3 
FULL SCALE SETTLING TIME 

LOGIC 
INPUT 

2.4 v-

0.4 V­

OUTPUT -112 LSB _ 
SETTLING 0-

+ 112 LSB-

011 bits switched ON 

SO nsec/division 

SETTLING TIME FIXTURE OF FIGURE 29 

I FS = 2mA RL =IKn 
1/2 LSB = 4,.A 

FIGURE 5 
FAST PULSED REFERENCE OPERATION 

10-16 

2.5 V.­
VIN 

0.5 V.-

-,------,---,-~ ~ 

'"' -or-' . 
- ----,--1- ~--. . .-.-

,. - ---r--- - -, 
.- -~ ----.---~ - + 

.---o-+--+->-+-H-.t.+--t-+--T+.,.....,. ~·-+~-t-+-+-+-I-.--.-,---.-.-+-+_~I. +. 

200 nsec/division 

SEE FIGURE 27 

REQ=200n 

RL=IOOn 

CC=O 



DAC-OB 

ELECTRICAL CHARACTERISTICS 

These specifications apply for Vs = ±15V, IREF = 2.0 rnA, T A = -55°C to +125°C unless otherwise specified. Output 

characteristics refer to both lOUT and lOUT. 

DAC-OBA DAC-OB 

Parameter Symbol Conditions Min Typ Max Min Typ Max Units 

Resolution 8 8 8 8 8 8 bits 

Monotonicity 8 8 8 8 8 8 bits 

Nonlinearity TA =-55°Cto +125°C - - .0.1 - - .0.19 %FS 

Settling Time ts To.y, L_Se, all bits - 85 135 - 85 135 nsec 
switched ON or OFF 
TA = 25°C 

Propagation Delay tPLH, tPHL TA = 25°C 
Each bit - 35 60 - 35 60 nsec 
All bits switched - 35 60 - 35 60 nsec 

Full Scale Tempco TCIFS - .10 .50 - .10 .50 ppmtC 

Output Voltage Compliance VOC 
Full scale current change -10 - +18 -10 - +18 Volts 
<II, LSe 
ROUT> 20 Megohm typo 

Full Scale Current IFS4 VREF = 10.0OOV 1.984 1.992 2.000 1.94 1.99 2.04 mA 
R14. RIS= 5.0ookn 

TA = 25°C 

Full Scale Symmetry IFSS IFS4 -IFS2 - .0.5 ±4.0 - ±1.0 .8.0 IlA 
Zero Scale Current IZS - 0.1 1.0 - 0.2 2.0 IlA 

Output Current Range IFSR V-=-5.0V 0 2.0 2.1 0 2.0 2.1 mA 
V- = -7.0V to -18V 0 2.0 4.2 0 2.0 4.2 mA 

Logic I nput Levels 
Logic "0" VIL VLC = OV 

- - 0.8 - - 0.8 Volts 
Logic "I" VIH .2.0 - - 2.0 - - Volts 

Logic I nput Current VLC = OV 
Logic "0" IlL VIN = -10V to +0.8V - -2.0 -10 - -2.0 -10 IlA 
Logic "I" I'H VIN = 2.0V to 18V - 0.002 10 - 0.002 10 IlA 

Logic Input Swing VIS V-=-15V -10 - +18 -10 - +18 Volts 

Logic Threshold Range VTHR Vs = .15V -10 - +13.5 -10 - +13.5 Volts 

Reference 8ias Current 115 - -1.0 -3.0 - -1.0 -3.0 IlA 

Reference I nput Slew Rate dlldt See Figs. 5, 27 4.0 8.0 - 4.0 8.0 - mAlllsec 

Power SupplV Sensitivity PSSIFS+ V+ = 4.5V to 18V - .0.0003 .0.01 - ±0.0003 ±0.01 %1% 

PSSIFS- V- = -4.5V to -18V - ±0.002 ±0.01 - .0.002 .0.01 %1% 
IREF = 1.0 mA 

Power Supply Current Vs = ±5V,IREF = 1.0 mA 
1+ - 2.3 3.8 - 2.3 3.8 mA 
1- - -4.3 -5.8 - -4.3 -5.8 mA 

I Vs = +5V, -15V, 
IREF = 2.0mA 

1+ - 2.4 3.8 - 2.4 3.8 mA 
i- - -6.4 -7.8 - -6.4 -7.8 mA 

Vs = .15V, IREF = 2.0 mA 
1+ - 2.5 3.8 - 2.5 3.8 mA 
1- - -6.5 -7.8 - -6.5 -7.8 mA 

Power Dissipation Po ±5V, IREF = 1.0 mA - 33 48 - 33 48 mW 
+5V,-15V,IREF = 2.0 mA - 108 136 - 108 136 mW 
±15V, IREF = 2.0 mA - 135 174 - 135 174 mW 
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DAC-08 

ELECTRICAL CHARACTERISTICS 

These specifications apply for Vs = ±15V, IREF = 2.0 mA, TA = OCC to 70c C unless otherwise specified. Output 

characteristics refer to both lOUT and lOUT. 

DAC·OBE DAC·OBC 

Parameter Symbol Conditions Min Typ Max Min Typ Max Units 

Resolution 8 8 8 8 8 8 bits 

Monotonicity 8 8 8 8 8 8 bits 

Nonlinearity T A = O°C to 70°C - - ±0.19 - - ±0.39 % FS 

Settl i ng Ti me ts To ±%LS8, all bits 
switched ON or OFF 

- 85 150 - 85 150 nsec 

TA=25°C 

Propagation Delay tpLH, tpH TA =25°C 
Each bit - 35 60 - 35 60 nsec 
All bits switched - 35 60 - 35 60 nsec 

Full Scale Tempco TCIFS - ±10 ±50 - ±10 !80 ppm/oC 

Output Voltage Compliance VOC 
Full scale current change 

-10 - +18 -10 - +18 Volts <% LSB 
ROUT:> 20 Megohm typo 

Full Scale Current IFS4 VREF = 10.000V 1.94 1.99 2.04 1.94 1.99 2.04 rnA 
R 14' R 15 = 5.000k n 
TA=25°C 

Full Scale Symmetry IFSS IFS4 -IFS2 - ±1.0 ±8.0 - ±2.0 ±16 J.l.A 

Zero Scale Current IZS - 0.2 2.0 - 0.2 4.0 J.l.A 

Output Current Range IFSR V-=-5.0V 0 2.0 2.1 a 2.0 2.1 rnA 
V- = -7.0V to -18V 0 2.0 4.2 0 2.0 4.2 rnA 

Logic Input Levels 
Logic "a" VIL 

VLC = OV 
- - 0.8 - - 0.8 Volts 

Logic "1" VIH 2.0 - - 2.0 - - Volts 

Logic I nput Current VLC = OV 
Logic "a" IlL VIN = -10V to +0.8V - -2.0 -10 - -2.0 -10 J.l.A 
Logic ''1'' IIH VIN = 2.0V to 18V - 0.002 10 - 0.002 10 J.l.A 

Logic Input Swing VIS V - 15V 10 - +18 -10 - +18 Volts 

Logic Threshold Range VTHR Vs = ±15V -10 - +13.5 -10 - +13.5 Volts 

Reference Bias Current 115 - -3.0 - -1.0 -3.0 J.l.A 

Reference Input Slew Rate dl/dt See Figs. 5, 27 4.0 8.0 - 4.0 8.0 - mA/J.l.sec 

Power Supply Sensitivity PSSIFS+ V+ = 4.5V to 18V - ±0.0003 ±0.01 - ±0.0003 ±0.01 %1% 
PSSIFS- V- = -4.5V to -18V - ±0.002 ±0.01 - ±0.002 ±0.01 %/% 

IREF = 1.0 rnA 

Power Supply Current Vs = ±5V, IREF = 1.0 rnA 
1+ - 2.3 3.8 - 2.3 3.8 rnA 

1- - -4.3 -5.8 - -4.3 -5.8 rnA 

Vs = +5V, -15V, 
IREF = 2.0 rnA 

3.8 mA 1+ - 2.4 3.8 - 2.4 
1- - -6.4 -7.8 - -6.4 -7.8 rnA 

Vs = ±15V, IREF = 2.0 rnA 
3.8 rnA 1+ - 2.5 3.8 - 2.5 

1- - -6.5 -7.8 - -6.5 -7.8 rnA 

Power Dissipation PD ±5V, IREF = 1.0 rnA - 33 48 - 33 48 mW 

+5V, -15V, IREF = 2.0 rnA - 108 136 - 108 136 mW 
±15V, IREF = 2.0 rnA - 135 174 - 135 174 mW 
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TYPICAL PERFORMANCE CURVES 

FIGURE 6 FIGURE 7 

FULL SCALE CURRENT VS. REFERENCE CURRENT LSB PROPAGATION DElAY VS. IFS 
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FIGURE 8 FIGURE 9 
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FIGURE 10 FIGURE 11 
LOGIC INPUT CURRENT VS. INPUT VOLTAGE VTH - VLC VS. TEMPERATURE 
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TYPICAL PERFORMANCE CURVES 

FIGURE 12 
OUTPUT CURRENT VS. OUTPUT VOLTAGE 

(OUTPUT VOLTAGE COMPLIANCE) 
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FIGURE 14 

BIT TRANSFER CHARACTERISTICS 

, 
, 
, 
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NOTE: 91 THROUGH B8 HAY[ WENTICAL TRANSfER CHARACTERISTICS. 
BITS ARE FULLY SWITCHED. WITH LESS THAN lIZ Lse ERROR, AT 
LESS THAN :tIOO.,.V FROM ACTUAL. THRESHOLD. THESE SWITCH­
ING POINTS ARE GUARANTEED TO LIE 8[TWEEN 0.8 AND 2.0 
VOLTS OIlER THE OPERATING TEMPERATURE RANGE IVLe -O.DYI. 

FIGURE 16 
POWER SUPPLY CURRENT VS. V-
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V-, NEGATIVE POWER SUPPLY (Vdc) 

DAC-08 

FIGURE 13 
OUTPUT VOLTAGE COMPLIANCE VS. TEMPERATURE 

FIGURE 15 

POWER SUPPLY CURRENT VS. V+ 
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FIGURE 17 
POWER SUPPLY CURRENT VS. TEMPERATURE 
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BASIC CONNECTIONS 

FIGURE 18 
BASIC POSITIVE REFERENCE OPERATION 

MSS LSS 
BI B2 B3 B4' B5 B6 B7 BB 

[~ VREF(+)r-+-+-~++*,,+'-*, 

RREF 
(RI4) 

"" RI5 

FOR FIXED REFERENCE, TTL 
OPERATION, TYPICAL VALUES 
ARE, + VREF 255 

I fS ::: fi'REF JI 256 VREF· +'O.OOOV 
RREF: 5.000K 

AIS =RREF 
[0 + iO· [FS FOR ALL 
lOGIC STATES 

Cc ·O,OI.F 

VLC • ° V (GROUNO) 

FIGURE 20 
BASIC NEGATIVE REFERENCE OPERATION 

NOTE I. RREF SETS IFS; R)5 )5 FOR 
BIAS CURRENT CANCELLATION. 

FIGURE 22 
BASIC BIPOLAR OUTPUT OPERATION 

IREF 1+1 
"Z.OOOmA 

" 
OAc-oe 

818283848586 B7 BS 
POS FULL SCALE 1 I I 1 I 1.1 I 
POSFULLSCAl.E-LSB I I 1 1 I I··' 0 

ZERO SCALE.LSB I 0 a 0 0 0 0 I 

+10.0aov 

Eo E< 
-9.'920 -+'0.000 
-9.840+ 9.920 

-0.080" 0.160 
ZERO SCALE 1 0 a a 0 0 a 0 . 0.000 + 0.080 
IERO SCALE- LSS 0 I 1 I 1 , I 1 +0,080 0.000 

NEG FULL SCAlE+LSB 0 0 0 a a a 0 
NEG FULL SCALE 0 0 0 0 o· 0 0 

+9.920 - 9.840 
+ 10.000 - 9.920 

DAC~08 

FIGURE 19 
RECOMMENDED FULL SCALE ADJUSTMENT CIRCUIT 
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+ISV 

REF-01 Vo~6~_,....u~~~-----' 

GAO 

FIGURE 21 

BASIC UNIPOLAR NEGATIVE OPERATION 

81 82 '83 84 85 86 B1 B8 10 mA ro mA EO !.Q. 
FULL SCALE I I 1 1 , 1 1 1 1.992 .000 -9.960 .000 
FULL. SCALE-L.Se 1 I 1 1 1 1 1 0 1.984 .008 -9,920 -,040 

HALF SCALE+LSB I a 0 0 0 0 0 1 I,OOB .984 -5.040 -4.920 
HALF SCALE I 0 0 0 0 0 0 0 1.000 .992 -5.000 -4.960 

HALF SCALE -LSB 0 I I I I I I I .992 1.000 -4.960 -5.000 

ZERO SCALE +LSB 0 0 0 0 0 0 0 I .008 1.984 -.040 -9.920 
ZERO SCALE 0·0 0 0 0 0 0 0 .000 1.992 .000 -9.960 

FIGURE 23 
SYMMETRICAL OFFSET BINARY OPERATION 

IISB LSB 

8182838485868788 Eo 
POS FULl. SCALE I 1 1 I I 1 1 I +9.920 
POS FULL SCALE-LS8 1 1 1 1 1 1 1 0 +9.8.40 

(+) ZERO SCALE I 0 00 0 o 0 0 +0.040 
H ZERO SCALE 0 1 1 1 1 1 1 1 -0.040 

NEG FULL SCALE+LSB o 0 o 0 0 0 0 I -9.840 
NEG FULL SCALE o 0 o 0 0 0, 0 0 -9.920 

EO 
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BASIC CONNECTIONS 

FIGURE ,24 

POSITIVE LOW IMPEDANCE OUTPUT OPERATION 

OAe-08 

FOR COMPL.EMENTARY au, PUT IOPERATION AS NEGATIVE LOGIC OAel, 
CONNECT INVERTING INPUT OF OP'AMP TO ro (PIN 21; CONNECT 10 
IPIN 41 TO GROUND. 

FIGURE 26 
INTERFACING WITH VARIOUS LOGIC FAMILIES 

"A" 

TTL.OTL 
VTH-+1:4V 

6.2KU 

-5.2\1 

VTH = VLC ... 1.4 V 

+ISV CMOS. HTL. HNIL 
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FIGURE 28 

ACCOMODATING BIPOLAR REFERENCES 

'REF t PEAK NEGATIVE SWING OF liN 

FIGURE A 

+~IEEF~~~ __ -f~--------~ 
C 14 

OAe-OB 

VIN....<:Io- " HIGH INPii'r R" IOPTIONALl'-____ -' 

IMPEDANCE: 

R3 4OO,.A 

+VREF' MUST BE ABOVE PEAK POSITIVE SWING OF YIN 

FIGURE B 

FIGURE 25 

NEGATIVE LOW IMPEDANCE OUTPUT OPERATION 

OAe-OB 

FOR COMPLEMENTARY OUTPUT (OPERATION AS ANEGATIVE LOGIC OAel 
CONNECT NON-INvERTING INPUT OF OP-AMP TO iO (PIN 21; CONNECT 10 
(PIN 41 TO GROUND. 

FIGURE 27 

PULSED REFERENCE OPERATION 

+VREF 
0;; , 
~ {OPTIONAL RESISTOR 
:: FOR OFFSET INPUTS 
, RREF 

o-~RI~N~-': __ --ir.1~4--------~ __ ~L-~~~, 
ovJL 

TYPICAL-VALUES. 
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FIGURE 29 
SETTLING TIME MEASUREMENT 
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DAC-08 

APPLICATIONS INFORMATION 

REFERENCE AMPLIFIER SETUP 

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 
IFS = - X IREF where IREF= 114· 

256 I 

In positive reference applications (Fig. 18), an external 
positive reference voltage forces current through R 14 into the 
VREF(+) terminal (pin 14) of the reference amplifier. Alter· 
natively, a negative reference ma>, be applied to VREF(-) at 
pin 15 (Fig. 20); reference current flows from ground through 
R14 into VREF(+) as in the positive reference case. This nega· 
tive reference connection has the advantage of a very high 
impedance presented 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; R15 may be eliminated with 
only a minor increase in error. 

Bipolar references may be accomodated by offsetting VREF or 
pin 15 as shown in Fig. 28. The negative common mode ran~e 
of the reference amplifier is given by: V CM- = V- plus 
(lREF X 1 K.\1) 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 0.1 JlF capacitor. 

For most applications, a +10.0V reference is recommended for 
optimum full scale temperature coefficient performance. This 
will minimize the contributions of reference amplifier Vas 
and TCVas. For most applications the tight relationship 
between IREF and 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 method of full scale trimming which 
eliminates potentiometer T.C. effects in shown in Fig. 19. 

Using lower values of reference current reduces negative power 
supply current and increases reference amplifier negative com· 
mon 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 16 to V-. For fixed reference operation, 
a 0.01 JlF capacitor is recommended. For variable reference 
applications, see section entitled "Reference Amr;>lifier Com· 
pensation 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 4 mA to 4 JlA. Monotonic operation is main· 
tained over a typical range of IREF from 100JlA to 4.0mA; 
consult factory for devices selected for monotonic operation 
over wider IREF ranges. 

REFERENCE AMPLIFIER COMPENSATION FOR 
MULTIPLYING APPLICATIONS 

AC reference applications will require the reference amplifier 
to be compensated using a capacitor fro'm 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 5.0 Kn, minimum values 
of Cc are 15, 37, and 75 pF. Larger values of R14 require 
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 = 1 Kn and Cc = 15 pF, the reference amplifier 
slews at 4 mA/Jlsec enabling a transition from I REF = 0 to 
IREF = 2 mA in 500 nsec. 

Operation with pulse inputs to the reference ampl ifier may be 
accomodated by an allernate compensation scheme shown in 
Fig. 27. This technique provides lowest full scale transition 
times. An internal clamp allows quick recovery of the reference 

amplifier from a cutoff (lREF = 0) condition. Full scale 
transition (0 to 2 mAl occurs in 120 nsec when the equivalent 
impedance at pin 14 is 200 nand Cc = O. This yields a 
reference slew rate of 16 mA/Jlsec which is relatively indepen· 
dent of RIN and V1N values. 

lOGIC INPUTS 

The DAC·08 design incorporates a unique logic input 
circuit which enables direct interface to all popular logic 
families and provides maximum noise immunity. This f!lature 
is made possible by the large input swing capability, 2JlA logic 
input current and completely adjustable logic threshold 
voltage. For V- = -15V, the logic inputs may swing between 
-10V and +18V. This enables direct interface with +15V 
CMOS logic, even when .. the DAC·08 is powered from a 
+5V supply. Minimum input logic swing and minimum logic 
threshold voltage are given by: V- plus (IREF X 1 Kn) 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). Fig. 11 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. 
When interfacing ECl, an IREF = 1 mA is recommended. For 
interfacing other logic families, see Fig. 26. For general setup 
of the logic control circuit, it should be noted that pin 1 will 
source 100 JlA typical; external circuitry should be designed to 
accommodate th is cu rrent. 

Fastest settling times are obtained when pin 1 sees a low 
impedance. If pin 1 is connected to a 1 Kn divider, for 
example, it should be bypassed to ground by a 0.01 JlF capacitor. 
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APPLICATIONS INFORMATION 

ANALOG OUTPUT CURRENTS 

Both true and complemented output sink currents are provided, 

where 10 + iO = IFS. Current appears at the "true" output 

when a 'il" 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 
resist9r 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 (lREF • 1 Knl 
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 iDAC-08 operates over a wide range of power supply 
voltages from a total, supply of 9V to 36V. When operating at 
supplies of ±5V or less, IREF ~ 1 mA is recommended. Low 

reference current operation. decreases power consumption and 
increases negative compliance, rEiference amplifier negative 
common mode range, negative logic input range, and negative 
logic threshold range; consult the various figures for guidance. 
For example, operation at -4.5V with IREF = 2 mA 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 i not required, as the DAC-08 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+) (V+I + (1+1 (V-I + (2 IREF I (V-I_ A useful feature 

of the DAC-08 design is that supply current is constant 
and independent of input logic states; this is useful in crypto­
graphic applications and further serves to reduce the size of 
the power supply bypass capacitors. 

TEMPERATURE PERFORMANCE 

The nonlinearity and monotonicity specifications of the 
DAC-08 are guaranteed to apply over the entire rated operating 
temperature range. Full scale output current drift is tight, 
typically ±10 ppmfC, with zero scale output current and 
drift essentially negligible compared to 1/2 LSB. 

Full scale output drift performance will be best with +10.0V 
references as VOS and TCVOS of the reference amplifier will 
be very small compared to 10.0V. The temperature coefficient 
of the reference resistor R 14 should match and track that of 
the output resistor for minimum overall full scale drift. 
Settling times of the DAC-08 decrease approximately 
10% at -55°C; at +125°C an increase of about 15% is typical. 

SETTLING TIME 

The DAC-08 is capable of extremely fast settling times, 
typically 85nsec at IREF= 2.OmA. 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 35 nsec for 
each of the 8 bits. Settling time to within 1/2 LSB of the 
LSB is therefore 35 nsec, with each progressively larger bit 
taking successively longer. The MSB settles in 85 nsec, thus 
determining the overall settling time of 85 nsec. Settling to 
6-bit accuracy requires about 65 to 70 nsec. The output 
capacitance of the DAC-08 including the package, is 
approximately 15 pF, 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 valuer down to 1.0mA, with gradual increases 
for lower IREF values. The principal advantage of higher 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 accurately 
resolve ±4 p.A, therefore a 1 Kn load is needed to provide 
adequate drive for most oscilloscopes. The settling time fixture 
of Fig. 29 uses a cascode design to permit driving a 1 Kn load 
with less than 5pF of parasitic capacitance at the measurement 
node. At IR EF values of less than 1.0 mA, 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 
consi:ants to settle to within ±0.2% of the final value, and thus 
settling times may be observed at lower values of IREF. 

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 fJF capacitors at the, supply pins provide full transient 
protection. , 
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PMI DAC-1UU 
® 

8 & 10 BIT DIGITAL-TO-ANALOG CONVERTER 
GENERAL DESCRIPTION 

The DAC-100 series are complete 10 bit resolution Digital­
to-Analog converters constructed on two monolithic chips in' 
a single 16-pin DIP or 24-pin' flatpack. Featuring excellent 
linearity vs. temperature performance, the DAC-100 includes 
a low tempco voltage reference, 10 current source/switches 
and a high stability thin-film R-2R ladder network. Maximum 
application flexibility is provided by the fast cu rrent output 
and by matched .bipolar offset and feedback resistors which 
are included for use with an external op amp for voltage out­
put applications. Although all units have 1O-bit resolution, a 
wide choice of linearity and tempco options are provided to 
allow price/performance optimization. 

The small size, wide operating temperature range,. low power 
consumption and high reliability construction make the 
DAC-100 ideal for aerospace applications. Other applications 
include use in servo-positioning systems, X-V plotters, CRT 

SIMPLIFIED SCHEMATIC AND PIN CONNECTIONS 

"For 10V or ±5\( Operation 
RS = 4.88.kfl. (Pac.kage 

Ql, Q3, Q5, Q7} 
. For 5V or ±2:5V Operation, 

RS = 2.44.kh (Pac.kage 

FEATURES 

• Complete ....•....... _ .... Internal Reference 

• Flexible .. _ ..... _ . __ . _ .•... 0 to 2mA Output 

• Fast Settling .... 225nsec (8 Bits), 375nsec (10 Bits) 

• Stable ............ Tempcos to ±15ppm/oC Max 

• 0° /+70°C, -25°C/+85°C, -55° /+125°C Models 

Available 

• TTL and DTL Compatible Logic Inputs 

• Wide Supply Range ............. ±6Vto ±18V 

• 8 and 10 Bit Versions Available 

• MIL-STD-883 LevelB Processing on Military Units 

• Low Cost 03, 04 Series 

displays, programmable power supplies, analog meter move­
ment drivers, waveform generators and high speed Analog-to­
Digital converters. 

. Q2, Q4, Q6,OS} 

'""I--+-r=::~~~~~~ SCAL.E .... 
11,- &.12. C 

16 Pin Hermetic 
Dual-in-Line 

(QSuffix}. "'0"" ,-. . "'IA.LSCALt.ADJ. 
OUTPUTl 14Y+ 

UI4 13M5S 

.It,s '2 all 2 

I'T" 118113 

81Tl T 108114 

en. I '1I1T5 

'. "Q" Series 
Simplified Schematic 

TOP VIEW 

See page 10-2B. 
for flatpac.k 
schematic.} 
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DAC-100 

GENERAL INFORMATION FULL SCALE TEST CIRCUIT 

1. The DAC·100 series are digital·to·analog current con· 
verters; voltage outputs are implemented by using an 
external operational amplifier with the internally·provided 
feedback resistor. For clarity and convenience, most specifi· 
cations will reference full scale output voltage rather thap 
full scale output current, assuming an "ideal" op amp has 
been utilized for conversion (See test circuit at right). DAC-IOO 

2. The logic coding used for driving the DAC·100 should be 
complementary binary or offset complementary binary to 
obtain unipolar and bipolar analog outputs, respectively. +-__ -' ("Q"IPACKAGE SHOWN) 

3. As shown in the ordering information below, the 
DAC·100 series provides a wide variety of worst-case 
non'linearity and full·scale tempco combination options. All 
devices have 10 bits of resolution; the nonlinearity options of 
0.05%,0.1%,0.2% and 0.3%guaranteemonotonic operation 
for resolutions, ,of 10, 9, B, and 7 bits respectively. When 
less than the full 10 bits are utilized, the unused logic 
inputs must be connected to a "high" logic level (>2.1 V). 

DEFINITION: Full Scale Tempco is defined as the change in'output 
. vo"ltage measured in the circuit above and is expressed in ppm between 
25'e and either temperature extreme ,divided by the corresponding 
temperature change. 

NOTE: Since RS precisely tracks the internal R·2R ladder network 
over temperature, the absolute IFS Tempco of ±120ppm/'e is 
cancelled by RS when the output voltage is used as in the above circuit 

ORDERING INFORMATION 

ORDER NUMBER: DAe·l00 X X X X 

---~---===~~==-~~-------'" ------. " 'F.S. TEMPCO- PACKAGE TEMP RANGE AND OUTPUT VOLTAGE NONLINEARITY 

A .05%MAX 
B .1% MAX 
e .2% MAX 
D .3% MAX 

A 15 ppmfC MAX 
,B 30 ppmfe MAX 
e 60 ppmfe MAX 
D 120 ppmfC MAX 

o 16 Pin Dip 
N 24 Pin Flat Pack 2 

3 
4 

S 
6 

-25'/+S5'C,10V & ±5V 
_25' /+S5' C, 5V & ±2.5V 

0' /+.70'e, 10V & ±5V 
O'/+70'C, 5V & ±2.5V 

_55' /+125'C, 10V & ±5V 
_55' /+125'C, 5V & ±2,5V 
MI L·STD·883 CLASS B 

5 _55' /+125'C, 10V & ±5V 
6 _55' /+125' C, 5V & ±2.5V 
7 _25' /+S5'C, 10V & ±5V 
S ,-25' /+S5'C, 5V & ±2.5V 
9 _25' /+S5'C, 10V, 5V, ±5 & ±2.SV : 

COMBINATION AVAILABILITY CHART (Temperature Range/Package Option Suffix) 

_55' /+12S'C -2S' /+8S'C 
_25' /+85'C 0' /+70'C Model 883a 883B 

DAC·l00AA - 07,Q8,N9 01,02 -

DAC-l00AB - 07, OS, N9 01,02 -

DAC·l00AC OS,06 07,OS,N9 01,02 03,04 

DAC-l00BA - 07,OS,N9 01,02 -

DAC-lOOBB OS,06 07, OS, N9 01,02 -

DAC·looBC 05,06 07,Q8,N9 01,02 03,04 

DAC·l00CC OS,06 07, OS, N9 01,02 03,04 

DAC·l00DD - 07,OS, N9 01,02 03,04 
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DAC-100 

ABSOLUTE MAXIMUM RATINGS 

V+ Supply to V- Supply o to +36V Operating Temperature Range 
V+ Supply to Output o to +18V 01 ,02,05,07,08and N9 Packages (Note.1)i-55°C to +125°C 
V- Supply to Output o to -18V 03,04 O°C to + 70°C 
Logic Inputs to Output -1V to +6V 
Power Dissipation (Note 1) 500mW Storage Temperature Range 

o and N Packages -65°C to +150°C 
NOTES: 
1. Rating applies to ambient temperature of 100°C. Above Lead Temperature (Soldering) 

100°C, derate at 10mWtC. o and N Packages +300°C (60 sec) 

ELECTRICAL CHARACTERISTICS 

These specifications apply for V s = ± 15V, _25° C ,;;; T A';;; +85° C for 01, 02, 07, 0.8 and N devices; 0° C ,;;; T A';;; +70° C; for 
03 and 04, -55°C';;; TA';;; +125°C for 05 and 06 devices, unless otherwise specified. 

Paranieter Conditions Min Typ Max Units 

Resolution 10 10 10 bits 

Nonlinearity ., A" option (± Y, LSB -10 bits) - - ± 0.05 % IFS 
(For Inon I inearity/tempco "B" option (± Y, LSB -9 bits) - - ± 0.1 % IFS 
combinations, see "c" option (± Y, LSB -8 bits) - - ± 0.2 %I FS 
Availability chart.) "D" option (± Yo LSB -8 bits) - - ± 0.3 % I FS 

Full Scale Tempco HAlO option - - ± 15 ppm/C 
(See Full Scale "S" option - - ± 30 ppm/oC 
Test Circuit.) "C" option - - ± 60 ppm/C 

"0" option - - ±12.o ppm/C 

Settling Time T A = 25°C, to ±0.05% FS - - 375 ns 

TA = 25°C, to ±0.1% FS - - 300 ns 

TA = 25°C, to ±0.2% FS - - 225 ns 

T A = 25°C, to ± .0.4% FS - - 150 ns 

T A = 25°C, to ±0.8% FS - - 100 ns 

Full Scale Output Voltage Connect FS Adjust to V-
(Limits guarantee adjustability 
to exact 1.0 . .0 (5.0) V with a 10V Models (01,03,05,07' N9) 1.0 - 11.1 V 
200n, Trimpot@ between 5V Models (02, 04, 06,08) 

5 - 5.55 V FS Ad'ust and V-.I 

Zero Scale Output VOltage - - 0.006 % FS 

Logic Inputs Measured with respect to output pin 

High 2.1 - - V 

Low - - 0.7 V 

Logic Input Current, 
Each Input 

V IN -Oto+6V - - 5 I1A 

Logic Input Resistance V IN =Oto+6V - 3 - Mn 

Logic 1 nput Capacitance - 2 - pF 

Output Resistance - 500 - kn 

Output Capacitance - 13 - pF 

Applied Power Supplies: 

V+ Linearity within spedfication +6 - +18 V 
V- Linearity within specification -6 - -18 V 

Power Supply Sensitivity Vs - ±6V to ±18V - - ±0.10 %per volt 

Power Con'sumption 

01,02,05,06,07,08, N9 Vs = ±6V - 80 100 mW· 
models Vs =±15V - 200 250 mW 
03, 04 models Vs =±15V - 200 300 mW 
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BASIC CONNECTIONS 

.,.. RS &I 4.BUl FOR 
lOY MODELS (0I,Q3.o5.071_ 

RS Gl Z.4kll FOR -
~V MODELS (Q2,Q4 Q6 Q81 

BASIC UNIPOLAR VOLTAGE OUTPUT CIRCUIT 

8 81T INPUT 
I 

lOUT 

REDUCED RESOLUTION APPLICATION 

APPLICATIONS INFORMATION 

FULL SCALE OUTPUT ADJUSTMENT - The output current of 
the DAC-l00 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-. Adjustment should be made 
with an input of all "zeroes." 

LOWER RESOLUTION APPLICATIONS - The DAC-l00 may 
be used in applications requiring less than 10 bits of resolution. All 
unused logic inputs must be tied to the high logic for proper 
operation. "Floating" logic inputs can cause improper operation. 

LOGIC CODING - The DAC-l00 uses complementary or in­
verted binary logic coding, i.e., an all "zeroes" input produces a full 
scale 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 level turns the bit "off ," low 
logic input level turns the bit "on." 

LOGIC COMPATIBILITY - The input logic levels are directly 
compatible with DTL and TTL logic and may also be used with 
CMOS logic powered from a single +5 volt supply. 

NONLINEARITY DEFINITION - Nonlinearity is the maximum 
deviation of the output voltage from the straight line through zero 
scale and full scale at a given temperature, expressed as a percentage 
of (V FS - VZS )' 

DAC-100 

+.v 

lN4148 

v-

BASIC BIPOLAR VOLTAGE OUTPUT CIRCUIT 

-15V 

[)IIe-1QO 

FULL SCALE ADJUST 

UNUSED LOGIC 
~ INPUTS TIED 
LSB TO +5V 

• 

lOUT 
r--------tr-----0 

(TIE TO v~ IF ADJUST NOT REQUIRED) 

POWER SUPPLY SEQUENCE PROTECTION CIRCUIT 

BIPOLAR OPERATION - The DAC-l00 may be converted to 
bipolar operation by injecting a half-scale current into the output; 
this is accomplished by connecting the internal bipolar resistor to a 
+6.4 volt reference. Trimming of the zero output may be facilitated 
by placing a 500n adjustable resistance in series with the +6.4 volts. 

POWER SUPPLY SEQUENCING - IMPORTANT - Occasional 
early DAC-l00 devices may suffer temporary malfunction and 
possible permanent damage if voltage is present at the logic inputs 
before the V+ supply is available. A 'simple protection circuit may 
be implemented by using two silicon -diodes to clamp the V+ 

terminal to the logic supply. DAC-l00 devices with date codes of 
7351 and later incorporate deSign changes which eliminate this 
effect and require no special precautions or protective circuitry. 

VOLTAGE AT OUTPUT PIN - The DAC-l00 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 ± 0.7 
volts; a pair of back-to-back silicon diodes tied from the output 
ground is a convenient way of clamping the. output to this limit. 
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DAC-100 

SIMPLIFIED SCHEMATIC AND PIN CONNECTIONS - 24 LEAD FLATPACK 

r----c-------- DIGITAL LOGIC tNPUTS------------, 

TYPICAL APPLICATIONS 

2.51< 

-15V 

EXTERNAL REFERENCE CONNECTION 

"'830n 

}-----T---~ ~~}9TOICURRENT .. 
DIVIDER 

~ ___ ~~~aL __ -' I~~ 

BINARY-COOED-DECIMAL D/A CONVERSION 

*(CAN BE EXPANDED TO 3 DIGITS BY ADDITION OF A THIRD DAc-IOO AND 99 TO 
CURRENT DIVIDER) 
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A .. 1ot IIIput 
O/+IOY 
(lOY DACofOO MODELS) 

DIGITALLY PROGRAMMED LEVEL DETECTOR 

ANALOG SUM OF TWO DIGITAL NUMBERS 



DAC-'OO 

INTERFACING WITH CMOS LOGIC 

The DAC-100 requires only about 11lA 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 under­
standing of this 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 gr.o,und) by an external 
summing amplifier. 
Switching is accomplished, by forward biasing 04, a diode­
connected transistor, for the. bit '''on'' condition and back 
'biasing 04 in th~ "off" condition. For the "on" condition 
(VIN ';;;.7 volts), 03 is "off"-all of the bit-weighted current, 
11, flows from the analog output throuQh 04 and ultimately to 
V-.ln'the "off" condition (VIN ~ 2.1 volts), 03 is "on", 04 is 
back biased, and the bit-weighted current is sourced from the 
positive power supply 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) BV IH = VBE1 + VBE2 + VBE3 + BVEB46l! 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. 

v+ 

V-

ANALOG 
OUTPUT 

-_7 VOLTS 

ZERO 
VOLTS 

"ON" CONDITION 
ONLY 

DAC-100 LOGIC INPUT STAGE 

,±6 VOL TPOWER SUPPLY OPERATION 

This is the most convenient ,method of .interfacing the 
DAC-100 with CMOS logic. At ±6 volts, DAC-100 power 
dissipation is only aOmW, 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 com­
patible. 

HIGH LEVEL CMOS INTERFACING 

The block diagram below illustrates a convenient method 
for interfacing CMOS input levels between 6.5 volts and 15 
vQlts with 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 ru Ie. 

In addition to level shifting, buffer/converters provide input 
codinQ flexibility since they are available as inverting 
(CD4049A) or noninverting (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 3-terminal IC 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." 

VDD 

+6TO+18V 

LOW LEVEL 
TTL OUTPUTS 

BLOCK DIAGRAM -' CMOS TO DAC-100 INTERFACE 
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PMI SSS1508A/1408A 
8 BIT MULTIPLYING D/A CONVERTER 

GENERAL DESCRIPTION 

The SSS1508A/140SA are S bit monolithic multiplying 
Digital-to-Analog Converters consisting of. a reference cur­
rent amplifier, an 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 
retaining direct interchangeability with MC150S/140S de­
vices. 

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 of the reference amplifier input current_ 
For example, a full scale output current of 1_992 rnA would 
result from a reference input current of 2.0mA_ 

The SSS150SA/140SA is useful in a wide variety of applica­
tions, including waveform synthesizers, digitally program­
mable gain and attenuatio., blocks, CRT character gener­
ation, audio digitizing and decoding, stepping motor drives, 
programmable power supplies and in building Tracking and 
Successive Approximation Analog-to-Digital Converters. 

BLOCK DIAGRAM 

SSS 150SA/1408A 

FEATURES 

_ Improved. Direct Replacement For MC150S/MC1408 

_ ±0.19% Nonlinearity Guaranteed Over Temperature 
Range 

- Improved Settling Time. _ ....••.• 250 nsec, Typ. 

_ Improved Power Consumption .•. __ 157 mW, Typ. 

_ Compatible With TTL, CMOS Logic 

_ Standard Supply Voltages t5.0V and -5_0V to -15V 

_ Output Voltage Swing _____ ••. _ -I{)_5V to -5_0V 

_ High Speed Multiplying Input _. _ _ _ _ 4_0 mA/J.l.sec 

For significantly improved speed and applications flex­
ibility the user's attention is directed to the DAC-OS 
8 bit HighSpeed Multiplying D/AConverter data sheet_For 
D/A converters which include precision voltage references 
on the chip please refer to the DAC-02, DAC- 04 and 
DAC 1 00 data sheets. 

PIN CONNECTIONS AND ORDERING INFORMATION 

RANGE CONTROL I • 16 COMPEN 

ONO 2 15 VREF (-) 

VEE 3 14 VREF (+) 

[0 4 13 Vee 

MSB AI 5 12 A8 LSB 

A26 11 A7 

A37 IOA6 

M8 9 A5 

TOP VIEW 

16 PIN HERMETIC DUAL-IN-LiNE 

(o-Suffixl 

MODEL 

SSSI50SA-80 
SSSI408A-80 
SSSI408A-70 
SSSI408A-6Q 

TEMP RANGE RELATIVE ACCURACY 
-5S/+12SoC ± 0.19% 

0/+7SoC ± 0.19% 
0/+7SoC ± 0.39% 
0/+7SoC ± 0.7S% 



SSS-1 &08 11408 

MAXIMUM RATINGS (T A = +25°C unless otherwise noted.) 

Rating Symbol Value Units 

Power Supply Voltage VCC +5.5 Vdc 

VEE -16.5 Vdc 

Digital I nput Voltage V5 thru V 12 +5.5,0 Vdc 

Applied Output Voltage Vo +0.5,-5.2 Vdc 

Reference Current 114 5.0 mA 

Reference Amplifier Inputs V 14, V 15 VCC' VEE Vdc 

Power Dissipation (Package Limitation) Po 
Ceramic Package 1000 mW 
Derate above T A = +25° C 6.7 mWfC 

Operating Temperature Range TA 
SSS150BA·B -55 to +125 °c 
SSS140BA Series o to +75 °c 

Storage Temperature Range T sto -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = +5.0 Vdc, VEE = -15 Vdc, 
Vref 
R14 = 2.0 rnA, SSS1508A-8: TA = -55°C to +125°C, 

SSS140BA Series: T A = 0 to +75°C unless otherwise noted. All digital inputs at high logic level.) 

Parameter Conditions Symbol Min Typ Max Units 

Relative Accuracy Er 
SSS150BA-8, SSSl40BA-8 - - ±0.19 % IFS 
SSS140BA·7 - - ±0.39 % IFS 
SSS140BA·6 - - ±0.7B % IFS 

Settling Time to within 1/2 LSB (includes tPLH) (TA = +25°C) ts - 250 - ns 

Propagation Delay Time TA = +25°C tpLH,tpHL - 30 100 ns 

Output Full Scale Current Drift TCIO - ±20 - PPMfc 

Digital I nput Logic Levels (MSB) 
High Level, Logic "1" V IH 2.0 - - Vdc 

Low Level, Logic "0" V IL - - 0.8 Vdc 

Digital Input Current (MSB) High Level, V IH = 5.0V IIH - 0 0.04 mA 

Low Level, V I L = O.BV IlL - -0.4 -O.B mA 

Reference Input Bias Current (Pin 15) 115 - -1.0 -3.0 IlA 

Output Current Range VEE --5.0V lOR 0 2.0 2.1 mA 

VEE = -6.0 to -15V 0 2.0 4.2 mA 

Output Current Vref = 2.000V, R14 = 1000U 10 1.9 1.99 2.1 mA 

Output Current 10(min) - 0 4.0 IlA 
(All bits low) 

Output Voltage Compliance 
(Er <: 0.19% at T A = +25°C) VEE =-5 Vo - - -0.6,+0.5 Vdc 

V FF below -10V - - -5.0, +0.5 Vdc 

Reference Current Slew Rate SRl ref - 4.0, - mAillS 

Output Current Power Supply Sensitivity PSSIO_ - 0.5 2.7 IlAiV 

Power Supply Current (All bits low) ICC - +9 +14 mA 

lEE - -7.5 -13 mA 

Power Supply Voltage Range (TA = +25°C) VCCR +4.5 +5.0 +5.5 Vdc 

VEER -4.5 -15 -16.5 Vdc 

Power Dissipation Pd 
All bits low -

VEE = -5.0 Vdc - B2 135 mW 

VEE = -15 Vdc - 157 265 mW 

All bits high 
VEE = -5.0 Vdc - 70 - mW 

VEE = -15 Vdc - 132 - mW 
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888-1508/1408 

TYPICAL APPUCA TlONS 

RELATIVE ACCURACY TEST CIRCUIT 
"sa 

e-BIT 

COUNTER~:==~tt3E 10 
11 

" 

USE WITH 
POSITIVE V REF 

USE WITH 
NEGATIVE V REF 

GENERAL INFORMATION ANO 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 page 3. 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 
5.0 kilohms, minimum capacitor values are'15, 37, and 75 pF. The 
capacitor may be tied to either VEE or ground, but using VEE increases 
negative supply rejection. 

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 ~eferen~e volt~ge must be at least 4.0-volts above the VEE 
supply. Bipolar ,"put Signals may be handled by connecting R14 to a 
positive reference voltage equal to the peak positive input level at pin 
15. 

When a de reference voltage is used, capacitive bypass to ground is 
recommended. The 5.0 V logic supply is not recommended as a 
reference voltage. If a wen regulated 5.0 V supply which drives logic is 

TRANSIENT RESPONSE AND SETTLING 
TIME TEST CIRCUIT 

I-'-<>--=----+~ '0) FOR S[TTLING TIME IoIEASUR[IoI£NT 

(ALL alTS SWtTCHEO LI.{,W TO HIGH) 

USE WITH CURRENT-TO-VOLTAGE 
CONVERTING OP AMP 

"sa 

" 

Vee v ... '2.0Vde 

""4. "":liIIl.OUI 
1'10 -:l,Ok$! 

'o'~ !Rol[!!. !l.!1 • .!!+~+!§ .!1...~.!1.1 
I'll. 2" 8 '6'2 64 128 2:16 

ADJUST V.~ •. 1'1'" Of! FlO SO THAT Vo WITH ALL DIGITAL 

INPUTS AT HIGH LEVEL IS EOUAL TO 9.961 VOLTS. 

Vo'% l:lkJ[+O~ °t+-;io~0-fi om 'Ei] 
"OV[m]·9.961V 

to be used as the reference, R14 should be decoupled by connecting it 
to +5.0 V through another resistor and bypassing the junction of the 
two resistors with 0.1 IJ.F to ground. For reference voltages greater than 
5.0 V, a clamp dio.de 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. < 

OUTPUT VOLTAGE RANGE 

The voltage on pin 4 is restricted to a range of-0.6 to +0.5 volts when 
VEE == -5V due to the current switching methods employed in the 
SSS 150SA-S. 

The negative output voltage compliance of the SSS150SA-8 is extended 
to-5.0 V volts where the negative supply voltage is more negative than 
-10 volts. Using a full scale current of 1.992 rnA and load resistor of 2.5 
kilohms between pin 4 and ground will yield a voltage output of 256 
levels between 0 and-4.9S0 volts. Floating pin 1 does not affect the 
converter speed or power dissipation. However, the value of the load 
resistor determines the switching time due to increased VOltage swing. 
Values of RL up to 500·ohms do not significantly affect performance 
but a 2.5-kilohm load increases "worst case" settling time to 1.2 j.1s 
(when all bits are switched on). Refer to the subsequent text section on 
Settling Time for more details on output loading. 

OUTPUT CURRENT RANGE 

The output current maximum rating of 4.2 rnA may be used only for 
negative supply voltages more negative than -7.0 volts, due to the 
increased voltage drop across the resistors in the reference current 
amplifier. 
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GENERALINFORMATION AND APPLICATION NOTES (CONTINUED) 

ACCURACY 

Absolute accuracy is the measure of each output current level with 
respect to its intended value, and is depende"nt upon relative accuracy 
and full scale current drift. Relative accuracy is the measure of each 
output current level as a fraction of the full scale current. The relative 
accuracy of the SSS1508A·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 
SSS150BA-8 has a very low full scale current drift with temperature. 

The SSS1508A-8/SSS1408A Series IS guaranteed accurate to within 
±1/2 LSB at a full scale output current of 1.992 mAo This corresponds 
to a reference amplifier output current drive to the ladder network of 
2.0 rnA, with the loss of one LSB (8.0 Jh\) which is the ladder 
remainder shunted to ground. The input current to pin 14 has a 
guaranteed value of between 1.9 and 2.1 rnA, allowing some mismatch 
in the NPN current source pair. The accuracy test circuit is shown on 
page 3. The 12-bit converter is calibrated for a full scale output current 
of 1.992 mAo This is an optional step since the.SSS1508A-8 accuracy is 
essentially the same between 1.5 and 2.5 rnA. Then the SSS1508A-8 
circuits' 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 
activitated and the error band may b'e displayed on an oscilloscope, 
detected by comparators, or stor~c;:I in'a peak ~etector. 

Two B-bit D-to-A converters may not be used to construct a 16-bit 
accuri;tcy D-to·A converter. 16-bit accuracy Implies a total error of ±1/2 
of one part in 65,536, or ±O.00076%, which is much more accurate 
than the ±0.19% specification provided by the SSS1508A·8. 

MULTIPLYING ACCURACY 

The SSS1508A-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 16 J.lA to 4.0 
rnA, the additional error contributions are less than 1.6 J.lA. 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 SSS1508A.lJ is 
monotonic for all values of reference current above 0.5 rnA. The 
recommended range for operation with a dc reference current is 0.5 to 
4.0 rnA. 

SETTLING TIME 

The "worst case" switching condition occurs when all bits are switched 
"on". which corresponds to a low-ta-high transition for all bits. This 
time is typicafly 250 ns for settling to within ±1/2 LSB, for 8-bit 
accuracy. and 200 ns to 1/2 LSB for 7 and 6-bit accuracy_ The turn off 
is typically under 100 ns. These times apply when RL ';;;500 ohms and 
Co ';;;25 pF. 

The slowest single switch is the least significant bit. In applications 
where the Q-to-A converter functions in a positive-going ramp mode, 
the "worst case" switching condition does not occur. and a settling 
time of less than 250 ns may be realized. 

Extra care must be taken in board layout since this is usually the 
dominant factor in satisfactory test results when measuring settling 
time. Short leads, 100 J.lF supply bypassing for low frequencies, and 
minimum scope lead length are all mandatory. 
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® 
PMI IOAC-761 

COMDAC™ COMPANDING D/A CONVERTER 

FEATURES 

_ Sign Plus 12 Bit Range With Sign Plus 7 Bit Coding 

- 12 Bit Accuracy and Resolution Around Zero 
_ Sign Plus 72dB Dynamic Range 

- True Current Outputs: -5V to +18V Compliance 
_ Tight Full Scale Tolerance Eliminates Calibration 

_ Low Full Scale Drift Over Temperature 

- Conforms With Bell System 1-1-255 Companding Law 

- Multiplying Flefer!!nce Inputs 

- Low Power Consumption and Low Cost 
_ Ideal for PCM, Audio, and 8 Bit I-IP Applications 

_ Outputs Multiplexed for Time Shared Applications 

GENERAL DESCRIPTION 

The DAC-76 monolithic COMDAC ™ D/A Converter provides 
the dynamic range of a sign + 12-bit DAC in a sign + 7-bit 
format. A companding (compression/expansion) transfer 
function 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. 
Accuracy is assured by specifying chord end point values, 
chord nonlinearity, and monotonicity over the full operat­
ing temperature range. 

COMDACTM 
TRANSFER 

MONOLITHIC LOGARITHMIC OAC 

o '1' 1111 x 000 0000 

OIGITAL INPUT 

1 111 1111 

The B-bit f.ormat with a sign + 72dB dynamic range is espe­
cially useful in control systems using S-bit microprocessors, 
RAM's and ROM's. Low distortion mUltiplying capability and 
conformance with the Bell System 1-1-255 logarithmic law for 
PCM transmission make the DAC-76 ideal for use in audio 
applications. Other applications include servo controls, stress 
and vibration analysis, digital recording and speech synthesis. 
Additional applications are listed on the last page. 

EQUIVALENT CIRCUIT AND pIN CONNECTION DIAGRAM ORDERING INFORMATION AND PINOUT 

STEP 
INPUTS 

87 86 85 84 

v-

CHORD 
INPUTS 

83 82 8t s. "0 

v+ VLe 

• ENCODE/DECODe SELECT: 1 - ENCODE , ElO " POSITIVE POWER SUPPLY 

SIGN BIT INPUT: 1" POSITIVE s. 100[-1 17 DECODE OUT: £fOS8-00 

MOST SIGNIFICANT CHORD BIT INPUT 3 .' 100[+1 " DECOOE OUT' EIO 58 ~ 01 

SECOND CHORD OIT INPUT .2 '0£[-\ 15 ENCODE OUT: E/O S8~ 10 

LEAST I>IGNIFtCANT CHORD 81T INPUT 5 IOE'~l " ENCODE OUT: ElOsa-11 

MOST SIGNIFICANT STEP BIT INPUT " NEGATIVE POWER SUPPLY 

SfCQND STEP BIT INPUT B5 YRH 12 NEGATIVE REFERENCE INPUT 

THIRD STEP BIT INPUT .. VRI·} " POSITIVE REFERENCE INPUT 

l.EAST SIGNIFICANT STEP BtT INPUT .7 V,e .. THRESHOLD CONTROL 

TOP VIEW 

18 PIN HERMETIC DUAL-IN-LiNE 
(X-Suffix) 

MODEL TEMP RANGE ACCURACY 

DAC-76BX _55° /+125°C ±1/2 STEoP 
DAC-76X _55° /+125°C ±1 STEP 
DAC·76EX 0° /+70°C ±1/2STEP 
DAC-76CX 00/+70°C ±1 STEP 
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DAC-76 

COMPANDING .PRINCIPLES 

,BACKGROUND 

Companding or signal compression and signal expansion is 
widely used. In .FM broadcasting companding is performed 
by de:emphasis and pre-emphasis. hi analog systems com­
panding is performed by log and antilog amplifiers. But in 
data conversion .and. transmission, companding has been 
limited to the telecommunications industry. They recognized 
the need to efficiently represent analog signals with the 
fewest' possible number of digital bits. With just 8 bits, the 
standard format of, microprocessors, RAM's, ROM's and 
registers'; telecommunications. companding systems achieve 
very low signal-to-quantizing distortion over a 40dB range 
of ,speech amplitudes by' using. the Bell System p-255 
logarithmic companding law. 

TRANSFER CHARACTERISTICS 

ENCODE TRANSFER CHARACTERISTIC 
lAID CONVERSION) 

DIGITAL 
OUTPr 

• , 
, 
• 

~'TAL 
OUTPUT (-J 

The system transfer characteristics' above ~esu It when the 
DAC-76 is used for signal compression (AID conversion) 
and for signal expansion (D/A conversion). As one would 
expect, when the curves are superimpos~d their average is a 
straight line because compression and expansion '.must be 
equal and opposite. 

Both transfer characteristics show outputs divided into 8 

chords in both polarities with 16 equal steps in each chord. 

Note that each chord endpoint,is approximately 6dB down 

from the next higher chord's endpoint and that the chord 

slopes are binarily-related. 

BELL p-255 LOGARITHMIC CHARACTERISTIC 

The output of the DAC-76 is an approximation to the 
p-255 law which can be expressed as: 

Y= 0.18In(1+px) where: 

x = Normalized input signal level of the compressor 
(encoder), VINIVFS with values from -1 to +1. 

Y Output signal level of the encoder 

p = 255 

This law is implemented by the DAC-76 with an eight ci:lord 
(or segment) piecewise linear approximation for each 
polarity with sixteen linear steps in each chord. A dynamic 
range of. 72dB in both polarities is achieved with 8 bit 
coding. 

DECODE TRANSFER CHARACTERISTIC 
lOlA CONVERSION) 

ANALOG 

~."'. " { 

DIGITAL o,J· , DIGITAL '_H(.... ,,~~ 

ANALOG 
OUTPUT (-) 

The table below relates step size in each chord to other 
commonly-encountered measurements and to the equiva­
lent, conventional, binary-coded DAC. Step size (except in 
Chord 0) is about 0.3dB and is an almost constant percent­
age :of reading. In addition; there is a 1. 112 step change 
between the maximum code in each chord and the minimum 
code in the! next chord .to smooth the chord transitions and 
to conform with existing telecommunication specifications. 

The following three pages contain electrical specifications, 
the DC test circuit, tables of ideal 'chord endpoint currents 
for both encode and decode modes, and parameter 
definitions. 

STEP SIZE SUMMARY TABLE DECODE OUTPUT (SIGN BIT EXCLUDED) 



DAC-76 

ELECTRICAL CHARACTERISTICS 

These specifications apply for Vs = ±15V, IREF = 528 !lA, -55°C'; T A'; +125°C, and for all 4 outputs unless otherwise specified. 

Note: 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 (COl step size is 0.5 !lA, while in the last chord near full scale (C71 step size is 64 !lAo 

DAC·76B DAC-76 

Parameter Symbol Conditions Min Typ Max Min Typ Max Units 

Resolution 8 chords with 16 
±128 ±128 

steps each 
±128 ±128 ±128 ±128 Steps 

Dynamic Range 20 log (17,15/10,11 72 72 72 72 72 72 dB 

Monotonicity Sign Bit + or - 128 - - 128 - - Steps 

Chord Endpoint Error relative to ideal 
±1/2 ±1 Step 

Accuracy values at IFS = 2007.75!lA 
- - - -

Step Nonlinearity 
Step error within - - ±1/2 - - ±1 Step 
chord 

Encode Current Additional Output 
318 1/2 5/8 1/4 1/2 3/4 

E ncodelOecode = 1 
Step 

Settling Time ts To within ± 1/2 step - 500 - - 500 - "sec 

Full Scale Drift t. IFS Full Temperature Range - ±1/20 ±1/4 - ±1/10 ±1/2 Step 

Output Voltage Compliance VOC Full scale current change 

.; 1/2 step -5 - +18 -5 - +18 Volts 

Full Scale Current Deviation IFS(O) VREF = 10.000VTA=25°C - - ±1/2 - - ±1 Step 
from Ideal (See Tablesl IFSIEI Rll = 18.94 k.l1. - - ±1/2 - - ±1 Step 

R12 = 20 k.l1. 

Full Scale Symmetry 101+1-101-1 Decode or Encode Pair 
±1/40 ±1/8 ±1/20 ±1/4 Step 

Error 
- -

Zero Scale Current IZS Measured at Selected 
Output with 000 0000 - 1/40 1/4 - 1/20 1/2 Step 
Input 

O'isable Current lOIS Leakage of output 
5.0 50 5.0 50 nA 

disabled by E/Oand SB 
- -

Output Current Range IFSR 0 2.0 4.2 a 2.0 4.2 mA 

Logic I nput Levels VLC = OV 
Logic "0" VIL - - 0.8 - - 0.8 Volts 
Logic "1" VIH 2.0 - - 2.0 - - Volts 

Logic I nput Current liN VIN = -5V to +18V - - 40 - - 40 !lA 

Logic Input Swing VIS V- = -15V -5 - H8 -5 - +18 Volts 

Reference Bias Current 112 - -1.0 -4.0 - -1.0 -4.0 p.A 

Reference Input Slew Rate dl/dt - 0.25 - - 0.25 - mAI!lsec 

Power Supply SensitiVity 
PSSIFS+ V+=4.5 to 18V,V-=-15V - ±1/20 ±1/2 - ±1/20 ±1/2 Step 

Over Supply Range IRefer 
to Characteristic Curves) 

PSSIFS_ V-=-10.8Vto-18V,V+=15V - ±1/10 ±1/2 - ±1/10 ±1/2 Step 

Power Supply Current 1+ VS=+5V,-15V,IFS=2.0mA - 2.7 4.0 - 2.7 4.0 mA 
1- - -6.7 -8.8 - -6.7 -8.8 mA 

Power Supply Current 1+ VS=±15V, IFS=2.0 mA - 2.7 4.0 - 2.7 4.0 mA 
1- - ~6.7 -8.8 - -6.7 -8.8 mA 

Power Dissipation PD VS=+5V,-15V,IFs=2.0mA - 114 152 - 114 152 mW 

VS=± 15V ,tFS=2.0mA - 141 192 - 141 192 mW 
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ELECTRICAL CHARACTERISTICS 

These specifications appl,y for Vs = ±15V, IREF = 52B IiA, O·C .. T A" +70·C, and for all 4' outputs unless otherwise specified. 

Note: 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 ICO) step size is 0.5 p.A, while in the last chord near full scale (C7) step size is 64 p.A. 

DAC-76E DAC-76C 

Parameter Symbol Conditions Min Typ Max Min Typ Max Units 

Resolution B chords with 16 
±12B ±12B ±12B ±12B ±12B ±12B Steps 

steps each 

Dynamic Range 20 log (17,15/10,1) 72 72 72 72 72 72 dB 

Monotonicity Sign Bit + or - 12B - - 12B - - Steps 

Chord Endpoint Error relative to ideal 
±1/2 ±1 Step 

Accuracy' values at IFS = 2007.75p.A 
- - - -

Step Nonlinearity 
Step error within - - ±1/2 - - ±1 Step 
chord 

Encode Current Additional Output 
3/B 1/2 5/B 1/4 1/2 3/4 Step 

Encode/Decode = 1 

Settling Time ts To within ± 1/2 step - 500 - - 500 - nsec 

Full Scale Drift <lIFS Full Temperature Range - .1/20 ±1/4 - ±1/10 ±1/2 Step 

Output Voltage Compliance VOC Full scale current change 
.;; 1/2 step -5 - +lB -5 - +18 Volts 

Full Scale Current Deviation IFS(D) VREF = ,10.000V TA=25·C - - ±1/2 - - ±1 Step 
from Ideal (See Tables) IFS(E) Rl1 = 18.94 k!l - - ±1/2 - - ±1 Step 

1il12=20k!l 

Full Scale Symmetry 10 (+)-10(-) Decode or Encode Pair 
±1/40 11/8 - ±1/20 ±1/4 Step 

Error 
-

Zero Scale Current IZS Measured at Selected 
Output with 000 0000 - 1/40 1/4 - 1/20 1/2 Step 
Input 

Disable Current lOIS Leakage of output 
5.0 50 5.0 50 nA 

disabled by E/D and S8 
- -

Output Current Range IFSR 0 2.0 4.2 0 2.0 4.2 mA 

Logic Input Levels VLC = OV 
Logic "0" VIL - - 0.8 - - 0.8 Volts 
Logic "I" VIH 2.0 - - 2.0 - - Volts 

Logic I nput Current liN VIN = -5V to +18V - - 40 - - 40 p.A 

Logic Input Swing VIS V-= -15V -5 - +18 -5 - +18 Volts 

Reference Bias Current 112 - -1.0 -4.0 - -1.0 -4.0 IJA 

Reference Input Slew Rate dl/dt - 0.25 - - 0.25 - mA/p.sec 

Power Supply Sensitivity 
PSSIFS+ V+=4.5 to 18V,V-=-15V - ±1/20 ±1/2 - ±1/20 ±1/2 Step 

Over Supply Range (Refer 
to Characteristic Curves) 

PSSIFS_ V-=-10.8Vto-18V,V+=15V - ±1/10 ±1/2 - ±1/10 ±1/2 Step 

Power Supply Current 1+ VS=+5V,-15V,IFS=2.0 mA - 2.7 4.0 - 2.7 4.0 'rnA 
1- - -6.7 -8.8 - -6.7 -8.8 mA 

Power Supply Current 1+ Vs = .15V, IFS =2.0 mA - 2.7 4.0 - 2.7 4.0 mA 
1- - -6.7 -B.8 - -6.7 -8.8 mA 

Power Dissipation PD VS=+5V,-15V,IFs=2.0mA - 114 152 - 114 152 mW 

VS=±15V,IFS=2.0mA - 141 192 - 141 192 mW 

11-4 



DAC-76 

ABSOLUTE MAXIMUM RATINGS 

V+ Supply to V- Supply 36V Operating Temperature 

VLC Swing V- plus BV to V+ DAC-76B, DAC-76 -55°C to +125°C 

Analog Current Outputs V- plus BV to V- plus 36V DAC-76E, DAC-76C O°C to +70°C 

Reference Inputs V- to V+ Storage Temperature -65°C to +150°C 

Reference Input Differential Voltage ±lBV Power Dissipation 500mW 

Reference Input Current 1.25 rnA Derate above 100° C 10mWtC 

Logic Inputs V- plus BV to V- plus 36V Lead Soldering Temperature 300°C (60 sec) 

OUTPUT CURRENT DC TEST CIRCUIT 

AI 
LINE SELECTION TABLE 

+'sv . -
+ VREF DIGITAL INPUTS 

3 0P' 07A 
6 TEST ENCODE/ SIGN OUTPUT 

le'9':~L !!!~%~::~~ .. + EOI GROUP DECODE BIT MEASUREMENT 

(RREF) lOE(+) -1:5V 1 1 1 10E (+) (E01/R1 ) 
II VA '+1 DEVICE '0£(-) 15 

A' 
= 2 1 a 10E (-) (E01/R2 ) 

I~r VAH UNDER TEST 100'+' 16 ., 
2J:c'~ 100(-) 17 

+15Y 
3 a 1 100 (+) (E02/R3) 

y- v+ YLC 

= I~ '."2 '~ .- 7 4 a a 100 (-) (E02/R4) 
6 -15V +15V -C11 

NOTE:-Accuracy is specified in the test circuit using the 
.VREF IS ADJUSTED BEFORE TESTING EACH DEVICE 

'+ Eo. 
4 tables below to be within the specified proportion of a step TO PROVIDE IDEAL fULL SCALE OUTPUT CURRENT. 

1M -15Y at the maximum value in each chord. Monotonic.operation is 
R,-RZ-R3-R4-2.5KA guaranteed for all input codes. = 

CONDENSED CURRENT OUTPUT TABLES 

IDEAL DECODE OUTPUT CURRENT IN MICROAMPS AT CHORD ENDPOINTS 

~ a 1 2 3 4 5 6 7 

STEP 000 001 010 011 100 101 110 111 

a I 0000 a 8.25 24.75 57.75 123.75 255.75 519.75 1047.75 

15 I 1111 7.5 23.25 54.75 117.75 243.75 495_75 999.75 2007.75 

STEP SIZE 0.50 1 2 4 8 16 32 64 

IDEAL ENCODE OUTPUT CURRENT IN MICROAMPS AT CHORD ENDPOINTS 

~D a 1 2 3 4 5 6 7 

STEP _ 000 001 010 011 100 101 110 111 

a I 0000 0.25 8.75 25.75 59.75 127.75 263.75 535.75 1079.75 

15 I 1111 7.75 23.75 55.75 119.75 247.75 503:75 1015.75 2039.75 

STEP SIZE 0.50 1 2 4 8 16 32 64 

SPECIFICATION PARAMETER DEFINITIONS 

STEP NONLINEARITY: Step size deviation from ideal CHORDS: Groups of linearly-related steps in the transfer 
within a chord. function. Also known as segments. 

ENCODE CURRENT: The difference between 10E (+) and CHORD ENDPOINTS: The maximum code in each chord. 

100 (+) or the difference between 10E Hand 100 H at any Used to specify accuracy. 

code. STEPS: Increments in each chord which divide it into 16 

FULL SCALE DRIFT: The change in output current over 
equal levels. 

the full operating temperature with VREF = 10.000V, OUTPUT LEVEL NOTATION: Each output current level 
R 11 = 1B.94Kn., and R 12 = 20Kn.. may be designated by the code Ic,s where C = chord 

The.tlifference be-
number and S = step number. For example, 10,0 = zero 

FULL SCALE SYMMETRY ERROR: scale current; 10,1 = first step from zero; 10,15 = endpoint 
tween 100 Hand 100 (+) or the difference between 10E H of first chord (Co); 17,15 = full scale current. 
and 10E (+) at full scale output. 

DYNAMIC RANGE: Ratio of the largest output (17,15) 
OUTPUT VOLTAGE COMPLIANCE: The maximum out- to the smallest output excluding zero (10,1) expressed in 
put voltage swing at any. current level which causes <1/2 dB. This can be measured peak or peak-to-peak with the . 

. step change in output current. same result. 
.. -. ~ •.. ". ,""- "-6 
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BASIC ENCODE OPERATION (COMPRESSING AID CONVERSION) 

BASIC ENCODE CONNECTIONS 
~ 5 V ANALOG INPUT 

IIi" 

t~a:t:a=:ID CHORD 81TS 

ENCODE DECISION LEVELS 

Compressing A/D conversion with the DAC-76 requires a, com­
parator, an exclusive-or gate, and a su~cessive app.roximation 
register-the usual elements in any sign-plus-magnitude A/D con­
verter. However, a compressing ADC has one sibnificant difference 
from regular A/D converters. 

In a conventional (linear) converter, the step size is a constant 
percentage of full scale, but in a' compressing A/D converter, the 
step size.- incre,ases as the output changes from zero scale to full 
scale. The standard 1/2 step bias used in conventional'ADC's to keep 
quantizing error below ±1/2 step cannot be easily furnished by the 
user of a compressing ADC. For this reason, the DAC has a 1/2 step 
greater output in the encode mode than it has in the decode mode. 
This may be seen clearly by comparing the normalized encode and 
decode output tables at any code point. 

ENCODING SEQUENCE 

An encoding sequence begins with the Sign B,it comparison and 
decision: During this' tfme the comp.;rator, is, 'a' po'larity detector 

NORMALIZED ENCODE LEVEL (SIGN BIT EXCLUDED) 

~ 0 1 2 
STEP 000 001 010 

0 0000 1 35 103 

1 0001 3 39 111 

2 0010 5 43 119 

3 0011 7 47 127 

4 0100 9 51 135 

5 0101 11 55 143 

6 0110 13 59 151 

7 0111 15 63 159 

8 1000 .17 67 167 

9 1001 19 71 175 

-10 1010 21 75 183 

11 1011 23 79 191 

12 1100 25 83 199 

13 1101 27 87 207 

14 1110 29 91 215-

15 1111 31 95 223 

STEP SIZE 2 4 8 

ENCODE TRANSFER CHARACTERISTIC 
(A/D CONVERSION) 

DIGITAL 

OUTP~UT ~+)6 7 

4, 
3 
2 
1 

ANALOG 0 ANALOG 
INPUT (-) 0 INPUT (+) 

1 
2 
3 

~'" OUTPUT H 

only. The Encode/Decode (E/D) input is held at a logic "0". 
Therefore, no current flows into the encode outputs, and the com­
parator is effectively disconnected fro';' the DAC.: Once the ,input 
polarity has been determined, the E/D input is changed to a logic 
"1" allowing current to flow into IOE(+) or IOE(-) depending upon 
the Sign Bit Answer. 

For positive inputs, current flows into IOE (+) through R I, and the 
comparator's output will be entered as the answer for each successive 
decision. For negative inputs, currerit flows into IOE(-) 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. (A more complete schematic is 
shown in the applications section.) 

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. Successive removal is necessary 
because the 1/2 step encode decision level current fs drawn from the 
sum node, rather than sourced into it. 

IC,S =,2[2C (S+17) -16.51 
C = chord no. (0 through 7) 
S = stap no. 10 through 15) 

3 4 5 6 7 

011 100 101 110 111 

239 511 1055 2143 4319 

255 543 1119 2271 4575 

271~ 575 1183 2399 4831 

2B7 607 1247 - 2527 5087 

303 639 1311 2655 5343 

319 671 1375 '2783 5599 

335 703 1439 2911 5855 

351 735 1503 3039 6111 

367 767 1567 3167 6367 

383 799 1631 3295 6623 

399 831 1695 3423 6879 

415 863 1759 3551 7135 

431 895 1823 3679 7391 

447 927 1887 3807 7647 

463 959 ,1951 3935 7903 

479 991 2015 4063 8159 

16 32 64 128 256 
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BASIC DECODE OPERATION (EXPANDING D/A CONVERSION) 

DECODE TRANSFER CHARACTER ISTIC 
(D/A CONVERSION:) 

DIGITAL 

'''",I-l r' 
DECODE OPERATION 

ANALOG 
OUTPUT (+) 

) 5
67 

o 1 Z 3 DIGITAL 
1 0 INPUT (+) 

ANALOG 
OUTPUT H 

O/A conversion with the OAC·76 may be illustrated by using an 
operational amplifier connected to the decode outputs as a balanced 
load. The decode mode of operation is selected by applying a logic 
"0" to the Encode/Decode input. This enables the 100 outputs, 
disables the 10E outputs; and allows 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 100(+) forcing a 
positive voltage at the operational amplifier's output. When the Sign 
Bit input is low, a logic "0", all of the output current flows into 
100(-) through R2 forcing a negative voltage output. Since the 
Sign Bit only steers current into 100(+) or 100(-1, the output will 
always be symmetrical, limited only by the matching of Rl and R2. 

NORMALIZED TABLES 

The encode and decode tables may be used to calculate ideal output 
current at any code point. For example, in decode mode at 13,7 

NORMALIZED DECODE OUTPUT (SIGN BIT EXCLUDED) 

~ 0 1 2 
STEP 000 001 010 

0 0000 0 33 99 

1 0001 2 37 107 

2 0010 4 41 115 

3 0011 6 45 123 

4 0100 8 49 131 

5 0101 10 53 139 

6 0110 12 57 147 

7 0111 14 61 155 

8 1000 16 65 163 

9 1001 18 69 171 

10 1010 20 73 179 

11 1011 22 77 187 

12 1100 24 81 195 

13 1101 26 85 203 

14 1110 28 89 211 

15 1111 30 93 219 

STEP SIZE 2 4 8 

11·7 

BASIC DECODE CONNECTIONS 

IDEAL VALUES: 
IREF-528""A 
IFS s 2007.7!!i ... A 

E/D 58 

POS FULL SCALE 0 1 
l+] ZERO SCALE +1 STEP 0 1 

l+J ZERO SCALE 0 1 
H ZERO SCALE 0 0 

H ZERO SCALE +1 STEP 0 0 

NEG FULL SCALE 0 0 

01 02 

1 1 

0 0 

0 0 
0 0 

0 0 

1 1 

83 B4 85 86 67 EO 

1 1 1 1 1 5.019V 

o 0 a a 1 0.0012 

oooooov 
oooooav 
o 0 0 0 1 -0.0012 

1 1 1 1 1 -S.019V 

(011 0111) find 343. 343/8031 times I FS of 2007.75.uA equals 
85.75I'A. Alternatively, use the condensed current tables and add up 
the number of steps. 

BASIC REFERENCE CONSIDERATIONS 

Full scale output current is ideally 2007.75.uA when the reference 
current is 528~A in the decode mode. 1 n the encode mode it is 
2039.75.uA because the additional 1/2 step adds 32.uA to the 
output. A percentage change in IREF caused by changes in VREF 

·or RR EF will produce the same percentage change in output current. 

The large step size at full scale allows the use of inexpensive refer­
ences in many applications. In some situations VREF may even be 
the positive power supply. For example, with V+ = 15V, RREF = 
15V /528.uA or 28.4Kfl. When using a power supply as a reference, 
Rll should be two resistors, RllA and RllB, and the junction 
should be bypassed to ground to provide decoupling. 

IC,S = 2[2C (S+16.5) -16.51 

3 4 5 

011 100 101 

231 495 1023 

247 527 1087 

263 559 1151 

279 591 1215 

295 623 1279 

311 655 1343 

327 687 1407 

343 719 1471 

359 751 1535 

375 783 1599 

391 815 1663 

407 847 1727 

423 879 1791 

439 911 1855 

455 943 1919 

471 975 1983 

16 32 64 

C = chord no. (0 through 7) 
S = step no. (0 through 15) 

6 7 

110 111 

2079 4191 

2207 4447 

2335 4703 

2463 4959 

2591 5215 

2719 5471 

2847 5727 

2975 5983 

3103 6239 

3231 .6495 

3359 6751 

3487 7007 

3615 7263 

3743 7519 

3871 7775 

3999 8031 

128 256 



DAC-76 

REFERENCE AMPLIFIER OPERATION 

POSITIVE REFERENCE OPERATION NEGATIVE REFERENCE OPERATION 

vREF 
+10V DIGITAL INPUTS 

( 

~8?i?S? ~4?jL? * Rl1A DIGITAL INPUTS -= 

9? 8? i? 6? ~ 4? 3? Z? ~ 
+ 

NOTE I RI1 B7 8S 85 B4 B3 82 81 S8 E/D ~I4 +-
J"o 18.94 KG .d: Rl1B (RREF)~ 10E(+) \,5 +- ENCODE 

.00~F I 18.94 KG B7 BS 85 84 

""'"' W "~~ 
Vii (+) 

10EH)" 
OUTPUTS 

= TOTAL 10E(+) 0 ENCODE IREF DAC-76 
(RREF) ~ VR (+) 15 +- OUTPUTS 12 VR (-) 10D(+) IS_ 

10EH NOTE I 
IODHA7 +-

DECODE 
IREF DAC-76 OUTPUTS 

~'" f' H 
10D(t) IS - DECODE RI2 V- V+ VLC / 12 R 20KG 

'~ 'l '1 RI2 10DH 17 +- OUTPUTS 
-VREF 20Kn V v+ VLCJ -I5V ;,5V 

136 IB6 '1 (-VREF) 
IREF" - RREF DECODE OUTPUTS ENCODE OUTPUTS 

-I5V +15 V IDEAL VALUES: IDEAL VALUES: 
VREF DECODE OUTPUTS ENCODE OUTPUTS IREF"528~A IREF"528~A 

'REF" RREF IDEAL VALUES: IDEAL VALUES: IFS" 2007.75~A I FS " 2039. 75~A 
'REF" 5ZB~A 'REF "528 ~A 
'FS " 2007.75~A I FS " 2039.75eA 

NOTE 1: RECOMMENDED WHEN VAEF IS V+ OR THE LOGIC POWER SUPPLY NOTE 1: PINS 11 AND 12 ARE EQUAL IN VOLTAGE. VREF IS IMPRESSED 
NOTE 2: PINS 11 AND 12 ARE EQUAL IN VOLTAGE. VREF IS IMPRESSED ACROSS All (RREF)' 

ACROSS All (RREF) 

REFERENCE AMPLIFIER SETUP REFERENCE RECOMMENDATIONS 

The DAC·76 is a multiplying D/A converter in which the For most applications a +10.0V reference, such as the PM I 

output current is the product of the normalized digital REF·Ol, is recommended for optimum full scale tempera-

input and the input reference current. The reference current ture coefficient performance. (This .also minimizes the 

may be fixed or may vary from nearly zero to +1.0mA. The contributions of reference amplifier VOS and TCVos.) For 

full scale output current is a linear function of the reference most applications the tight relationship between IREF and 

current and is given for all four outputs in the figures above. IFS eliminates the need for trimming IREF; but if desired, 

In positive reference applications an external positive refer· 
full scale trimming may be accomplished by selecting Rll 

ence voltage forces current through R 11 into the VR (+) 
or by using a potentiometer for R". 

terminal (pin 11) of the reference amplifier. Alternatively, 
Using lower values of reference current reduces negative 

a negative reference may be applied to VR (-) at pin 12; 

reference current flows from ground through Rll into 
power supply current and increases ·reference amplifier 

VR (+1. in the positive reference This negative 
negative common mode range. While the recommended 

as case. 

reference connection has the advantage of a very high 
operating range of DC reference currents is O.lmA to 

impedance presented at !3in 12. The voltage at pin 11 is 
1.0mA, monotonic operation is maintained over an even 

equal to and tracks the voltage at pin .12 due to the high 
wider range allowing the DAC·76 to be used in many 

gain of the internal reference amplifier. R12 (nominally 
multiplying applications. For variable reference applica-

equal to Rll lis used to cancel bias current errors and may 
tions, see section entitled "Multiplying Operation." 

be eliminated with only a minor increase in error. 

TYPICAL PERFORMANCE CURVES 

OUTPUT FULL SCALE CURRENT VS. REFERENCE AMPLIFIER INPUT COMMON MODE RANGE 
REFERENCE INPUT CURRENT 

5.0 
TA"Trnin to Tmo. 

TA'TminloTma~ 
2.8 

'.0 f-- AL.L BITS "HIGH" 
I; 

/' 2.' 
;; 
5 ./ 

V7"-I!5V V+"+I!5V 
~ 2.0 
~ 3.0 

/' lREF"O.5mA I ~ I .• 
~ /' ~ § 2.0 

/' 1.2 

~ 
/' I IREF-O.2!5mA I 0.8 

I I 1.0 

/' 0.' 

V 0 0 0.5 1.0 -14 12 -10 -8 -6 -4 -2 0 2 • • 8 10 12 .. 16 18 
IREF.-REFERENCE CURRENT !mAl REFERENCE COMMON MODE VOLTAGE AT VREF PIN {volt.1 

NOTE: POSITIVE COMMON MODE RANGE IS ALWAYS {V+l-I.!5 v 

11-8 



DAC-76 

TRUE CURRENT OUTPUT OPERATION 

INPUT CODE 

111111111 

111101111 

110000000 

011111111 

01110 1111 

01000 0000 

RESISTIVE OUTPUT CONNECTIONS 

DIGITAl INPUTS 
,..--__ ....JAL __ --, 

OUTPUT VOLTAGE (V) 

"A" "8" ··C·· DIFF 

+5.02 NfA NfA NfA 

+10.00 

-5.00 +5.00 -10 

+0.02 -+5.00 -4.98 

+10.00 V 
+ 5.00 V 

4.9 
K4 

4.98 
,K4 

F':=::"'::--4K>'A' ~~8 
'8" 

'c' 

NEGATIVE OUTPUT VOLTAGE 
COMPLIANCE VOC (-) 

~S 1.0mA 2.0mA 4.0mA 

-12V -2.SV -2.DV -O.4V 

ISV -S.8V -S.OV -3.4V 

-IBV -8.BV ~.OV -S.4V 

+5.00 -+5.00 MINIMUM NEGATIVE COMPLIANCE 
00 000 0000 

NfA 
+5.00 +5.00 Voc(-! MIN = IV-)+12IREF • 1.SKm + SAV 

001101111 +5.00 +0.02 +4.98 

001'11111 +5.00 -5.00 +10 

The DAC-76 has true current outputs with wide voltage 

compliance enabling fast drive of a variety of si ngle-ended 

and balanced loads. Positive voltage compliance is +lBV, 

and negative voltage compliance is -5.0V with I R EF = 

52BIlA and V- = -15V. Negative voltage compliance for 

other values of IREF and V- may be calc'Jlated using the 

table above. Typical connections, both single-ended and 

differential, are shown in the figure above with output 

voltage tables. Note the differential sign-plus-magnitude 

relationship between "B"· and "C". The differential output 

voltage is independent of the +5.00 nominal voltage source 

as long as the VOC (-) minimum values are observed. 

TYPICAL PERFORMANCE CURVES 

2.8 

2.4 

2.0 

1.0 

1.2 

0.8 

0.4 

OUTPUT CURR ENT VS. OUTPUT VO L TAG E 
(OUTPUT VOLTAGE COMPLIANCE) 

I 
I 

TA-Tmin10 TrnQlI 
v-- -15V 

IREPO.SmA 

I 
lREF-O.25mA 

°_14 -12 -10 -8 -6 -4 -2 0 2 4 6 e 10 12 ~ 16 18 
OUTPUT VOLTAGE (volls) 

11-9 

R12 
20K4 

BALANCED LOAD CONNECTIONS 

DIGITAL INPUTS 
~ ____ ~AL ______ , 

TYPICAL BALANCED LOADS 

• TRANSFORMER • OAe REFERENCE INPUT 
• TRANSDUCER • BRIDGE 
• EARPHONE • OP AMP 
• SAMPLE-AND·HOLD • CRT 
• CURRENT INPUT FILTER • SERVO 
• TRANSMISSION LINE 

NOTE: THE SUM OF THE COMMON MODE 
VOLTAGE AND THE DIFFERENTIAL 
VOLTAGE ACROSS THE LOAD 
SHOULD BE WITHIN THE -5V n) +18V 
OUTPUT VOLTAGE COMPLIANCE 
SPECIFICATION. 

II OJ 

II OJ 

High common mode output range is possible due to the 
wide output voltage compliance and allows use with trans­
formers or other balanced loads. The terminating impe­
dances may be located a distance away from the DAC-76 
allowing transmission of analog quantities as currents rather 
than voltages and elimination of ground loop errors. 
Capacitive termination is also possible, performing an 
"integrate-and-hold" process which is a function of VREF ' 
RREF' the digital input code, and the selection time for a 
given current output. Resetting of the integrating capacitor 
may be accomplished with a CMOS switch in parallel with. 
the capacitor. Thus, many applications traditionally requir­
ing op amps may be performed with a high voltage compli­
ance, current output DAC. 

OUTPUT VOLTAGE COMPLIANCE VS. TEMPERATURE 

TEMPERATURE c-C) 



MUL TIP-LYING OPERATION 

LOW INPUT IMPEDANCE CONNECTION 

VIN VAH 
IREF"IfiN+1fiiEF 

IFS ~ ~ IREF 

"1 
-l';V 

DAC-76 
1001+) 16_ 

LOGARITHMIC DIGITAL GAIN CONTROL 

.. n,,,vAloo,, 
•• ,."CotO~Cl (H ....... n 
.~'4."U. "lief 

NOTE 1: LOW DISTORTION OUTPUTS ARE PROVIDED OVER A 72dB RANGE. 
NOTE 2: UP T04 CHANNELS OF OUTPUT MAY BE SELECTED BY EIO AND 

S8 LOGIC INPUTS. 

TYPICAL PERFORMANCE CURVES 

REFERENCE AMPLIFIER TOTAL HARMONIC 
DISTORTION VS. FREQUENCY 

0"1== LARGE SIGNAL 
INPUT'&VPUI( 
(50% MOOULATIONI 

(aO KHz FILTER) 

O.OOI~!::-~""":;::!:-u.:!::.':J.J.Ji::,:!: • .....,~;';;.:-'-"-;:';".;'.I.L.~".-.t;2H~;-'-..1.t.':;" • .u.J;';~.:-. -!;.2~:-• .l...J-:.!.<:::-'. ~~: 
fREQUENCY 

NOTE 1: THO IS NEARLY INOEPENOENTOF LOGIC INPUT CODE. 
NOTE 2: SIMILAR RESULTS ARE OBTAINED fOR A HIGH INPUT IMPEDANCE CONNECTION 

USING PIN 12 AS AN INPUT. 
NOTE 3: "IICREASEO DISTORTleN ABOVE 50kHz IS DUE TO SLEW RATE LIMITING 

WHICH DETERMINES LARGE SIGNAL BANDWIOTH. FOR AN INPUT Of 
!2.5Y PEAK (25" MODULATION). BANDWIDTH IS 100kH •. 

DAC-76 

11-10 

HIGH INPUT IMPEDANCE CONNECTION 

REFERENCE AMPLIFIER DYNAMIC TEST CIRCUIT 

SOUND 

,,"OOElH008 

REFERENCE AMPLIFIER INPUT 
FREQUENCY RESPONSE 

11 

-1~00 200 500 10 10 5.0 10 10 
H. H. H. kH. kH. ~H. kH. kH. 

ill lUi 
llilW 

SMALtSIGNAL 
100 MV PEAK 

(1% MOOULATIONI 

200 !iOO \.0 
kH. kH. MH. 

----., 
'"' 



DAC-76 

LOGIC INPUT AND POWER SUPPLY CONSIDERATIONS 

INTERFACING CIRCUIT FOR LOGIC INPUTS 

ECL, CMOS, HTL, & NMOS LOGIC INPUTS The DAC-76 may be interfaced with other-than-TT L logic by 
placing VLC( (pin 10) at a potential which is 1 AV below the desired 

~Ct 
CMOS. HfL. NMOS 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 
lJK!1 20K!: with respect to V- (pin 13), 

'"A" 

~ 
"A" 

~ 
POWER SUPPLIES 

2N3904 ",.,. 

" 
As shown in the curves below, power supply current drain is 

:19K!! ZOK\! 

31t!! ~TOP1Nl0 relatively independent of voltage and temperature and completely 
--0 TOPINIO independent of the logic input states. 

'" '" 
6.21111 " 400~A 

L ~ 
When operating with V- between -15V and -11V, output negative 
voltage compliance, VOCH, reference input amplifier common 

1 -1 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 

NOTE 1: SET THE VOLTAGE "A" TO BE AT THE DESIRED LOGIC INPUT SWITCHING THRESHOLD. +15V affects VLC and the reference amplifier common mode NOTE 2: ALLOWABLE RANGE OF LOGIC THRESHOLD IS TYPICALLY -5V TO +13.5VWHEN 
OPERATING THEpAC.76 ON '15\1 SUl'f'lIES. positive voltage range in the same manner. 

TYPICAL PERFORMANCE CURVES 

BIT TRANSFER CHARACTERISTICS LOGIC INPUT CURRENT VS.INPUT 
VOLTAGE ANO LOGIC INPUT RANGE 

0.3 

0.30 I 
I 

IREF"0.5 mA ., IREF"0.5mA 
V-o-15V 

0.25 0.244 201-
VLC·OV " ~ 

~ 

0.20 ffi 

~ 10 
0.15 ~ 

~ 
u 

l 0.10 ~ 
5.0 

.2 
0.05 0.055 

or- V-i-li 
V-'-12V B3 

0.023 

I 
-12 -10 -6.0 -6.0 -4.0 -2.0 0 2.0 4.0 6.0 B.O 10 12 I. I. IB 0 

LOGIC INPUT VOLTAGE (wolls) -12 -10 -6.0 -6.0 -4.0 -2.0 0 2.0 4.0 •. 0 &0 10 12 I. I. 18 

NOTE: ALL BITS ARE FULLY SWLTCHEDWLTH LESS THAN 112 STEP ERROR AT 
L.OGIC INPUT VOLTAGE (volls) 

SWLTCHLNG POLNTSWHLCH ARE GUARANTEED TO LLE BETWEEN O.SV AND NOTE: LOGLC LNPUT VOLTAGE RANGE IS INDEPENDENT OF THE POSITIVE POWER 
2.0VOVER THE OPERATING TEMPERATURE RANGE. SUPPLY. AND LOGIC INPUTS MAY SWING ABOVE THE SUPPLY 

POWERSUPPLY CURRENTS VS. POWEI:! SUPPLY CURRENTS VS. TEMPERATURE 

POWER SUPPLY VOLTAGES 

B.O B.O 
AL.L. 81TS "HIGH" OR "L.OW· 

1-.JV--

AL.L. BITS "HIGH-OR "LOW· 
IFs"2.0mA VS":t15V 1-7.0 - 7.0 

-; 6.0 4' 6.0 
! ! IFS o2.QmA 

1'0 

~ ro 
~ 4.0 

)00 4.0 

~ 
f-- ~ If) 3.0 I+V5.V+ 

~ 
(f) 3.0 ,+ 
« 
w • ~ 2.0 ~ 2.0 

1.0 1.0 

00 2.0 '.0 •. 0 B.O 10 12 
" 

I. 1B 20 ' 0 
-50 0 +50 +100 +150 

POSITIVE OR NEGATIVE POWER SUPPL.Y (Vdc) TEMPERATURE (OC) 

11-11 



DETAILED ENCODE CONNECTIONS 

.'V AtW.OG INPUT 

r--

~:f 
ta2"ND 
lWs 

CLOCK iiiii 
.r "1-

NOTES: 

1. car4NEcT ~. TO iTA'FiT FOR 
CONi'INUOUS'OPERATlON. 

2. FDA NON·CONTINUOUS OPERATION. HOLD SiAiiT 
LOW FDA ONE CLOCK CYCLE. CONVERSIONS 

~~o.:~E~L6~i ~~~~~~AT~T ~ST:I~:~ITION 
3. CONVERSION IS COMPLETED IN 9 CLOCK 

CYCLES. 

TRANSCEIVING CONVERTER - TWO WAY DATA TRANSMISSION 

ANALOG 
INPUT 

ANALOG 
OUTPUT 

'rRANSCEIVING CONVERTER 

SERIAL DATA TRANSCEIVING CONVERTER 

(112 OF SYSTEM SHOWN) 

IEND/Melly! 
COMMAND 
HtGH-SEND 
LOW·MaIY[ 

"1-
+Oy a.otJC" iiiiii 

~ 
'tAANSCEIVING.COHVERTIR . 

TIM' aHAREO 

ANALOG 
OUTPUT 

ANALOG 
INPUT 

r--,.. ... r-+-.--+~----r---------~--~~~0!f~~1rL 
:a:.'"DfOlll 
DIffERENTIAL 
INPUTS 

~IroiHTlALO-=-' __ --"'"" 
CUll_NT 
OUTPUT 

RECEIVE OUTPUT 

II,MICO 

.... 

NOTES: 

. 1. COMPLEMENTARY SENDIRECEIVE COMMANDS ARE 
REQUIRED FO" THE rwo ENDS. 

2. iiAiiT MUST BE HELD LOW FOR ONE CLOCK CYCLE 
. TO.BEGIN A SEND OR RECEIVE CYCLE. 

3. THE SAR IS USED AS A SERIAL·IN/PARALLEL OUT 
REGISTER IN THE RECEIVE MODE • 

.. CLOCK ANa iiAiiT MAY BE CONNECTED IN 
PARALLEL AT BOTH ENDS. 

5. CONVERSION IS COMPLETED IN 9 CLOCK CYCLES. 

6. RECEIVE OUTPUT IS AVAILABLE FOR ONE FULL 
CLOcKcVCLE 



DAC·76 

TYPICAL SIGNAL TO QUANTIZING DISTORTION CURVES 

SIGNAL TO QUANTIZING DISTORTION VS. INPUT LEVEL SIGNAL TO QUANTIZING DISTORTION VS. INPUT LEVEL 

(3 kHz FLAT FILTER) (C·MESSAGE WEIGHTING FILTER & BELL SPEC) 

.. 
I I .. I I 

40 - T ... -2S"C 

~ 
40 r- ::: ~~5~ 

~ -Vs - ,1fiV 
./. 

DA';:"" 
36 36 

Y ~ / 32 ~ 32 

V z / BELL OJ SYSTEM SPECIFICATION 

28 
2 

V 
~ 28 

" ~ 24 ~ - / m / ~ / 20 ~ 20 r--
/ ~ /' 

"t-- 13 16 

I / ~ 
12 ~ 12 

, • , . . 
0 0 
·65 -60 -55 -50 -', -'0 -35 -30 -25 -20 -" -10 -, 0 -65 -60 -55 -50 -', -'0 -35 -'" 25 -" -" -10 -, 0 

INPUT LEVEL (dB) INPUT LEVEL (dB) 

NOTES: 
NOTE: OdB IS ~3.5V. +3dB IS '5.0V OR FULL SCALE CODE (1111111\. 1. OdB IS ~3.5V. +3dBIS !5.0V OR FULL SCALE CODe (,'" 1111) 

2. C-MESSAGE WEIGHTING FILTER PROVIDES A FREQUENCY RESPONSE 
CHARACTERISTIC WHICH SIMULATES THE PERCEIVED RESPONSE OF THE 
HUMAN EAR TO TELEPHONE NOISE. 

Note: Quantizing distortion is the difference between the original signal and the processed signal (i.e., after encoding and decoding). 

SIGNAL TO QUANTIZING DISTORTION TEST CIRCUIT 
BLOCK DIAGRAM 

1 kHz I HP3551 A TONE SAMPLE 
OAe·76 8 BIT AUDIO TEST AND 

ANALVZEA HOLD 
AID LATCH 

NOTES: 

1.8 kHz SAMPLING CONDITIONS: 62.5~sec SAMPLE PERIOD, 62.51Jsec AID CONVERSION TIME. 

2. AUDIO TEST ANALYZER CONTAINS A C·MESSAGE FIL TEA AND A 3 kHz FLAT FIL TEA. 

OUTPUT COMPLIANCE EXTENSION CONNECTIONS 

±10V RANGE ENCODE/DECODE CONNECTIONS 

TOAfO 
CONV€R$ION 
lOGIC 

11·13 

OAe·1S 
DIA 

VRH 
'REF- RREF 

JOEAl VALUES: 

IREF-528 ... A 

OPEN FOR NOISE TEST 
CLOSE FOR SIGNAL TEST 

, 
J.4kHr--

ISinXl/X 11o:Hz NOTCH 
LOW PASS FILTER 
FILTER 

COMPLIANCE EXTENSION USING 
AC COUPLED OUTPUT 

I FS • 2007.75,..A 

HP3551A I 
AUDIO TEST 
ANALYZER 



EXTENSION TO SIGN PLUS 78dB DYNAMIC RANGE 

VREF 
+ lOV 

EXTENDED RANGE CONNECTIONS 

DIGITAL INPUTS 

STEP 

IDEAL VALUES: 

'REF s 528 .. A 

IFS ::2039.75,1<A 

EXTENDED RANGE OPERATION 

DAC-76 

When used as a D/A converter only, the DAC-76 range may be 
extended from sign + 72dB to sign + 78dB by using the encode 
output current to insert additional levels halfway between each 
step. By connecting 10D(+) to 10E(+) and 10DH to 10EH, the 
E/D logiC input functions as a fifth step bit input. Full scale positive 
now becomes 1 111 11111; full scale negative is 0111 111.11. Each 
chord is divided into 32 steps instead of the former 16 steps, 
effectively increasing dynamic range by 6dB. 

The accompanying table summarizes the new chord and step char­
acteristics obtained in the extended connection shown above. 

CHORD 

0 

1 

2 

3 

4 

5 

6 

7 

SUMMARY TABLE FOR 
3 CHORD BITS AND 

5 STEP BITS 

STEP RANGE STEP 
(IlA) (IlA) (mV) 

0 
0.25 to 0.625 

7.75 

8.25 
0.5 to 1.25 

23.75 

24.75 
1.0 to 2.5 

55.75 

57.75 
2.0 to 5.0 

119.75 

123.75 
4.0 to 10 

247.75 

255.75 
8.0 to 20 

503.75 

519.75 
16 to 40 

1015.75 

1047.75 
32 to 80 

2039.75 

RANGE 
(V) 

0 
to 
0.019 

0.021 
to 
0.059 

0.062 
to 
0.139 

0.144 
to 
0.299 

0.309 
to 
0.619 

0.639 
to 
1.259 

1.299 
to 
2.539 

2.619 
to 
5.099 

ADDITIONAL DECODE OUTPUT TABLES 

IDEAL DECODE OUTPUT CURRENT IN MICROAMPS (SIGN BIT EXCLUDED) 

~ 
0 1 2 3 4 5 6 

STEP 000 001 010 011 100 101 110 

0 0000 0 8.25 24.75 57.75 123.75 255.75 519.75 

1 0001 0.5 9.25 26.75 61.75 131.75 271.75 551.75 

2 0010 1 10.25 28.75 65.75 139.75 287.75 583.75 

3 0011 1.5 11.25 30.75 69.75 147.75 303.75 615.75 

4 0100 2 12.25 32.75 73.75 155.75 319.75 647.75 

5 0101 2.5 13.25 34.75 77.75 163.75 335.75 679.75 

6 0110 3 14.25 36.75 81.75 171.75 351.75 711.75 

7 0111 3.5 15.25 38.75 85.75 179.75 367.75 743.75 

8 1000 4 16.25 40.75 89.75 187.75 383.75 775.75 

9 1001 4.5 17.25 42.75 93.75 195.75 399.75 807.75 

10 1010 5 18.25 44.75 97.75 203.75 415.75 839.75 

11 1011 5.5 19.25 46.75 101.75 211.75 431.75 871.75 

12 1100 6 20.25 48.75 105.75 219.75 447.75 903.75 

13 1101 6.5 21.25 50.75 109.75 227.75 463.75 935.75 

14 1110 7 22.25 52.75 113.75 235.75 479.75 967.75 

15 1111 7.5 23.25 54.75 117.75 243.75 495.75 999.75 

STEP SIZE .50 1 2 4 8 16 32 

"1'14 

7 

111 

1047.75 

1111.75 

1175.75 

1239.75 

1303.75 

1367.75 

1431.75 

1495.75 

1559.75 

1623.75 

1687.75 

1751.75 

1815.75 

1879.75 

1943.75 

2007.75 

64 



DAC-76 

CHORD SIZE SUMMARY TABLE DECODE OUTPUT (SIGN BIT EXCLUDED) 

CHORD ENDPOINTS CHORD ENDPOINTS CHORD ENDPOINTS CHORD ENDPOINTS 
CHORD NORMALIZED IN IlAWITH ASA PERCENT INdB DOWN 

TO FULL SCALE 2007.751lA F .S. OF FULL SCALE FROM FULL SCALE 

a 30 7.5 0.37% -48.55 

1 93 23.25 1.16% -38.73 

2 219 54.75 2.73% -31.29 

3 471 117.75 5.86% -24.63 

4 975 243.75 12.1% -18.32 

5 1983 495.75 24.7% -12.15 

6 3999 999.75 49.8% -6.06 

7 8031 2007.75 100% 0 

DECODE OUTPUT EXPRESSED INOB DOWN FROM FULL SCALE (SIGN BIT EXCLUDED) 

~ a 1 2 3 4 5 6 7 

STEP 000 001 010 all 100 101 110 111 

0 0000 - -47.73 -38.18 -30.82 -24.20 -17.90 -11.74 -5.65 

1 0001 -72.07 -46.73 -37.51 -30.24 -23.66 -17.37 -11.22 -5.13 

2 0010 -66.05 -45.84 -36.88 -29.70 -23.15 -16.87 -10.73 -4.65 

3 0011 -62.53 -45.03 -36.30 -29.18 -22.66 -16.40 -10.27 -4.19 

4 0100 -60.03 -44.29 -35.75 -28.70 -22.21 -15.96 -9.83 -3.75 

5 0101 -58.10 -43.61 -35.24 -28.24 -21.77 -15.53 -9.41 -3.33 

6 0110 -56.51 -42.98 -34.75 -27.80 -21.36 -15.13 -9.01 -2.94 

7 0111 -55.17 -42.39 -34.29 -27.39 -20.96 -14.74 -8.63 -2.56 

8 1000 -54.01 -41.84 -33.85 -26.99 -20.58 -14.37 -8.26 -2.19 

9 1001 -52.99 -41.32 -33.44 -26.61 -20.22 -14.02 -7.91 -1.84 

10 1010 -52.07 -40.83 -33.04 -26.25 -19.87 -13.68 -7.57 -1.51 

11 1011 -51.25 -40.37 -32.66 -25.90 -19.54 -13.35 -7.25 -1.18 

12 1100 -50.49 -39.93 -32.29 -25.57 -19.22 -13.03 -6.93 -0.87 

13 1101 -49.80 -39.51 -31.95 -25.25 -18.91 -12.73 -6.63 -0.57 

14 1110 -49.15 -39.11 -31.61 -24.94 -13.61 -12.43 -6.34 -0.28 

15 1111 -48.55 -38.73 -31.29 -24.63 -18.32 -12.15 -6.06 0 

DECODE OUTPUT EXPRESSED IN PERCENT OF FULL SCALE (SIGN BIT EXCLUDED) 

~ a 1 2 3 4 5 6 7 

STEP 000 001 010 011 100 101 110 111 

0 0000 0 0.411 1.23 2.88 6.16 12.7 25.9 52.2 

1 0001 0.025 0.461 1.33 3.08 6.56 13.5 27.5 55.4 

2 0010 0.050 0.511 1.43 3.27 6.96 14.3 29.1 58.6 

3 0011 0.075 0.560 1.53 3.47 7.36 15.1 30.7 61.7 

4 0100 0.100 0.610 1.63 3.67 7.76 15.9 32.3 64.9 

5 0101 0.125 0.660 1.73 3.87 8.16 16.7 33.9 68.1 

6 0110 0.149 0.710 1.83 4.07 8.55 17.5 35.5 71.3 

7 0111 0.174 0.760 1.93 4.27 8.95 18.3 37.0 74.5 

8 1000 0.199 0.809 2.03 4.47 9.35 19.1 38.6 77.7 

9 1001 0.224 0.859 2.13 4.67 9.75 19.9 40.2 80.9 

10 1010 0.249 0.909 2.23 4.87 10.1 20.7 41.8 84.1 

11 1011 0.274 0.959 2.33 5.07 10.5 21.5 43.4 87.2 

12 1100 0.299 1.01 2.43 5.27 10.9 22.3 45.0 90.4 

13 1101 0.324 1.06 2.53 5.47 11.3 23.1 46.6 93.6 

14 1110 0.349 1.11 2.63 5.67 11.7 23.9 48.2 96.8 

15 1111 0.374 1.16 2.73 5.86 12.1 24.7 49.8 100 

STEP SIZE 0.025 0.050 0.100 0.199 0.398 0.797 1.59 3.19 

11-16 



DAC-76 

APPLICATIONS 

The DAC-76 is ideal in applications which require a wide 
dynamic range and can be characterized by an accuracy 
specification b~sed on percent of reading rather than per­
cent of full scale_ The nonlinear characteristic is also useful 
in control systems when a decreasing slope or a constant 
rate of change (constant second derivative) is needed as a 
~'ystem' approaches zero level or a given set point. 

INSTRUMENTATION AND CONTROL 

DataAcquisition - Data Transceiver 
Microprocessor Inte.rface 
PCM Data Recording - Biological, Automotive, Aviation 

. Function Generation 
PCM Telemetry 
Servo Controls - Phase Locked Loop and Set Point Controls 
Transducer Interface - Seismic, Strain Gauge 

TELECOMMUNICATIONS 

Telephony - PCM Codec 
Two'Way Radio 
I ntercom Systems 
Rapar Systems 
Secure Voice Communications 

11-16 

AUDIO 

Music Distribution 
Digital Recording 
Constant dB Attenuator 
Analog Multiplexer' 
Digitally-Controlled Gain 
Voice Synthesis and Identification 
Variable Speed Recording and Playback 
Reverberation and Special Effects 

ADDITIONAL CIRCUIT APPLICATIONS 

Logarithmic Attenuator 
Four Quadrant Multiplier' 
Line Driver 
dB Meter 
Analog or Digital Compressor and Expander 
Four Channel Multiplexer 
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PMI AO-02 
HIGH SPEED AID CONVERTER 

GENERAL DESCRIPTION 

The AD·02 is a complete successive approximation AID 
converter in a single 40'pin DIP package, containing a high· 
speed D/A converter, a high·speed comparator, and a 12·bit 
successive approximation register. The register is easily short· 
cycled to lower resolution to provide 6 bit encoding time of 
6psec and 8 bit encoding time of 8psec. Input voltage ranges 
of 0 to +5V, 0 to +1 OV, ±2.5V, ±5V, and ± 10V are available 
by pin selection and may be precisely adjusted for binary, 
offset binary, and two's complement output codes. The small 
size and low power consumption make this converter ideal 
for many applications. 

BLOCK DIAGRAM 

COMPARATOR 
OUTPUT 

ENiiOF 
ENCODE 

CLOCK 
INPUT 

24 

20 

26 

51 GNAL INPUT 

~10V ",5V1+10V %2.5V1+5V 
RANGE RANGE RANGE 
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FEATURES 

_ High Speed ....•... 8 Bits in 8psec, 6 Bits in 6psec 
_ Versatile .......•..•..•.. ±10V, ±5V, ±2.5V, 

+10V, +5V Input Ranges 
_ Stable ..........•.... TCVFS ±60ppmfC Max 
_ Low Power ........ 765mW Max at ±15V and +5V 
_ Compact ..•... Single 40 Pin DIP Ceramic Package 
_ Reliable ......•... 96 Hours of Burn·in at +125°C 
_ 0° 1+70°C and -55° 1+125°C Models 
_ Parallel and Serial TTL Outputs 
_ Command or Continuous Encoding 
_ MI L-STD-883 Processing Available 

SIGNALI 
REFERENCE 
GROUND 

LOGIC 

16 

15 

14 

5 

4 

REFERENCE 
OUTPUT 

BIPOLAR 
INPUT 

REFERENCE 
INPUT 

Bill 

BIT1 

BIT2 

.u. 
BITI,t 

BITt2 

SERIAL 
OUTPUT 

Si'ARf 
INPUT 



ABSOLUTE MAXIMUM RATINGS 

V+ Supply to Sig/Ref Gnd 

V- Supply to Sig/RefGnd 

V CC Supply to Power Gnd 

Sig/Ref Gnd to Power Gnd 

Digital Input Voltage 

Analog Input Voltage 

Digital Outputs Sink Current 

DC Voltage Applied to Digital Output 

'for a HIGH Output State 

ORDERING INFORMATION 

AD-02 

o to +18V 

Oto-18V 

-o.5V to +7V 

o ±O.lV 

-o.5V to +5.5V 

V+ to V-

4.8mA 

-o.5V to +5.5V 

Internal Reference Output Current 

Operating Temperature Range 

WOIlA 
-55°C to +125°C (Wl) 

Storage Temperature Range 

Lead Temperature (Soldering, 60 sec) 

Reference Input Voltage 

Power Dissipation 

(Derate at 25mWfC above 110°C) 

DOC to +70°C (W3.) 

-65°C to +150°C 

300°C 

o to +10V 

1000mW 

MAX LINEARITY MAX FULL 
MODEL TEMP RANGE 

AD:02AW -55' /+125'C 

AD·02W _55° 1+125' C 

AD·02·883AW -55' /+125' C 

AD·02·883W -55' 1+125'C 

AD·.()2EW 0' 1+70'C 

AD.Q2CW 0' /+70'C 

PIN CONNECTIONS 

NOTES: 
Power ground (pins 28 and 29) is not connected 
internally to Signal/Reference Ground (pin 351. 
Best results will be obtained if these grounds are 
connected together at the AD·02 package, so that 
digital currents do not ·flow through the analog 
ground path. 

N/C - No connection to internal circuit. 

ERROR (FULL TEMP) 

±0.2% FSR 

±0.2% FSR 

±0.2% FSR 

±0.2% FSR 

±0.2% FSR 

±0.2% FSR 

N/C 

N/C 

V+ 

BIT12 

BIT 11 

BIT10 

BIT 9 

BIT B 

BIT 7 

BIT 6 

BIT 5 11 

BIT 4 

BIT 3 

BIT 2 

BIT 

BIT 1 

VCC 

VCC 

SERIAL 

12-2 

SCALE TEMPCO 

±60 ppm/'C 

±120 ppml'c 

±60 ppml'C 

±120 ppml'C 

±60 ppml'C 

±120 ppm/oC 

40 N/C 

39 N/C 

PACKAGE 

40 pin Ceramic DIP 

40 pin Ceramic DIP 

40 pin Ceramic DIP 

40 pin Ceramic DIP 

40 pin Ceramic DIP 

40 pin Ceramic DIP 

3B BIPOLAR OFFSET ADJ 

37 REFERENCE OUT 

36 REFERENCE IN 

35 SIGNALIREF GND. 

34 SIGNAL IN (±2.5 V OR +5 V) 

33 SIGNAL IN (±IOV) 

32 SIGNAL IN (±5Y OR +10V) 

31 N/C 

30 Y-

29 POWER GND. 
28 POWER GND. 

27 START IN 

26 CLOCK IN 

25 N/C 

24 COMPARATOR OUT 

23 N/C 

22 N/C 

21 HIC 



AD-02 

ELECTRICAL CHARACTERISTICS 

These specifications apply for V+ = +15V, V- = -15V, VCC = +5V, VFS = +10V, -55°C';; TA .;; +125°C for AD-D2AW and AD-D2W, 
o"C .. TA .. +70°C for AD-D2EW and AD-02CW, unless othelWise noted. ' ' 

Parameter Symbol Conditions Min Typ Max Units 

Resolution 12 12 12 Bits 

Linearity Error - - .0.2 %FSR 

Quantizing Error .1/2 .1/2 .1./2 LSB 

Encoding Time 6 Bits - 5 6 "sec 

8 Bits - 7 8 "sec 

Full Scale Temperature Coefficient TCV FSR AD-D2AW and AD·02EW - ±40 ± 60 ppmtc 

TCVFSR AD·02W and AD·02CW - .80 .120 ppmtC 

Zero Scale Temperature Coefficient TCVZS -, ±2 ±10 ppmtC 

Power Supply Sensitivity PSRR Vs = ±12V to .18V - ±0.015 _. %FSRIV 

An!,log Signal Input Impedance ±10V Range - 9.76 - kn 

±5V or +10V Range ' - 4.88 - kn 

±2.5V or +5V Range - 2.44 - kn 

Unipolar Zero Offset 
VZS 

Bipolar Adjust connected 
±1.0 %FS - -

to Signal/Reference ground 

AND 

Full Scale Input V FS Reference Input connected - 110 - %FS 

to Reference Output 

Reference Output +100"A - 6.7 - V 

Reference Input Bias Current +6V Reference Input - 100 - nA 

Reference Input Impedance - 200 - Mn 

Bipolar Adjust Input Bias Current +6V Bipolar Adjust Input - 100 ' - nA 

, Bipolar Adjust Input Impedance - 200 - Mn 

I Analog Power Supply Vs ±12 ±15 ±18 V 

Digital Power Supply VCC AD·02AW and AD·02W +4.5 +5.0 +5.5 V 

VCC AD-D2EW and AD-D2CW +4.75 +5.0 +5.25 V 

Analog Power Supply Current ISY Vs = ±18V - 12.0 18.0 mA 

Digital Power Supply Current ICC VCC=Max - 30 45 mA 

Power' Oissipation Pd - 330 572 mW 

Logic Input HIGH Voltage V IH Vce = Min to Max 2.0 - - V 

Logic Input LOW Voltage V IL Vce = Min to Max - - 0.7 V 

Logic Input LOW Currant IlL VCC = Max, V IN = O.4V - -0.50 -0.80 mA 

Clock Input HIGH Current IIH ' Vec = Max, VIN = 2.4V - 6.0 20 "A 

IIH VCC = Max, V IN = 5.5V - - 1.0 mA 

START Input HIGH Current IIH V CC = Max, V lloiJ = 2.4V- - 12.0 40 "A 

IIH VCC = Max, V IN = 5.5V - - 2.0 mA 

Logic Output HIGH Voltaga VOH Vec =. Min, IOH = -0.08 mA 2.4 - - V 

Logic Output LOW Voltage VOL VCC = Min,lOL = 3.2 mA - - 0.4 V 
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OPERATING INSTRUCTIONS 

BASIC CONNECTIONS AND BYPASSING' 

CI-_____ .::3:!:j2 0 TO + 10V 
ANALOG + ANALOG INPUT 
INPUT 38 BIPOLAR 

AOJUST 

FS AD~JU!.!>S!..!T_·..i!3.!..f7 ~~~lNCE 

POWER 
SUPPLY 

lOOK 

~~~~~~S+-~~~~~~~ 

+ 15 V 0-_-+-_-1-.... __ "'13 V+ 

-15V 30 ·v-
+5V 17 VC~ 

*O.II'F CERAMIC 
DISC CAPACITORS 

IB VCC 

AD-02 

STiiR'i' 27 

EOE 20 

SERIAL 19 
OUT 
CLOCK 26 
IN~ 16 

BITI 
BITI 15 
(MSB) 14 
BIT2 . 

BIT3 13 

BfT 4 12 

BIT 5 11 

BIT6 10 

BIT7 9 

BITB B 

BIT9 7 

BITIO 6 

BITI1 5 

NOTE: 12-BIT RESOLUTION BIT 12 4 
CONTINUOUS CONVERSION (LSB) AS SHOWN. L-__________ ~~ 

6·BIT SHORT CYCLE OPERATION 

1. IN COMMAND START APPLICATIONS, 
USE BIT 7 AS AN END-OF-ENCODE. 

2.FOR CONTINUOUS CONVERSIONS AT 
6 BITS OF RESOLUTION; USE THE 
CIRCUIT BELOW: 

""...1. -" USE AS 
EOE 

LSB 

AO-02 

FULL SCALE ADJUSTMENT 
(CONTINUOUS ENCODE MODE) 

I. APPLY VFS-3/2 LSB TO THE ANALOG INPUT. 
2. ADJUST 100KII POT FOR LSB OUTPUT TO BE 1/2 TIME 

.HIGH AND 112 TIME LDW WITH ALL OTHER BITS HIGH. 

.UNIPOLAR ZERO ADJUSTMENT 

I. USING THE CIRCUIT BELOW, APPLY +112 LSB TO 
THE ANALOG INPUT. 

2. ADJUST 10KII POT FOR LSB OUTPUT TO BE 1/2 TIME 
HIGH AND 112 TIME LOW WITH ALL OTHER BITS LOW. 

50011 25KII 3 
~~~~-v~~V+ 

~1---,3",B'Ii~JOMf 
25KII 30 V-

L-___ ~--3~5~~~~~~1(REF 

START 27 

EOE 20 

MSB 

LSB 

BIPOLAR ZERO ADJUSTMENT 

I. USING THE CIRCUIT BELOW, APPLY VFSH +112 
LSB TO THE ANALOG INPUT. 

2. ADJUST 100KII POT FOR LSB OUTPUT TO BE 112 
HIGH AND 112 LOW WITH ALL OTHER BITS LOW. 

lfO.II'F 
DISC 
CERAMIC 
CAPACITOR 

r-_~37'-1REF 
100KII OUT 

~H~.i!!3B2.j BIPOLAR 
* ADJUST 

'--.... -=3=15 SIGNAL/REF 

ffiRi" 27 

EOE 20 

MSB 

LSB 

B·BIT SHORT CYCLE OPERATION 

I. IN COMMAND START APPLICATIONS, 
USE BIT 9 AS AN END~OF-ENCODE: 

2: FOR CONTINUOUS CONVERSIONS AT 
B BITS OF RESOLUTION, USE THE 
CIRCUIT BELDW: . . 

MSB 

LSB 

1. USE AS n-..... -O EOE 

a·BIT OPERATION WITH POSITIVE EDGE START, CLOCK, AND STATUS OUTPUTS 

22011 

n-.... -I M--,HZ~CL.;..0.;..C_K __ ~26~f~~3~ 
fo=1IT 
Ts3RC 

L-___ 'II ____ --1.C .. T 1660 sl500pF 

12-4 

NOTES: 1. L 1 IS 7400. 
2.L21S 7474. 
3. STATUS HIGH = BUSY. 
4. STATUS LOW = PARALLEL 

DATA AVAILABLE. 
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TIMING DIAGRAM 

(ENCODING + 6.2525V INPUT TO 1010 00000001 OUTPUT FOR UNIPOLAR 10VFS CONNECTION) 

CP 

START ~ 
EOE ----.J 
BIT 1 WI/$JI 
BIT2 W$I//,.1 

I 

BIT 12 lWl&I I 
I 
I 

SERIAL WI/!li$11t1 L2..J3l 4 5 

lfDECISION AT EACH CP LOW-HIGH TRANSITION. 
If lfpARALLEL ANWSER AVAILABLE. 
IWJ:I EITHER STATE 

6 7 8 9 10 

SWITCHING WAVEFORMS 

CP 

START 

BIT 1 

BIT 2 

SERIAL 

SWITCHING TIME SPECIFICATIONS (Vcc = +5V, TA = 25°C) 

Symbol Definition 

tpd-
The propagation delay frpm the CP LOW·H IGH transition to an output signal 
HIGH-LOW transition .. 

tpd+ 
The propagation delay from theCP LOW-H IGH transition to an output signal 
LOW-H IG H transition. 

Setup time required for a LOW level to be present at the START input prior to 

ts 
the CP LOW-HIGH transition for the ,egister to be reset; or the time required for 
a HIGH level to be present at the START input before the CP HIGH-LOW transition 
to prevent resetting. 

th 
Hold time required for a LOW level to be present at the START input following the 
CP LOW-H IGH transition for the register to be reset. 

tpwL The minimum CP pulse width LOW required for proper operation. 

tpwH The minimum CP pulse width HIGH required for proper operation. 

12-& 
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I Typ 

60 

80 

30 

30 

85 
40 

Units 

nsec 

nsec 

nsec 

nsec 

"sec 

nsec 
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CODING TRANSFER FUNCTION DIAGRAMS 

LINEARITY ERROR 

DIGITAL 
OUTPUT 

IDEAL 4-BIT UNIPOLAR AID CONVERTER 

DIGITAL OUTPUT IN 
BINARY CODE 

III' 

1110 

1101 

1100 

1011 

1010 

1001 

1000 

0111 

0110 

0101 

01 00 

0011 VFS -3/2 LSB 

0010 

0001 

MINIMUM 

FULL SCALE ADJUST POINT~ 

VZS + 112 Lse 
UNIPOLAR ZERO ADJUST POINT : ANALOG INPUT 

""7+-L+---t--+~-f--t-+--+-t---1-+-+--t--+..l...j-t-+ L' .. .rH~}'~~ 
2 :3 4 5 6 7 8 9 10 11 12 13 14 15 16 VOL.TAGE 

DIGITAL 
V'S OUTPUT V'S 

IDEAL 4-BIT BIPOLAR AID CONVERTER 

1111 

11 10 

1 101 

I 100 

1011 

1 0 I 0 

1001 
VFS-

DIGITAL OUTPUT 
IN OFFSET BINARY 
CODE 

, , , , , , , , 
VFS (+1-3/2 Lse I 

~~~bSSTC~~~NT~ ANALOG INPUT 

1 0 0 0 -_-t8-;f~_7f-_+.----1_5----1_t-4-_+3-_2f----+-r+'-t--+---1_+-+---t-L++7~+8-+ 0~ ~iSL~~ '6~ 
0111 : VFS(-)+1I2 Lse VFS+ VOLTAGE 

o I 10 I BIPOLAR ZERO 
'iAD /JUST POINT 

0101 ....--

0100 

0011 

0010 

0001 

0000 

-QUANTIZING 
ERROR 

-POSITIVE LINEARITY ERROR 

AD-02 TESTING 

Linearity Testing is performed at 2SoC and at both temperature 
extremes by a computer-controlled IC test system which applies-a 
o to +10_000V ramp to the Analog Input. Over 40,000 conversions 
are· made during the ramp's period with the digital outputs of. the 
device under test connected to a highly linear reference DAC. The 
reference DAC's output (a precise analog representation of-·the 
l}Jp's digital output) is compared to the input ramp voltage after 
each conversion. The maximum positive or negative deviation 
occurring at any of the conversions is used by the computer to 
calculate linearity error. 

Full Scale Temperature Coefficient (TCVFS) is determined by first 
storing the 25°C VFS value~ then comparing the temperature extreme· 
values against the 25°C value. TempcDs, expressed in ppmfC, are 
calculated and used to determine the proper grade. 

__ ~-4_~ ________________ --+~~tL~G 
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OPERATIONAL AMPLIFIER DEFINITIONS 

AVERAGE BIAS CURRENT DRIFT (TCIB) 
The ratio of the change in the bias current to the change in 
temperature producing it. 

AVERAGE OFFSET CURRENT DRIFT (TClos) 
The ratio of the change in the offset current to the change 
in temperature producing it. 
AVERAGE OFFSET VOLTAGE DRIFT (TCVos) 
The ratio of the change in the offset voltage to the'change 
in temperatu,re producing it. 

AVERAGE OFFSET VOLTAGE DRIFT WITH 
EXTERNAL TRIMMING (TCVosn) 
The ratio of the change in the offset voltage to the change 
in temperature producing it, with the offset voltage 'trimmed 
to zero at room temperature. 

COMMON-MODE'REJECTION RATIO (CMRR) 
The ratio of the input voltage range to the peak-to-peak 
change in input offset voltage over this range. 

COMMON-MODE INPUT RESISTANCE (RinCM) 
The ratio of the input voltage range to the change in input 
bias current over th is range. 

INPUT BIAS CURRENT (lB) 
The average of the currents 'into the two input terminals 
when the output is at zero volts with no load. 

INPUT NOISE CURRENT (inp-p) 
The peak to peak noise current in a specified frequency 
band. 

INPUT NOISE CURRENT DENSITY lin) 
The rms noise current in a 1 Hz band surrounding a specified 
value of frequency. 

INPUT NOISE VOLTAGE (enp-p) 
The peak to peak noise voltage in, a specified frequency 
blind. 

INPUT NOISE VOLTAGE DENSITY (en)' 
The i'ms noise: voltage in a 1 Hz'band surroUl1ding a specified 
value of frequency. 

INPUT OFFSET CURRENT (los) 
The difference between the currents into the ,two input 
terminals when the output i,s 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 VOLTAGE RANGE (CMVR) 
The range of common-mode voltage on the input terminals 
for which the common-mode rejection specifications apply. 

INPUT RESISTANCE (Rin) 
The ratio of the small-signal change in input voltage to the 
change in input current at either input terminal with the 
other grounded. 

LARGE SIGNAL VOLTAGE GAIN (Ayo) 
The ratio of the change in output voltage (over a specified 
range) to the change in input voltage producing it. 

MAXIMUM OUTPUT VOLTAGE SWING (VoM) 
The peak output voltage that can be obtained without 
clipping. 

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. 

POWER DISSIPATION (Pd) 
The total power dissi~ated in the amplifier with the output 
at zero volts and no load. 

POWER SUPPLY REJECTION RATIO (PSRR) 
The inverse ratio of the change in inpu, offset voltage to 
the change in power supply voltage producing it. 

SLEW RATE (SR) 
The, ratio of a change in output v?ltage to the minimum 
time required to effect this change under large-signal drive 
conditions. Shiw rate may be specified separately for 
positive and ne~ative-going changes,' 

SUPPLY CURRENT (lsy) 
The current required 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 smali signal 
voltage gain of the amplifier, operated closed-loop as a 
unity-gain follower, is3dB below unity. 

COMPARATOR DEFINITioNS 

COMMON MODE REJECTION RATIO (CMRR) 
The ratio of the input voltage range to the maximum change 
in input offset voltage over this range. 

DIFFERENTIAL INPUT RESISTANCE (Rin) 
The resistance looking into either input terminal with the 
other grounded. 

DIFFERENTIAL INPUT VOLTAGE 
The range of voltage between the input terminals for which 
operation within specifications is assured. 

INPUT BIAS CURRENT (lBI 
The average of the two input currents, with the inputs tied 
together. 



INPUT OFFSET CURRENT (lOS) 
The difference in the currents into the two input terminals 
when the output is within a specified voltage range. 

INPUT OF FSET VOLTAGE (VOS) 
The voltage between the input term inals when the output 
is within a specified voltage range. 

INPUT SLEW RATE 
The maximum rate of change in differential and/or common· 
mode input voltage wh ich the input stage can follow. The 
comparator's total response time for any input voltage step 
with arbitrary overdrive is equal to the sum of the response 
time for the small signal (100mV) step with the same 
overdrive, plus the slewing time (= initial differential input 
voltage' divided by input slew rate). 

INPUT VOLTAGI: RANGE (CMVR). 
The range of common mode voltage on the input terminals 
for which operation within specifications is assured. 

OUTPUT LEAKAGE CURRENT (lLEAK) 
The current into the output terminal with a given output 
voltage and input drive equal to or greater than a specified 
value. 

OFFSET VOLTAGE ADJUSTMENT RANGE 
The change in offset voltage that can be obtained by adjust· 
ing a specified external nulling potentiometer. 

OUTPUT SINK CURRENT (lsink) 
The maximum negative current that can be delivered by the 
comparator. 

OVERDRIVE 
The input step voltage of specified size drives the com· 
parator 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 input 
drive equal to or greater than a specified value. 

POWER SUPPLY REJECTION RATIO 
The ratio of the maximum change in input offset voltage to 
the specified change in power supply voltage. 

RESPONSE TIME h r) 
The interval between the application of an input step 
function and the time when the output crosses the logic 
threshold voltage. Logic threshold is defined as the voltage 
at ~he output of the cOl')1parator at which the load ing logic 
circuitry changes its digital state, or, as l.4V when the 
loading logic circuitry is not used. 

SATURATION VOLTAGE (VSAT) 
The low output voltage level with a given sink current and 
input drive less than or equal to a specified value. 

SUPPLY CURRENTS (PSRR) 
The currents required from the positive or negative supplies 
to operate the comparator with no output load. The cur· 
rents will vary with input voltage, but are maximum when 
the output is low, and, therefore, are specified with the 
input drive less than or equal to a given value. 

VOLTAGE GAIN (AV) 
The ratio of the change in output voltage (over a specified 
range) to the change in input voltage producing it. 

MATCHED TRANSISTOR PAIR DEFINITIONS 

AVERAGE OFFSET CURRENT DRIFT (TClos) 
The ratio of the change in los to the change in temperature 
producing it. 

AVERAGE OFFSET VOLTAGE DRIFT (TCVos) 
The ratio of the change in Vos to the change in temperature 
producing it. 

BIAS CURRENT (lB) 
The average of the base currents at a specified collector 
voltage and current. 

BROADBAND NOISE VOLTAGE (enRMS) 
The root·mean~quare noise voltage referred to the input in 
a specified. bandwidth at a specified collector voltage and 
current. 

CURRENT GAIN MATCH (tlhFE) 
. The difference in hFE between the transistors at a specified 
voltage and current, expressed as a percentage of the lower 

of the two hFE's. ( hFEl ) 
1- X 100 

hFE2 
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NOISE VOLTAGE (enp.p) 
The peak,to'peak noise voltage referred to the input in a 
specified bandwidth at a specified collector voltage and 
current. 

NOISE VOLTAGE DENSITY (en) 
The rms noise voltage referred to the input in a 1 Hz band 
surrounding a specified frequency, measured at a specified 
collector voltage and current. 

OFFSET CURRENT (los) 
The difference between the base currents at a specified 
collector voltage and current. 

OFFSET CURRENT CHANGE (tllos/tlVCB) 
The ratio of the change in offset current to the change in 
collector·base voltage producing it. 

OFFSET VOLTAGE (Vas) 

The difference between the base·emitter voltages (Vbel -
Vbe2) at a specified collector voltage and current. 



+FSR 

VOLTAGE REFERENCE DEFINITIONS 

LINE REGULATION 
The ratio of the change in output voltage to the change in 
line voltage producing it including the effects of self heating. 

LOAD REGULATION 
The ratio of the change in output voltage to the change in 
load current producing it including the effects of self heat· 
ing. 

OUTPUT CHANGE WITH TEMPERATURE (6VOT) 
The absolute difference between the maximum output 
voltage and the minimum output voltage over the specified 
temperature range expressed as a percentage of the typical 
output voltage. 

6VOT 
VMAX - VMIN 
Vo (Typical) 

X 100 

OUTPUT TEMPERATURE COEFFICIENT (TCVO) 
The ratio of the output change with temperature to the 
specified temperature range expressed in ppmfC. For 

example: TCVO is defined as 6VOT divided by the temper' 
ature range; i.e., 

TCVO(O° to +70°C)= 
6VOT 0° to +70°C 

70°C 

and TCVO(-55° to +125°C) = 
6VOT -55 to +125°C 

lBO°C 

OljTPUT TURN-ON SETTLING TIME hon ) 
The time required for the output voltage to reach its final 
value within a specified erro.r band after application of VIN. 

OUTPUT VOLTAGE NOISE (enp-p) 
The peak to peak output noise voltage in a specified fre­
quency band. 

QUIESCENT CURRENT (lSY) 
The current required from the supply to operate the device 
with no load. 

LINEAR DIGITAL-TO-ANALOG CONVERTER TERMS AND DEFINITIONS 

D/A Converters accept either a binary-coded or BCD-coded digital input code and convert this input to an equivalent analog 
voltage or current as an output. PMI's D/A Converters utilize the current-switched ladder network design principle which 
provides fast settling and reduced switching transients. D/A Converters are classified according to the type of analog output 
range i.e. bipolar or unipolar (See Figures below): 

UNIPOLAR D/A CONVERTERS BIPOLAR D/A CONVERTERS 

--------~-:- / 

+FSR 

ANALOG 
OUTPUT 

'"mANACOG """U' \ /.< /' ~ 
/'\ /' GAIN ERROR 

(ROTATES THE 
LINE) 

ANALOG 
OUTPUT GAIN ERROR 

(ROTATES THE 
LINE) 

RESOLUTION OR 
LEAST 

SIGNIFICANT 
BIT (LSB) 

+ 

DIGITAL INPUT FS 
OIGITAL 

/' -11'--+--- IDEAL ANALOG OUTPUT 
<·7 • /'. L 

/' • / ANALOG ERROR 
TOLERANCE 

/' ./, 
LSB'---_-=-_ .... + '/' , /'. ANALOG ERROR 

L-__ ~____ TOLERANCE 

• 
OFFSET 

/' 
ERROR / 
(SHIFTS THE LINE) 

DIGITAL 
INPUT 

DISCUSSION OF ERRORS 

/. / 
/' . / 

FS DIGITAL • 

-FSR 

Transfer accuracy in a D/A Converter is generally determined by measuring deviation of the actual analog outl?ut from the 
ideal expected output. In general, the adjustable analog output errors of a D/A Converter are full-scale or gain error and offset 
or zero-scale error. Nonadjustable D/A Converter errors include nonlinearity, differential nonlinearity, zero-scale symmetry, 
zero and full-scale temperature drift coefficients and power-supply sensitivity. The most meaningful nonadjustable error term 
in a D/A Converter is NONLINEARITY. The next most important nonadjustable error terms are full-scale drift and 
differential-nonlinearity. A D/A Converter that has a specified maximum nonlinearity of.±1/2 LSB over temperature will also 
be guaranteed to be monotonic. PMI specifies maximum nonlinearity over temperature for every D/A Converter (except the 
DAC-03) to assure the designer of precisionperformance for the most demanding applications. 
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D/A CONVERTER DEFINITIONS - CONT'D 

DIGITAL-TO-ANALOG CONVERTER 
A circuit for converting a digital code word into discrete analog quantities according to a prescribed relationship_ 

LEAST SIGNIFICANT BIT (LSB) 
The smallest incremental analog output change obtainable and is equal to the full scale outpUt range divided by 2 n- 1, where 
n = number of bits_ 

MOST SIGNIFICANT BIT (MSB) 

FSR 
LSB = (2n )-1 

The largest incremental analog output change obtainable by switching a single logic bit input. It is ideally equal to: 

( 2(n-1))' 
MSB = FSR (2n)-1 

where n = number of bits. 

FULL SCALE RANGE (FSR) 
The output analog signal span expressed in units of voltage or current. 

ZERO SCALE OFFSET ERROR (ZS) 
The measured' analog output when the digital input code corresponds to an analog value of zero. Usually expressed as a per­
centage of nominal Full Scale Range but also expressed in ppm, LSB's, or given in units of current or voltage. 

ZERO SCALE SYMMETRY ERROR 
For,a Sign-Magnitude D/A converter, zero scale symmetry is the change in the analog output produced by switching the sign 
bit with a zero code input to the magnitude bits. This quantity is expressed in units of current, voltage, or in fractions of an 
LSB. ' 

RESOLUTION 
The number of states (2n) that the output range may be divided or resolved into, where n = number of bits. Generally this is 
expressed in number of bits. 

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. 

DIFFERENTIAL NONLINEARITY (DNL) 
The maximum deviation of the analog output between any two adjacent output states from the ideal value. 

Differential nonlinearity error is expressed as percent of full scale range or in terms of LSB value. For example, a differential 
linearity error specification of ±1/2 LSB implies that the output step size for adjacent digital input codes is 1 ± 1/2 LSB or 
1/2 to 3/2 LSB. ' , 

IIIiONOTON ICITY 
A converter is monotonic if the analog output increases or remains the same for an increase in value of the digital input code. 

GAIN ERROR 
The difference between the actual output Full Scale Range and the ideal Full SCale Range expressed as,a percent of Full Scale 
Range or in terms of LSB value. 

SETTLING TIME 
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. Usually specified for a Full Scale Range change and measured froin the 50% point'of the logic 
input change to the time the output reaches final value within the specified error band. 

QLlTCH 
A switching transient appearing in the output during a code transition. Its value is expressed in'volts or current and time dura­
tion at the base. 

.(.1'" "!"l" ",:r'" ,,.,.,n,l ,,_,' ,en ~') Ii" 11,'1' 1,-"1 '~':'r" •. ~.,.' '':' ""'r'.""'~" '.1'; ~"':'J"", ": I>','" ,~~~ I 
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CIA CONVERTER DEFINITIONS- CONT'D 

RELATIVE ACCURACY 
Another. term fOr nonlinearity . 

. POWER SUPPL YSENSITIVITY 
The change in the Full Scale Range 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 Range per volt of power 
supply change. Normally this is specified at D.C., but is sometimes specified over a given frequency range. 

FULL SCALE TEMPERATURE COEFFICIENT OR GAIN DRIFT 
This is the change in the Full Scale Range from the 25°C value and either temperature extreme divided by the corresponding 
change in temperature and isexpressedin ppmfC. 

MISCELLANEOUS TEMPERATURE COEFF'ICIENTS 
Although nonlinearity and differential nonlinearity should be specified as a worst case error over temperature, some manufac· 
turers do specify a drift component on these terms. As in gain drift, they are specified as the change from the 25°C values to 
either temperatu're extreme divided by the corresponding change in temperature and expressed in ppm of FSRfc. 

OUTPUT VOLTAGE COMPLIANCE 
The voltage range over which the current output of a digital-to·analog converter meets the specified error limits. If the error 
limit is not specified, the voltage range is not a true compliance specification but merely a range over which the converter 
will be functional. 

O/A CONVERTERS BY OUTPUT TYPE 

CURRENT OUTPUT D/A CONVERTERS 
The output of the converter is a true digitally controlled current source or sink which has a high output impedance and.a 
voltage compliance within which the converter meets the specified error limits. 

RESISTIVE OUTPUT D/A CONVERTER 
The output of the converter is a current, but has a low output resistance (typically 1-20 K ohm) .and nearly zero output voltage 
compliance. 

VOLTAGE OUTPUT D/A CONVERTER 
The output of the converter is a voltage source, and is characterized by low output impedance and a specified load driving 
capability. . 

AID CONVERTER DEFINITIONS 

ENCODING TIME 
The period from the beginning of the start command to the 
falling edge of the end of encode (EOE) output, including 
one clock period for synchronization of the start pulse with 
the clock. (Continuous encoding requires one more Clock 
cycle than the number of bits of resolution, and the parallel 
data is available for one clock period.) 

FULL SCALE RANGE 
The peak-to·peak voltage range of the converter's input, 
i.e., VFS+ plus VFS- for bipolar inputs and VFS minus 
VZS for unipolar inputs. 

FULL SCALE RANGE TEMPERATURE COEFFICIENT 
The change in FSR between 25°C and either temperature 
extreme divided by the corresponding change in temperature 
and expressed in ppmfC. 

LOGIC HIGH (H) 
The AD·02 employs positive logic; H is a TTL Logic "1," 
2.0V Min for inputs and 2.4V Min for outputS. 

LOGIC LOW (L) 
The AD-02 employs positive logic; L is a TTL Logic "0," 
0.8V Max for inputs and O.4V Max for outputs. 
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LEAST SIGNIFICANT BIT (LSB) 
The smallest digital output bit, and isequal to MSB divided 
by 2n-1 where "n" is the number of bits of resolution. 

LINEARITY ERROR 
The maximum deviation from a straight line drawn between 
the end points of the converter transfer function and 
expressed as a percentage of FSR. 

MOST SIGNIFICANT BIT (MSB) 
For an ideal AID Converter, the MSB is the largest digital 
output bit weight corresponding to one-half full-scale-range 

. FSR 1 
(FSR) ±1/2 LSB I.e. MSB = 2"" ± (~) where ±1/2 LSB 

represents the inherant quantization error. Normally, in ali 
actual AID Converter, the analog error components should 
also be considered. 

NEGATIVE BIPOLAR FULL SCALE INPUT VOLTAGE 
(V FS_) 

The negative input voltage in bipolar operation that pro­
duces an output digital code of 0000 0000 0000 for the 
AD-02. 



NEGATIVE BIPOLAR FULL SCALE INPUT VOLTAGE 

(VFS-) 
The negative input voltage in bipolar operation that pro­
duces an output digital code of 0000 0000 0000. 

POSITIVE BIPOLAR FULL SCALE INPUT VOLTAGE 

(VFS+) 
The positive input voltage in bipolar operation that pro­
duces an output digital code of 1111 1111 1111. 

POSITIVE UNIPOLAR FULL SCALE INPUT VOLTAGE 

(VFS) 
The positive input voltage in unipolar operation that pro­
duces an output digital code of 1111 1111 1 111. 

POWER SUPPLY SENSITIVITY 
The change in FSR produced by a change in V+ and/or V­
expressed as a ratio of the percentage change in FSR to the 
power supply voltage change producing it (%FSRIV). 
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QUANTIZING ERROR 
The uncertainty associated with digitizing an analog signal, 
due to finite resolution of the converter. An ideal converter 
has a maximum quantizing error of ±1 (2 LSB. 

RESOLUTION 
The smallest analog change that can b2 distinguished by the 
A/D converter. Resolution is equal to an LSB and is ex­
pressed in number of bits. 

UNIPOLAR ZERO SCALE INPUT VOLTAGE (VZS). 
The input voltage in unipolar operation that produces an 
output digital code of 000000000000. 

ZERO SCALE TEMPERATURE COEFFICIENT (TCVZS) 
The change in VZS expressed in ppmfC between 25°.c and 
either temperature extreme. 
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GENERAL DESCRIPTION 

The superior performance of each and every Precision Mono­
lithics product is available to the hybrid microcircuit designer. 
All 'chips are 100% electrically tested for all guaranteed DC 
parameters at 25°C and are 100% visually inspected to M I L­
STD-883A Method 2010.1 Condition B. Each chip is protected 
with our exclusive "Triple Passivation" Process incorporating 
an advanced Silicon Nitride ion barrier plus a thick glass coating 
over the metallization. Chips are packaged in 100-cavity 
waffle-pack carriers with an anti-static shield and cushioning 
strip placed over the active surface to assure extra protection 
during shipment. Precision Monolithics chips provide the 
highest performance available coupled with lowest overall 
finished costs. 

Monolithic Chips 
FEATURES 

_ Highest Yields ...... " 25°C Parameters Guaranteed 

_ Highest Performance ...... __ ... Tight specifications 

_ Highest Reliability-Exclusive "Triple Passivation" Process 

_ Wide Temperature Range Operation 

- Excellent Die Attach ... Thick Gold or Standard Backing 

_ 100% Visually InspectedtoMI L-STD-883A Method 2010.1 B 

- Tight Distributions .. _ ..... Precision Process Control 

- Carefully Packaged ........ No Loss During Shipment 

ORDERING INFORMATION AND CHIP ELECTRICAL SPECIFICATIONS 

Electrical specifications for all Precision Monolithics chips are listed in the "Chip Catalog", available upon request. There are three 
electrical grades for each product in chip form listed in both the "Chip Catalog" and in the latest U.S. OEM Price List. 

TRIPLE PASSIVATION 

Triple Passivation is an exclusive three-step process which 
provides superior reliability and protection for all Precision 
Monolithics active integrated circuits. First, a specially treated 
thermal silicon dioxide layer is grown. This protects the 
junctions and also attracts allY 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 

.thickglass overcoat layer which leaves only the bonding pads 
exposed. This "glassivation" protects the chip from damage 
during assembly and is especially important in minimizing 
yield loss during shipment and assembly of chips for hybrid 
circuits. 

QUALITY ASSURANCE 

PRECISION MONOLITH ICS 
TRIPLE PASSIVATEDT•M. 

INTEGRATED CIRCUIT PROCESS 

Precision Monolithics believes that quality and reliability must be built into tile product; no amount of testing can replace these 
inherent properties. For this reason, all devices are fabricated and processed to MIL-STD-883A requirements as standard practice. 
with many exclusive processes and controls added to improve quality and reliability. The integrity of aluminum metallization is 
confirmed by .sampling wafer lots using a Scanning Electron Microscope (SEM) examination per Method 2018 specifications. QA 
testing of dice is provided by normal production testing of packaged devices. Sam'ple assembly or electrical test to specified L TPD 
of units from customer's dice lot is available at extra cost. 

MONOLITHIC CHIP ASSEMBLY INFORMATION 

Proper shipping and storage, die attachment, and bonding are required to take advantage of the full performance buiJt into PMI 
devices. For this reason the following information is provided as an aid to the microcircuit designer. PMI provides this information 
but cannot assume responsibility for technology and interface problems in applying chips, nor guarantee results in using the sug­
gested processing methods; this information is for user assistance only and is to be used at the user's own discretion. 
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STORAGE 

Assembly begins with storage because chips which are metal­
lized with aluminum wil.1 slowly oxidize if exposed to air_ This 
action is very slow, but eventually a thin layer of aluminum 
oxide will form on the bonding pads_ To keep oxidation to a 
minimum, PM I chips are stored in a controlled nitrogen atmos­
phere at the factory until shipment; they are never stored at 
any other point in the sales and distribution chain_ 

Oxidation is a more serious problem with thermal compression 
gold ball bonding than it is with ultrasonic aluminum wire 
bonding. Ultrasonic aluminum wire bonding can penetrate a 
thicker layer of aluminum oxide than gold ball bonding. If 
thermal compression gold ball bonding is used, the devices 
should be bonded within a feVif weeks after shipment. Storage 
under dry nitrogen conditions is highly recommended for chips 
to be used with either type of bonding. 

SHIPPING 

Protection during shipment is provided by the waffle-pack 
carrier and its antistatic and cushioning strip. In addition the 
waffle pack is vacuum-sealed in a polyethylene bag. 

EUTECTIC DIE ATTACHMENT CONDITIONS 

The die-attach area of the package should be gold plated. While 
preforms are not generally required, they may be necessary in 
some cases depending on die size and the thickness of the 
package's gold plating. If required, preforms of approximately 
0.65 or 0.90 mm diameter with a composition of gold-silicon 
98/2 are recommended. 

The heater-block used should have a sufficiently large thermal 
mass plus adequate control to assure a constant package temper­
ature of 420De ± lODe during the die-attach operation. Inert 
gas protection, nitrogen with a flow of approximately 30 
liters/hour, is also recommended. 
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EUTECTIC DIE ATTACHMENT PROCEDURE 

For ease of handling in die attachment, dice should first be 
transferred from their waffle packs to flat glass or metal plates. 
Allow the package to soak a sufficient time to acquire uniform 
temperature. (Where necessary place a preform on the mount­
ing surface.) 

Using suitable tweezers, carefully pick up the die from the 
supply plate, orient properly and gently scrub in a circular or 
back-and-forth motion until eutectic melt is visible completely 
around the die. Eutectic melt should be visible completely 
around the periphery of the die. There should be no evidence 
of balling or flaking of die-attach material. After completing 
the die-attach operation remove the package from the heater 
block. 

The die should be level and flat with respect to the package 
surface. Die attach material should not touch the top surface 
of the die or stand vertically above the edge of the die. 

CONDUCTIVE EPOXY DIE ATTACHMENT 

A solvent and other contaminant-free conductive epoxy should 
be used, specifically designed for die-attach use. Manufacturer's 
instructions should be carefully followed. While PMI uses 
eutectic die-attach exclusively, conductive epoxy die-attach 
can be used, although this technique is not as well-established 
and has not yet been approved by most military specifications. 

ULTRASONIC ALUMINUM WIRE BONDING 

PM I uses ultrasonic aluminum wire bonding and recommends 
its use for best performance. It is also more economical than 
gold-ball bonding. For specific procedures with either method, 
the detailed operation instructions of the manufacturerof the 
specific bonding equipment used should be carefully followed. 

A suitable size for ultrasonic bonding is Aluminum-Silicon 
alloy 99/1, Diameter .001", elongation 0.5-2%, tensile strength 
14-16g; but again, specific instructions/recommendations 
related to the bonding equipment used should be observed. An 
average bond pull strength of 4-6g, and a minimum limit of 
2g should be maintained to assure mechanical bond quality. 
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CHIP. LAYOUT AND DIMENSIONS 

DIGITAL·TO·ANALOG CONVERTERS 

I" 

NC 

Trim 

NC 
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MSB 

Bit 2 

DAC·01 6 BIT MONOLITHIC 
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DAC·08 8 BIT HIGH SPEED MULTIPLYING 
MONOLITHIC D/A CONVERTER 
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PRECISION VOLTAGE COMPARATORS 

CMP·01 FAST PRECISION COMPARATOR CMP·02 LOW INPUT CURRENT PRECISION COMPARATOR 

i 66 Illv Non !rw-I 
Input InpUI i 66 Illv Non Inv -I 

Input Input 

V-_./ • • I.I! 1 v-_./- •. I.! 1 Nt • NC • 

CMP'01 
I 

CMP'02 
I 

41 41 

•• : :J _ .. : :J 
Nu~ N~II ~" NUrr N~II ~"' 

NOTES: DIMENSIONS all dtmfH'§ions ~hQwn are H! mil~ 
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I CHIP LAYOUT AND DIMENSIONS 

PRECISION OPERATIONAL AMPLIFIERS 

OP·01 LOW COST, HIGH SPEED 
INVERTING OPERATIONAL AMPLIFIER 

1a=z44~ 
v' •• ::] 

Op·OI 
'41 

I..:j:.:.........,.~.~--.l 
Null 1m Non Inv 

Input Input 

OP·05 LOW NOISE, LOW DRIFT COMPENSATED 
INSTRUMENTATION OPERATIONAL AMPLIFIER 

l- IDO·," ~I 
..... • • • 1 / I / Null Null V' 

OP'05 

1 I~ Nonlnv v- NC 
Input. InPllt,. 'I. '. 

OP·07 UL TRA·LOW OFFSET 
VOLTAGE OPERATIONAL AMPLIFIER 

""I~I----~ 100 

• 
".~"I NC I Ne Ne Null 

NC 
OP'07 53 

I~ N,"I~ 1 Input Input v-'. \ / ~------~--~.~.~~ 

PRECISION VOLTAGE REFERENCE 

REF·01 +10V PRECISION 
VOLTAGE REFERENCE 

REf'OI 
Ground NU~' 

•••••• 
40 
I 
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A LOW COST. HIGH·PERFORMANCE TRACKING AID CONVERTER 

INTRODUCTION 

The availability of low·cost IC D/A converters, comparators 
and up/down counters makes possible construction of 
traCking A/D converters having high performance and 
reliability despite their small size and low cost. These A/D 
converters are suitable for a wide range of applications such 
as transducer and audio digitizing, infinite sample and 
holds, and servo·control loops. This paper describes an 8 bit 
tracking A/D converter that can be built using Precision 
Monolithics, Inc., DAC100 CCQ3 D/A converter, CMp·Ol CJ 
Fast Precision Comparator and 4 bit MSI up/down counters. 

TYPES OF A/D CONVERTERS 

There are several popular styles of A/D converters (APC) 
based on using a D/A converter in a feedback configuration. 
The three most common are: ramp or count·up; tracking or 
servo; and successive approximation. 

Ramp, types produce one conversion per each 2n clock 
counts for an "n" bit converter and are suitable only for 
very slowly changing analog data; additionally, the data can 
be taken out only at the end of the conversion period. 
Successive approximation types are quite, fast, requiring 
only"n+l"clockcounts for conversion. They are capable of 
encoding fast·moving analog signals if an external sample· 
and· hold circuit is used to stop the analog data; again, the 
digital output is true only at the end of the conversion 
period. 

C LOCK 
INPUT 

ANALOG 
INPUT 

~ 
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V(';. RIN 

t UP/DOWN 
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JJ 0 C 

f 
COMPARATOR 

t> 

For many applications, tracking ADC's can provide adequate 
speed while costing approximately the same as simple ramp 
types. Additional advantages are that no sample·and·hold 
circuit is required and that the digital data is continuously 
available at the output. 

BASIC OPERATION 

The tracking AID is a relatively simple system, both in 
concept and in practice. The basic design requires three 
major elements: an up/down counter, a current output D/A 
converter, and a voltage comparator (see Fig. 1), The volt­
age at the comparator's input will be the result of the 
analog input voltage minus the DAC output sink current 
times Rin (Vo = Vin - I, . Rin)' Assuming a perfect com­
parator, if the output voltage (Vo ) is above ground, the 
comparator's output will be low, causing the up/down 
counter to increase the DAC's output sink current by one 
. LSB. (The counter actually counts down one count; this 
results from the DAC's utilization of complementary logic, 
i.e., an all·zero input produces maximum DAC output 
current.) The comparator continues to examine the 
voltage for polarity, and always drives the counter's code in 
the direction which causes the output voltage to approach 
zero. Once a balance is achieved, the loop is "lOCked", and 
tracks the analog input signal so long as the loop slew rate 
is not exceeded. When the loop is balanced, the converter's 
output is the binary·coded equivale'nt of the analog input. 

INI 'I UP/DOWN' 

J CARRY 1:- ~OUNTER 

f i 

MSB LSB 
CURRENT OUTPUT 

11-
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BASIC TRACKING AID BLOCK DIAGRAM 

FIGURE' 
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When encoding a DC input signal, the digital output will 
"dither" or alternate between the two adjacent states 
which span the theoretically correct output value. This is of 
little consequence as all AID converters have a similar error, 
known as the "quantizing" error. 

In the actual circuit design, a "type·D" flip·flop is inserted 
between the comparator and the counter's upldown input. 
This is to insure adequate set·up time between the com· 
parator's output change and the counter's next stage change. 

Loop timing can be seen in Fig. 2. After the positive clock 
transition, th,e counter changes to its n'ext state and drives 
the DAC to its new output. After the DAC has settled and 
the comparator has come to its final state, the next positive 
clock transition loads the comparator's new state into the 
flip-flop and the cycle repeats; 

'CLOCIC ~ 
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I i 
COUNTER OUTPUT A I 
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COMPARATOR 
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: i 
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SYSTEM TIMING DIAGRAM 

FIGURE 2 
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FINAL CIRCUIT DESIGN 

The completed 8 bit tracking AID design is shown in Fig. 3, 
The digital output is available in complemented form,' as, 
the DAC-100 utilizes complementary logic. Diode, clamps 
insure the DAC output remains near zero despite input and 
turn-on transients. For this 8 bit design, the two least signi­
ficant digital inputs of the 10 bit DAC are not required and 
are coimected to +5V, thus turning them off. Diodes are 
also used to insure that a positive voltage is applied to the 
V+ pin (pin 14) as soon as the +5V supply comes up. The 
clock, although extremely simple is quite stable over a wide 
range of temperatures and supply voltages. Several layouts 
were tried, with no perceptible differences in performance. 
(See Fig. 4) 

TRIMMING 

The circuit requires only one trimming operation. The full­
scale output current of the DAC is adjusted to produce 
proper encoding at full scale input. ,Although several 
schemes are possible, the simplest is to place +1 O.OV at the 
input, and trim the 20cin Full Scale Adjust pot to produce 
a low output at the 7 most significant bits with the LS8 
alternating states (dithering) at the clock frequency. 

VOLTAGE OUTPUT APPLICATION,S 

The basic tracking AID uses a "current-comparison" tech­
nique; the analog voltage is not reconstructed at the com­
parator's input, thus eliminating the need for an op amp to 
convert the DAC-100's current output to a voltage. For 
applications such as infinite (no-droop) analog sample-and­
hold circuits, the OP-01CJ, a low cost, fast slewing, fast 
settling op amp with internal compensation can be added 
as in Fig. 5. This configuration also provides v,eryhigh input 
impedances" without requiring an extra buffer- amplifier. 
The reconstructed analog voltage is available at the output 
of the op amp; gating the counter "off" stores the data in 
analog form. 
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8 BIT TRACKING AID PARTS LIST 

Quantity 

1 

1 
2 

4 
5 
1 

Description 

. DAC·100CC03 D/A Converter 
CMP:01 CJ Comparator 
8284 Up/Down Counters 
7474 Dual D·Type Flip·Flop 
7400 Ouad Gate 
200n Trimpot, Bourns 3359P 
IN4148 Diodes 
Ceramic Capacitors 
Carbon Composition Resistor 
PC Board 
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TRACKING AID CONVERTER WAVEFORMS 

The.se scope photos were taken to indicate the waveforms observed at the comparator input during normal· and abnormal 
operation of the converter. The output a(lalog voltage trace was generated by applying the encoded digital output to a 
second DIA converter. . . 

Normal Operation 

Analog Input 

Reconstructed Analog Input 

Slew Rate Limiting 

Comparator Input 

Analog Input 

Reconstructed Analog Input 

Input Over· Range 

Comparator Input 

Analog Input 

Reconstructed Analog Input 
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BIPOLAR OPERATION 

Bipolar operation (±SV) can be obtained by injecting a 
current equal to 1/2 the full scale current into the DAC·100 
sum line. This can be accomplished by applying +6.4V to 
the internal bipolar resistor of the DAC·100 (pin 1 I-a soon 
trimpot in series will allow precise adjustment of bipolar 
symmetry. To trim, apply -S.OV at the input and adjust the 
soon symmetry·trimpot to produce a high output at all 
bits, with the normal "dither" in the LSB only. Next, 
ground the input and adjust the Full Scale trimpot to 
produce an output which alternates between 10000000 
and 01111111. 

o TO +5V OPERATION 

Operation with 5 volt full scale inputs (OV to +5V or ±2.5V) 
can be obtained by specifying the DAC-100 CC04. 

O.OS% APPLICATIONS 

Applications requiring 10 bits of resolution with 0.05% 
linearity can be implemented by adding a third up/down 
counter and utilizing all 10 inputs of an DAC·100AC03 
(or 04). See Fig. 5. 

PERFORMANCE 

Performance of the completed converter is quite impressive 
despite the low cost and small size. Using clock rates of 
3.0 MHz, 10Vp-p signals can be accurately tracked to fre· 
quencies of about 4.0 kHz; higher frequencies can be 
accommodated by reducing the peak-to-peak amplitude. 

Fully monotonic operation is obtained from 0° to 70°C; 
this is achieved because the DAC·100C03 is guaranteed 
to have ±1/2 LSB linearity to 8 bits (0.2%) over this temper· 
ature range, and the DAC·100AC03 has ±1/2 LSB linearity 
to 10 bits (0.05%). 

~----------------------------------~~------------~~~:~~ 

10 BIT VOL TAGE OUTPUT AID CONVERTER BLOCK DIAGRAM 

FIGURE 5 
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All D.C. static errors can be attributed to the analog com· 
ponents only; the comparator makes no contribution to 
linearity errors, but its Vos and Vos drift with temperature 
are a consideration in the zero scale and full scale perform· 
ance, and. especially so in bipolar applications. The worst 
case DAC-l00 zero error over O°C to 70°(; is 0.6mV; adding 
to this the 3.5mV max Vos of the CMP-01C results in a 
worst case zero scale error of 4.1 mY, which is acceptably 
small compared to the value of 1/2 LSB (19.5mV) for the 
S bit A/D. 

Because the Vos drift of the CMP-Ol C is typically only 
1.SMVfc even without offset trimming, the full scale drift 
will be almost entirely a function of the DAC~100CC 
tempco-60ppmfC maximum. 

For 10 bit applications, the comparator Vos becomes signi­
ficant; the CMP-01C can be nulled, or the O.SV max Vos 
CMP-Ol E can be utilized without nulling. Nulling of the 
comparator is not required in bipolar applications; this is 
accomplished by the bipolar symmetry trimming. 

TABLE 1 

PERFORMANCE DATA 

SBit 

Linearity (O°C to +70°C) 0.2% max 

Full Scale Tempco ( 60 ppm max 
(O°C to +70°C) 

10 Bit 

0.05% max 

60 ppm max 

Zero Scale Error .10 LSB max .20 LSB max' 
(O°C to +70°C) 

Zero Scale Error .02 LSB .OS LSB 
Comparator Trimmed 
(OoC to +70°C) 

Full Scale Voltages OV to +10V, OV to +10V, 
±5V ±5V 

OV to +5V, OV to +5V, 
±2.5V ±2.5V 

Power Supply Rejection .02% per .02% per 
(O°C to +70°C) " %max '%max 

Power Consumption l.4W max 1.77W max 
(Vs = ±15V, +5V) 

'untrimmed CMP-Ol E 

15·6 

Other performance characteristics of the completed con­
verter are listed in Table 1. 

MILITARY TEMPERATURE RANGE OPERATION 

Operation over wider temperature ranges can be obtained 
by simply specifying appropriate temperature range com­
ponents. The simplicity of the all IC design coupled with 
the compatibilityWith M I L-M-3S5 10 processing assures high 
reliability in military applications. 

CONCLUSION 

Extremely compact, Iqw power consumption, all IC tracking 
AID converters are made possible by combining Precision 
Monolithics, Inc. DAC-l00 series 10 bit D/A converter, 
CMP-Ol series comparator, and commercially available MSI 
up/down counters. Layout, construction and adjustment are 
noncritical. The simplicity 'and low cost of the tracking A/D 
converter invites usage in many new applications, including 
single channel digitizing at remote transducer locations. 

APPENDIX - USEFUL DATA & FORMULAE 

LSB - S bits 
10 bits 

10V full scale 

39.1mV 
9.S5mV 

5Vfull scale 

19.5mV 
4.92mV 

Loop Slew Rate = Clock Frequency X V LSB = fc X V LSB 

Max Clock Frequency = I/(T A + T B + T C + To + T E) 

WHERE: TA Flip-Flop Propagation Delay 

TB Minimum Counter Set-Up Time 

Tc Counter Propagation Delay 

To D/A converter Settling Time 
(to n-bits) 

TE Comparator Response Time 

Min Clock Frequency = 
7r • Vi np_p • fin max 

VLSB 
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SIMPLE PRECISION MILLIVOLT REFERENCE USES NO ZENERS 

by 

Donn Soderquist 

A low output impedance millivolt sour\=e is frequently re­
quired in test systems, for generating small currents with moder­
ate resistance values, and for general laboratory use_ An 
excellent millivolt source can. be built using only two parts;. an 
instrumentation op amp and a potentiometer_ The op amp is 
connected as a unity-gain buffer (Fig_ 1) and the output is 
adjusted to the required voltage using the offset nulling 
terminals. The amplifier must have suitable characteristics such 
as low long term drift, freedom from chopper and "popcorn" 
noise, good power supply rejection and low offset voltage drift 
with temperature. To achieve low output impedance the op 
amp must have high gain around zero output voltages,. and 

should have negligible thermal-induced drift for stable perform­
ance under varying load conditions. Use of a high performance 
bipolar input op amp such as the Precision Monolithics OP-05CJ 
provides low drift without chopper noise. With a typical 
initial offset voltage of 0.3mV, outputs from about -3.5mV 
to +3.5mV can be achieved. Adjusting the offset of the 
OP-05CJ to a value other than zero will create a drift equal to 
3. 311 V fc per millivolt of output setting. The circuit's low 
frequency noise will be less than 0.6511V pk-pk with an output 
impedance of less than one milliohm. Long term drift will be 
much less than 3.511V per month and power supply rejection 
is about 1 011 V IVolt. 

+15V 

FIGURE 1 
ZENER LESS PRECISION MILLIVOLT SOURCE 
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A LOW COST, EASY·TO·BUILO'SUCCESSIVE APPROXIMATION ANALOG·TO·OIGITAL CONVERTER 

by 
Donn Soderquist 

Successive Approximation Analog,to-Digital Converters have 
often been considered to be complex, expensive and trouble­
some circuits to produce. This application note describes a 
high-speed 8 bit successive approximation AID easily con­
structed using only 3 readily available IC's. Precision Mono­
lithics' DAC-100 Digital-to-Analog Converter, CMP-01 Fast 
Precision Voltage Comparator, a Successive Approximation 
Register plus a handful of discrete components complete the 
design. Despite the simplicity, the AID is capable of 8 bit con­
versions in 6 J.lsec, and can easily be expanded to 10 bit 
resolution operation. 

FEEDBACK AID CONVERTERS 

Most popular AID Converters built today use a Digital-to­
Analog Converter as part of a feedback or servo loop. Three ' 
of the most common types are the Ramp, Tracking, and 
Successive-Approximation; these differ primarily in the type of 
programming logic circuitry used to drive the DIA converter. 
All three types perform a comparison between the analog input 
and the output of a DIA converter; the logic changes the DIA 
output so that it approaches the analog input-when they are 
equal, the input to the DAC is the correct digitally encoded 
number (Fig. 1). 

COIIPARATOR +-1--+-+---<lIISI 

BASIC FEEDBACK AID CONVERTER 

FIGURE 1 

LSI 

The Ramp or Count-up type ADC uses up-counters for the 
programming logic. A start command clears the counters which 
then count up until the comparator output changes. The user 
must allow 2n clock periods to insure a complete conversion; 
therefore only very slowly varying data may be converted. 

16-8 

Tracking AID converters use up/down counters for the pro­
gramming logic; the comparator output forces the coLinters to 
"track" the changes in the analog input. Once initial "lock" is 
acquired the correct digital output is continuously available, 
and the converter may be capable of encoding fairly fast­
moving input siganls without requiring a sample and hold 
circuit. (Complete details on the construction of this type of 
converter are available in Precision Monolithics Application 
Note "A Low Cost, High Performance Tracking A/D Con­
verter", AN-6). 

Tracking ADC's are at their best when used to encode a single 
signal with a well-behaved maximum slew rate; mUltiplexed or 
video signals have large discontinuities which cause large errors 
while the tracking loop moves to acquire a new "lock" on the 
signal. 

Successive Approximation AID Converters are attractive for 
their rapid conversion rates and have found wide acceptance in 
video and multiplexed data systems. Recently-announced IC's 
provide the three basic converter building blocks in integrated 
form, reducing the cost and complexity of this approach to a 
figure at or below that of the ramp and tracking types. The 
great advantage of the SA ADC is that complete "n"-bi,t 
conversions can be accomplished typically in N + 1 clock 
periods:-for a 10 bit converter this would be a speed improve­
ment of about 100 times over the ramp type. 

TRIAL I : TRIAL 2 : TRIAL 3 

I«"OI~III <100 I (110) IL:~~ 
I lool~ 

V,. iv. (100) : : ~~~ 
ILOIOI~ 

0001~ I - ~~~ 
I 0001~ 
I I~OOO 

IVN SHOWN IN PARENTHESIS) I I 

FLOW DIAGRAM FOR 3 BIT SUCCESSIVE 
APPROXIMATION AID CONVERSION 

FIGURE 2 



BASIC SUCCESSIVE APPROXIMATION AID CONVERSION 

An SA ADC operates by comparing the analog input to a series 
of "trial" conversions; the first trial compares the input to the 
value of the most significant bit (MSB) or approximately half 
of full scale. Figure 2 shows the progression of trials for a 3·bit 
converter. If the input is greater than the MSB value, the MSB 
is retained and the converter moves on to "trying" the next 
most significant bit, or approximately three·quarters full scale; 
If the input had been less than the MSB; the logic would have 
turned the MSB off before going on to the next most signifi· 
cant bit, or one-quarter full scale. This "branching" continues 
until each successively smaller bit has been tried, with the 
entire process taking "n +1" trials. 

To implement the logic for the successive approximation 
algorithm, a configuration similar to Fig. 3 may be employed 
wherein a start command places a "one" in the first bit of a 
shift register. This sets the first latch to "one", and turns on 
the DAC's MSB. If the comparator output remains low, the 
"one" will remain in the latch; if not, the latch will be reset to 
zero before the next bit trial begins. The next Clock cyCle 
causes the shift register to place a "one" in the second bit and 
a similar process continues till all bits have been tried. After 
the last bit's trial, the end-of-encode output changes state 
indicating the parallel data is ready to be used. A useful feature 
of successive approximation conversion is that the correctly 
converted data is also available in serial form; this is handy for 
transmission of data on a single bus. 

COMPARATOR 

MSB LSB 

DlA 

SUCCESSIVE APPROXIMATION AID CONVERTER 

FIGURE 3 

LSB 

The complete sequence of events is demonstrated in the timing 
diagram of Fig. 4. Note that "negative true" logic is shown; 
the DAC-100 employs a complementary binary code and the 
AM2502 produces a !'Iow" output during each bit's trial, thus 
producing the standard successive approximation routine 
starting with the MSB trial and working towards the LSB 
trial. All events are initiated during positive-going clock transi­
tions; the conversion pr~ss starts when the Sinput is held low, 

'which also causes the CC (Conversion Completed) output to 
go high. After all bits have been tried, the last positive clock 
transition returns the CC to a .low state, indicating the conver-
sion has completed. ' 
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"CURRENT" COMPARISON 

The previous discussion has indicated that the function of the 
comparator was to perform a comparison between the analog 
input voltage and the output voltage of the D/A converter. 
Higher speed conversions may be achieved by using the output 
of a fast current output DAC directly. This may be imple­
mented as shown in Fig. 5, where the comparator exam'ines 
the polarity of (VIN - IINRIN). The "current comparison" 
method eliminates the need for a current-to-voltage converting 
op amp which is by far the slowest element in most D/A 
coriverters. 

"CURRENT COMPARISON" AID INPUT 

FIGURE5 

COMPLETE CIRCUIT 

The schematic for the complete 8-bit AID converter is shown 
in Fig. 6. It is seen that the complete circuit adds very few 
components to the basic 3 IC's of the, block diagram. A 200n 
potentiometer is used to adjust the full scale output and R1 is 
~sed to inject a +1 12 lSB value current into the sum node. This 
insures that adjacent code point transitions occur at 112 LSB 
points for minimum overall error. The clamp diodes minimize 
settling time and prevent large inputs from damaging the DAC 
output. For an 8-bit,10 volt system the CMP-01CJ's maximum 
offset voltage is less than 1/10 LSB and should not require· 
nUlling. 
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LAYOUT 

A suggested layout foran S-bit converter is shown in Fig. S. This 
layout demonstrates some of the basic rules of goOd AID con­
verter practice: analog wiring is kept as short as possible and is 
separated from digital lines; the DAe output trace is especially 
short and directly connected to the comparator input and 
clamping diodes. Generous power supply bypassing has been 
employed using both disc and electrolytic capacitors. Other 
layouts can be easily designed because of the extreme sim­
plicity of this circuit. 
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GROUNDING 

For optimum noise rejection, digital (power) ground currents 
should not flow in signal input ground return lines. Analog and 
power grounds should be connected as Close as possible to the 
AID converter input connector. Fig. 7 illustrates a typical 
system installation shOwing the ground connections. 

SERIAL OUTPUT 

The digital output is available in serial NRZ (non-return-to­
zerol format at the data output (001 shortly after each 
positive-going clock transition. Serial output is especially con­
venient in applications where system wiring must be minimized, 
such as in one AID per channel systems. Performing the AID 
conversion process in close proximity to the signal source has 
the advantage of reducing errors associl!ted with transmission 
of low level analog signals; instead, digitally encoded signals 
are transmitted with their inherent low error rates and ease of 
multiplexing: 

BIPOLAR OPERATION 

Bipolar operation can be obtained by injecting a current equal 
to 1/2 full scale into the sum node. This can be accomplished 
by applying +6.4 volts through a 500 ohm potentipmeter to 
the internal bipolar resistor of the DAe-100. Both Bit 1 and 
Bit 1 are available so 2's complement or offset binary coding 
may be obtained as desired. 

o TO+5V, ±2.5V OPERATION 

Operation with 5V Full Scale Inputs (0 to +5V, ±2.5VI may be 
obtained by specifying CAe-1oo models with a Q4 suffix. 



, 
COMPONENT SIDE TRACE SIDE 

CONNECTOR PIN CONNECTIONS 

18 N.C. V N.C. 
17 +16. Volts U +16 Volu 

111 -15 Volts T -15 Volts 
.0I,0d 15 +5 Volts S +5 Volts 

14 Power Ground ~ R Power Ground -=!: 
13 Power Ground or!: P POwer Ground ~ 
12 Analog Ground J. N Analog Groundm 

11 Analog Ground m M Analog Grounc! '" 
10 N.C. L Analog Input 

9 81polar Referenao Voltllle Input K N.C. 
8 N.C. J N.C. 
7 8it 1 H N.C •. 
a 8it 1 F Bit 5 

6 Bit 2 E Bit 8 

4 Bit 3 D Bit 7· 

3 Bit 4 C Bit 8 

2 S Start B CC Conversion .Completed 

1 Clock Input A DO Serial Output 

B-SIT AID LAYOUT 

FIGURE 8 

CALIBRATION 

For unipolar, 8-bit, 10 volt full scille calibration apply +9.941 
volts (Full scale -3/2 LSB) to the input. Adjust the gain' 
potentiometer !.Inti I the digital output is alternating between 
"0000 0000" and "0000 0001". This calibrates the converter 
at a transition point insuring correct outputs over the analog 
input range. No zero adjust is necessary due to the low com­
parator input offset voltage IV os), virtually zero output offset 
of the DAC and the correct +1/2 LSB bias established by R1. 

For a-bit, ±5 volt full scale offset binarY.operation, first per­
form the unipolar calibration as described above· with the 
bipolar reference ,removed .. Next connect·the +6.4 volt bipolar 
reference through the 500 ohm potentiometer to the bipolar 
input resistor .. With -5.000 volts as an analog input, adjuSt the 
500 ohm potentiometer until the digital output is alternating 
between "1111 1111" and "1111 1110". For calibration at 
lower bit resolutions refer to Table 1. 

1&·11 

PERFORMANCE 

Performance of the completed converter for 6, 7 and a bit 
resolution applications is shown in Table II. To assure fully 
monotonic operation in a bit applications the DAC-100CC 
grade with its maximum nonlinearity of 0.2% from (J0 to 70°C 
should be specified. Applications requiring 8-bit resolution 
with 0.3% or less linearity may utilize the lower cost 
DAC100DD types. 

All D.C. static errors can be attributed to the analog com­
pOnents only; .the comparator makes no contribution to 
nonlifieariW,but its 25°C VOland Vos diift with temperature are 
a consideration in the zero scale and full scale performance, 
and especially so i.ri bipolar applications. The worst case 
DAC-100 zero error over 0° to 70°C is 0.6mV; adding to this 
the 3.5mV max Vos of theCMP-01C results in a worst case 

. zero scale error of 4.1 mV, which is acceptably small compared 
to the value of 1/2 LSB (19.5mV) for the a bit AID. 



Because the Vos drift of the CMP;01 C . is typically only 
1.BtlVfC even without offset trimming, the full scale drift 
will be almost entirely afuncti·on of the DAC.100CC t~mpcci-
60ppmfc maximum. (Tempcd of DAC·100DD models is 
120ppmfC,) 

REDUCED RESOLUTION APPLICATIONS 

Encoding time . may be reduced in applications not requiring 
the full 8 bit resolution. In convert·on·command applications, 
the negative:going transition of the (N+1) bit may be used as 
the Conversion Completed (CC) signal; the register will con­
tinue to step through the remaining bits so the CC level will be 
present for one clock period· only. For continuous conversion 
applications; the register may· be truncated by applying a low 

SHORT -CYCLED CONTI NUOUS COOl NG 
(6 BITS SHOWN) 

FIGURE9A 

level to the 5 input; however, caution must be observed to 
prevent possible stalling on power·up: the S input should be 
generated by either the CC or bit (N+1) going to a low state. 
Figure 9 demonstrates a 6 bit, continuous-encoding applica­
tion. Since reducing the resolution increases the size of the 
LSB, the value of R1 and the full scale calibration point should 
be changed accordingly, as shown in Table I.. Additional speed 
in reduced resolution applications may be achieved by increas­
ing the clock frequenc;:y. 

BIPOLAR REF. 
INPUT ANALOG 

+15 IIF REQ'D) INPUT 

14 16 

15 

200tl. 

-15V "i1~1::!2"""-:::T..",..",~-::r-:r~~ 

BIT 10:~~t=t=t=t=t:t=t:t=H BIT 9 
BIT 8 

BIT 7~::::::=t=t=t:±:±j-l BIT 6 ... 
BIT5~---+-+-+-+-1 
BIT 4~---+-+-+-1 
BIT 3~---I--+-'" 
BIT2 __ -+--+ 

MSB BIT I 
iiiii BiTT 

START 
INPUT 

gg=~?~~N __________ ....J 

g~e~,_----------------.....J 

CP 

Fo=I.5MHz 

SN 7400 
QUAD 2·INPUT 
NAND. GATE 

SHORT-CYCLED CONTINUOUS ENCODING 
(ALTERNATE METHOD INCLUDING CLOCK) 

FIGURE9B 

10 BIT APPLICATIONS 

The basic 8·bit converter may easily be expanded to 10 bits 
by using the AM2504PC 12 bit Successive Approximation 
Register; it may be allowed to step through all 12 bits or 
short-cycled as described above (Fig. 9A,9B) All DAC-100 
Series devices have 10·bit resolution; for applications requiring 
10 bit monotonic performance the DAC·.100AC03 or 04 
grades with maximum nonlinearity of ±0.05% (0° to 70°C) 
should be specified; for less demanding applications the ±0.1% 
DAC-100BC03 (04) grades are recommended. Due to the 
10mV LSB size, comparator Vos can provide significant zero 
error. This can be eliminated in unipolar applications by 
nulling the CMP·01Cj or specifying the 0.8mV offset 
CMP-01 EJ. No iriitialVos improvement is required in bipolar 
applications, as this error will be eliminated during the bipolar 
calibration procedure. The offsetting resistor (R1) should be 
15Mn for 10 bit applications, with the full scale calibration 
voltage of +9.985 for unipolar applications. 

+1!5V 

+15· 1 f 1 . +15V 
. 5~ +11'1 I I35v . . :- . • ANALOG rJ71.0Ip.1 1- GROUND 

150V I:rs~ 
-15Y II .. -15V 

+5~.+5v .... t--I-----r"+-. +!5V 
•01//1 

.I ·o. V I ;'o~' . 
r--.,.-+---..... -'t .• ~ POWER .£0 GROUND 

COMPLETE 10 BIT AlP SCHEMATIC 

FIGURE 10 
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SYSTEM CONSIDERATIONS 

When integrating the AID Converter into a system, considera­
tion must be given to several factors to assure best performance_ 
First, the analog signal to be encoded should not change more 
than 112 LSB during the encoding process; a sample-andchold 
circuit should be used if required to hold changes to 1/2 LSB 
or preferably, much less (Fig_ 11). Second, proper grounding 

of the system is essential to prevent errors due to system 
noise_ The preferred method is to connect the analog signal 
ground and digital power ground together at only one point, 
right at the AID's connector_ This will insure that digital 
ground currents do not flow in the analog ground line_ 

TYPICAL MULTIPLEXED DATA 
ACQUISITION SYSTEM 

FIGURE 11 

PARTS LIST 

FOR 

8 BIT AID CONVERTEFj 

±O,3% maximum nonlinearity, FS tempco 120ppmfC 

2 

2 

3 

DAC-l00DD03 (or 04) 

CMP-01CJ 

AM2502PC (Advanced Micro Devices) 

Pot-200n Bourns #3006P-1-201 

4.7 pf CAP- Mallory #TDC475M010EL 

1.0 pf CAP- Mallory #TDC105M035EL 

Diode, 1 N4148 

.01 pf CAP-Centralab #CK-l03 

PC Board 

Resistor 3.9Mn 5% 1/4W 

For±0.2%maximum nonlinearity,FS tempco 60ppmfC 
use DAC-l00CC03 (or04) 
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LOWER POWER CONSUMPTION 

Power consumption may easily be reduced from 935 mW 
maximum to about 310 mW with two minor design changes_ 
The D/A and comparator power supplies can be reduced from 
±15 volts to ±6 volts and the low power TTL AM25L02PC 
logic function may be specified_ Digit'al output fanout is 
reduced to 3 standard TTL loads. The value of Rl 
must also be lowered accordingly to maintain the same +1/2 
LSB bias current to tile sum node, 

MILITARY TEMPERATURE RANGE OPERATION 

Operation over wider temperature ranges can be obtained by 
simply specifying appropriate temperature range components. 
The simplicity of the three IC designs coupled with the com­
patibility of the devices with M I L-STD-883A processing assures 
high reliability in military applications. 

CONCLUSION 

Extremely compact, rugged,low power consumption successive 
approximation AID converters are made possible by combining 
3 IC's: PMl's DAC-l00 Series 10-bit D/A, CMP-Olcomparator, 
and a Successive Approximation Register. This simple, low 
cost design opens up new applications such as one AID per 
channel operation in data acquisition systems. 

PARTS LIST 

FOR 

10 BIT AID CONVERTER 

±0.1 % maximum nonlinearity, FS tempco 60ppmfC 

2 

2 

3 

DAC-l00BC03 (or 04) 

CMP-01EJ 

AM2504PC (Advanced Micro Devices) 

Pot·200n Bourns #3006P-1-201 

4.7 pf CAP Mallory #TDC475M010EL 

1.0 pf CAP Mallory #TPCl 05M035EL 

Diode, 1 N4148 

.01 pi CAP- Centralab #CK-l03 

PC Board 

Resistor 15Mn 5% 1/4W 

For ±0.05% maximum nonlinearity,FS tempco 60ppmfC 
use DAC-l00AC03(or04) 



TABLE 1- REDUCED RESOLUTION APPLICATION DATA 

Resolution 
Desired 

8 Elits 
7 Bits 
6 Bits 
5 Bits 
4 Bits 

3.9MS1 
2MS1 
1 MS1 
470 KS1 
240 KS1 

Offset Current 
Value (1/2 LSB) 

3.9/lA 
7.8/lA 

15.6/lA 
31.3/lA 
62:5/lA 

Conversion 
Complete 
Indicator 

CC 
Bit 8 
Bit 7 
Bit 6 
Bit 5 

Full Scale 
Calibration 

Point 

9.941 V 
9.883V 
9.766V 
9.531V 
9.163V 

LSB 
(10 VFS) 

'39mV 
78mV 

156 mV 
313mV 
625 mV 

TABLE II - PERFORMANCE DATA 
6-Bits Resolution 

D/A DAC-100DDQ3 

0° to 70° Maximum 
Nonlinearity 

0° to 70°C Full Scale 
Tempco Max. 

Zero Scale 
Error Max. 

Conversion Time 
1.5 MHz Clock 

Unipolar Reference 

Bipolar Reference 

±0.3% 

120ppmfC 

±O.05 LSB 

4.7/lsec 

Input Impedance (+10V or ±5V Scale) 

Input Impedance (+5V or ±2.5V Scale) 

Quantizing Error 

Output Code Unipolar 

Output Cc1de Bipolar 

Clock 

Logic Output Drive Capability 

Analog Power Supply Range 

Digital Power Supply Range 

Power Consumption ±15V and +5V Supplies 

15·14 

7·Bits 

DAC-100DDQ3 

±0.3% 

120ppmfC 

±0.1 LSB 

5.3/lsec 

Internal 

External +6.4 Volts 

5KS1 Nominal 

2.5KS1 Nominal 

±1/2 LSB 

8·Bits 

DAC·100CCQ3 

±0.2% 

60ppmfc 

±0.2LSB 

6.0/lsec 

Complementary Binary 

Complementary Offset Binary 

External 

6 TTL Loads 

±6V to ±18V 

+5 Volts ±5% 

935 mW Max. 
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TEMPERATURE MEASUREMENT METHOD BASED ON MATCHED TRANSISTOR PAIR 
REQUIRES NO REFERENCE 

by 
Jim Simmons and Donn Soderquist 

Most remote temperature measurements are made with 
thermistors or thermocouples as the sensing elements. This 
article shows how the function can be accomplished by 
using the intrinsic properties of a well-matched monolithic 
transistor pair. The method is attractive for its simplicity 
accuracy, and long-term stability_ Of particular utility is the 
fact that the output is inherently linear and is directly 
useable without special linearizing circuitry_ 

Thermocouples can require both linearizing circuitry and 
reference junction making them difficult to apply _ Linear 
outputs may be achieved with composite thermistor-resistor 
networks but long-term stability is difficult to predict. 
Ordinary silicon diodes, when operated as temperature 
sensors, require constant current drive and extensive cali­
bration. The matched transistor pair method has none of 
these drawbacks. 

BASIC THEORY 

Matched transistor pairs have predictable relationships 
which make temperature measurements possible. To 
develop these relationships, let us consider the fundamental 
properties of a single transistor. The well known relation· 
ship between collector current and base-emitter voltage for 
a single transistor is: 

kT f- liS C) 1) Vbe = q loge \ provided IC/IS > > 1 

where 

k = Boltzmann's constant = 1.38x10-23 joulesfK 
T = absolute temperature, 0 K 
q = charge of an electron = 1.6x10-19 coulomb 
IS = theoretical reverse-saturation current ~ 1.87 X 

10-14 A 

IC = collector current 

Consider the difference in base-emitter voltages, 6V be' of 
two transistors operated at the same temperature: 

2) tlVbe = ~ loge (~) - ~ loge (IC2 ) 
q IS1 q IS2 

This expression may be rewritten to: 

3) tlVbe = ~T loge (:~~) - kqT loge 

The values of IS1 and IS2 are a strong function of 
processing and geometry variables, and are very nearly 
identical in a well-matched monolithic transistor pair. As 
IS1 and IS2 approach equality (loge 1=0), the second term 
can . be eliminated. For an ideal pair the expression be­
comes: 

4) tlVbe = ~ log q e 

Note that if the ratio of collector currents IC1 to IC2 is 
made constant, tI Vbe will be proportional to absolute 
temperature alone. No absolute values of current are re­
quired because only a stable current ratio must be main­
tained. For a fixed ratio of 2 to 1 the expression is: 

tlVbe 
5) -- = 5.973 X 10-5 59.731NfK 

tiT 

This predictable differential base-emitter voltage relation­
ship allows a matched transistor pair to be used as a 
temperature sensor. A complete temperature measuring 
system can be built with a matched pair, two constant 
current sources,_ and a differential amplifier as shown in 
Figure 1. 

SENSING PAIR 

V-

Eo=IOmV/'K 

'C 'K Eo 
-55'C=2IB'K=t2.IBO V 

+25°C=29soK=t2.9S0 V 

tI25°C=39S'K=t3.9S0 V 

BASIC TEMPERATURE SENSOR 

FIGURE 1 
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SYSTEM DESIGN CONSIDERATIONS 

To illustrate this concept, let us design a system to provide 
accurate temperature measurem~nt over the range of 
_55°C to +125°C (218°K to 398°K). Other goals are: ease 
of calibration, long·term stability, standard resistor values, 
and small physical size. In addition, the system should be 
capable of operation with the sensing matched pair located 
up to 100 feet from the current sources and differential 
amplifier. A system achieving these goals is detailed below. 

SENSING MATCHED PAIR 

Any mismatch will cause performance to deviate from the 
ideal case shown in Eq. 4, the most critical parameter being 
average offset voltage drift (TCVos)' This quantity, multi­
plied by the larges1; temperature excursion (1000 K) and the 
differential amplifier gain (167.4), will be the output error 
and is shown in Table 1 for typical TCVos specifications. 

Clearly, system accuracy is directly related to the degree of 

matching of the sensing pair. A Precision Monolithics 
MAT·01H with its typical TCVos of .1511VtC was 
specified in order to minimize this error factor. 

TCVos 
Error in oK 

over 100° 

.1511VtC .251°K 

.5 I1vfc .837°K 

1.011VfC 1.67°K 

2.011VfC 3.34°K 

2.5}J.Vfc 4.19°K 

5.011VfC 8.37°K 

10 }J.vfc 16fK 

TABLE 1 
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CONSTANT CURRENT SOURCES 

Two currents of a precise 2 to 1 ratio are provided by this 
section. Several considerations make 511A and 1 OI1A good 
choices as nominal operating currents for IC2 and ICl 
respectively. Most monolithic matched transistor pairs are 
specified at IC ~'1 OI1A.lnput bias currents associated with 
the differential amplifier can be ignored because 511A is 
three orders of magnitude larger. Resistor values are small 
enough to keep physical size and cost reasonable. Finally, 
the quiescent currents do not develop significant voltage 
drops in 100 feet of ordinary shielded-pair cable. 

The two most important current source transistor 

matching characteristics required are hF E and Vas 
long-ter'll stability, assuming that this part of the circuit is 
not subjected to wide temperature variations. If the system 
is to have good power supply and ripple rejection, the hF E 
match must be maintained over a range of operating 
currents. These characteristics will insure a constant 2 to 1 

ratio of ICl to IC2 is maintained. 

With the circuit as shown in Figure 2, the total system has 
measured power supply rejection of 10 K/volt. Once cali­
brated, long-term changes in Vos will change the current 
ratio, and, in turn, the output. A Precision Monolithics 
MAT -01 GH was selected for Q2 because it has the 
desired combination of specified long-term stability 
(.2}J.V/month) and close hFE matching, typically 1%. 

133K 

'0. 

v-

Eo VOLTAGE 
-c -K Eo 

-5S-C· 21S-K- + 2.1BOV 
+25- c- 29S-K- + 2.980V 
+125-C-39S-K- +3.980V 

BASIC TEMPERATURE SENSOR 
FIGURE 1 



DIFFERENTIAL AMPLIFIER 

The sensing pair and constant current sources provide a 
differential voltage (I'; Vbe) which is directly proportional 
to absolute temperature. The amplifier must acquire this 
voltage difference in the presence of common mode volt­
ages, amplify it by 167.4, and change it from a differential 
to a single-ended signal. Excellent performance is obtained 

using the circuit of Figure 3. 

v-

IOQKn 600n 600n IOOKO 

R3 R4 

v+ 

DIFFERENTIAL AMPLIFIER DESIGN 
FIGURE 3 

The two op-amp differential amplifier configuration is 
widely used wherever high input impedance and fixed gain 
are required. This amplifier uses a dual matched instru­
mentation operational amplifier .designed and specified for 
d i fte re nt ial applications, the Precision Monolithics 
OP-10CY. 

GENERAL DESIGN CONSIDERATIONS 

Assuming ideal amplifiers, the expression for output voltage 
is: 

~ R2 R4 ] Ein, (1 +-) -
R, R3 

R 
(_4 + 1) 

R3 
vVith ideal resistors this simplifies to: 

7) E (E E) (Bi.. + 1) prov',ded .£!l. 0; in2 - in1 
R3 R2 

R4 
R3 
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In this system, (Ein1 - Ein2) has been previously defined 
as I';Vbe' The actual expression for Eo may be written as: 

8) Eo; I';V be ( ~~ + 1) but ~~be ; 5.973 x 10-5 (Eq_ 5) 

Therefore, the ideal overall system output expression is: 

9) Eo ; (5.973 X 10-5 ) (~ + 1) T 
R3 

COMMON MODE REJECTION 

At 25°C (29SoKl. I';V be is 17.S mV. while the individual 
sensing pair base-emitter voltages are about 520 mV. There 
is a need to reject the 520mV. common mode input voltage 
while accurately amplifying the differential input voltage, 
I';Vbe . At _55°C (21SoK). the situation becomes more 
difficult with I';Vbe of 13 mV. and 696 mV. of common 
mode voltage. Keeping in mind that this is a best case 
disregarding any extraneous cable pickup, it can be 
observed that the requirement for high common mode 
rejection is very real. 

Because the dual op amp has a specified 117 dB,common 
mode rejection ratio match, the ability to reject common 
mode inputs becomes primarily a function of resistor ratio 
matching_ This device eliminates the need for special 
opamp selections in this stringent differential amplifier 

application. 

Resistor selections can be avoided by using readily available 
.01% tolerance precision resistors, resulting in a worst-case 
ratio match of .04%. This ratio match, in combination with 
the dual op amp's performance, results in greater than 100 
dB common mode rejection at the amplifier's input. 

Long-term stability of the resistors must approach the 
initial ratio match or degradation of common mode rejec­
tion can occur over time. The resistors chosen are specified 
at ±50ppm/3 years and ±5ppm/"C thereby assuring stability 
versus time and temperature. 

DIFFERENTIAL OFFSET VOLTAGE 

The amplifier's differential input offset voltage (Eos 1 -
Eos2 ) will be the major error factor. If the individual input 
offset voltages are of equal magn itude and polarity they 

appear as a common mode input and are rejected. The 
OP-10CY provides the additional conven ience that only 
a single offset adjustment is necessary to provide the re­
quired I'; V os match; this adjustment at the same time 
provides minimum TCI';Vos of the· differential amplifier. 



SENSING 
PAIR 

I 
, --- .. , 

n·'l ----.-.~ FEET 
SHIELDED 

~~:LE ., 

--~- .. ' 
-= 133K 

Re 

-15V 

IDDKn 
6 RI 

CURRENT 
SOURCES 

RATIO 
ADJUST 

600n 600n 
RZ R3 

AI 

100Kn 
R4 

+15V 

E .. IOmV,.K 

-15V 

DIFFERENTIAL 
AMPLIFIER 

COMPLETE SCHEMATIC 
FIGURE 4 

INSTALLATION 

Ordinary shielded pair cable, with #22 or larger conductors, 
is satisfactory for most remote temperature measuring 
applications. Good thermai' conductivity from the sensing 
pair's case to the environment being measured is essential to 
avoid incorrect readings. When this circuit is used for 
temperature contro.I, thermally·conductive epoxy works 
especially well in attaching the sensing pair to the device 
being controlled. 

CALIBRATION PROCEDURE 

This is an easy two-step procedure. First, short the differen· 
tial amplifier inputs and adjust the offset potentiometer 
until the output reads zero volts. Remove the input short. 
Second, with the sensing pair at a known temperature 
(room temperature is suitable), adjust the ratio potenti· 
ometer for a correct differential amplifier output reading. 
Having the capability of room temperature' calibration 
makes this circuit much more convenient to calibrate than 
other types. 
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OVERALL ACCURACY 

This circuit, with the components as specified, is capabie of 
±l°K accuracy over the full military temperature range of 
-SSoC to +12SoC (21SoK to 39ItK). Optimum accuracy 
is obtained with .the differential amplifier and constant 
current sources in a controlled environment remote from 
the sensing pair. Maintenance of high accuracy over long 
periods of time is achieved because all components' used 
in this design have long·term stability specified. 

APPLICATIONS 

The circuit's output, as measured by a 1 Q·volt full scale 
digital panel meter, makes a digital thermometer. DPM's 
with BCD outputs may be used in applications requiring 
simultaneous direct readout and digital outputs for control 
purposes. 

CONCLUSION 

Accurate temperature measurement and control systems are 
easily and economically built using the predictable charac· 
teristics of modern monolithic matched transistor pairs. 
This method ·offers long·term stability, excellent linearity, 
simple calibration, and high performance in severe environ· 
ments . 



SENSING 
PAIR 

MAT-oI" 

·c aK Eo 
-~5·C·2IB·K.2.18V 
+ZS·C"29&-K-Z.98V 

+12S·C.39SaK-3.98 V 

BASIC DIGITAL THERMOMETER WITH 
READOUT IN DEGREES KELVIN (oK) 

FIGURE 5 

·c -.c E. 
-55·CaZIS-K-Z.18V 
+25·C-Z98aKa2.98V 

+125·C.39SaK-3.98V 

BINARY-CODED TEMPERATURE READINGS 
WITH 2° RESOLUTION 

FIGURE 7 

METER DISPLAYS 
Eo -2.73V 

-55·C··-.85V 
+25·C· +.25 V 

+125·C. +1.25V 

DIGITAL THERMOMETER WITH READOUT IN °c 
FIGURE 6 

SENSING 
PAIR" 

MAT-OI" 

"c .1( E. 
-55·Ca ZIe-K-Z."V 
+25·C-ZBr1C·2.I8V 

+IZS·C a S9rK-3.98V 

BINARY-CODED TEMPERATURE READINGS 
WITH 5° RESOLUTION 

FIGURE 8 



PRECISION POTENTIOMETER 
aOURNS # 36505-1-103 
DIG ITAL KNOBPOT® 

HIGH-COOL 
LOW-HEAT 

"c OK Eo 
-5S·C"218°K=2.1 BV 
+25°C"298°K=2.98V 

+125'"C= 398°K=3.98 V 

+10.00 
VOLTS 

1 

NOTE: DIAL READS WITHIN 
.1% OF APPLIED 
VOLTAGE "10mV: 10 K 

+15V 

REPEATABILlTY.05% 

READABILITY 1 PART IN 10,000 

TEMPERATURE CONTROLLER..., OIGITAL OIAL CONTROLLED 

FIGURE 9 

PARTS LIST 

1. Ql 

2. Q2 

3. Al 

4. Rl, R4 

5. R2,R3 

6. R5 

7. R6 

B. R7 

9. RB 

10. R9 

11. Rl0 
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SENSING 
PAIR 

MAT-01H 

UP TO 
100 FT. 
CABLE ---I \ , • 

BCD COOED TRUE OUTPUTS 

A>B-COOL 
A-a-DEAD ZONE 
A<B·HEAT 

·c oK Eo 
-5S'C·2IS'K·2.ISV 
+25 0 C=29soK=2.98V 

+125· C· 39soK-3.9sV 

+5V 

TEMPERATURE CONTROLLER - DIGITAL THERMOMETER 

FIGURE 10 

MAT·01H, Matched Transistor Pair 
Precision Monolithics, Inc. 

MAT·Ol GH, Matched Transistor Pair 
Precision Monolithics, Inc. 

OP·10CY, Dual Instrumentation Op Amp 
Precision Monolithics, Inc. 

Resistor, 600 ohms, .01% 
General Resistance Econistor 

Resistor, 100Kohms, .01% 
General Resistance Econistor 

Resistor, 100Kohms, .1% 
General Resistance Econistor 

Resistor, lBOKohms, .1 % 
General Resistance Econistor 

Potentiometer, 50Kohms, 10% 
Bourns #3006P-1-503 

Resistor, 133Kohms, 1 % 
RN55C1333F 

Resistor, 15Kohms, 1% 
RN55C1502F 

Potentiometer, 20Kohms, 10% 
Bourns #3006P-1-203 
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THE OP-07 ULTRA-LOW OFFSET VOLTAGE OP AMP-

A BIPOLAR OP AMP THAT CHALLENGES CHOPPERS, ELIMINATES NULLING 

by 

Donn Soderquist & George Erdi 

The OP·07, a new bipolar·input monolithic operational 
amplifier, provides chopper·stabilized amplifier performance at 
bipolar prices. Input .offset voltage, the major error contribu· 
tion in most designs, is reduced to a maximum of 25p.V by a 
new computer·controlled on·chip trimming technique. Such 
low Vos eliminates the nulling potentiometer requirement of 
most op amp circuits, greatly reducing system complexity 
while improving reliability. A description of this amplifier's 
design and performance is given, followed by an applications 
section showing how superior input specifications can simplify 
high·accuracy analog design. 

IMPORTANCE OF LOW INPUT OFFSET VOLTAGE 

In many applications, the initial input offset voltage of 
operational amplifiers causes more inaccuracy than all other 
error factors combined. The other significant error parameters, 
such as bias and offset currents, open·loop gain, and common 
mode rejection, have come closer to theoretically ideal per· 
formance than has Vos. For this reason, most operational 
amplifiers, monolithic and modular, are provided with termi· 
nals to allow the user to adjust this offset voltage to zero-a 
costly lind potentially unreliable procedure, which in many 
cases degrades performance of TCVos. Monolithic op amp 
manufacturers ha\le constantly strived for improvement in Vos 
from p.A709 and p.A741 at 5000p.V, to the p.A725 at 1000p.V 
in 1969, to the OP·05Aat 150p.V in 1972. The OP-07A at 
25p.V maximum Vos is a significant milestone in monolithic 
bipolar operational amplifier design. 

Temperature stability is also important since the benefits of 
low initial Vos are quickly lost if a small change in operating 
temperature causes substantial Vos drift. Good long-term Vos 
stability is required to avoid periodic re-calibrations and degra­
dation of system performance over time. Until now, chopper­
stabilized or externally-nulled monolithic op amps have been 
the usual choices despite the disadvantages of high noise 
and/or external components. The OP-07 design achieves 
the desired combination of low Vos, low TCVos, long-term 
Vos stability, low bias current, and low noise. It provides 
performance comparable to chopper-stabilized amplifiers with 
the further advantages of freedom from chopper-frequency 
noise and external component requirements. 

LOW Vos AMPLIFIERS 

Some of the more common methods for optimizing Vos 

performance have been chopper-stabilized amplifiers, bipolar 
amplifiers nulled to zero initial Vos, and combinational ampli­
fiers constructed with a matched transistor pair followed by a 
standard bipolar op amp. Each approach to the Vos problem is 
a compromise between allowable error, reliability and price. 
The purpose of this discussion is to show how the OP-07 
provides superior performance, higher reliability, and reduced 
size at a lower overall cost. 

CHOPPER-STABILIZED AMPLIFIERS 

In the past, designers have been forced to use chopper­
stabilized amplifiers in applications requiring less than 100p.V 
ini.tial Vos. The OP-07 is a cost-effective alternative, 
providing chopper-type performance with 741 ease-of­
application. Use of a bipolar input op amp eliminates the usual 
chopper problems of high noise, large physical size, and 
limited common-mode input voltage range. 

Low initial input offset voltage specifications lose their signifi­
cance if noise and long-term drift are of the same magnitude. 
Although the monolithic choppers have lower average input 
bias currents, the chopping action produces very large spikes in 
the input currents and prevents their use with large or 
unbalanced source resistors. For this reason, most chopper 
manufacturers carefully avoid specifying noise currents above 
10Hz. The OP-07A bras current remains below 4nA over 
the full military temperature range, and being free from 
chopper spikes, enables use in high impedance circuitry. 

Another chopper-related problem is thllt input signals often 
interact with chopping frequency components and their har­
monics. This interaction can cause errors due to intermodula­
tion, producing slowly varying offset voltages usually below 
20Hz_ Chopper frequency switching transients can also cause 
electromagnetic interference frequently requiring special 
shielding and input guarding methods to protect adjacent 
circuitry, Modular choppers can have input overload recovery 
times as high as five seconds and require up to ten external, 
components to effectively eliminate tpis problem. Monolithic 
choppers require expensive, large external components, such as 
two .1p.F teflon dielectric capacitors, for wide temperature 
range operation. These problems are eliminated by the OP-07. 
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NULLED BIPOLAR AMPLIFIERS. 

The major disadvantage of most high performance bipolar op 
.. amps is that their high initial Vos must be adjusted to zero 

with a nulling potentiometer or trimming resistors. In certain 
amplifiers, this is also a requirement in order to optimize 
Tevos performance. Selected or adjusted components require 
special test labor, take up much·needed space, decrease reli­
ability, and add to system complexity. "Maintainability" is 
poor-field replacements or renulling due to long·term Vos and 
resistance changes must be performed by a skilled technician 
with sophisticated test equipment. Use of an internally·nulled 
OP·07 avoids all of these problems since it is a complete, 
fully-interchangeable device, and does not require zeroing to 
optimize TCVos. 

COMBINATIONAL AMPLIFIERS 

This is one of the oldest methods, usually implemented with a 
heated-substrate matched transistor pair in a differential-input 
gain stage followed by a conventional op amp. This method 

requires four precIsion resistors, a nulling potentiometer, 
external frequency compensation, and up to 360mW of heate~ 
power. TeVos is only about 2IJ.vtC despite the temperature 
control for the input pair. The OP-07 provides improved 
performance in all parameters as well as lower cost, elimina­
tion of calibration labor, lower noise and a tremendous 
reduction in total power consumption. 

CIRCUIT DESCRIPTION 

The· three-stage design concept of previous Precision Mono­
lithics' instrumentation quality op amps was retained for the 
OP-07 because, using this de.sign, nulling of Vos simul­
taneously optimizes TCVos. (This relationship is not the case 
for the more commonly used two-stage "741"-type amplifier.) 
There are add itional advantages of high gain, low noise, and 
predictable long-term stability. Low input bias current is 
achieved by bias current cancellation; i.e., currents are gener­
ated equal in magnitude but opposite in direction to the base 
currents of the input transistors Oland 02 in the simplified 
schematic of Figure 1. 

T~V+~~--------~----------~--~----~------~-----'------~--~---' 

NON 
INVERTING 

INPUT 

.3 

021 

022 

INVERTING R4 
INPUT 

OUTPUT 

-NOTE: R2A a R2B ARE ELECTRONICALLY ADJUSTED ON CHIP 
AT FACTORY FOR MINIMUM INPUT OFFSET VOLTAGE. 

OP·07 SIMPLlFIEO SCHEMATIC 

FIGURE 1 

INPUT STAGE 

To achieve lowest initial Vos, TCVos and noise, a simple 
differential input pair , 01 and 02, was chosen. Vos nulling 
resistors R 2A and R 2B are electronically adjusted and will be 
covered separately in the trimming discussion. R3 and R4, in 
conjunction with 021-024, provide input differential over­
voltage protection. 

The symmetry of the input stage allows examination of only 
one side to demonstrate bias current cancellation. Base drive 
for the input transistor, 01, is provided by 05 and the 

external circuitry; the difference between 05's collector cur­
rent and 01's base current being the input bias current. 01 
and 03 are hFE-matched transistors operating at similar 
collector currents and, therefore, the base current of 01 is 
approximately equal to the base current of 03. 03's base 
current is supplied by 07, a diode-connected PNP trarisistor 
closely matched to 05. Together 05 and 07 form a current 
mirror (turnaround) and the collector current of 05 will equal 
the base current of 03. I n this manner almost all base current 
for 01 is provided by 05 and precise bias current cancellation 
is achieved. Careful design has enabled this cancellation to be 
effective over a wide temperature range. (Fig. 2). 
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FIGURE 2 

FOLLOWING STAGES 

The first stage output is buffered by emitter followers 09 and 
010, and applied to a high-gain differential stage, 011 and 
012. Its output, the junction of 012, 014,015 and R5, drives 
a short·circuit-protected complementary emitter -follower 
power output stage. 

COMPENSATION 

Frequency compensation of the OP-07 is accomplished using 
three capacitors. Feedforward capacitor C3 bypasses the 
second stage lateral pnp's at high frequencies and, therefore, 
the excessive phase-shift normally associated with these tran­
sistors is circumvented. The dominant pole of the amplifier is 
set by C2 which feeds back around the second and driver 
stages and rolls off the open loop response at 20dB decade. 
The presence of C1 ensures that the high frequency signal path 
is single-ended by rolling off the response of one side of the 
input stage. The total internal capacitance on the 100 X 53 
mil chip is 210pF, a remarkable amount for a monolithic 
device. 

LAYOUT 

The circuit layout has thermal symmetry, a concept which has 
been used quite extensively on precision amplifier designs 
since its inception in 1969.' Variations in power dissipation in 
the driver and output stages, and the resultant thermal gradi­
ents affect the critical input transistors identically, thereby 
preventing offset voltage changes at the input. 

INTERNAL NULLING TECHNIOUE 

To understand the nulling technique some fundamental 
relationships should be examined using the equivalent circuit 
of Fig. 3. (Errors caused by the second stage are effectively 
divided by the first stage gain and will be neglected in this 

1 Editor's note: This concept was originally introduced by George Erdi 
during his employment at Fairchild Semiconductor Research and 
Development. 

discussion.) Vos is defined as the voltage which must be 
applied between the input terminals to obtain zero voltage at 
the amplifier's output. Referring to Fig. 3: 

l R2C J R2D 

RL R, 

I 8 t J SUCCEEDING 

RI' II" 1"1 RIB 

OFFSET NULLING CIRCUIT 

FIGURE 3 

1) Vos ~ Vbe1 -Vbe2, Vout ~ zero 

STAGES 
v+ 

v-

With an error free second stage it may be assumed 
input transistor collectors are equal in potential. 

IC1 RR 
2) IC1RL ~ IC2RR and 1- -R 

C2 L 

3) V - kT (IC1) be - - loge --' 
q IS1 

Provided ICIIS» 1, 

Substituting in Eq. 1: 

~) Vos ~-Ioge -- - -loge --kT (IC1) kT (IC2) 
q IS1 q IS2 

Rewriting: • 
kT (IC1 IS2J 5) Vos ~ -loge -- , --
q IC2 IS1 

Substuting from Eq. 2: 

6) Vos ~ - loge - '--kT \RR IS2) 
q RL IS1 

For Vos ; zero: 

7)~'~ 
RL IS1 

Where: 
k ~ Boltzmann's constant ~ 1,38X10-23 joules/ OK 
T; Absolute temperature, OK 
q; Charge of an electron ~ 1.6X10-19 coulomb 

IS; Theoretical reverse-saturation current 
I C ; Collector Current 

VOUT 

that the 
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NULLING TECHNIQUE (CONT) 

RR 
Therefore, by adjusting the ratio of -- the inherent 

RL 
processing-related differences in 151 and 152 which cause Vbe 
differentials may be cancelled. Earlier amplifier designs 
achieved the adjustment of collector resistances by an external 
nulling potentiometer between Pin 1 and Pin 8 with its wiper 
connected to Pin 7 (F ig 11. 

In the OP-07, permanent nulling is acomplished by 
shorting out a small percentage of RR or RL as determined by 
a computer programmed with Eq. 6 and a lookup table. This is 
done by reading Vos before trimming, comparing its magni­
tude and polarity with a lookup table value, and shorting out 
one of the normally nonconducting zener diodes. The short is 
created by passing a high current pulse through the selected 
zener, fusing its metal contacts into the silicon as shown in 
Figure 4. High volume production is achieved through auto­
mation, with initial device testing at wafer probe including Vos 
trimming requiring less than one second. 

N+ 
DIFFUSION 

P 
DIFFUSION 

METAL; 
l.!!§~~~l-FUSEO INTO 

SILICON 

yf----!-...J SILICON 
OXIDE 

(b) SIDE VIEW 

SHORT-CIRCUITING OF ZENER DIODES 
FIGURE 4 

Through this technique, Vos of the entire '~raw" OP-07 distri­
bution can be nulled to less than 150MV, vyith the majority 
being under 75MV. Prime grade yields are high, providing 
adequate numbers of OP-07 A devices with a Vos maximum of 
25MV. 

PERFORMANCE 

The specifications in Table I and curves of Figure 5 show 
noise, initial Vos, and long-term stability performance unsur­
passed by any other monolithic op amp. This device is free of 
the common problems of latchup, noise, compensation capaci­
tors, and narrow power supply limitations. Power supply 
rejection ratio (PSRR) exceeds 100dB over the unusually wide 
range of ±3 to ±18 volts. Common-mode rejection is specified 
over a full ±13 volt input range allowing small signal amplifica­
tion in high' noise environments and use in inverting, non­
inverting, and differential applications. The amplifier is com­
pletely self-contained-no external compensation or protection 
components are required. It is an excellent replacement for 
chopper-stabilized amplifiers where reductions in cost, noise, 
size,and power consumption are desired,and for monolithic op 
amps where elimination of the offset nulling potentiom'eter is 
desirable. 

OP-07A PERFORMANCE@ Vs =t15V, TA = 25°C 

PARAMETER TYPICAL MIN/MAX UNITS 
Offset voltage. Vos 10 25 p.V 

drift with temperature 0.2 0.6 p.V/"C 
drift with time 0.2 1.0 p.V/mo 

Offset current, los 0.3 2.0 nA 

drift with temperature 5 25 pA/"C 
Input bias current, I B to.7 t2.0 nA 

drift with temperature 8 25 pA/"C 
Noise voltage 0.1 Hz to 10 Hz 0.35 0.6 p.V Pop 
Noise current 0.1 Hz to 10 Hz 14 30 pA POp 
Input resistance - differential 80 30 Mn 
Input resistance - common mode 200 .- Gn 
Common·mode rejection 126 110 dB 
Power supply rejection 110 100 dB 
Voltage gain 500 300 V/mV 
Slew-rate 0.25 - V/p.sec 
Unity gain bandwidth 1.2 - MHz 

OP-07A PERFORMANCE 
TABLE I 

FIGURE 5 

UNTRIMMED OFFSET VOLTAGE 
VS. TEMPERATURE 

FIGURE 5A 
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The pinout of the OP-07 allows direct replacement of 725, 
108, and OP-05 types without circuit changes while 741 
devices may be replaced by removal of the nulling potentiom­
eter. HA-2900 series chopper-stabilized amplifiers may be 

replaced by removing the two .1J.Lf capacitors and the 1500 pf 
capacitor whenever cost or noise reductions are required. 
Table II is included to show comparative performance in wide 
temperature range applications. 

TABLE I[ 

MILITARY TEMPERATURE RANGE PERFORMANCE COMPARISON 

Manuflcturer's Vos'Max TCVo,Max Voltage Current IBias Long-Term 
Part -65° 1+125°C -5S'I+l25'C Noise Noise Max Drift 
Numblr IUnnullod) Typical Typical -55~ l+l25'C Typical 

F-l0Hz F-l0Hz 

OP·07A 6OJ.<V .6jlV/·C lO.3nVI .32pAI 4nA .2p.V/rno 
v'Hz v'Hz 

OP·07 200IlV l.3jlVfC 10.3nVI .32pAl BnA .2l1V/rno 
v'Hz v'Hz 

HA·2900 60jtV .6jlVfC 900nVl Not InA Not 
v'Hz Specified Specifie.d 

IChopper) 

OP·06A 240llV .9I1V/·C lO.3nVI .32pAl 4nA .2p.V/rno 
v'Hz v'Hz 

OP·06 700IlV 2.OjtV/·C lO.3nVI .32pA1 BnA .211V1rno 
v'Hz v'Hz 

pA72S lSOOjtV s.Ojtvfc lSnVI 1.OpAI 200nA Not 
v'Hz v'Hz Specified 

LM108A l000IlV s.Ojtvfc 43nVI Not 3nA Not 
v'Hz Specified Specified 

Table ill compareS various OP-07 versions with competitive 
op amps over the 00 /70°C temperature range. An absence· of 
noise and long-term stability specifications for some amplifiers 
should caution potential users of possible deficiencies in those 

areas. This same comment would. apply to "typical-only" 
specifications since accurate predictions of circuit performance 
can only be made with a fully specified device. 

TABLEm 
COMMERCIAL TEMPERATURE RANGE PERFORMANCE COMPARISON 

Manufacturer's Vos Max. LongTann Long Term Voltage Noise Voltage Noise 
Part Number O'/70'C Drift Drift Typical Maximum 

Typical Maximum a.1Hz to 10Hz O.1Hzto 10Hz 

OP·07A 1M) 4SI'V .2/JVlrno 1.0IlV/ma .3SpV p.p .6jlVp.p 

'OP·07 1M) 130I'V .2/JVlrno l.OI'Vlrno .3SpVp·p .6jlVp·p 

OP·07E Ie) 130jtV .3jlVlrno l.SpV/rno .3SpV p.p .6jlVp·p 

OP·07e . Ie) 250jtV .4llV/mo 2.OjtVlrno .381lVp·p .6SpV p-p 

LMl08A 1M) 72SIIV Not Specified Not Specified Not Specified Not Specified 

HA·2900 1M) 6OJ.<V Not Specified Not Specified 3SpV p.p Not Specified 
Chopper-5tabilized 

HA·290S Ie) SOjtV Not Specified Not Specified 35pV p.p Not Specified 
Chopper-5tabilized 

ADS04M Ie) S4SpV lOIlV/rno Not Specified Not Specified .8IlVp-p 

ADS08L Ie) 612p.V Not Specified lOjtV/rno 1.OjtVp·p Not Sper.ified 

Typical IC) 

Inverting-Only 9SpV 2.01'V/rno Not Specified 1.711V pop Not Specified 
Chopper Module 

M = -SSo/+12SoC Range Device 
C = OO/+70oC Range Device 



NOISE PERFORMANCE 

LOW FREQUENCY NOISE 

FIGURE 6A 

The low frequency noise photograph in Figure 6A shows 
.35IlVp-p input. voltage noise (0.1 Hz to 10Hzl, the best 
performance available in an instrumentation op amp at this 
writing. The wideband voltage noise comparison photograph 
(Fig. 7 A) shows relative performance of a OP-07 and a mono­
lithic chopper in the same Xl00 configuration; the chopper is 
seen to have at least 2001lVp-P noise referred to the input. 
Clearly, low Vos specifications are not very meaningful if input 
voltage noise is the predominant error factor. 

100KO 

IKO 

11<0 

(xIOO) 

WIDEBAND VOLTAGE NOISE VS CHOPPER 

FIGURE 7A 

loon 
3.3kn. OUTPUT 

loon 

1 47P' 

('I<IOHz FILTER) 
2.5Mn 

Vo 5mV/cm 
INPUT REFERRED NOISE= 25.000'- 25.000 -200nV/cm 

LOW FREOUENCY NOISE TEST CIRCUIT 

FIGURE 6B 

Chopper·frequency noise is a common mode current noise 
occurring at the chopping frequency due to switching tran· 
sients. The effect of a 500Kohm source mismatch is shown in 
the wideband current noise photograph comparing a OP-07 
with a monolithic chopper in the non-inverting buffer appli­
cation (Fig. 78). High source impedance circuits require 
low input noise currents, which as the photograph illustrates. 
can be larger than input bias current with certain operational 
amplifiers. 

I I I P-07 Ii I I , l: I ' 

500KO 

WIDEBAND CURRENT NOISE VS CHOPPER 
FIGURE7B 
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LONG TERMVos DRIFT 

Input offset voltage drift over time has three components: 
Warmup drift, first month drift, and trend line stability. 

Warmup drift is a change in Vos occuring in the first few 
'minutes of operation. In order to produce high volumes of 
OP·07's, Vos is measured .5 seconds after application 
of power using automated test equipment. The pass limits are 
"guard·banded" or made small enough with respect to the Vos 
maximum specification to compensate for not having directly 
observed warmup drift. In addition, offset voltage on the 
OP·07 A selection is measured five· minutes after power 
supply application at 25°C;-55°C and, +125°C. 

The first month stability, defined as changes in Vos from one 
hour to 30 days, is typically 2.5,uv. Even with closely main­
tained equipment individual measurements with time can 
suffer from inaccuracies on the order of a half-microvolt due 
to low frequency noise and slight temperature variations. 
Fortunately, over a large number of measurements these errors 
tend to integrate out, and an accurate trend line can be 
defined. 

The trend line is defined as the drift per month averaged over 
the month one to month twelve period, and is generally an 
order of magnitude better than the first month drift (Fig. 
5B). Over 1.7 million device hours of testing and characteriza­
tion have been logged in order to accurately specify long-term 
Vos stability. Results indicate an average trend line drift of 
0.2,uV /month-outstanding stability performance for any amp­
lifier, regardless of its technological approach. 

LONG-TERM Vos TESTING ~~NDITIONS 

The deceptively simple circuit of Fig. 8 is used for long-term 
Vos stability testing. Three absolutely essential conditions 
must exist for accurate measureni\mts: still air, power supply 
accuracy, and long-term temperature control. 

All components, including sockets. and solder joints, are 
enclosed in a metal box to eliminate air movement and 
temperature gradients. Thermoelectric error voltages may be 
generated if the dissimilar ·metal junctions formed by solder 
joints and socket contacts are at different temperatures. This 
effect is minimized by using "low thermal"solder (70% 
Cadmium, 30% Tin) and nonmetallic flux, such as Kester 
#1544, to avoid ionic contamination. 

Although the power supply rejection ratio (PSRR) of the 
OP-07 is extremely high, nevertheless it should be con­
sidered as a potential error factor in long-term Vos testing_ The 
power supplies are verified to be at ±15 volts ±10mV before 
each set of weekly readings. This removes any possible sig­
nificant errors due to the psi=! R specification of 110dB 
(3,uV/Volt). 

All long-term Vos testing is performed in a controlled labora­
tory environment of 30°C to eliminate TCVos, 0.2,uv/oC, as 
an error possibility. 

200Kn 

50n 

LONG TERM OFFSET VOLTAGE TEST CIRCUIT 
FIGURE 8 



APPLICATIONS OF OP-07 

HIGH STABILITY VOLTAGE REFERENCE 

The simple bootstrapped voltage reference circuit of Figure 9 
provides a precise 10 volts virtually independent of changes in 
power supply voltage, ambient temperature, and output 
loading. Correct zener operating current of exactly 2mA is 
maintained by Rl a selected 5ppmtC resistor, connected to 
the regulated output. Accuracy is primarily determined by 
three factors: The 5ppm/C temperature coefficient of Dl, 
lppmfC ratio tracking of R2 and R3, and operational 
amplifier Vas errors. 

Vos errors, amplified by 1.6 (Avell, appear at the output and 
can be significant with most monolithic amplifiers. For 
example: an ordinary amplifier with TCVos of 511Vfc 
contributes .8ppmfC of output error while the OP·07 at 
.3l1Vfc (0.5ppmfCl effectively e.limina.tes TC:Vos as an error 
consideration. 

Perhaps the most easily overlooked accuracy requirement in 

IN4579A 
6.4V±5"1o 
±5ppm'oC 

01 

RI 

6 
Eo=IOVOLTS 

RI= 10-Vz 
2x10-3 

R2 
R2= 10-Vz 

Ix10-3 

VZ 
R3= 1.10-3 

R3 
AVCL'" 1.6 

HIGH STABILITY VOLTAGE REFERENCE 

FIGURE 9 

this and many other critical circuits, is long-term Vos stability. 
In this circuit, a 741 drifing at 10011V/mo would cause 
200ppm/year of output drift"':a very large amount. This type. 
of problem is particularly troublesome in potted subassemblies 
where periodic recalibration is impossible. Use of the 
OP-07 at 1l1V/mo maximum avoids this potentially 
troublesome condition. 

LARGE SIGNAL BUFFER-.005% WORST-CASE 
ACCURACY 

Unity gain large-signal buffers are one of the· most common 
applications of operational amplifiers. The low Vos and high 
CMRR of the OP-07 provide high accuracy, and small 
physical size is achieved due to the complete absence of 
external components. Performance over the appropriate 
temperature range is shown for the various OP-07 
selections. Note that the errors on Table m are absolute 
worst-case numbers, a combination that would be extremely 
unlikely in actual practice. A figure closer to expected overall 
performance based on the R MS sum of typical errors is also 
included. Typical mil temp range error for the OP-07A is 
44l1V-far smaller than most other amplifiers' input offset 
voltage error alone. 

EIN 
flOV 

TABLE IV 

ZERO TO 
20KCl 
SOURCE -15VOLTS 

±IVOLT 

·Eo=±IOV 

LARGE SIGNAL VOLTAGE BUFFER 

FIGURE 10 

LARGE SIGNAL VOLTAGE BUFFER ERROR ANAL VSIS 

Error OP'()7A ·66"1+126" OP·07 -66"1+126" OP.()7E 0" 1+70" OP·07C 0" It 70" 
Sourci MinIM .. TyplCiI MiniMI. TypiCiI Min/Mlx Typical MiniM .. TypiCiI 

Vos 
, 

6O~V 25~V 200~V 6O~V 130IlV 451lV 250jlV 851lV 

'Bias 
, 

80llV 20llV 120~V 40llV 110llV JOIlV 180jlV 441lV 

CMAA' 50jlV 71lV 50jlV 71lV 70llV 71lV 1411lV 10llV 

PSAA' 40pV 10pV 40jlV 10~V 63pV 13pV lQ01lV 20pV 

Gain' 50pV 25pV 67pV 25pV 56pV 22pV 100jlV 25pV 

I\Vas 
60pV 12pV 60pV 12pV 90llV 18pV 120pV 24pV 5 years 

Total J40~V 44pV" 5J7~V 78pV" 519pV 63pV" 891pV 1 04pV " 

Percent 
Full .0034% .0005%" .0054% .0008%" .0052% .0006%" .009% .001%" 
Scale 

*RMS Calculation 

I Full operating temperature range specifications. 
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CALIBRATION-FREE DAC TESTING SYSTEM 

The circuit of Figure 11 is part of an automated test system 
used for measuring 6-bit to 10-bit DAC nonlinearity at each 

possible digital input code combination. It detects the largest 
difference between a 14-bit linear reference DAC and a unit 
under test, and generates an output voltage that is directly 
proportional to nonlinearity as a percentage of full scale. 

DAC SUMMING 
AMPLIFIER 

I4-BIT .003% 
liNEARITY 
REFERENCE 
DAC 
Irs"-SmA. 

1.25Kn 

EDUT 

o TO 10 VOLTS 

6 

IKn 

IKn 

XIO 
DIFFERENCE 
AMPLIFIER 

10Kn 

6 

-15V 

Eo 

TO PEAK 
DETECTOR 

Eo"O (ER!F-EDuT)' % NONLINEARITY 

DIA CONVERTER TEST SYSTEM 
FIGURE 11 

Reference DACs are frequently supplied having current-output 
only, 'with selection of a summing amplifier left up to the user. 
Summing ar'nplifier characteristics must not cause degradation 
of reference DAC linearity~ full scale, or zero scale performance 
or erroneous testing·could occur. In addition, Vos errors are 
direct zero scale output errors, so both long term Vos stability 
and drift over temperature are important. Using a OP-07, total 
Eref errors due to op amp performance are estimated at less 
than 100~Vor .2LSB on a 14-bit base, permanently eliminating 
zero calibration while maintaining test system accuracy. Sum­
ming amplifier applications requiring higher speed should use 
the composite amplifier of Figure 12. 

Another OP-07 is used in the difference amplifier for 
high common mode rejection and Vos stability. This op amp is 
well-suited for critical test system circuits, providing accurate 
measurements, high reliability, and calibration-free operation. 

COMPOSITE SUMMING AMPLIFIER WITH HIGH SLEW 
RATE AND LOW Vos 

The circuit configuration of Figure 12 is a method for 
obtaining a 18v!~sec slew rate with OP-07 Vos 
characteristics. Vos of A2 (3mVI is continuously nulled by 
forcing the sum node to equal Vos of A1 through a secondary 
feedback loop formed by R1, R2, A2's input stage, and R3. 

An error due to I Bias of A2 limits practical values of feedback 
resistances to a maximum of 5Kn in most applications; a fast 
FET input op amp could be used as A2 to reduce.,the.circuit's 
bias current to approximately 2nA. The circuit is also good as 
a current-output DAC summing amplifier because zero scale 
offset adjustments are not required and high speed is 
preserved. Composite connections such as this are generally 
quite cost-effective compared to single op amps having both 
high slew rllte and good Vos specifications. 

-ISV 

Eo"-Eul~+lIJMRF 

HIGH SPEED. LOW VOS COMPOSITE AMPLIFIER 
FIGURE 12 
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ABSOLUTE VALUE CIRCUIT WITH MINIMUM ERROR 

This circuit provides precise full-wave rectification by inverting 
n.egative-polarity input voltages and operating as a unity-gain 
buffer for positive-polarity inputs. It is useful for conditioning 
inputs to unipolar A to D's, positive peak detectors, single 
quadrant multipliers, and magnitude-only measurement 
systems. A polarity indication for sign plus magnitude 
applications is present at the output of A 1. 

For a positive input, the circuit operates as two stages of 
inverting unity-gain amplification. As the input goes positive, 
the output of A 1 becomes negative, turning 02 off and D 1 on, 
placing the junction of R3 and R4 at-Ein. VA is at zero volts 
because D2 is off and only insignificant A2 bias current flows 
in R2. A2 operates as a second inverting unity-gain stage and 
Eo equals Ein. 

R3 

EI .. RI 

:i:IOV IOKO 

-15V 

R2 

IOKn 

For negative inputs, the first stage gain to point VA is-2/3 
because D2 is on, D 1 is off, and 1/3 of the input current, 
Ein/R1, flows in R3 and R4. The second stage is operated in a 
non-inverting gain of 1.5 configuration with VA as its input, 
giving an over-all circuit gain of-l. 

. Using conventional op amps, input offset voltage is usually 
the predominant error factor because it is doubled and added to 
Ein. For example, with Ein of 100mV, only .5mV of Vos will 
cause 1% output error. Clearly, Aland A2 must be low Vos 
op amps to achieve high accuracy over the full input voltage 
range. By using a OP-07, performance is mainly a 
function of resistor ratio matching and diode leakages. Gain 
errors due to resistor matching will typically be less than .03% 
when R2-R4 are within .01% of R l's value. Low leakage 
diodes should be used to prevent errors from reverse current 
flow in R2 or R3 which would appear as Vos error of A2. 

R4 R5 

IOKO IOKO 
+15V 

FD333 
DI 

6 E. 

o TO+IOV 

FD333 
D2 

-15V 

VA 

PRECISION ABSOLUTE VALUE CIRCUIT 

Positive Input 

1) VA = 0.02 off, 01 on 

( - E
Rin1

R3) • 2) Eo = 

R3 R5 
Rl R4 

3) With Rl=R3=R4=R5: 

Eo = Ein 

4) Vos error included: 

Eo = Ein + 2Vos2 

(-RR:) 

FIGURE 13 

PRECISION ABSOLUTE VALUE CIRCUIT 

Negative Input 

1) 01 off, 02 on 

-Ein VA 
2)R"1 = R2 + 

3) Eo = VA (1 + 

4) With R3=R4=R5: 

Eo= 1.5VA 

VA 

R3+ R4 

R5 ) 
R3+R4 

(R2) (R3 + R4) (1.5)Ein 
5) Eo = - Rl (R2+R3+R4) 
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6) With Rl=R2=R3=R4: 

Eo = -Ein 

7) Vos error included: 

Eo = -Ein + 1.5Vos2 - .5Vosl 

8) For Both Inputs: 

Eo = + IEinl 



PRECISION SUMMING AMPLIFIER WITH NO 
ADJUSTMENTS 

Figure 14 shows the basic op am p connection for analog 
computation, a precision summing amplifier. Analog com· 
puters use several of these stages connected in combinations 
to produce continuous outputs that are a function of mul­
tiple input variables. Single-stage accuracy is important 
because errors accumulate throughout a system and deter· 
mine its over-all performance. Some analog computers 
require time-consuming and annoying recalibration of each 

R410Kn 

RlloKn 
Elo--'\i'l/lr-. 

E2o-_R",21110IlK,..n_t-_, 

6 

R5 -15 VOLTS 
2.5Kn 

Eo 

ADJUSTMENT·FREE PRECISION SUMMING AMPLIFIER 

FIGURE 14 

INSTRUMENTATION AMPLIFIERS FOR 
THERMOCOUPLES 

Thermocouples are. very low voltage output· temperature 
transducers requiring differential DC amplification before 
linearization and display. Typical full scale outputs are under 
50mV with some types having as low as 5/lVtC sensitivity. 

These v·ery small input signals often have sizable common 
mode voltages present because thermocouples are frequently 
located in high·noise industrial environments. The single 
op·amp instrumentation amplifier of Figure 15 has the high 
common mode rejection and long·term accuracy required 
for this stringent application. 

The amplifier achieves about 100dB of common mode 
voltage rejection over a full ±13 volt range when the ratios 
of R2/R 1 and R4/R3 are matched within .01 %. R 1 Band 
R3B are usually around 1 Kn, a value large in respect to line 
resistance but small enough to make' voltage drops from 
input bias currents negligible. Input voltages and Vos are 
both amplified by 200 so Vos changes, either long·term or 
due to temperature, can cause direct output error. For 
example, with a 5fJ.V tc thermocouple, the OP·07 A holds 
thi,s error factor to .5°C/year and 1°C for an amplifier 
operating temperature range of 100°C (':25°C to +75°C)­
a typical industrial environment. For O°C to 70°C applica· 
tions, the low·cost OP-07C holds output error due to a 
change in Vos below 1°C/year and 2°C over the full com­
mercial operating temperature range. 

The circuit is useful whenever small differential signals from 
low-impedance sources must be accurately amplified in the 
presence of large common mode voltages. 
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stage at weekly or monthly intervals to compensate for 
long·term Vos drift. This circuit, with l/lV to 2/lV per 
month maximum change in Vos, completely eliminates 
periodic calibration while insuring long-term accuracy. 

Single-stage maximum full scale errors contributed by the 
op amp range from .001% for a OP-07A to .004% for a 
OP-07C. This makes resistor-related errors of ratio matching 
and temperature tracking the major accuracy considerations. 
Instrumentation quality operational amplifiers with ultra­
low Vos allow simple construction of high performance 
summing and differencing amplifiers. 

!!IKn 

~~~~i~gN /RiA RIRiB\ 
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RESISTANCE 
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~~~~RENCE '-- R3--.l 
JUNCTION ;:IKn R4 

R2 

6 

-15 VOLTS 

Eo'200 (E.-E,) 

Eos'Vos R2:'RI 

~=~'200 

HIGH STABILITY THERMOCOUPLE AMPLIFIER 

FIGURE 15 

CONCLUSIONS 

The OP·07 Ultra· Low Offset Voltage Operational Amplifier 
is . a cost:effective monolithic alternative to the chopper­
stabilized amplifier and is suitable for a wide variety of 
critical applications. An . internal trimming procedure 
achieves significant improvements over previous bipolar 
designs in offset voltage, noise levels, and long·term stability 
at a moderate cost. For the first time, a complete precision 
IC op amp is available requiring no external components 
whatsoever for general application, thus increasing relia­
bility by decreasing system complexity. The adjustment· 
free, fully interchangeable device allows tremendous simpli­
fication of calibration and field servicing procedures. This 
is a most powerful and cost-effective design tool-chopper. 
type performance and bipolar prices with 741 ease-of· 
operation. 
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INTERFACING PRECISION MONOLITHICS DIGITAL-TO-ANALOG CONVERTERS WITH CMOS LOGIC 

by 
Donn Soderquist 

The rise in popularity oftMOS logic has,created a demand for' 
digital·to·analog converters with CMOS·compatible logic inputs. 
The low current logic input stages in all Precision Monolithics 
DAC's allow simple CMOS interfacing in most applications. 
Since interfacing is easily achieved, the proven advantages of 
low cost and high speed are available to both TTL and CMOS 
system designers. This application note discusses interfacing 
methods and rules for both voltage and curre'nt output types 
and describes several typical CMOS system applications. 

INTERFACING THE DAC·OS 

The DAC·OB 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 possi· 
ble by the large input swing capability, 2JlA logic input current 
and completely adjustable logic threshold voltage. For V- = 
-15V, the logic inputs may swing between -10V and +lBV. 
This enables direct interface with +15V CMOS logic, even when 
the DAC·OB is powered from a +5V supply. Minimum input 
logic swing and minimum logic threshold voltage are given by: 
V- plus (lREF • 1 Kill 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, VLcl. It should be 
noted that pin 1 will source approximately 1 OOJlA; 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 resistive divider, as in 
Fig. 1, it should be bypassed to ground by a 0.1 JlF capacitor. 

+15V CMOS 
VTW +7.6 V 

VTH = VLC + 1.4 V 

+10V CMOS +5V,CMOS 
vTH"+5,OV VTH"+2.8V 

+15V +10V 
+12 V TO +15 v~ 

10Kn 

, VLC 

6.2 V 6.2 KII 
ZENER IN4148 

DAC-08 CMoS INTERFACING 
WITH TRUE CMOS THRESHOLD, 

FIGURE 1 

INTERFACING THE DAC-02 and DAC-04 

Two complete voltage output monolithic DAC's are described 
in this section: the DAC·02, a 10·bit plus sign device, and the 
DAC·04, a 10·bit two's complement coded converter. These 
DAC's are well·suited to use in CMOS systems as their com· 
plete, internal temperature·compensated references eliminate 
the external reference voltage requirement, a major source of 
power dissipation, drift, and cost in some CMOS compatible 
designs. 

Both DAC's have logic input stages which require about lJlA 
and are capable of operation with inputs between -5 volts and 
V+ less .7 volt. This wide input voltage range allows direct 
CMOS interfacing in many applications, the exception being 
where the CMOS logic and D/Aconverter must use the same 
positive power supply. 

In this special case, a diode should be placed in series with the 
CMOS driving device's Vee lead, as shown in Figure 2. The 
diode limits Vee to V+less .7 volt:"'since the outiJut from the 
CMOS ,device cannot exceed this value, the DAC's maximum 
input voltage rule is satisfied. Summarizing: in ali applications, 
these two high·speed, DAC's require either no interfacing 

, components, or at most, a single inexpensive diQdefor full 
CMOS compatibility. 

V+ V-

INPUTS s V+ LESS .7 VOLTS 

IN4148 

'-----iVDD 

CMOS DRIVING 
DEVICE 

VI. 

DAC-02/04 CMOS INTERFACING 

FIGURE 2 
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INTERFACING THE DAC100 AND DAC-01 

The DAC-100, a complete 10-bit monolithic fast current out­
put DAC is available in a wide range of electrical grades and 
packages. This device requires only about lilA of input current 
into each logic stage. Similar logic .input stages are used in the 
DAC-Ol, a complete voltage output 6-bit DAC. One rule must 
be observed when interfacing these DAC's with CMOS inputs: 
logic input voltages should not exceed 6.5 volts or V+, which­
ever is smaller_ To provide an understanding of this rule, it is 
necessary to discuss the logic input stage design. 

ANALOG 
OUTPUT 

ZERO 
VOLTS 

-.7 VOLTS 
'ON' CONDITION 
ONLY 

V-

DAC-l00 LOGIC INPUT STAGE 

FIGURE 3 

DAC-100 LOGIC INPUT STAGE DESIGN 

For simplicity, only one of the ten identical input circuits is 
shown in Figure 3. The DAC-l00 uses a fast current­
steering technique that switches a bit-weighted current be­
tween the positive supply (V+) and the analog output, which is 
usually constrained to be at zero volts (virtual ground) by an 
external summing amplifier. 

Switching is accomplished by forward biasing 04, a diode­
connected transistor, for the bit "on" condition and back 
biasing 04 in the "off" condition. For the "on" condition 
(VIN .... 7 volts), 03 is "off"-all of the bit-weighted current, 
I, , flows from the analog output through 04 and ultimately to 
V -. I n the "off" condition (V I N ~ 2.1 volts), 03 is "on", 04 is 
back biased, and the bit-weighted current is sourced from the 
positive power supply 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: 

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-lOO operation with CMOS inputs is 
easily achieved as demonstrated in the following applications 
section. 
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CMOS COMPATIBLE OPERATION. OF DAC-100 WITH ±6 
VOLT POWER SUPPLIES 

This is the most convenient method of interfacing aDAC-1.00 
with CMOS logic. At ±6 volts, DAC-l00 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-l00 can use the same +6 volt power supply. In this 
application the device is directly CMOS compatible. 

HIGH LEVEL CMOSINTERFACING 

The block diagram in Figure 4 illustrates a convenient method 
for interfacing CMOS input levels between 6.5 volts and 15 
volts with a DAC-l00. 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 noninverting (CD4050A) devices. This gives the 
user a choice between negative-true and positive-true binary 
coding and allows the same basic DAC-l00-to-CMOS interfacing 
method to ~e 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 3-terminal IC regulator can supply 
several level shifting devices. Next, we will examine a complete 
circuit using all of these concepts in a high-speed CMOS com­
patible DAC. 

+6TO+18V 

cc 
LEVEL 
SHIFTING 
BUFFERI 
CONVERTERSt-===,,-..... 

2 EACH LOW LEVEL 
CD4049A TTL OUTPUTS 

OR 
CD4050A 

VD. 

BLOCK DIAGRAM - CMOS TO DAC-l00 INTERFACE 

FIGURE 4 



COMPLETE CMOS COMPATIBLE OAC-

The complete, 10-bit, voltage output DAC in Figure 5 has 
CMOS input compatibiiity, high sJjeed, and low cost. Current 
output from the OAC-100 is accurately converted to a voltage 
by the Precisiori Monolithics OP-Ol, a high speed op amp which 
has been specifically designed for the OAC summing amplifier 
application. Input offset voltage of this op amp is typically 
2mV., eliminating the requirement for zero scale adjustment. 

The dynamic performance, as shown in the photograph, is 
quite good. Slew rate is 18V/psec while settling time to ±.05% 
of full scale requires less thanl.5psec. DC performance is also 
good since OAC-roO nonlinearity is specified over the entire 
temperature range. In addition, the internal temperature' 
compensated voltage reference provides minimum full scale 
drift and decreases overall circuit complexity. 

DYNAMIC PERFORMANCE 
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INTERFACING DA~100WITH ±1S VOLT CMOS SYSTEMS 
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LOW COST THREE IC CMOS COMPATIBLE A/D 
CONVERTER 

The diagram in Figure 6 is a modification of a previously 
published application note circuit substituting CMOS logic for 
TTL All necessary logic for A to D conversion is contained in 
L 1, a recently introduced CMOS successive approximation 
register_ A conversion sequence is initiated by applying a posi­
tive pulse, with a width greater than one clock cycle, to the 
"Start Conversion" input. The analog input, applied to Rs and 
converted to a current, is compared successively to 1/2 scale, 
then 1/4 scale, and the remaining binarily decreasing bit weights 
until it has been resolved within ±1/2 LSB. At this time, "End 
of. Conversion" changes to a logic "1" and the parallel answer 
is present in negative-true, binary-coded format at the register 
outputs. 

Tracking A to D's may be similarly constructed using 
CD4029A up/down counters, a DAC-100, and a CMP-01 fast 
precision comparator_ 

CONCLUSION 

Precision Monolithics D/A converters may be easily incorpor­
ated into CMOS systems. Low current logic input stage designs 
allow simple interfacing with a minimum of external com­
ponents. The low power dissipation, high speed output and 
low cost make this line of monolithic DAC's attractive in 
CMOS system designs. 
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MINIMIZATION OF NOISE IN OPERATIONAL AMPLIFIER APPLICATIONS 

by 
Donn Soderquist 

INTRODUCTION 

Since operational amplifier specifications such as input offset 
voltage and input bias current have improved tremendously 
in the past few years, noise is becomirig an increasingly 
important error consideration. To take advantage of today's 
high performance op amps, an understanding of the noise 
mechanisms affecting op amps is required. This paper examines 
noise contributions, both internal and external to an op amp, 
and provides practical methods for minimizing their effects. 

BASIC NOISE .PROPERTIES 

Noise, for purposes of this discussion, is defined as any signal 
appearing in an op. amp's output that could not. have been 
predicted by DC and AC input error analysis. Noise can be 
random or repetitive, internally or externally generated, 

• 001 

current or voltage type, narrowband or wideband, high fre­
quency or low frequency; whatever its nature, it can be 
minimized. 

The first step in minimizing noise is source identification in 
terms of bandwidth and location .in the frequency spectrum; 
some of the more common sources are shown in Figure· 1, an 
ll-decade frequency spectrum chart. Some preliminary obser­
vations can be made: noise is present from DC to VHF from 
sources which may lie identified in terms of bandwidth and 
frequency. Noise source bandwidths overlap, making noise a 
composite quantity at any given frequency. Most externally 
caused noise is repetitive rather than random and can be 
found at a definite frequency. Noise effects from external 
sources must be reduced to insignificant leve.ls to realize the 
full performance availabl.e from a low 110ise op amp . 

tOOK .5eM 1M 10M 

FIGURE 1 

FREQUENCY SPECTRUM OF NOISE SOURCES AFFECTING OPERATIONAL AMPLIFIER PERFORMANCE 
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EXTERNAL NOISE SOURCES 

Since noise is a composite signal, the individual sources must 

be identified to minimize their effects. For example, 60Hz 

power line pickup is a common interference noise appearing 

at an op amp's output as a 16msec sine wave. In this and most 

other situations, the basic tool for external noise source 

frequency characterization is the oscilloscope sweep rate 
setting. Recognizing the oscilloscope's potential in this area, 
Tektronix® manufactures several preamplifiers with variable 

bandwidth and frequency which allow quick noise source 

frequency identification. Another basic identification tool is 

the simple low pass filter as shown in Figure 2, where the 

bandpass is calculated by: 

frequency components while passing frequencies of interest. 

Once identified, noise from an external source may be mini· 

mized by the methods outlined in Table 1-the external noise 

chart. 

v+ 

v-

1 ) fO -
211 RC 

3.3Kn OSCILLOSCOPE 

FIGURE 2 

4.7~FTO 470pF I 10 Hz TO 100 KHz 

With such a filter, measurement bandpass can be changed from 
10Hz to 100KHz (C = 4.7pF to 470pF), attenuating higher 

NOISE FREQUENCY ANALYSIS RC lOW PASS FilTER 

TABLE 1 EXTERNAL NOISE SOURCE CHART 

Source Nature Causes Minimization Methods 

Powerlines physically close to op amp Reorientation of power wiring. Shielded 

60Hz Power Repetitive Interference inputs. Poor CMRR at 60Hz. Power transformers. Single point grounding. 
Transformer primary-ta-secondary capa- Battery power. 
citive coupling, 

Full wave rectifier ripple on op amp's Thorough design to minimize ripple. RC 
120 Hz Ripple Repetitive supply terminals. I nadequate ripple can· decoupling at the op amp. Battery power. 

sideration. Poor PSRR at 120Hz. 

180Hz Repetitive EMI 180Hz radiated from saturated 60Hz Physical reorientation of components. 
transformers. Shielding. Battery power. 

Standard AM Broadcast Shielding. Output filtering. Limited eir-
Radio Stations Through FM Antenna action anyplace in system. cuit bandwidth. 

Proximity to amplifier inputs, power Filtering of HF components. Shielding. 
Relay and Switch High frequency burst at lines, compensation terminals, or nulling Avoidance of ground loops. Arc sup-
Arcing switching rate terminals. pressors at switching source. 

Printed Circuit Thorough cleaning at time of soldering 

Board Random Low Frequency Dirty boards or sockets. followed by a bakeout and humidity 
Contamination sealant. 

Radar High Frequency Gated At Radar transmitters from long range sur- Shielding. 
Transmitters Radar Pulse Repetition face search to short range navigational- Output filtering of frequencies » PRR. 

Rate especially near airports. 

Mechanical Loose connections, intermittent metallic 
Attention to connectors and cable con-

Random < 100Hz ditions. Shock mounting in severe 
Vibration contact in mobile equipment. environments. 

Chopper Common Mode Input 
Abnormally high noise chopper amplifier Balanced source resistors. . Use bipolar 

Frequency Current At Chopping 
in system. input op amps instead. Use premium 

Noise Frequency low noise chopper. 
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POWER SUPPLY RIPPLE 

Power supply ripple at 120 Hz is not usually thought of as a 
noise, but it should be. In an actual op amp application, it is 
quite possible to have a 120 Hz noise component that is equal 
in magnitude to all other noise sources combined, and, for 
this reason, it deserves a special discussiofl. 

To be negligible, 120Hz ripple noise should be between 10nV 
and 100 nV referred to the input of an op amp. Achieving 
these low levels requires consideration of three factors: the 
op amp's 120Hz power supply rejection ration (PSRR), the 
regulator's ripple rejection ratio, and finally, the regulator's 
input capacitor size. 

PSR R at 120 Hz for a given op amp may be found in the 
manufacturer's data sheet curves of PSR R versus frequency as 
shown in Figure 3. For the amplifier shown, 120 Hz PSR R is 
about 74dB, and to attain a goal of 100nV referred to the 
input, ripple at the power terminals must be less than .5mV. 
Today's IC regulators provide about 60dB of ripple rejection; 
in this case the regulator input capacitor must be made large 
enough to limit input ripple to .5V. 
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Externally·compensated low noise op amps can provide 
improved 120 Hz PSR R in high closed·loop gain configurations. 
The PSR R versus freque'ncy curves of such an op amp are 
shown in Figure 4. When compensated for a closed·loop gain 
of 1000, 120 Hz PSR R is 115dB. PSR R is still excellent at 
much higher frequencies allowing lowripple·noise operation in 
exceptionally severe environments. 

POWER SUPPLY DECOUPLING 

Usually, 120Hz ripple is not the only power supply associated 
noise. Series regulator outputs typically contain at least 150,.N 
of noise in the 100Hz to 10KHz range; switching types 
contain even more. Unpredictable amounts of induced noise 
can also be present on power leads from many sources. Since 
high frequency PSRR decreases at 20dB/decade, these higher 
frequency supply noise components must not be allowed to 
reach the op amp's power terminals. RC decoupling, as shown 
in Figure 5, will adequately filter most wide band noise. Some 

caution must be exercised wit" this type of decoupling, as load 
current changes will modulate the voltage at the op amp's 
supply pins. 

120'-TTTTT1'nT""Trnmnr-n-mlTrT1"TTrmr-rTrTiT1lll 
11111111 I I III 1l111~ 1111111 J 

FIGURE 4 
PSRR VS FREQUENCY (SSS725, SSS725B, SSS725E) 

v-

FIGURE 5 
RC OECOUPLING 

POWER SUPPLY REGULATION 

, Any change in power supply voltage will have a resultant effect 
referred to an op amp's inputs. For the op amp of Figure 3, 
PSRR at DC is 110dB (3JlVIV) which may be considered as 
a potential low frequency noise source. Power supplies for low 
noise op amp applications should, therefore, be both low in 
ripple and well·regulated. Inadequate supply regulation is often 
mistaken to be low frequency op amp noise. 

When noise from external sources has been effectively mini· 
mized, further improvements in low noise performance are 
obtained by specifying the right op amp and through careful 
selection and application of the associated components. 
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OPERATIONAL AMPLIFIER INTERNAL NOISE 

OP AMP NOISE SPECIFICATIONS 

Most completely specified low noise op amp data sheets 
specify current and voltage noises in a 1 Hz bandwidth and 
low frequency noise over a range of '.1 Hz to 10Hz. To mini­
mize total noise, a knowledge of the derivation of these 
specifications is useful. In this section, the reader is provided 
with an explanation of basic op amp-associated random noise 
mechanisms and introduced to a simplified method for calcu­
lating total input-referred noise in typical applications. 

RANDOM NOISE CHARACTERISTICS 

Op amp-associated noise currents and voltages are random. 
They are aperiodic and uncorrelated to each other and have 
Gaussian amplitude distributions, the highest noise amplitudes 
.having the lowest probability. Gaussian amplitude distribution 
allows random noises to be expressed as rms quantities; 
multiplying a Gaussian rms quantity by six results in a peak to 
peak value that will not be exceeded 99.73% of the time (this 
is a handy rule-of-thumb for noise calculations). 

The two basic types of op amp-associated noises are white 
noise and flicker noise (1ft). White noise contains equal 
amounts of power in each Hertz of bandwidth. Flicker noise 
is different in that it contains equal amounts of power in 
each decade of bandwidth. This is best illustrated by spectral 
noise density plots such as in Figures 6 and 7. Above a certain 
corner frequency, white noise dominates; below that frequency 
flicker (1 f f) noise is dominant. Low noise corner frequencies 
distinguish low noiseop amps from general purpose devices. 

SPECTRAL NOISE DENSITY 

To utilize Figures 6 and 7, letus consider the definition of 
spectral noise density: the square root of the rate of change of 
mean·square noise voltage (or current) with frequency (Eq. 2). 

d 
2A) e 2 =- (En)2 

n df 

2B) in 2 

3A) 

3B) In 

Where: 

d 

df 

in2 df 

Spectral noise density 
Total rms noise 
Upper frequency limit 
Lower frequency limit 

Conversely, the rims noise value within a given frequency band 
is the square root of the definite integral of the spectral noise 
density over that frequency band (Eq. 3). This means that 
three things must be known to evaluate total voltage noise 
(En) or current noise (In): fH' fL,and a.knowledge of noise 
behavior over frequency. 
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White noise sources are defined to have a noise content that is 
equal in each Hertz of bandwidth, and Eq. 3 may be rewritten 
for white noise sources as: 

It is therefore convenient to express spectral noise density in 
V f..;/Hz or Af.jHZ where fH - fL = 1 Hz. When fH ~ 10 fL' the 
white noise expressions may be further reduced to: 

7) In (w) = in~ 
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FLICKER NOISE 

Since flicker noise content is equal in each decade of band­
width, total flicker noise may .be calculated if noise in one 
decade is known_ The .1 Hz to 1 Hz decade noise content 
(K) is widely used for this purpose because the white noise 
contribution below 10Hz is usually negligible_ 

8) En (f) =0 K..Jf 

When substituted in Eq_ 3, the expressions may be rewritten to: 

11) In (f) = K)n(::) 
FLICKER NOISE AND WHITE NOISE 

When corner frequencies are known, simplified expressions for 
total voltage and current nois·e (EN and IN) may be written: 

12) EN (fH -fLl = en Jfee In(~)+ fH -fL 

13) IN (fH - fLl = in JfCi In (::) + fH - fL 

Where: en 

in 
fee 

fci 
fH 
fL 

White noise voltage in a 1 Hz bandwidth 
White noise current in a 1 Hz bandwidth 
Voltage noise corner frequency 
Current noise corner frequency 
Upper frequency I im it 
Lower frequency limit 

The two most important internally generated noise minimiza­
tion rules are derived from Eq_ 12 and 13: limit the circuit 
bandwidth and use operational amplifiers with low corner 
frequencies_ 

NOISE SUMMATION 

In the spectral density discussion, the concepts of white 
noise and flicker noise were introduced~ In Figure 8, the 
complete input-referred op amp noise model, internal white 
and flicker noise sources are combined into three equivalent 
input noise generators, EN, INl and IN2- The noise current 
generators produce noise voltage drops across their respective 
source resistors, RSl and RS2- The source resistors themselves 
generate thermal noise voltages, Etl' and Et2. Total rms 

v.+ 

FIGURE 8 
OP AMP NOISE MODEL 

input-referred voltage noise, over a given bandwidth, is the 
square root of the sum of the squares of the five noise voltage 
sources over that bandwidth. 

Minimization of total noise requires an understanding of the 
mechanisms involved in each of the five generators_ First, the 
white noise mechanisms, thermal and shot, are discussed, 
foil owed by the low frequency noise mechanisms, flicker and 
popcorn. 

THERMAL NOISE 

Thermal (Johnson)1 noisel is a white noise voltage generated 
by random movement of thermally-charged carriers in a resis­
tance; in op amp circuits this is the type of noise produced by 
the source resistances in series with each input. Its rms value 
over a given bandwidth is calculated by: 

Where: k 
T 

Boltzmann's constant = 1.38 x·1O-23 joulesl" K 
Absolute. temperature, 0 Kelvin 

R Resistance in ohms 
fH = Upper frequency limit in Hertz 
fL = Lower frequency limit in Hertz 

At room temperature Eq_ 15 simplifies to: 

To minimize thermal noise (Etl and Et2) from RSl and R!S2, 
large source resistors and excessive system. bandwidth should 
be avoided. 

Thermal noise is also generated inside the op amp, principally 
from rbb', the base·spreading resistances in the input stage 
transistors. These noises are included in EN, the total equiva­
lent input voltage noise generator. 

SHOT NOISE 

Shot noise (Schottky noise) is a white noise current associated 
with the fact that current flow is actually a movement of 
discrete charged particles (electrons). In Figure 8, INl and IN2' 
above the l/f frequency, are shot noise currents which are 
related to the amplifier's DC input bias currents: 

17) Ish = -J 2q IBIAS (fH - fLl 

Where: Ish = RMS shot noise value in amps 
q = Charge of an electron = 1.59 x 10-19 

IBIAS = Bias current in amps 
fH = Upper frequency limit in Hertz 
fL = Lower frequency limit in Hertz 

At room temperature Eq. 17 simplifies to: 

18) Ish = 5.64 x 10-10 ..JI BIAS (fH - fL) 
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Shot noise currents also flow in the input stage emitter 
dynamic resistances (re). producing input noise voltages. These 
voltages, along with the rbb' thermal noise, make up the white 
noise portion of EN, the total equivalent input noise voltage 
generator. 

FLICKER NOISE 

In limited bandwidth applications, flicker (1ff) noise is the 
most critical noise source. An op amp designer minimizes 
flicker noise by keeping current noise components in the input 
and second stages from contributing to input voltag~ noise. 
Eq. 19 illustrates this relationship; 

19) 
in second stage 

en input 
gm first stage 

Another critical factor is corner frequency. For minimum noise 
the current and voltage noise corner frequencies must be low; 
this is crucial. As shown in Figure 9, low noise corner frequen­
cies distinguish low noise op amps from ordinary industry· 
standllrd 741 types. 
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FIGURE 9 
NOISE VOLTAGE COMPARISON 

The photograph in Figure 10, taken using the test circuit of 
Figure 11, illustrates the flicker noise performance of the 
OP-07. This device demonstrates proper attention to low 
noise circuit design and wafer processing and achieves a 
remarkable 0.35~V peak to peak input voltage noise in the 
0.1 Hz to 10Hz bandwidth. 

POPCORN NOISE 

Popcorn noise (burst noise) is a momentary change in input 
bias current usually occurring below 100Hz, and is caused by 
imperfect semiconductor surf~ce conditions incurred during 
wafer' I processing .. Precision Monolithics minimizes this 
problem through careful surface treatment, general cleanliness, 
and a special three-step process known as "Triple Passivation_" 

FIGURE 10 
OP-07 LOW FREQUENCY NOISE 

loon 
OUTPUT 

loon 

2.SMn 

INPUT REFERRED NOISE- 25~~OO· 52~~~: ·200nV/cm 

FIGURE 11 
LOW FREQUENCY NOISE TEST CIRCUIT 

To pegin the process, a specially treated thermal ,silicon dioxide 
layer is grown. This protects the junctions and also attracts 
a,ny 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 which 
leaves only the bonding pads exposed. A cutaway view of a 
finished device is shown in Figure 12. 

PRECISION MONOLITHICS 
TRIPLE PASSIVATEOTM 

INTEGRATED CIRCUIT PROCESS 

FIGURE 12 
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Op amp manufacturers face a difficult decision in dealing with. 
popcorn noise. Through careful low noise processing, it can be 
eliminated from almost all devices; alternatively, the processing 
may be relaxed, and finished devices must be. individually 
tested for this parameter:. Special noise testing takes valuable 
labor time, addssignificilnt .amouhts .to manufacturing cost, 
and ultimately increases. the ·price a customer has to pay. At 
Precision Monolithi~s the low noise process alternative is used 
to manufacture high volumes of cost;effective low noise 

op amps. 

TOTAL NOISE CALCULATION 

With data sheet curves and specifications, and a knowledge of 
sour~e. resistance values, total input-referred noise may be 
calculated for a given application. To illustrate the method, 
noise information from the Precision Monolithics OP-07 
data sheet is reproduced in. Figure 13. The first step is to 
determine the currenf and voltage nciise corner frequencies so 
that the EN and IN terms of Eq. 14 may be calculated using 
Eq. 12 and 13. 

CORNER FREQUENCY DETERMINATION 

In the input spot noise versus frequency curves of Figure 13, 
it may be seen that voltage noise (Rs = 0) begins to rise at 
about 10Hz. Lines projected from the horizontal (white noise) 
portion and sloped (flicker noise) portion intersect at 6 Hz, the 
voltage noise corner frequency (fee). In the center curve, 
excluding thermal noise from the source resistance, current 
noise multiplied by 200 Kn is plotted as a voltage noise. 
Lines projected from the horizontal portion and sloped por­
tions intersect at 60 Hz, the current noise corner frequency (f ci)' 

ELECTRICAL CHARACTERISTICS 

Eq. 12 and 13 also require en and in for calculation of EN and 

IN. To find en and in, use the data sheet specification a 
decade or more above the respective corner frequencies; 
in this case en is 9.6nV I...;HZ (1000Hz), and in is 

0.12pA/y'HZ (1000 Hz). 

IOOO~~. 
~ R., "Riz"200kn I I 
1-'''''11:...."I!!oot ... +t+t+tt THERMAL NOISE OF SOURCE'-

~... • RESISTORS INCLUOED=rN' 
_ .... I I I I I EXCLUDED I I 

~ 1001!llg!'o..~~~II;III~I~' Ii ~ " ~~=g::u 
co 
~ ~ g I I 
::I ~" R~!J 

i 10~11:-'1--Eml~~1 . .... 
~ 
~ ~~ 

I---+--++t+t+tt-+++++HH+--- v.":t lay T,-2S·C 

I 
1.0+1.0::-....L......L...L.I..L.LI.I:!10!:--:-'--:-'-.u.u.I.f.IOO:!-:-.....L.....L-:-'-.i..i::l,OO~0 

FREOUENCY.IHzI 

FIGURE 13A 
INPUT SPOT NOISE VOLTAGE VS FREQUENCY 

OP-07 ULTRA-LOW OFFSET VOL TAGE OP-AMP 

OP-07A OP-07 

These specif.ications. apply for V s = ± 15V, T A = 2SoC, unless otherwise noted. 

Parameter Symbol Test Conditions Min Typ Max Min Typ Max Units 

Input Noise Voltage" enp_p O.1Hz to.10Hz -- 0.35 0.6 -- 0.35 0.6 /IV p.p 

fo = ,10Hz -- 10.3 18.0 -- 10.3 18.0 
Input Noise Voltage Density en '0 . 100Hz -- 10.0 13.0 -- 10.0 13.0 nviVHz 

fo = 1000Hz -- 9.6 11.0 -- 9.6 11.0 

I "pul Noise Current inp.p a.1Hz to 10Hz -- 14 30 -- 14 30 pAp-p 

fo =.10Hz -- 0.32 0.80 -- 0.32 0.80 
Input Noise Current Densitv 'n fo = 100Hz -- 0.14 0.23 -- 0.14 0.23 pANHz 

fo = 1000Hz -- 0.12 0.17 -- 0.12 0.17 

Input Offset Voltage V o• -- 10 25 -- 30 75 p.V 

Long Term Input Off.set Voltage Stability VoslTime -- 0.2 1.0 - 0.2 1.0 /lVIMo 

Input Offset Current 
'o• -- 0.3 2.0. -- 0.4 2.8 nA 

Input Bias ~urrent· 'B· -- t.7 12.0 -- 11.0 ±:l.0 nA 

INPUT NOISEVOLJ"AGE (enp_pl 
The peak to peak noise voltage in a specified frequency band. 

INPUT NOISE CURRENT Hnp_pl 
The peak to peak noise current in a specified frequency band. 

INPUT NOISE VOLTAGE DENSITY (8nl INPUT NOISE CURRENT DENSITY linl 
The rms noise voltage in a 1 Hz band surrounding a specified value of The 1ms noise current in a 1 Hz band. surrounding a specified value 
frequency. of frequency. 

FIGURE 1. 
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BANDWIDTH OF INTEREST 

To be summed correctly, each of the five noise quantities must 
be expressed over the same bandwidth, fH-fL. At thi~ time, 
assume fH to be the highest frequency component that must 
be amplified without distortion. Note that en, in, corner fre· 
quencies and bandwidth are independent of actual circuit 
component values. When doing noise calculations for a large 
number of circuits using the same op amp, these numbers 
only have to be calculated once. 

R3 

IOKA 

R2 

9KA 

>-~-oEo 

RS1:R~~R:2:900A 
RS2: R3:10KA 

FIGURE 14A 
NOISE ANALYSIS CIRCUIT 

FIGURE 14B 

'H:l00Hz 
fLa .OOOl Hz 

NOISE ANALYSIS EQUIVALENT CI RCUIT 

EO 

TYPICAL APPLICATION EXAMPLE 

Figure 14Ashows atypical Xl0 gain stage with a 10Kn source. 
resistance. In Figure 148, the circuit is redrawn to show five 
noise voltage sources. To evaluate total input-rllferred noise, 
the values of each of the five sources must be determined. 

Using Eq. 16: Et 

Et1 1.28 x 10-10 -v'(900n)(100Hz) = .04pVrms 

Et2 1.28 X 10-10 -Y(10Kn)(100Hz) = .128pVrms 

Next, calculate IN using Eq. 13: 

~ 100Hz 
.12pA 60In--- + 100-.0001 

.0001 Hz 

3.66pArms 

and: 

IN1"RS1 = 3 .. 66 pA (900n) = .0033pVrms 

IN2"RS2 = 3.66pA (10Kn) = .0366pVrms 

Finally, EN from Eq. 12: 

~ 100Hz 
= 9.,6nV 61n --- + 100 - .0001 

.0001 Hz 

.130pVrms 

Substituting in Eq. 14: 

0.19pVrms 

Total input-referred noise = 1.14pV peak to peak (.0001 Hz to 
100Hz)_ 
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741 CALCULATION EXAMPLE 

The preceding calculation determined total noise in a given 
bandwidth using a low noise op amp. To place this level of 
performance into perspective, a calculation using the industry· 
standard 7410p amp in the circuit of Figure 14 is useful. Once 
again the starting point is corner frequency determination, 
using the data sheet curves of Figure 15: fee = 200 Hz; fci = 
2KHz; en ~ 20nV/YHz; in = .5pA/YHz. 

Using these corner frequencies and noise magnitudes, EN and 
IN are calculated to be 1 ~Vrms and 83pArms respectively. 
Multiplying this noise current by the source resistance gives 
terms 2 and 3 of Eq. 14 as shown below: 

14)ENT(fH - fLl= -JEN2+ IN12 RS12+ IN22 RS22+E+12 + E+22 

Substituting in Eq. 14: 

= ,J(1~V)2 + ('075~V)2 + (.83~V)2,+ (.04~V)2 + (.128~V)2 
= 1.3~Vrms 
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FIGURE 15A 
INPUT NOISE VOLTAGE AS A FU",CTION OF FREQUENCY 

Total input·referred noise = 7.8~V peak to peak (.0001 Hz to 
100Hz). 

This is ,6.8 times that of the low noise op amp example. 

The calculation examples illustrate three rules for minimizing 
noise in operational amplifier applications: 

RULE 1. Use an op amp with low corner frequencies. 

RULE 2. Keep source resistances as low as possible. 

RULE 3. Limit circuit bandwidth to signal bandwidth. 
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BANDWIDTH 

Effective circuit bandwidth must not be much greater than 
signal bandwidth or amplification of undesirable high frequency 
noise components will occur. Throughout the preceding cal­

culations, an assumption of "bandwidth-of-interest" was made, 
while in actual application the amplifier's bandwidth must be 
considered. 
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FIGURE 16A 
OPEN LOOP FREQUENCY RESPONSE 
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FIGURE 168 
CLOSED LOOP RESPONSE FOR VARIOUS 

GAIN CONFIGURATIONS 

than required, and output filtering, such as in Figure 17, could 
be used. As an alternate to output filtering, an illtegrating 
capacitor may be connected across the feedback resistor. 
Bandwidth may also be limited in some applications by Over­

compensating an externally-compensated low noise op amp, 

such as the 555725. 
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FIGURE 17 
OUTPUT FILTERING 
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MISCELLANEOUS NOISE MINIMIZATION METHODS 

Certain other noise mechanisms merit consideration: Use 
metal film resistors; carbon resistors exhibit "excess noise," 
with both l/f and white noise content being related to DC 
applied voltage. The use of balanced source resistors, while 
sometimes good for DC error purposes, will increase noise; 
the balancing resistor is not required for op amps such as the 

OP-07, since los"" lB' Keep noise in its proper per­
spective; minimize it without introducing additional DC errors. 
Use low noise op amps with overall DC specifications that will 
satisfy the application. 

SUMMARY 

A summary of the major points to consider is as follows: 

1) Minimize externally generated noise, 

2) Choose an amplifier with low 1/ f noise corner frequencies. 
3) Limit the circuit bandwidth to signal bandwidth. 
4) Eliminate excessive resistance in the input circuit. 

CONCLUSION 

Recent improvements in IC op amp DC specifications have 
made noise an important error consideration. From data sheet 
information and source resistance values, total input-referred 
noise over a given bandwidth can be easily calculated. Total 
noise can be minimized by a thorough understanding of the 

In Figure 16, the OP-07 frequency response curves show 
a roll off of 2OdB/decade; integration of the area under the 
curve will show the effective circuit noise bandwidth to be 
1.57 times the 3dB bandwidth. In most closed-loop gain 
configurations, the amplifier's bandwidth may be greater various noise-generation mechanisms_ 
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PMI Application Notes 
AN-16 

LOW COST, HIGH SPEED ANALOG-TO-DIGITAL CONVERSION WITH THE DAC-08 

by 
Donn Soderquist & John Schoeff 

Today's fast computer and microprocessor-controlled systems 
frequently require AID converters which will complete a 
conversion in one cycle time. 

Until now, these high speed AID converters have been expen· 
sive and difficult to build. Most designers have therefore 
chosen to purchase modular AID converters typically ranging 
in price 'from $100 to $400. This application note describes 
three less costly AID designs, with total conversion times of 
4J,Lsec, 2J,Lsec, and 1J,Lsec. These designs are implemented with 
the DAC-08, a recently announced high speed monolithic 
Digital-to·Analog converter. A discussion of basic successive 
approximation is given, followed by practical circuit designs. 

SUCCESSIVE APPROXIMATION AID ADVANTAGES 

Successive approximation AID conversion is the most popular 
choice in many systems today because it achieves high con­
version rates at very low cost. Other methods, such as 
Tracking (Servo) or Staircase (Ramp), require up to "2n " dock 
cycles per conversion, where "n" is the number of bits of 
resolution, while successive approximation requires only "n+1" 
clock cycles. Finally, a designer can easily construct his AID 
with readily available standard IC's. 

FLOW DIAGRAM FOR 3 BIT SUCCESSIVE 
APPROXIMATION AID CONVERSION 

FIGURE 1 

BASIC SUCCESSIVE APPROXIMATION AID CONVERSION 

A successive approximation AID converter operates by com· 
paring the an<llog input to a series of "trial" conversions; the 
first trial compares the input to the value of the most 
significant bit (MSB) or approximately half of full scale. Fig. 1 
shows the progression of trials for a 3-bit converter. If the 
input is greater than the MSB value, the MSB is retained and 
the converter moves on to "trying" the next most significant 

. bit, or approximately three·quarters full scale. if the input had 
been less than the MSB, the logic would have turned the 
MSB off before going on to the next most significant bit, or 
one·quarter full scale. This "branching" continues until each 
successively smaller bit has been tried, with the entire process 
taking "n" trials. 

To implement the logic for the successive approximation 
algorithm, a configuration similar to Fig. 2 may be employed, 
wherein a start command places a "one" in the first bit of a 
shift register. This sets the first latch to "one" and turns on 
the DAC's MSB. If the comparator output remains low, the 
"one" will remain in the latch; if not, the latch will be reset 
to zero before the next bit trial begins. The next clock cycle 
causes the shift register to place a "one" in the second bit, 
and a similar process continues till all bits have been tried. 
After ,the last bit's trial, the end-of-conversionloutput'changes 
state indicating the parallel data is ready to be used. 
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CURRENT COMPARISON 

The previous discussion indicated that the function of the 
comparator was to. perform a comparison between the analog 
input voltage and the output voltage of the DAC. Higher 
speed conversions may be achieved by using the output of a 
fast current output DAC directly. This may be implemented 
as shown in Fig. 3, where the. comp.arator examine.s the polarity 
of (VIN-IDACR IN ). Current comparison' eliminates the need 
for a current·to·voltage converting: op amp which is by far 
the slowest element in most D/ A converters. 

DYNAMIC CONSIDERATIONS 

The time required to complete an 8 bit successive approximation 
A/D conversion is determined by the length of 8 trials and 
their associated comparator decisions, plus one clock cycle. 
To minimi2:e these periods, three dynamic considerations 
must be made: 

1. DAC output current settling time to ±1/2LSB. 

2. Comparator propagation delay with the available overdrive. 

3. Logic propagation delay ·and setup time requirements. 

For example, with a 500nsec DAC, a 500nsec comparator, 
and100nsec of logic delay, each of these cycles would require 
1.1j.1sec. An 8 bit conversion would ·take 9 clock periods, or 
10j.lsec. To design a fast A/D, each of these delays must be 
made as short as possible. In the next few paragraph;, 
practical methods of minimizing these delays are discussed. 

LOGIC 
INPUT 

2.4 v-

0.4 V­

OUTPUT. -1I2LSg:! 
SETTLING + 112 LSB-

oil bils switched ON 

50 nsec/division 

SETTLING TIME FIXTURE OF FIGURE 5 

i FS = 2mA RL = I K n 
112 LSB =4}'A 

\ 
OUTPUT SETTLING TIME 

FIGURE 4 

DAC CURRENT SETTLING TIME 

The DAC· 08 is a low cost monolithic current output 
DAC with 85nse.c full scale settling time and is ideal for use 
in high speed A/D converter designs. The internal· logic switch 
design enables propagatron delays of 35nsec for each of the 
8 bits. Settling time of the LSB to within ±1/2LSB of final 
value is therefore 35nsec, with each successively more signifi· 
cant bit taking progressively longer. The MSB settles in 
85nsec; it is the dominant factor of full scale settling time. 
This performance is .illustrated in the scope photo of Fig. 4, 
taken at the output of the test circuit of Fig. 5. 

A major factor affecting settling time is the RC time constant 
formed by the load resistance (Rd and the DAC output 
capacitance (Co) plus any stray capacitance present at the 
summing [lode. Settling to within ±1/2LSB at 8 bits (±.2% 
full scale) requires 6.2 RC time constants. For the DAC· 
08, the oui:put capacitance is 15pF; as a result the output RC 
time constant is a major factor influencing settling time when 
RL is greater than 500n and dominates when RL exceeds 
900n. 

This situation produces difficult requirements. Optimum DAC 
settling time occurs when RL S 500n, but for full scale 
currents of 2mA, 1/2LSB is only 4j.1A. Thus, with a 500n 
equivalent resistance, the voltage at the DAC output cor­
responding to 1/2LSB is only 2mV and is inadequate for high 
speed operation of many comparators. For this reason, RL is 
usually larger than 5oon, which is a necessary compromise 
between D~C settling time and comparator input overdrive 
requirements. 
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uv 

-15V 
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SETTLING TIME MEASUREMENT 
FIGURE 5 

COMPARATOR CONSIDERATIONS 

+.4V 

VOUT LOV 
Ix PROB.:.r0 v 

-.4V 

All comparators respond fastest to large differential input 
voltages (high overdrive). This phenomenon is shown in Fig. 6, 
a graph of response time vs. input voltage for the Precision 
MoilOlithics' CMP·01. This low cost comparator provides 
DC characteristics compatible with 10 and 12 bit AID 
converters and has adequate speed for 4j.Lse¢ 8 bit converters. 

RESPONSE TIME FOR IOOmV STEP AND 
VARIOUS INPUT OVERDRIVES 

I 'g' " -4 

01~ -\ " -. ~~~V-
(Ds,.v 

-,; '~: 1m~1ftV-

NO .... ' 
VS-j:15V 
TA"2S-C -
Rs·~C 

I 

I 
120 240 '60 

ItUPONSE TIME IIISEC) 

RESPONSE TIME FOR 100mV STEP 
AND VARIOUS INPUT OVERDRIVES 

FIGURE 6 

For 2/lsec and 1j.Lsec designs, the AM686 was selected. It 
provides 12nsec propagation delay with 2.5mV overdrive, 
Schottky TIL outputs, and DC"input specifications adequate 
for an 8 bit AID. Ultra-high speed r~quires considerable 
power. Maximum supply currents a"re 42mA from the +5V 
supply and 34mA from the -5V supply. " 

., ., ., 

-15V +ISV 

.4E1Wl •• •• a, 
•• 

SERIAL 
OUTPUT 

START 

CONVERSION 
COMPLETE 

14131211 6 S 4 :5 
1 

TTL CLOCK INPUT 0------.1 
2.25 MHZ 

ANALOG 
INPUT 

OTO+l0V 

CONNECT -START- TO ·CONVERSION 
COMPLETE- FOR CONTINUOUS CON­
VERSIONS. 

3 IC LOW COST AID CONVERTER 
FIGURE 7 

LOGIC CONSIDERATIONS 

A single DIP package, the AM2502 Successive Approximation 
Register, contains the logic for 8 bit AID converters operating 
at 2/lsec or greater conversion times. (Detailed descriptions 
of AID's constructed with the AM2502· and Precision Mono· 
lithicsDAC's are contained in AN-11, available upon request.) 
A 1j.LSec AID requires special logic design using Schottky TTL 
and will be described in the detailed circuit description. 

PRACTICAL 31C AID'S 

When the required conversion time is ;;;. 2j.Lsec, the DAC-08's 
fast settling time enables very simple and low cost designs. 
A 4j.Lsec design "is shown in Fig. 7. At additional cost and 
increased power dissipation, changing the comparator to an 
AM686 results in a 2/lsec AID. Every nanosecond counts in a 
1j.Lsec AID, and the circuit-necessarily increases in complexity. 
However, with the DAC·08, Schottky TTL logic, and atten­
tion to layout, a 1j.Lsec AID can be constructed at low cost. 
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PAOVIOE:S+1/2LS814,.,Q 

COMPLETE SCHEMATIC 8·BIT, 11'sec A/O 
FIGURE 10 

ANALOG DESIGN 

The DAC ·OB AQ, is useful in this design for several, 
reasons. Its output full scale current is guaranteed to be 
1.992mA ±B~A, when a 10.000V reference is connected to 
a 5.000Kn resistor in series with pin 14. In this design, the 
5Kn is split to allow bypassing without capacitively loading 
the 10 volt source., For slightly higher speed, the total 
resistance may be reduced to 2.5Kn, thereby increasing 10 
full ,scale to 3.9B4mA, allowing a lower sum node resistance 
and lower RC time constant. (The DAC itself does not settle 
faster at 4mA full scale, current.) The DAC ·OBA maxi· 
mum 'nonlinearity of ±0.1% full scale enables faster settling 
time to within ±1/2LSB (±0.2% full scale) for each bit trial 
than would be the case using a DAC with ±0.2% nonlinearity. 
Using the ±0.2%, nonlinearity DAC·OBorDAC·OBE provides 
cost savings at an overall increase in conversion time. Both 
true and complementary current outputs are provided, 
and their summation is always Ifull scale. In this design, ~ is 
connected to the analog input. Since 10 + i6 is constant, and 
,10 flows in R3" the DC input current is constant. Holding the 
AID input current constant reduces buffer amplifier output 
impedance requirements. The buffer amplifier used in this 
application must have sufficient bandwidth to hold V 
constant during a l~c AID conversion. IN 

CALIBRATION AND ACCURACY 

In many applications calibration is not required. With a 
10.000V reference and ±0.15% tolerance resistors, the worst 
case full scale error is ±O. The zero scale error is totally 
dependent upon comparator input offset voltage and input' 
bias current, and, in most cases, it may be tolerated. If the 
errors are not tolerable, then the following calibration pro· 
cedure may be used. 

Calibration of the AID is done first at zero scale, then at full 
scale. The zero transition is set by R4, a resistor connected to 
the +10 volt reference. For 10V full scale, the'- desired 
transition point between a code of 0000 0000 and 0000 0001 
is at +20mV (+1/2LSB). With an ideal comparator, R4 would 
be 2.56Mn (10 voltsI3.9~A). Since comparators are less than 
ideal, R4 must also cancel out the comparator's input offset 
errors. With +20mV applied at the analog i~put and using a low 
clock rate, select R4 to cause the output code to fluctuate 
between 0000 0000 and 0000 0001. (Do not install a pot for 
R2 or R4 since it will increase capacitance and inductance at 
the sum node.) Full scale is calibrated by applying +9.940V 
to the analog input and trimming R2 until the output code 
fluctuates I between 1111 1110 and 1111 1111. Alter· 
natively, the reference voltage source may be adjusted for 
the same effect. This will be a small adjustment due to the 
CAC· OBA 's tight output' full scale current relationship 
with the reference voltage. Once calibrated, accuracy is a 
function of temperature·induced drifts only. 
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FIGURE 9 

A TYPICAL CONVERSION CYCLE 

A conversion is initiated by a high level at the Start input 
when the input 13MHz clock makes a low to high transition. 
Approximately 9nsec later, the control logic generates a clear 
and reset pulse (Strobe), which causes several events: the 8 
output flip·flops are cleared except for the MSB flip-flop 1 
which is set to a "one"; both shift registers are cleared; the 
OAC has Bit 1 turned on, all others are off. The conditions 
for the first trial at half scale are now established. 

As the OAC output settles, the comparator continuously 
examines the polarity at its non-inverting input. For this 
case, with zero volts at the Analog Input, the comparator 
finds a negative voltage present; its output therefore is low. 
This low is applied to the "0" inputs of all 8 output flip-flops. 
Recall that 74S74 flip-flop outputs won't change until they 
are clocked by a positive transition attheir.CP inputs. At the 
time labeled 1 on the CPl waveform, the reset and clear 
pulse, Strobe, returns high. 

Shift Register No. 1 waits for a positive-going transition of 
CP2. At 2 time CP2 goes high, transferring a "one" from 
9A-0 to 9B-0; 9B-0 goes low, setting 2-0 high and clocking 
the comparator's "zero" into the Bit 1. flip-flop. The other 6 
flip-flops do nothing, because they are not clocked. Bit 1 's 
answer is now latched, and Bit 2, 1/4 full scale, is being tried. 
The process continues with the shift register causing each bit 
to be tried from Bit 2 to Bit 8. After the Bit 8 decision, the 
EOC output goes high, indicating that the answer in parallel 
format is available at the 8 bit outputs. 

OUTPUT INTERFACING 

In continuous conversion operation, ·the most common con­
nection, EOC is connected to the Start input. While the 
answer is available whenever EOC is high, it is convenient 
to use the positive-going edge of the Strobe output as a clock 
for two 74S175 quad "0" flip-flops used as an 8 bit storage 
latch. Since Strobe goes high before another conversion cycle 
begins, there is ample setup time for the latch; the answer 
has been steady for over 35nsec. 
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OVERAll DESIGN 

Due to the bit settling time range of the OAC-08 from 
85nsec for Bit 1 to 35nsec for Bit 8, progressively decreasing 
trial-and-decision periods would be ideaL Practically, such a 
timing sequence is difficult to generate at low cost, so a 
compromise was made: The first four bits allow 160nsec 
for each trial-and-decision, while the last four bits allow 80nsec_ 
This may be seen in the waveforms of Fig_ 9_ The timing 
sequence ,is generated by shifting a "one" through two shift 
registers with in-phase clocks, one at 6.5MHz derived from 
the other at 13M Hz. 

Standard 74 Schottky TTL logic was selected for speed, 
compatibility with the AM686 comparator, ready availability, 
and price. 

A useful characteristic of the OAC-08 is its capability 
to directly interface with all popular logic families including 
TTL, CMOS, and ECL. For this design the DAC-08's 
logic control pin (pin 1) is grounded to provide the proper 
TTL logic threshold. A design utilizing ECl could provide 
slightly faster conversion time at increased power consumption. 

lOGIC,OESIGN 

The primary logic design element is the 74S series positive­
edge-triggered "D" flip-flop; This type of flip-flop is useful in 
AID designs because of several properties: 

1. The propagation delay from Set to Q going high is only 
3nsec. 

2. The information on the D input is transferred to the 
Q output only at a positive-going edge of CPo 

3. Changes at the 0 input (comparator settling changes) are 
ignored when CP is in a steady state. 

74S74 dual "0" flip-flops are used for the 8 output latches 
and for the control logic, and 74S175 quad "0" flip-flops 
are used for the two shift registers. 

Flip-flops 2 through 8 in the simplified schematic (Fig. 8) 
perform two functions. 'Typical operation can be understood 
by examining the operation of flip:flop 2. When set by an 
input from Shift Register No.1, the Q output of flip-flop 
No. 2 goes high, which starts the trial of bit 2 and acts as a 
clock for flip-flop 1 i transferring the comparator's output state, 
which is the result of trial 1, to Q of flip-flop 1. This basic 
connection, using the beginning of a new trial to clock the 
previous bit trial, is used on all 8 output flip-flops. The start 
of each bit trial is precisely coincident with clocking of the 
previous bit answer; so no time is wasted, and logic delays 
are reduced to setup times only. 
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PRINTED CIF!CUIT BOARD LAYOUT RULES 

For AID designs generally, and high speed designs in particular, 
layout is important. Some of the more important rules are 
listed below: 

1. Digital ground must be separated from analog ground; they 
must meet at only one common point. 

2. Digital traces should not cross or be routed near sensitive 
analog areas; this is especially important near the sum node. 

3. With Schottky TTL logic, the digital ground and Vcc 
traces should be large and contain provisions for generous 
bYpassing. 

4. The trace from the DAC output to comparator input (sum 
node) should be short, and it should be guarded by analog 
ground. 

5. All analog.components should be located as close as possible 
to the edge connector ~o that the input analog traces will 
be short. 

6. The comparator's outputs should be routed away from its 
inputs, to minimize capacitive coupling and possible 
oscillation. 

SYSTEM CONSIDERATIONS 

Typical system connections are shown in Figure 11. Digital 
grounds and analog grounds meet at one poil'lt only keeping 
large power supply return currents away from the sensitive 
analog ground portion of the AID system. Start is connected to 
EOC for continuous conversions, and Strobe is used to clock 
the parallel answer into an output register at the end of each 
conversion. 

CONCLUSION 

The DAC·08 high speed monolithic DIA converter greatly 
simplifies construction of high speed AID converters. Designs 
using only three IC's achieve 2J..1sec and 4J..1sec conversions, 
and 1J..1sec conversions can be attained with additional logic. 
Techniques have been presented which allow the user to 
construct low cost, high speed AID converters. 
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PMI Application Notes 
® 

AN-17 
DAC-08 APPLICATIONS COLLECTION 

by 
John Schoeff & Donn Soderquist 

There has been a trend in recent years toward providing totally 
dedicated Digital-to-Analog Converters with limited applica­
tions versatility. This application note describes a new type of 
monolithic DAC designed for an extremely broad range of 
applications. the Precision Monolithics DAC-OB. 

to provide total applications flexibility. Principal among them 
are: dual complementary. true current outputs; universal logic 
inputs capable of interfacing with any I.ogic family; B5 nsec 
settling time; high speed multiplying capability; and finally. 
the ability to use any standard system power supply voltages. 
A description of these features is given followed by specific 
applications using each feature. Several unique design features of this low cost DAC combine 

• HIGH SPEED 
MULTIPLYING 
REFERENCE 
INPUT 

• CMOS, TTL, DTL, HTL, ECL, PMOS 
COMPATIBLE 21'A LOGIC INPUTS 

• B5 NSEC SETTLING 
TIME TO:t 1/2 LSB 

• DUAL COMPLEMENTARY 
OUTPUTS WITH 
-IOV TO+1BV 
VOLTAGE 
COMPLIANCE 

• :t4.5V TO :tIBV • EXTERNAL 

33m~ AT:t5V ~g~~E:x~~lJ~N 
BANDWIDTH 

• ADJUSTABLE LOGIC 
INPUT THRESHOLD 
VTH=VLC+l.4V 

THE FLEXIBLE D/A CONVERTER 
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OUTPUT 
HIGH VOLTAGE COMPLIANCE CURRENT OUTPUTS 

Many older current:output DAC's actually have resistive out­
plltswhich ·must be terminated in a virtual ground. TheDAC­
DB, however, is a true digitally·controlled current source with 
an output impedance typically exceeding 20 megohms. 

Its outputs can swing between -10V and +lBV with little or 
no effect on full scale current or linearity. Some of the appli­
cations that require high output voltage compliance include: 

1) Precise current trans\'f1ission over long distances. 

2) Programmable current sources. 

3) Analog meter movement dfiving. 

4) Resistive termination for a voltage output without an op 
amp. 

5) Capacitive termination for digitally-controlled integrators. 

6) Inductive termination with balanced transformers, trans­
ducers and headsets. 

MSB LS8 
81 B2 83 84 85 86 87 B8 

tREF 
.~.OOOmA 14 

DAC-OB 

BI B2 83 848~ 86 B7 Be 
FULL SCALE 1 1 1 1 1 1 1 1 
FULL SCALE-LSS 1 1 1 1 1 1.1 0 

HALF SCALE +LS8 1 0 o 0 0 o 0 1 
HALF SCALE 1 0 o 0 o 0 0 0 
HALF SCALE -LSB 0 1 1 1 1 1 1 1 

ZERO SCALE +LSB o 0 o 0 0 o 0 
ZERO SCALE o 0 o 0 0 0 0 

EO 

Eo 

lOrnA lOrnA EO EO 
1.992 .000 -9.960 .000 
1.984 ,008 -9.920 -.040 

1,008 .984 -5.040 -4.920 
1.000 .992 -~.OOO -4,960 
.992 1.000 -4.960 -5.000 

.008 1.9B4 -.040 -9.920 

.000 1.992 .000 -9.960 

BASIC UNIPOLAR NEGATIVE OPERATION 

+1.0 

OUTPUT VOLTAGE COMPLIANCE VS. TEMPERATURE 

2.8 

2. 4 

0 2. 

6 

2 

O. 8 

O. 4 

0_ 

All bits ON 

TA" T min 10 T mOK 

V-- -15V. V-=-SV. IREF=2mA 

I I 
I 

IREF"lmA-

J. 
I I 

IREPO.2mA 

I ~ 
- - - - - -14 12 10 8 6 4 2 0 2 4. 6 B 10 12 14 16 18 

OUTPUT VOLTAGE Ivolls) 

OUTPUT CURRENT VS. OUTPUT VOLTAGE 
(OUTPUT VOLTAGE COMPLIANCEI 

IREF 
oZ.OOOmA 

14 DAC-OB 

81 82 83 B4 85 86 87 Be ~ 
pas FULL SCALE 1 1 1 1 1 1 1 1 -9.920 +10.000 
POS FULL SCALE-LS8 1 1 1 1 1 1 1 0 -9.840 + 9.920 

ZERO SCALE+LS8 0 o 0 0 o 0 -0.080 + 0.160 
ZERO SCALE 0 o 0 0 o 0 0.000 + 0.080 
ZERO SCALE-LSS 0 1 1 1 1 1 1 1 +O.OBO 0.000 

NEG FULL SCALE+LSB o 0 o 0 0 o 0 1 +9.920 -9.840 
NEG FULL SCALE o 0 o 0 0 0 0 0 + 10.000 - 9.920 

BASIC BIPOLAR OUTPUT OPERATION 

-
81 82 838485·8687 Be . EO 

pas FULL SCAL.E 1 1 1 1 1 I 1 I +9.920 
POS FUL.L SCALE-LSB 1 1 1 I 1 1 1 0 +9.140 

(+) ZERO SCALE 1 0 00 o 0 0 0 +0.040 

(-) ZERO SCALE o 1 1 1 1 1 1 1 -O.Q40 

NEG FULL SCAL[+LSB o o· o 0 0 o 0 1 -9.840 
NEG FULL SCALE o 0 00 0 00 0 -9,920 

• PROVIDES ISOLATION FROM GROUND lOOPS 
• SYMMETRICAL tlOV OUTPUT 
• US!FUl WITHIN SYSTEMS 8ETWEEN BOARDS 
• TRUE COMPLEMENTARY/DIFFERENTIAL CURRENT TRANSMISSION 
• HIGH SPEED ANALOG SIGNAL TRANSMISSION 

HIGH NOISE IMMUNITY CURRENT 
TO VOLTAGE CONVERSION 



DUAL COMPLEMENTARY OUTPUTS 

Conventional DAC's have a single output, so they cannot drive 
balanced loads and are limited to a single input code polarity. 
The DAC-OB was designed to overcome these limitations 

Input coding of positive binary or ·complementary binary is 
obtained by a choice of outputs, 10 for positive-true or 10 for 
negative-true. In many applications both are used either 
independently or in combination. Dual complementary outputs· 
allow some very unusual and useful DAe applications: 

1) CRT display driving without transformers. 

2) Differential transducer control systems. 

3) Differential line driving. 

4) High speed waveform generation .. TRUE AND COMPLEMENTARY OUTPUT OPERATION 

5) Digitally controlled offset nulling cit op amps. 

TRANSOUCER: 
STRAIN. 
PRESSURE 
TEMPERAT\IIE 

OAe-os. 

+t20VDC 

• FULL"DlFFERENTIAL DRIVE LOWERS POWER SUPPLY VOLTAGE 
• ELIMINATES INVERTING AMPLIFIERS AND TRANSFORMERS 
.eINDEPENDENT. BEAM CENTERING CONTROLS 

SERIAL 
INPUT 

CRT DISPLAY DRIVER 

"y" INPUT 

CAe-DB 

·BRIDGE TRANSDUCER CONTROL SYSTEM WITH 
FULL DIFFERENTIAL INPUT 

16-66 

• FULLY OIFFERENTIAl INPUT 
• ELIMINATES INSTRUMENTATION AMPL.IFIER -LOW COST 
• DIGITALLY CONTROLLED SYSTEM ZEROING 
• HIGH CONIJERSlOtol SPEED 
• EXCELLENT COMMON MODE R[.JECTKlN 

PAftAL.LEL OUTPUT SERIAL 
OUTPUT 



OUTPUT 

DUAL COMPLEMENTARY OUTPUTS . 

DIGITAL INPUTS 

256nA " 
VREF o--_'W'",.-<H 

-15V 

• OAe OUTPUT IS InA PER STEP 
• REPLACES HULLING POTENTIOMETER" 
• WORKS WITH op-o~ .O:P-05, SS.S7~5 
• Vos ~ULLED BELOW NOISE LEVEL 

DIGITALLY CONTROLLED 
OFFSET NULLING 

.HIGH SPEED 

Sub-microsecond ~ettling times are common incurrent-output 
DAC's_ Many DAC's settle in 500 nsec; 300 nsec is not 
unusual. But 85 nsec settling time for a low cost DAC is 
exceptional, and this characteristic aliolNs use of the DAC-08 
in formerly difficult and expensive-tei-build applications: 

'OIITUIIft"\\.o':7V ~L 
,(lit TuJlN°,ON'.v.:·o:r V 

-IS'" 
TOo.U,T.-

SETTLING TIME MEASUREMENT CIRCUIT 

VREF DIGITAL INPUT 

• BIPOLAR OUTPUT WITH OFFSET BINARY COOING 
_PROVIDES DC ISOl.ATION BETWEEN SOURCE AND LOAD 
• HIGH VOLTAGE OUTPUT CAPABILITY 
• USEFUL WITH PULSE OR SINE WINE REfERENCE INPUT 
• USEFUL WITH PUIoSE OR SINE FUNCTION DIGITAL INPUT 

BALANCED TRANSFORMER DRIVE 

1) 1 Ilsec, 21lsec and 41lsec A/D's_ (These are completely' 
described in AN-16, available upon request) 

2) 15 MHz "T:racking A/D"s_ 

3) ECl compatible applications_ 

4) Video displays requiring a low-glitch DAC_ 

5) Radar pulse height analysis sytems. 

LOGIC 
INPUT 

2.4.V-

0.4 V­

OUTPUT' -.12 LSB­
SETTLING 0-

+ 112 LSB" 

all bits switched ON 

50 nsec/dlvlsion 

IFS = 2mA RL = IKn 
112 LSB = 4,.A 

FULL SCALE SETTLING TIME 



HIGH SPEED 
CLOCK INPUf 

SWITCH CONDITIONS 

31C LOW·COST AIO CONVERTER 

+5V 

+15V 

... 
Mseo---,-----------...J 

5'+1 SI-I 
UNIPOLAR POSITIVE + GND 
UHIPOt.AA NEGATIVE GNO 
BIPOLAR tlOVfS 

NOTESI I. 81POLAR OUtPUT IS S'MMtTRICAL AROUHD ZERO, ADJuSTABLE PEAK TO PEM 
AMPL.ITUDE. 

z. FOR TRIANGLE WAVE, COUNT UP TO fULL, REVt:ME AND COUNT DOWH. 

1. fOR POSI'IVE·OOINa SAWTOOTH, COUNT UP TO FULL, CLEAR, REPEAT. 

",FOR NEGATIVE-GOING SAWTOOTH, COUNT DOwN, CLEAR, HoEP£AT. 

5, fOR OTHER WAVEFORMS. USE A ROM PROGRAMMED WITH THE DlSUlED fUNCTION. 

I. =P?fl~JJi::fE~IME PERMITS WAVE~OR" PERIOD Of 2!U ,.nc, OR )' KHz 

HIGH SPEED WAVEFORM GENERATOR 

ANALOG 0 TO + 10 VoLTS 
INPUT 

LSBo---+_---~----+_----+_--~--~-~----~~---~---~-_, 

: I 
L ___________ ~ __ ~-------~---------J 

GATED 
6.~MHz 
CLOCK 

CP2 

SIMPLIFIED SCHEMATIC 11'sec AID 
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LOGIC INPUTS 

ADJUSTABLE INPUT LOGIC THRESHOLD 

Most DAC's have TTL or CMOS compatible inputs which 
require complicated interfaces for use with ECl, PMOS, 
NMOS or HTL logic. By contrast, the DAC-08, with typical 
logic input current of 2jJ.A and an adjustable input logic 

. threshold, interfaces easily with any logic family in use today. 
The logic input threshold is l.4V positive with respect to 
pin 1; for TTL pin lis therefore grounded; for other families 
pin 1 is connected as shown in the interfacing figure_ 
An adjustable threshold and a -10V to +18V input range 
greatly simplify syStem design especially with other-than­
TTL logic: 

13Kn 

TTL,DTL 
VTH=+1.4V 

8.08 

.... r··· -
EeL 

"A"..----f "-,......-r 
3Kfl 

39Kn 

8.2Kn 

-5.2V 

2N_ 

TOPIN' 
V LC 

1) ECl applications without level translators. 

2) Direct interfaces with Hi-Z RAM outputs. 

3) CMOS applications without static discharge considera­
tions. 

4) HTL or HNI L applications witl10ut level translators. 

5) System size, weight, and cost reductions. 

VTH = VLC +1.4 V 

+15 V CMOS. HTL. HNIL 
VTW + 7.6 V 

CMOS. HTL. NMOS 

V+ 

20Kn 

"A" ..... -'---={ 

20Kn 

L----'--_-.....J+ -
INTERFACING WITH VARIOUS LOGIC FAMILIES 
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...n..n.. 
CMOS DATA INPUT 

CMOS DIFFERENTIAL LINE DRIVER/RECEIVER 

BIT e 
LOGIC INPUT 

2.4V-

O.4V­
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lOUT 0-

I , 

I 
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1.0 ;; 
! 
.... i 0.8 

a 
s 0.6 

~ 
o 

0.' 

0.2 

o 

, I , , 
IREF-2.0mA 

Y---15V 

y, 

. - -, ~_LL5ofs 
·50 nsec/division 

LSB SWITCHING 

B1 

B2 

B3 

(V-.-5V B' 

'M B5 

- - - --12. 10 aD 6.0 -4.0 2.0 a 2.0 4.0 6.0 8.0 10 12 14 16 Ie 
LOGIC INPUT VOLTAGE holtsl . 

NOTE: Bl THROUGH 88 HAVE IDENTICAL TRANSFER CHARACTERISTICS, 
BITS ARE FULLY SWITCHED, WITH LESS THAN lIZ LSB ERROR. AT 
LESS THAN :tIOOmV FROM ACTUAL THRESHOLD. THESE SWITCH­
ING POINTS ARE GUARANTEED TO LIE BETWEEN 0.8 AND 2.0 
VOLTS OVER THE OPERATING TEMPERATURE RANGE IVLC"O.OVI. 

BIT TRANSFER CHARACTERISTICS 
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TEMPERATURE, ·C 

+100 

VTH - V LC VS. TEMPERATURE 

~ ILSS·6InA 
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+150 

1LSt"T.8I'A 
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.05 .01.02 .05 D., 0.2 0.5 1.0 2.0 5.0 10 

IFS. OUTPUT FULL SCALE CURRENT " ...... 1 

LSB PROPAGATION DELAY VS.I FS 

o I 2. 

~ 12 -10 -8.0 -6.0 -4.0 -2.0 0 2.0 4.0 6.0 aD 10 12 14 16 18 
LOGIC INPUT VOLTAGE (vollll' 

LOGIC INPUT CURRENT VS. INPUT VO.LTAGE 



REFERENCE INPUTS 

MULTIPLYING CAPABILITY 

Fixed internal references are included in many DAC's, but 
they limit the user to non-multiplying, single polarity reference 
applications and do not allow a single system reference. To 
ach ieve the design goals of low cost and total applications 
flexibility, the OAC-Oa uses an external reference. Positive or 
negative references may be applied over a wide common mode 
voltage range. In addition, the full scale current is matched to 
the reference current eliminating calibration in most applica­
tions. 

~o 

4.0 

1.0 

IFS ~ :ti::EF • ~~~ 
10 + iO • Irs FOR ALL 
LOGIC STATES 

FOR FIXED REFERENCE, TTL 
OPERATION, TYPICAL VALUES 
ARE: 

YREF' +IO.OOOV 
RREP ~ S.aOOK 

A,S:; RREF 
Cc ·O,OI ... F 

vLc a v (GROUND) 

BASIC POSITIVE REFERENCE OPERATION 

TA" Tmin '0 Tmol ~~ITFOR 
V-0-15V r--r- ALL BITS "HIGH" 

/" 
/ 

/" 
/ 

V ',}IMIT FOR 
V-I -511. 

V 
V 

V 
0 1.0 2.0 30 4.0 5.0 

IREF. REFERENCE CURRENT (mAl 

FULL SCALE CURRENT VS.REFERENCE CURRENT 
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1) Digitally controlled full scale calibration. 

2) a x a multiplication of 2 digital words. 

3) Digital Attenuators/Programmable gain amplifiers. 

4) Modem transmitters to 1 MHz. 

5) Remote shutdown and party line DAC applications. 

2 .• 

2. 4 

0 

6 

2 
o. • 
o. 4 

NOlE I. RREF SETS IFS: RI5 IS FOR 
BIAS CURRENT CANCELLATION. 

BASIC NEGATIVE REFERENCE OPERATION 

TA" Tmin,lO fmc. 

V-I -15V V-I -5 II 1I+"+15y 

I I IREF"2mA 

I 'REF"lmA 

I 
IRL'2m~1 

0 
-14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 16 16 

V,5. REFERENCE COMMON MOOE VOLTAGE Iyolls) 

NOTE: POSITIVE COMMON MOOE RANGE IS ALWAYS (11+1-1.5 V 

REFERENCE AMP COMMON MOOE RANGE 



• IREF !: PEAK NEGATIVE SWING OF liN 

• AC VOLTAGE TO DIFFERENTIA\. CURRENT CONVERSION 
• DC TO INH, I14PUT RANGE 
• OUTPUT DRIVES TWISTt:D PAIA DIRECTLY 
• CMOS COMPATIBLE 

• +VREF MUST BE ABOVE PEAK POSITIVE SWING OF VIN 

ACCOMODATING BIPOL.p.R REFERENCES MODEM TRANSMITTER 

'0 

.. FAST-as NSEC PLUS OP AMP SETTLING TIME 
• ANY LOGIC FANILY fOR WOAO "A" OR ~B" 
• BiPOlAR OUTPUT 
• ELIMINATES SEVERAL LOGIC PACKAGES 

~IOV 
----.;;;:rOV 

-IOV 

INPUT 

" 10KA 

NOTES;' t. RI-RZ-R3 

2.R4-RS 
3. EODCTOZOKHZ=:tSV 
4.EO DCTOIOKHZ=:tIOV 

DIGITAL ADDITION OR SUBTRACTION 
WITH ANALOG OUTPUT 

DC-COUPLED DIGITAL ATTENUATOR/ 
PROGRAMMABLE GAIN AMPLIFIER 

., 
WORD "A" 
FULL SCALE 
DIGITAL INPUT 

Y 

.IFS IS THE PRODUCT OF 2 DIGITAL INPUT WORDS 

WORD"" 
DIGITAL INPUTS 

• MAY BE USED AS A ad DIGITAL MULTIPLIER WITH ANALOG oiJrPUT 
• ELIMINATES DAC AFTE" DIGITAL MULTIPLICATION 
• FUNCTIONS WITH ANY LOGIC FAMILY 
• NOTE: LIMIT WORD "8" INPUT RISE AND FALL TIMES TO 200NSEC MINIM\.IiI 

DIGITALLY CONTROLLED FULL SCALE CALIBRATION IMUL TIPLlE.RI 
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POWER SUPPLIES 

POWER SUPPLY REQUIREMENTS 

The DAC·08 works with ±4.5V to ±18V supplies allowing 
use with all standard digital and analog system supply voltages 
plus most battery voltages. With only 33mW of power dissi· 
pation at ±5V and 85nsec settling time, it has a lower speed 
power product than CMOS DAC's. Power dissipation is almost 
constant over temperature, and bypassing is accomplished 
with 0.01 pF capacitors-no large electrolytics are required. 
These power supply requirements allow: 

1) Battery operation. 

2) Use of unregulated or poorly regulated power supplies. 

3) Use in space·limited areas due to small bypass capacitors. 

4) Use in constant power dissipation applications. 

5) Common digital and analog power supplies. 

B.O r---,---,---r--'---'--"T'"-;'-'-T""-'-""--' 
ALL BITS "HIGH" OR "LOW~ 

7.0 f----i--j--+--+--+-+--I---+--+----I 
1-

6.0 1--+":=F~=:j:::=I:==:I==+=+=+---l 

5.01--If--/---t--+-,--+-+--j---t---t--I 

4.0f-'--f--j--+--+--+-+-+-+---l---I 

3.0 I--t---I---t--+--+-+--j-~-t-~-t--I 
1+ 

2.01---l-~=~=t==i=:::j:==:I==I:=+---I 

1.01--If--/--+--t-+--j---j---t--t---I 

°0~~2.~0-~4.~0~6~.0~~B~.0-~1~0-~12~~14~~16--,~B-~20 
V+, POSITIVE POWER SUPPLY (Vdel 

POWER SUPPLY CURRENT VS. V+ 
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8.0 
ALL BITS "HIGH" OR "LOW" 

7.0 
V-·-15V 1-

6.0 
{lIEF =2.0mA 

5.0 

4.0 

3.0 
V+-+15V 1+ 

2.0 

1.0 

-50 +50 +-100 + 50 
TEMPERATURE (ec) 

POWER SUPPLY CURRENT VS. TEMPERATURE 

8.0 

BITS MAY BE "HIGH"OR ''Low'' 
7.0 

1- WITH IREF"2mA 

6.0 

'.0 
I-WITH IREF'lmA 

4.0 
I I 

3.0 I-WITH 'REF :O.2mA 

2. 0 
\.. 
~I+ 

1.0 

-2.0 -4.0 -6.0 -8.0 -10 -12 -14 -16 -18 -20 
V-, NEGATIVE POWER SUPPLY (Vdc) 

POWER SUPPLY CURRENT VS. V-



OTHER APPLICATIONS 

MICROPROCESSOR APPLICATIONS 

The -ability to use J1 P power supply voltages and the ability 
to interface with any logic family make the DAC-OB especially 
useful in J1P applications: 

1) Tracking AID converters. 

2) Successive approximation AID converters. 

3) Direct drive from Hi-Z MOS RAM outputs. 

By programming the ROM's with the successive approxima­
tion or the tracking AID algorithm, all of the logic for AID 
conversion is contained in the J1P. This is a very inexpensive 
approach, since there is no need for the usual AID conversion 
logic packages. 

OTHER APPLICATIONS: The following list summarizes 
just a few of the many applications for this flexible DAC. 
Consult the factory for further information. 

AID CONVERTERS 

Tracking (Servo) 
Successive Approximation 
Ramp (Staircase) 
Microprocessor Controlled 
Ratiometric (Bridge Balancing) 

TEST SYSTEMS 

Transistor Tester (Force IB and Ie) 
Resistor Matching (Use both outputs) 
Programmable Power Supplies 
Programmable Pulse Generators 
Programmable Current Source 
Function Generators (ROM Drive) 

ARITHlltlETIC OPERATIONS 

Analog Division by a Digital Word 
Analog Quotient of Two Digital Words 
Analog Product of Two Digital Words-Squaring 
Addition and Subtraction with Analog Output 
Magnitude Comparison of Two Digital Words 
Digital Quotient of Two Analog Variables 
Arithmetic Operations with Words from Different 

Logic Families 

DATA 
BUS 

'i"S.ODOV 

2.5KJl 

2.5KJl 

"\" = COUNT UP, "0'" COUNT DOWN 

DIGITAL OUTPUT 

+5V -15V 

• USEFUL FOR ENCODING DC INPUTS 
• ELIMINATES UP/DOWN COUNTERS 
• ANSWER CONTINUOUSLY AVAILABLE 
• LOW POWER CONSUMPTION 
eHI·Z INPUT 

OK" 

• RAM OUTPUTS MAY BE USED IN PLACE Of TTL I/O 

MICROPROCESSOR CONTROLLED 
TRACKING AID CONVERTER 

GRAPHICS AND DISPLAYS 

Polar to Rectangular Conversion 
CRT Character Generation 
Chart Recorder Driver 
CRT Display Driver 

DATA TRANSMISSION 

Modem Transmitter 
Differential Line Driver 
Party Line MUltiplexing of Analog Signals 
Multi-level 2-Wire Data Transmission 
Secure Communications (Constant Power Dissipation) 

CONTROL SYSTEMS 

Reference Level Generator for Setpoint Controllers 
Positive Peak Detector 
Negative Peak Detector 
Disc Drive Head Positioner 
Microfilm Head Positioner 

AUDIO SYSTEMS 

Digital AVC and Reverberation 
Music Distribution 
o rgan Tone Generator 
Audio Tracking AID 

CONCLUSION 

High voltage compliance complementary current outputs, 
universal logic inputs and multiplying capability make the 
Precision Monolithics DAC-08 the most versatile monolithic 
high speed DAC available today. 
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PACKAGE 
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AVAILABLE PACKAGES 

DESCRIPTION 

6 Pin TO-78 
8 Pin TO-99 

10 Pin TO-100 

10 Pin Hermetic Flatpack 
14 Pin Hermetic Flatpack 
24 Pin Hermetic Flatpack 

14 Pin Hermetic Dip 
16 Pin Hermetic Dip 
18 Pin Hermetic Dip 
40 Pin Hermetic Dip 



PACKAGE PRODUCT CHART 

PRODUCT AVAILABILITY 

DEVICE PACKAGE DEVICE PACKAGE 

OP-Ol 
OP-02 
OP-04 
OP-05 
OP-07 
OP-l0 
OP-14 
555725 
555741 
555747 
SS51458 
5551558 
PM725 
PM741 
PM747 
PM1458 
PM1558 

MECHANICAL DIMENSIONS - DIP'S 
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J,Y,L 
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J,Y 
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J,Y 
K,Y 
J 

n 
.3U 
.220 

CMP-Ol J,Y 
CMP-02 J,Y 

MAT-Ol H 

REF-Ol J 
REF-02 J 

DAC-01 Y 
DAC-02 X 
DAC:03 X 
DAC-04 X 
DAC-08 Q 

DAC-76 X 
DAC-l00 Q,N 
555140BA Q 

555150BA Q 

AD-02 W 
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MECHANICAL DIMENSIONS - CANS 

mm 
.021 TypJ l.­
.018 
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:=DIA:j 
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MECHANICAL DIMENSIONS - FLATPACKS 
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EAST 

3375 Park Ave. 
Wantagh NY 11793 
(516) 785-3331 

PMI REGIONAL OFFICES 

CENTRAL WEST 

605 E. Algonquin Rd - Suite 250G 
Arlington Heights IL 60005 

1200 Quail Street - Suite 215 
Newport Beach, CA 92660 
(714) 752-1760 (312) 437-6697 

NORTH AMERICAN REPRESENTATIVES 

ARGUS SALES 
1050 E. Southern - Suite C5 
P.O. Box 26819 
Tempe AZ 85282 
(602) 967·8709 
lWX 910-950-1940 

A BLUMENBERG ASSOC. 
P.O. Box 8936 
Detroit M I 48237 
(313) 557-1934 
lWX 810-224-4852 

A BLUMENBERG ASSOC. 
2910 Willa Drive 
St. Joseph MI 49085 
(616) 983-0481 

W A BROWN COMPONENTS 
1314 Buford St. NW 
HuntsvilieiAL 35801 
(205) 539-4411 
lWX 810-850-0140 (Orlando) 

W A BROWN COMPONENTS 
3083F Colqnial Way 
Chamblee GA 30341 
(404) 455-0405 

W A BROWN COMPONENTS 
P.O. Box 19407 
201 Loft Lane 
Raleigh NC 27609 
(919) 781·9426 

COM-SALE 
235 Bear Hill Road 
Waltham MA 02154 
(617) 890-0011 

COM-SALE 
633 Williams 
Wallingford CT 06492 
(203) 269-7964 

COMSTRAND INC. 
6279 University Ave. NE 
Minneapolis MN 55432 
(612) 571-0000 
lWX 910-576-0924 

COMSTRAND INC. 
4213 Dalewood Ave SE 
Cedar Rapids IA 52403 
(319) 363-7495 
lWX 910-576-0924 



NORTH AMERICAN REPRESENTATIVES (CONT'O) 

DYNE-A-MARK SJI SUMER INC. 
1001 NW 62nd Street Mike Jewett 11430 W. Bluemound Road 

Suite 107 P.O. Box 14548 Milwaukee WI 53226 
Ft. Lauderdale FL 33309 Portland OR 97214 (414) 259-9060 
(305) 771-6501 (503) 224-0344 
(305) 944-503.1 (Miami) TECHNICAL REPRESENTATIVES INC. 

TWX 510-956-9872 DEL STEFFEN & ASSOC. 300 Brooks Drive 

DYNE-A-MARK 
653 Alpha Drive - Suite 33 Suite 108 

405 S. Aurora Ave. 
Cleveland OH 44143 Hazelwood MO 63042 

P.O. Box6117 
(216) 461-8333 (314) 731-5200 

Clearwater FL 33518 
TWX 810-427-9272 TWX 910-762-0618 

(813) 441-4702 
DEL STEFFEN & ASSOC. TECHNICAL REPRESENTATIVES INC. 

TWX 810-866-0438 
1201 E. David Road 801 Clairborne 

IHRIG ASSOC INC. Dayton OH 45429 Olathe KS 66061 

6410 Woodwind Drive (513) 293-3145 (913) 782-1177 

Indianapolis IN 46217 TWX 910-749-6412 

(317) 783-7630 DEL STEFFEN & ASSOC. 
111 Sherwood Drive THORSON COMPANY 

J-SOUARE MARKETING INC. Lexington OH 44904 2201 San Pedro Drive NE 
11 Montgomery Place (419) 884-2313 Bldg 2, Suite 107 
P_O. Box 103 Albuquerque NM 87110 
Jericho NY 11753 STEMLER ASSOC INC. (505) 265·5655 
(516) 433-5330 6707 Whitestone Road TWX 910-989·1174 

ONTEC ASSOC. Baltimore MD 2,1207 

474 Thurston Road (301) 944-8262 THORSON COMPANY 

Rochester NY 14619 TWX 710·862·9166 5290 Yale Circle 

(716) 464-8636 or Denver CO 80222 

464-0122 STEMLER ASSOC INC. (303) 759·0809 

TWX·510-253-3841 206 N. Washington Street TWX 910·931·0429 
Alexandria VA 22314 

OELER & MENELAIDES INC. (703) 548-7818 THRESUM ASSOC, 
777 S. Central Expressway 1901 Old Middlefield Way - Ste 16 
Suite 2C STEMLER ASSOC INC. Mt, View CA 94040 
Richardson TX 75080 P,O. Box 287 (415) 965-9180 
(214) 234·6334 Cherry Hill NJ 08002 TWX 910-379-6617 
TWX 910·867-4745 (609) 966-4070 

OELER & MENELAIDES INC. RFO LIMITED 

6065 Hillcroft - Ste 502 (77036) STEMLER ASSOC INC. P.O. Box 262 

P.O. Box 35428 P.O. Box 204 Port Credit Postal Station 

Houston TX 77035 
Blue BeliPA 19422 Mississauga, Ontario, CANADA L5G 4L8 

(713) 772-0730 (215) 644-3477 (416) 626-1445 

SJI SUMER INC. RFO LIMITED 
626 Alaska Street 5050 Newport Drive P.O. Box 213 
Seattle WA 98108 Rolling Meadows IL 60008 Dollard Des Oreaux 
(206) 624-9020 (312) 394·4900 Ouebec, CANADA 
TWX 910-444·2212 TWX 910·687·0764 (514) 626-8324 



INTERNATIONAL REPRESENTATIVES 

EUROPEAN HEADQUARTERS: BOURNS AG, BAARERSTRASSE 8 
ZUG, SWITZERLAND, 

AUSTRIA 
Ing. Otto Folger 
Graf Starhemberggasse 45 
Vienna 
Phone 0222 - 656 23 64 
TELEX 76588 

BELGIUM 
Bourns (Belgium) N.V. 
\. R.C., Rogierplein 13 
Brussels 
Phone 02 - 218 2005 
TELEX 23217 

DENMARK 
E. Friis-Mikkelsen A/S 
Krogshojvej 51 
Bagsvaerd-Copenhagen 
Phone 01 - 98 63 33 
TELEX 22350 

FINLAND 
Oy Chester Ab 
Kupulantie 1 # 
Helsinki 51 
Phone 90 - 735 774 
TELEX 122217 

FRANCE 
Ohmic S.A. 
21-23, Rue Des Ardennes 
Paris 
Phone 01 - 2039633 
TELEX 230008 

GERMANY 
Bourns GmbH 
Eberhardstrasse 63 
Stuttgart 1 
Phone 0711 - 24 29 36 
TELEX 721556 

GREECE 
M.N. Kourakos 
29-33, Tsimi,ski Street 
Athens 706 
Phone 638 - 747637 

JAPAN 
Toyo Trading Co., Ltd. 
P.O. Box 5014 International 
Tokyo,Japan 
Phone 279-0771 
Telex 222-2973 

PHONE 042-23-22-42 
TELEX 78 722 

IRAN 
Berkeh Company Ltd. 
20, Salm Street 
Roosevelt Avenue 
Teheran 
Phone 831 564 
TELEX 212956 

ISRAEL 
Rapac Electronics Ltd. 
15, Karl Herbst Street 
Tel Aviv 
Phone 023 - 477115 
TELEX 33528 

ITALY 
Technic S.R.L. 
Piazza Firence, 19 
Milan 
Phone 02 - 32 56 88 

NETHERLANDS 
Bourns (Nederland) B.V. 
Goudriaankade 1 
The Hague 
Phone 070 - 88 93 18 
TELEX 32023 

NORWAY 
, A/S Kjell Bakke 

Nygt 48 
Strommen 
Phone 02 - 71 1872 
TELEX 19407 

PORTUGAL 
Telectra S.A.R.L. 

, Rua Rodrigo Da Fonseca, 103" 
Lisbon 1 
Phone 119 - 68 60 72 
TELEX 1598 

SOUTH AFRICA 
Associated Electronics (Pty) Ltd. 
P.O. Box 31094 
Braamfontein - Johannesburg 
Phone 724 5395 
TELEX 438432 

INDIA 
Fegu, Inc. 

SOUTH AMERICA 
Intectra 
1950 Colony St. 

SPAIN 
Hispano Electronica S.A. 
Comandante Zorita 8 
Madrid 20 
Phone 01 - 233 1601 
TELEX 22404 

SWEDEN 
Ab Elektroutensilier 
Akers Runo 
Phone 0764 20 110 
TELEX 10912 

SWITZERLAND 
Bourns (Schweiz) Ag 
Baarerstrasse 8 
Zug 
Phone 042 - 23 22 42 
TELEX 18722 

TURKEY 
Nuekleer Elektronik Ltd., 
Fevzi Cakmak, Sokak 33/3 
Yenisehir, Ankara 
Phone 1872 70 
TELEX 42 229 

UNITED KINGDOM 
Bourns (Trimpot) Ltd. 
Hodford House 
17/27 High Street 
Hounslow, Middlesex 
Phone 01 - 572 6531 
TELEX 264485 

YUGOSLAVIA 
Unitrade-Podravka 
Marinkoviceva 1 
Zagreb 
Phone 041 - 44,80 55 
TELEX 21169 

EASTERN EUROPE 
Eltrans 
Nordbahnstrasse 44/15 
Vienna 
Phone 0222 - 24 71 37 
TELEX 15011 

AUSTRALIA 
Cerna 
21 Chandos St. 260 Sheridan Ave. 

,Palo Alto, CA 94306 
Phone (415) 493-1788 

Mountain View, CA 94043 
Phone (415) 967-8818 

P.O. Box 578 
Crows Nest, NSW 2065 
Australia 
Telex 22846 
Phone 439-4655 



Preci sion Monolithics Incorporated 
1500 Space Park Drive, San ta Clara, CA 95050===================:;;~ 
(408) 246-9222. TWX 910-338-0528. 
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