


INTRODUCTION

This catalog contains complete technica! data and information on Precision Monolithics' full line of linear and conversion
products. In addition to data sheets, an expanded applications section, quaranteed chip specifications section, cross references,
functional replacement guides, selection guides, package infarmation, and definitions are provided.

Precisian Manolithics’ continued dedication to providing state-of-the-art products has resulted in 16 new products since the
previous edition. New products include 11 operational amplifiers, 4 D/A converters, and BIFET analog multiplexers, There
are 3 second-source BIFET op amps, 3 Precision BIFET op amps, 2 precision low power op amps, and both second-source and
precision quad op amps. New O/A converters include Sign Plus 10 Bits, Two's Complement 10 Bit, 2-Digit 8CE and 12 Bit
multiplying types. A similar increase in new products is expected in the coming year. To keep informed, please fill out the
Registration Card at the back of this catalog and return it to PME, and we will send all new data sheets and application notes
as they become available.

Contact the PMI sales office, representative, or distributar listed at the back of this catalag for further assistance.




Copyright 1977

Precision Monolithics Incorporated

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

Although every effort has been made to insure accuracy of the information contained in this catalog, PMI
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.
A @N‘B Subsidiary
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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! part numbering system. For specific ordering information such as available
elecirical grade and package combinations, see the spacific product data sheet.

TYPE PREFIX MODEL FAMILY ELECTRICAL GRADE PACKAGE SUFFIX

XXX XXX X X

CMP = Precision Voltage Comparator

DAC = Digital to Analog Converter

MAT = Matched Transistors

OP = Proprietary Qperational Amplifier

i = Second Source — Industry Standard Specs
REF = Precision Voltage Reference

558 = Superior Second Source — Improved Specs

TYPE PREFIX MODEL FAMILY ELECTRICAL GRADE PACKAGE SUFFIX

KHX XX XX X X

EXAMPLES

OPERATIONAL AMPLIFIERS

QP01 = ttigh Speed Inverting

or-02 = Precision Loaw Cost

QP-04 = Precision Low Cost Matched Dual

P05 = Precision Low Drift

P07 = Precision Low Offset Voltage

OR-10 = Precision Matched Bual

aP-14 = Precision Low Cost Matched Crual
S55726 = Improved Instrumentation Op Amp
555741 = Improved General Purpose Op Amp
$55747 = Improved General Purpose Dual Op Amp
5551408 = {mproved 8-Bit D/A Converter

5651468 = Improved General Purpose Dual Op Amp
PR108 = Low Current Op Amp

PM725 = Instrumentation Op Amp

PM741 = General Purpose Op Amp

Pr747 = General Purpose Dual Op Amp

P 1458 = Generat Purpose Duzl Op Amp
COMPARATORS

CMP-01 = High Speed
CMP-02 = Low Input Current

D/A CONVERTERS

DAC-01 =6 Bit Voltage Cutput

DAC-02 =10 Bit + Sign Voltage Qutput
DAC03 = 10Bit Low Cost Voltage Cutput
DAC-04 = 10Bit Two's Complement
DAC.08 = 8 Bit Universal High Speed
DAC-76 =8 Bit Companding

DAC-100 =10 Bit Current Qutput
VOLTAGE REFERENCES

REF-D1 = +10V Adjustable
REF.02 = +5V Adjustable

MATCHED TRANSISTORS
MAT-01 = Ultra-matched Monolithic Transistors

2-1



ORDERING INFORMATION
TYPE PREFIX MODEL FAMILY /WAL GRADE* PACKAGE SUFFIX*

XXX XXKXX X
£ A

See the specific data sheat for available combinations.

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

PACKAGE SUFFIX:
PACKAGE DESCRIPTION PACKAGE DESCRIPTION PACKAGE DESCRIPTION
H 6 Pin TO-78 L 10 Pin Hermetic Flatpack Y 14 Pin Hermetic Dip
J 8 Pin TO-G9 W 14 Pin Hermetic Flatpack Q 16 Pin Hermetic Dip
K 10 Pin TO-100 N 24 Pin Hermetic Flatpack X 18 Pin Hermetic Dip
P 8 Pin Epoxy B Mini Dip v 24 Pin Hermetic Dip

MIL-STD-883A CLASS B ORDERING INFORMATION

XXX HXUXX 883
TYPE PREFIX MODEL FAMILY CLASS B MIL-STD-883A ELECTRICAL GRADE PACKAGE SUFFIX

All PMI -55° 1o +126°C devices are available in versions with screening to Class B of MIL-5TD-883A as standard. A complete
bist is included in the HI-REL section of this catalog. For all products except DAC-100, the part number construction is as
shown below; far DAC-100, see the DAC-100 data sheet.

Example: To order OP-01FJ with 8838 screening.

1. Basic Device Part Number: QJP-01FJ
2. MIL-_STD-SSSA Class B Version: QOP01-BB3-FJ

CHIP ORDERING INFORMATION

Al PMI chips are available with gither plain backing or, at extra cost, 1-micron thich autectic-bonded gold backing. Electrical
performance is specified at 26°C for ail products in the data sheet section of this catalog. Visual inspection criteria s as listed
below:

XXXXXX — XXX ~ XX

—E———BACK!NG SUFFIX: € =PLAIN, CG = GOLD
VISUAL CRITERIA: A = MIL-5TD-B83A METHCD 2010.2 TEST CONDITION A
MODEL TYPE 8 = MIL-5TD-883A METHOD 2010.2 TEST CONDITION B
C = PMIC” VISUAL, PMI SPECIFICATION NO. AQD18 BASED
ON MIL-STD-883 METHOD 2010 I1SSUED 1 MAY 1968,
ELECTRICAL GRADE:

N=TOP, G=MIDDLE, GR = LOWEST

Far price and delivery information or quotations for special devices, contact the nearest PM sales office or representative
listed in the back of this catalog.

2-2
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®

(.A. PROGRAM

MANUFACTURING AND SCREENING PROCEDURES

INTRODUCTION

Precision Monolithics, Inc., in establishing standard procedures
for Manufacturing; Screening, Qualification, and Quality Con-
formance, has incorporated the requirements of both
MIL-5TD-BE3A, Notice 2 of March 1976, and MIL-0-9858A.
All PMI military temperature range devices meet or excesd
Class C requirements, and, in addition, devices meeting and/or
exceeding Class B requirements are available off-the-shelf as
standard catalog items. Requests for devices with Class A ar
other special requirements are invited. The internal procedures
designed to control and guarantes production of these devices
are described herein,

PMI standard “883" parts designate devices which have been
subjected to 1008 screening in accordance with Method BG04
of MIL-STD-883A, Class B,

TABLE OF CONTENTS
Introduction .. ............... P 341
Manufacturing Procedure . . ... .......... 31
Screening Levels . . ... _ ... . ..., ... PRI |
Screening Procadures .. ... . - 2]
Quality Conformance Procedures ..., .. ... 33
LTPD Table .. .................... 33
Group A .. .... e e e e 33
GroaupB . ... ... ........ . ]
GroupC ............... .. 35
GroupD . ......... .. it 36
Ordering lnformation . . .. ... ........... 37

Quality Conformance Testing (Groups A, B, C, D} in accord-
ance with Method 5005 of MIL-STD-BB3A is available on
special order,

STANDARD h}IANUFACTURING PROCEDURE FOR ALL DEVICES

[

IMCOMIRG MATERIAL INSPECTION
SAMPLING PER MILSTD A0S OR

N COLGACME TRIC INSFECTION
1O GUARANTES 5ILICON.NITAIDE

VAL

RERM:
QF ELECTRICAL PEFECTS

MIL 4 .385 108 CAPACITOR DIELECTA IS THICKNESS)|
[ WAF LR £ ARRICAT UGN ] | G5 GAMPLE _i 0% WISLAL DHE |WEPECTION
FAFER HSPECTION, LHOER HIGH MAGH IFICATION

FER METHOD 7010

100% MASKENG AL IGHMENT SCANNING 2LECTRON MICROSCOPE '
IN FROCESE INSPECTION (SEMI WD TOR FER
MET O 2078 . I_ AUALITY MONITOR ]
i (SAMPLE BASIS OR 4% REQUIRED) t
00X OIIDE AEMBVAL * I D€ aTYACHMERT I
INSROCESS INSPECTION 100 ELECTRICAL PROBE
UF FHIGHED WAFER TO IDENTIF ¥ - *
DICE THAT O ROT MEET
i ELECTRICAL ; I ULTRASDNIC LEAD BORDING I
160 BIFFUSION
TEMPERATURE i
PROFILE INSPECTION WAFER SCRIGE { SCREENIWG PROCECURES, |
AND BREA K, y

I

To SEPARATE DICE

L.

SCREENING LEVELS

MIL-STD-823A DEFINES 3 LEVELS OF SHCROELECTRONIC SCREENING:

*CLASS A -~  Devices intended for use where mantenance and replacement are extremely difficult or impossible, and reliability is
imperative.

*CLASS 8 - Devices intended for use where maintenance and replacement can be performed, but are difficult and expensive, and
where reliability is vital.

*CLASSC — Devices intended far use where maintenance and replacement can be readily accomplished and down time 5 not a

critical factar. (A1l PMI Mil Temp Range devices meet or exceed Level G}

Screening pracedures tor all 3 ctasses and Tor Precision Manalthics standard military temperature range gevices are shown on the following page.




MIL-STD 8834
METHOD 5004
CLASS A

FRESEAL INTERNAL
WISUAL METHOD 2010
CONCLTION B

L

0.A. BAMPLE INSPECTION
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SCREENING PROCEDURES
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QUALIFICATION AND QUALITY CONFORMANCE PROCEDURES

MIL-STD-883A Method 5005 establishes Qualification and Quality Confermance Procedures for the 3 classes of devices and divides
these procedures into group A, B, C&D tests: “"The full requirements of group A, B, C and D tests and inspections are intended for
use in initial device qualification, requalification in the eveni of product or process change and pericdic testing for retention of
gualification. Group & and B tests and inspections are intended for quality conformance inspection of individual inspection lats as
a condition for acceptance for delivery.”

Group A, 8, Cand O gquality conformance tests are performed using a sample size determined from the LTPD table below. An initial

sample size corresponding 1o zero rejects fan acceptance number of 0) is normally used: if necessary the sample size will be increased
once to & higher number 1o meet the LTPD requirement for the class of device under test.

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

ACCEPTANCE LTPD 20 J_ LTPD 15 1 LTFD 10 LTPD 7 ] LTPD S l LTPD 3
NUMBER* Minimum Sample Siza
1] 11 15 22 a2 45 76
1 18 25 K] =) 17 129
2 Vi 34 52 75 105 176
3 32 43 B5 a4 132 221
4 3 52 78 113 158 266

“Maximurm aliowable number of failures,

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

CLASS A CLASS B CLASSC
SUBGROUP TEST DESCRIPTION LTPD LTPD LTPD
1 Static tests at 25°C 5 5] 5
2 Static tests at maximum rated operating temperature ? 7 10
3 ‘Biatic tests at minimum rated operating temperature 7 7 10
4 Dynamic tests at 26°C 5 ) 5
¥ Functional tests at 25°C 5 ] 5
a Switching tests at 25°C 7 ¥ 10
GROUP B TESTS FOR CLASS A DEVICES
CLASS A
MIL-STD 363 QUANTITYAACCEPT NO.}
TEST LOT 2 AND
METHOD CONDITION LGT A SUBSEGUENT
Subgraup 1
Physical dimensions 2016 200 20
Subgroup 2 2/
{al Resistance to solvents 2015 310} 310}
ib) Internal visual and 2014 Failure criteria From design and 2104 210t
mechamcal canstruction requirements of
apilicable procurement document
{c} Bond strength 2011 200 7/ 2000 7/
i1 Thermotompression {1} Test candition Cor O
12] Ltrasonic {2} Test condition C or O
[3}  Flip<chip {31 Test condition F
{4]  Beam lgad (4} Test eondition H
td!  Die shear test 2019 Per table | of method 2099 for 3t die]]
the applicable die size
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GROUP B TESTS FOR CLASS A DEVICES — CONTINUED

MIL-STDE83 CLASS A
QUANTITY/ACCEPT NO.}
TEST LOT 2 AND
METHOD CONDITION LaT1 SUBSEQUENT
Subyroup 3 )
Salderability 3/ 2003 Soldering temperature of 260 + 10°C | LTPD =15 LTPD = 15
Subgroup 4
Lead integrity 2004 Test conditton By, lead tatigue 210} 2(
Seal 1014 As applicable
{a} Fine
bt Gross df
Subgroup 5 6/
tal Gate 1
i1} Electrical parameiers Group A, subgroup 1, 2, 3. fead
and record
. Group A, subgroups 4-11; Attributes
(2 Sready state life 1005 Condition F, 2607
{accelerated) 120 continuaus haurs miniaum
13} Electrical parameters Group A subgroups 1, 2, 3- Read 4008} 10024
and record
{b} Gate 2
i1 Steady state life 100 Condition-F, 260°C, 250 hours
{acceleratedt minimum including actual gate 1 life
st durarion
12) Seal
a. Fing
b. Gross 4/
13} Electrical parameters Group A, subgroups 1,2, 3: Read 40018) 5/ 1004) 5/
and record
Group A, subgroups 4-110 Atinibutes
Subgroup 6 2/
fal Electrical parameters Group A, subgroups 1, 2. 3 Read
and record
{b) Temperature cychng 1010 Condition € 100 cycles/min, $201 5404
ted Constant acceiération 2001 Test Condition E; ¥ axis followed
by one other s, X or 2.
] Seal 1014 or ar
in Fina .
(2} Gross 4/ 2041} g
(5] Electrical parameters Group A, subgroups 1,2, 3 Read
and record

1 Elecirwal reject devices from the same mnspection may be used for all subgroups when end pont measuraments are not required.

2 For class A lot quality conformance testing, abl samples for subgroup B2 must have been through the complete sequence of subgroup
BE tests.

3 All deviges musl have been through the temperature/time expasure 0 burn-n. The LTPD apphes to the number ol leads inspected
except In no case shall less than three devices be used 10 provide the number of leads required.
4 When fluorocarbon gross leak tesling is utilized, st condition Cg shall apply as a minimum,

& Sample guanuty tar acceptance parpases is the incoming sample for gate 1 and the sccept number applies to the tatal failures from
hoth gae 1 and gate 2.

& The alizrmate removal-of-bias prowvisions of paragraph 3.2.1 of methods 1008 and 1015 shall nor apply for test termperatures above
125°C.

7 Pull en {10 wires minmnum per device or pull all wires it 1@n arg not available,
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GROUP B TESTS FOR CLASSESBAND C

Test . MIL-STD8R3 CLASSFESB&C
METHOD CONDITION LTFD
Subgroup 1
Physical dimensions 2016 | 2 dewvicet
{no failures)
Subgroup 2
{a} Resistance to solvents 2015 3 devices
{no failures}
b} tnternal visual and 24 Failure criteria from design and construction 1 device
mechanical requirements of applicable procurement {no failures}
documnent,
fc} Bond strength 2/ 2011 16
111} Thermocompression (1} Test condition Cor D
(21 LUHtrasonic or wedge {2} Test condition Cor D
{31 Flip-chip 13} Test condition F
(4} Beam lead {4} Test condition H
Subgroup 3
Salderability 3f 2003 Soldering temperature of 260 + 10°C, 15

1 Electrical reject devices from the same inspection lot may be used for all subgroups when end point measurements are not required.
2 Test samples for bond strength may, at the manufacturer's option unless otherwise specified he randomly salected immediately fol-
lowing internal visual {precap) inspection spacified in method 5004, prior to sealing.

3 Al devices submitted for solderahility test must have been through the temperature/time exposure specified for burn-in. The LTPD
for sofderability test applies to the number of leads inspected except in no case shall less than 3 devices be used to pravide the number
of leads revuired.

GROUP C (ME-RELATED TESTS} {FOR CLASSES 8 AND C ONLY}

MIL-STD-B883
TEST - LTRO
METHOD CONDITION :
Subgroup 1
Dperating life test 1/ 1005 Test candition to be specified {1000 hourst 1
End point electrical parameters As specified in the applicable device specification
Subgroup 2
Temperature cycling 1010 Test condition € 15
Constant aceeleration 2001 Test condition E rnin, Isee 3)
Y1 axis fallowed by one other axis X or 2.
SEAL 1014 As applicable
Fine
Gross 3/
Visual examination 2
Eng point electrica paramatets As specified in the applicabie device specification.

1 See 4.4 of appendix 8 of MIL-M-38510.
2 Vusual examination shall be in accordance with method 1610,
3 When fluorocarbon gross leak testing i$ utilized, test condition Cg shall apply as minimum.
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GROUP D (PACKAGE RELATED TESTS) {FOR ALL CLASSES}|

MIL-STD-BB3
TEST LTPD
METHOL CONDITION
Subgroup 1
Fhysical dimensions 2018 15
Subgroup 2 4f
Lead integrity 2004 Test condition B2 (lead fatiguel 15
Seal 1014 Az applicable
{a} Fine
thi  Gross 6/
Subgroup 2 1/
Thermal shock 1011 Test candition B as 8 minimum, 18 cycles minimum, 16
Temperature cycling 100 Test condition C, 100 cycles minimurn.
Moisture resistance 1004
Seal 1014 As apptlicable.
{a} Fine
o) Gross 6/
Visual examination 2f
End point electrical As specified in the applicable device specification.
parameters
Subgroup 4 1/
Mechanical shack 2002 Test condition B 15
Vibration variable frequency 2007 Test condition A
Constant acceleration 2001 Test condition E [see 3}
Seal . 1014 As applicable
(a} Fine
(bl Gross 6/
WVisual examinatign 3
End point electrical parameters As specified in the applicable davice specification.
Subgroup 5 4/
Salt atmosphere 1009 Test condition A 15
Yisual examination 5/

1 Devices used in subgraup 3, “Thermal and Moisture Resistance’” may be used in subgroup 4, “"Mechanical ™
2 Wisual examination shall be in accordance with method 1010 0r 1011 a1 a magnification of X to 10X,

3 wiswal examination shall be performed in accardance with method 2007 for evidence of defects or damage 1o case, izads, or seals
resulting from testing (not fixtuningl. Such damages shall constitute a failure,




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

MGITAL-TO-ANALOG CONVERTERS

DAC-M-BE3-Y
DACO1-883-BY
DACOT-BBI-FY
DACDS-BB3-AX1 {or X2I
DACOS-8232-BX1 lor X2}
DACOS-BB2-CX1 lar X2}
DACOS-BB3-AX
DAC-383-BX

HOTE: See the DAC-100 data sheet for available maodels.

DACDB-BR3-CX
DACOE-BB3-AG
DACOR-333-Q
DACZ0-883-AQ
OAC20883-Q
DACTE-B83-BX
DACTE882-X
DAC-100 INOTE}
$851508A-883-B0

PRECISION VOLTAGE REFERENCES

REFD -883-AJ
REF01-883-)

REFQ2883-A)
REF02-883-)

PRECISION VOLTAGE COMPARATDRS

CMPO1.-883-S
CMPO1-BB3-Y

CMPOZ-883-4
CMPO02-883-Y

MATCHED DUAL TRANSISTORS.

MATG1-883-AH
MATO1-883-H

MATO1-882-FH
MATD1-883.GH

PRECISION QPERATIONAL AMPLIFIERS

QPO 283
OPD1-883-Y
OP0O1-883-FY
OPO1-833-FU
OP01-883-GJ
OPD1-883-GY
OPOZ-883-AJ
OP02-883-AY
OPOZ2-883-J
QPDZ-883-Y
OPO5-BB3-Al
OPQ5-883-AY
QPD5-BE3-}
QPO5-883-Y
OPG7-BB3-AJ
QPO7-BE3-AY
OP07-833-)
OF)7-883-Y
0r08-8383-A)
QPO3.883.BJ
OFDB-883-CJ
OP09-883-AY
OF02-883-BY
OP10-883-AY

OF10-883-Y
QOP11-823.AY
OP11883-BY
OP12-883-A0
OF12-883-BJ
QP12883.C4
OP15-883-Al
CP15-883-B4
OP15-833-Cl
QP168283.A)
CP16-833-BJ
OPr1G-BB3-CY
OP17.883.A)
QP17-883-B4
OP17833-Cd
§55725-383-AJ
§55725-8B3-AY
$55725-883-)
S85725-8383-Y
PM726-883-)
PMI25-633-Y
PM108-833-A.
FMI10B-BB3-J

GENERAL PURPOSE OPERATIONAL AMPL.IFIERS

855741833 S55747-883-GK
$585741-883-Y 58574 7-883GY
555741-883-GI Pr747.383K
S55741 883GY PM747-883-Y
PM741-883-J §5515658-883-)
PM741883-Y PM1558-883-J

555747.383-K
558747-883-Y

PM4136-883.Y

GENERAL PURPOSE FET INPUT OPERATIONAL AMPLIFIERS

PM155.883-AJ PM1566-883-1
PMI156-883-) PM157-883-A.
PMI56-882-A) PM157-883-)

DUAL MATCHED HIGH PERFORMANCE OPERATIONAL
AMPLIFIERS
OPO4-883.Y
QPr03-883-K

OP14-883-Al
QP14.883.4
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INTERCHANGEABILITY GUIDE

PMI IMPROVED
PMI DIRECT DIRECT TEMP
FAIRCHILD REPLACEMENT REPLACEMENT RANGE PACKAGE
LM108AH PM108AJ 0P-08AJ MIL TO-29
LM108H FM108) Qae-088J M1L T899
LM208H PrRi208J OP-08B.4 iND T899
LM308AH PM308A.) OP-0BE) COmM TO-99
LM308H PM308J) OP-08FJ coM TC-99
725AHM §55725) S58725A) MIL TO-99
725HM PM726) 55728) MIL TO-99
725HC PM726C) 588725EJ com TO-29
725EHC 55725k com TO-29
125PC PM725CP coM MINI-DIP
741THM PM741l 5557416 MIL TO-99
741HC S855741C4 OP-02CJ) coM TO-29
741DM PM741Y S85741GY ML DIP
741DC 555741CY OR-02CY COMm CIpP
741AHM op.02J Op-02AJ MiL TO-99
F41EHC OP-02C OP-02EJ COM TO-89
741ADM OP-02Y OP-02AY MIL iy
741EDC QP-02CY OP-D2EY COM P
747DM PM747Y S88747GY MiL oip
747DC SS5747CY OP-04CY COom Dip
7ATHM PM747K S85747GK MIL TO-100
747HC S§55747CK OP-DACK Com TO-100
747 ADM SE8747Y MIL e
747EDC S85747BY COM e
747 AHM S55747K ML TC-100
747EHC S85747BK com TO-100
801ADM DAC-08A0 MIL oip
801DM DAGC-08Q MIL P
801EDC DAC-O8EQ COom DIp
§01CDC DAC-08CQ COM DIp
802DM $8515084-80 MiL il
802ADC SS51408A-80 com jall
802B0C S551408A-70 COM DIP
802CDC S8514G8A-60 COM DIP
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PMI IMPROVED

NATIONAL PMi DIRECT DIRECT TEMP
SEMICONDUCTOR REPLACEMENT REPLACEMENT RANGE PACKAGE
LM108AH PM108AJ CP-GBAJ MIL T0-99
LM108H PM108) DP-088. MIL T0-99
L M208H PM208. QP8B4 . IND TO-29
LM308AH PRIZ0BAY OP-08EJ com T0-99
LM308H PM308) OP-08F COM T0-99
; LF155AH PM155A. DP-15A) MIL T0-99

§ LF155H PM1554 OP-15BJ MIL T0-29
LF255H PM255. OF-1584 IND T0-99
LF355AH PM355A. OP-15E COM T0-99
LF356H PM356. OP-15GJ coM TO-99
LF156AH PMI56AJ OP-16AJ MIL T0-99
LF156H PM156. OP-16B) MIL T0-29
LF256 PM256. OF-168. IND T0-99
LF356AH PM356A OP-16E. com 10-99
LE356H PM356.} OP-16GJ COM T0-99
LF157AH PM157Al OP-17AJ MIL TO-99
LF157H PM157) OF-178J MIL T0-99
LF257H PM257J OF-1784 IND T0-99
LF357AH PMa57AS OP-17EJ COM T0.99
LF357H PM357. OP-17G) COM T0.99
LM725AH 857254 S5S725A) MIL T0-99
LM725H PM725 557264 MIL T0-99
LM726CH PM725C) $55725CJ COM T0-99
LM725D PM725Y S85725Y MIL DIP
LM725CN PM725CP COM MINLDIP
LM741H PM741J S55741GJ ML TO-99
LM741CH S85741C4 QP-02CJ cOM TO-99
LM741D PM741Y SSS741GY MIL oIP
LM741CD SSSTAICY QP.B2CY coMm DIp
LM747H PM747) SSS747GK MIL T0-100
LM747CH $S5747CK OP-04CK COM 70-100
LM747F SSS747GM MIL FLATPACK
LM747CF S557478M com FLATPACK
L7470 PM7ATY SE5747GY ML ) oIP
LM747CD $85747CY OP-04CY coMm DIp
LM1458H 5551458 oP-14CJ cOM T0-93
LM1558H PM1558 551558 MIL T0-99
LF11508 MUX-88 MiL DIP
LMDACO8 DAC-08 MIL oIp
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PMI IMPROVED

PMI DIRECT DIRECT TEMP
RAYTHEON REPLACEMENT REPLACEMENT RANGE PACKAGE
LM108AH PMIGBA OP-BBAJ ML 7099
LM TO8H PM1084 OP-088J MIL TO-99
LM208H PM2084 Qp-086J IND TO-99
LM30BAH PM308AJ 0P-08EJ COM TO-29
LM308H PM308.) QP-OBFJ COM TO-99
RM725T PM7254 5557254 MIL TO-88
RC725T PM726C4 585725C. COM T0-99
RM?417 PM7A3 585741GJ MIL T0-99
RC741T $55741C) ap-02C) Ccom TO99
RM741D PM741Y S55741GY MIL TO99
RC741D S85741CY op-02CY COM TO-99
AC741DP 585741CY COom T0-29
RM747T PM747K 585747K MIL TO-100
RC747T S85747CK OP-04CK com TO-100
RM7470 PM747Y 555747y MIL pIpP
RC747D S55747CY QR-0ACY COM BIP
RC747DP S85747CY COM DIP
RMIS58T PM15658 55516568 MIL TO-99
RC14568T 5551458 OP-14C) COM TO-99
RAM41386 PMA136Y QP-09BY ML oI
RC4138 PMA136CY OP-Q9fFY COM oIp
TEXAS
{NSTRUMENTS
SNG2558L PM 1558 §551658 MIL TO-99
SN72658L 5551458 0OP-14CJ COM TO-98
SNE2741L PM741] §85741G) MIL TO-99
BN52741) PM741Y S55741GY MIL Dip
SN72741L 55574100 op.g2cy COM TQ-99
SN72741) S85741CY OP-02CY COM Dip
SN&2747L PM747K S55747GK TO-100
SNB2747) PM747Y S55747GY aip
5N527477 SS57470GM FLATPACK
SN72747L S55747CK TO-100
SN72747) SSS747CY OIP
TLOB1ACL QP-16F.) CcOoM T0-29
TLOBICL OP-16Gl COM TG99
TLOZ1TAML QOP-166J MIL TO-89
TLOEIML oP-16CJ ML T0-99
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PMI IMPROVED

ADVANCED PMI DIRECT DIRECT TEMP

MICRO DEVICES REPLACEMENT REPLACEMENT RANGE PACKAGE
$85725Al S85725A4 MIL 1099
S55725) 555725J ML TO-99
S557258) SS572688) IND TO-99
S55725€E) SS5725E) coM TO-92
S55741J S85741) QP-02A) ML TO-99
S55741CJ 885741CJ OP-02EJ com T0O-99
S55747K S85747K OP-04AK MIL TO-100
S55747P 855747y OP-0anY ML e
555747Mm 885747 MiL FLATPACK
S58747CK S85747CK CP-04CK COM TO-100
S55747CP S55747CY QP-D4ACY Com DIp
5551508A-80Q S$551508A-80 MIL e
$55t408A-80 S551408A-80 comM Die
S551408A-70 $551408A-7Q COM DIP
S551408A-60 $551408A-6Q COM DIP
AM1508L8 S851508A-8B0Q MEL DIP
AMTA08LE 5551408A-8Q COM DIP
AM1408L7 S551408A-7Q CcOom DIP
AM1408L6 5551408A-60 COM DIP
DAC-0BAL DAC-08A0 MiL DIP
CAC-080 DAC-08Q MIL oip
DAC-08HQ DAC-08HQ com DIp
DAC-O8EQ DAC-QBEQ com DI
DAC-08CQ DAC-03CQ com Dip

ANALOG DEVICES

AD56250/BIN §55562-50-BIN MIL DIp
ADSB2SD/BCD S555662-50-BCD MIL Gip
ADSE2AD/BIN 555562-AD-BIN iND DiP
ADSE2AD/BCD §55562-AD-8CD iND DIP
ADSE2KD/BIN 555662.KD-BIN comM DiP
AD5E2(0/BCD S55662-KD-BCD com oIp

SIGNETICS
SES009 DAC-08AQ MiL Bip
SE5008 DAC-08Q ML DIp
MNES008 DAC-08EQ COM oip
NES007 DAC-08CQ COM Dip
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PM1 IMPROVED

PMI DIRECT DIRECT TEMP

RCA REPLACEMENT REPLACEMENT RANGE PACKAGE
CA10BAT PM108A) MiL T0-99
CA108T PM108J ML TO-99
CA208AT PMZ08AI IND T0.99
DA208T PM208.) ND T0-99
CA308AT PM30SAJ cam TO-99
CA308T PM308.) COM T0-99
CA741T PM741J $S5741G) MIL T0-99
CA741CT 555741CJ OP-02C.J COM 70-99
CA747T PM-747K 555747K MIL TO-100
CA747CT SS§747CK OP-04CK coM T0-100
CA747E PM747Y SS5747Y MIL DIP
CA747CE 8SS747CY CP-04CY com DIP
CA1458T $551458 OP-14CJ com T0-99
CA1558T PM1558 $551558 MIL T0-99
MOTOROLA
MC1741G PM741J $S5741GJ MIL T0-99
MC1741L PM741Y SSS741GY MiL DIP
MC1741CG $55741CJ QP.02C4 COM T0.99
MC1741CL $85741CY OP-02CY COM DIP
MC1568G PM1558 5551558 MIL T0-99
MC1458G 5551458 OP-14EJ com T0-99
MC1458CG 5551458 OP-14C4 coM 70-99
MC1508L-8 SSS1508A8Q MIL DiP
MC1408L-8 $SS1408A-8Q coM DIP
MC1408L-7 $S51408A-7Q coM pIP
MC1408L.6 $S51408A-60 com DIP
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FUNCTIONAL EQUIVALENT GUIDE

THE FOLLOWING TABLES SHOW PMI DESIGN ALTERNATIVES TO OTHER MANUFACTURERS' BEVICES: IC'S,
HYBRIDS, AND MODULES. THESE ARE USUALLY NOT DIRECT PIN-FOR-PIN ELECTRICAL AND MECHANICAL
REPLACEMENTS, BUT RATHER, THEY ARE FUNCTIONAL EQUIVALENTS. PERFORMANCE AND SPECIFICATIONS
ARE SIMILAR.

ANALOG DEVICE PMI NEAREST APPLICATION

DEVICES DESCRIPTION EQUIVALENT COMMENTS

AD504 PRECISION OP AMP GP-05 NULLED.

ADE02 HIGH SPEED OP AmMP OF-18 FAST SETTLING.

ADS1D PRECISION OP AMP Qr-05 NULLED.

ADBIG PRECISION OP AMP or-07 UNNULLED.

ADEED S-BIT MULTIPLYING D/A DAC-08 MULTIPLYING.
CONVERTER

ADBEO VOLTAGE REFERENCE REF-02 REF-02 I5 +5Y¥ REFERENCE.
BANDGAP +2.5v

AD741 IMPROVED 741 OP AMP opP-02 PIN-FOR-PIN REPLACEMENT.

ADS10 MATCHED TRANSISTOR PAIR MAT-0N PIN-FQR-PIN REPLACEMENT.

ADBTE MATCHED TRANSISTOR PAIR MAT .01 LOG AMP APPLICATIONS.

AD2700 HYBRID +10v REFERENCE REF-O1 REF-01 15 IC AND LOW POWER.

AD7520 10-BIT MULTIPLYING DAC-08 8-B1T APPLICATIONS
DAC-CMOS

AD7520 T0-BIT MULTIPLY ING DAC-100 12-BIT NON-MULTIPLY ING
DAC-CMOS APPLICATIONS.

CMos SEVERAL, CMOS TYPES MU X-88 8§ CHANNEL

MULTIPLEXERS

FET OP AMPS SEVERAL FET OP AMPS OP-15/16/17 SELECT PMI DEVICE ACCORD-
NG TQ THE APPLICATION.

BURR
BROWN
BB 3505 HIGH SPEED QP AMP OP-16 HIGHEST SPEED APPLICATIONS,
BB 3506 HIGH SPEED OF AMP OP-15 MEDIUM SPEED APPLICATIONS.
DAC-80/85 12.BIT DAC'S 555562 USE 555562 WITH EXTERMAL
REFERENCE.
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HARRIS DEVICE PMI NEAREST APPLICATION
SEMICONDUCTOR DESCRIPTION EQUIVALENT COMMENTS
HA-2510 HIGH SPEED OF AMP OP-15 PMI OP-15/16/17 REPLACE
SEVERAL HARRIS TYPES IN
SOME APPLICATIONS.
HA-2900 CHOPPER-STABILIZED PRE- op-07 SEE AN-13 ALSO.
CIS{ON OP AMP
HA-4741 QUAD OF AMP oP-11 OP-11 HAS MUCH LOWER
QOFFSET VOLTAGE.
NATIONAL
SEMICONDUCTOR

LHO044 HYBRID PRECISION OP AMP opP-07 MOST APPLICATIONS.

LHOO044 HYBRID PRECISION OP AMP op-12 APPLICATIONS WHERE LESS
THAN 1ma SUPPLY CURRENT
1S REQUIRED.

LRH0O0O7Q HYBR!D +i0V REFERENCE REF-O1 REF-01 MUCH LOWER POWER.

LM110/310 VOLTAGE FOLLOWER OpP-12 CONNECT OP-12 AS A FOLLOW-
ER. LOY SPEED APPLICATIONS.

LM110/310 VOLTAGE FOLLOWER QP-15/16 CONNECT OP-15/16 AS A FOL.
LOWER. HIGH SPEED
APPLICATIONS.

LM111/311 VOLTAGE COMPARATOR CMP-01 HIGH SPEED APFLICATIONS.

LM111/311 VOLTAGE COMPARATOR CMP-02 LOW INPUT CURRENT
APPLICATIONS.

LM114/115 MATCHED TRANSISTOR PAIR MAT-01 PIN-FQR-PIN REPLACEMENT.

Lmi48 QUAD QP AP QP11 OP-11 PIN-FOR-PIN WITH LOWER
OFFSET VOLTAGES.

LM194/384 MATCHED TRANSISTQR PAIR MAT-01

CROSS REFERENCE — MAT-01 TO MONOLITHIC DUAL TRANSISTORS (Ic = 10pA)

BVCEO Vs TCVqs hEE los TClgs
DEVICE MIN MAX MAX MIN MAX MAX
W) imv) uvi°C) tnAl {pA/C)
MAT-01AH 45 0.1 0.5 S00 0.6 a0
MAT-01H 60 0.1 0.5 330 0.8 110
MAT-01FH 60 05 18 250 3.2 150
MAT-01GH 45 0.5 1.8 250 3.2 150
LIM114A 45 05 2.0 500 2.0 -
LM314 a5 20 10 250 10 -
LMI15A &0 05 2.0 250 2.0 -
LM7115 60 2.0 10 250 10 -
ADS10 35 3.0 15 160 20 600
ADB11 45 1.5 75 200 10 300
ADB12 35 1.0 5.0 400 25 300
ADB13 a5 0.5 25 200 5 300
ADB18 20 1.0 5.0 200 10 300
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CROSS REFERENCE — MAT-01 TO 2N TYPES {Ic = 10uA) I

BVCED Vos TCV,ps heE %hEE los TClgs
DEVICE N MAX MAX MIN MATCH MAX MAX
) Imv} M MAX nA} (pASC)
MAT-01GH 45 05 18 250 8 3.2 150
IN2639 a5 L] 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
2N2015 45 30 10 60 10 17 600
ZNZS15A 45 20 5.0 60 15 26 900
2N2916 45 5.0 10 150 10 7 N.C.
2N2916A a5 20 5.0 150 15 10 300
2N2917 45 10 20 60 20 17 1450
2N2018 a5 £0 20 150 20 7 750
MAT-01FH 60 05 18 250 8 3.2 150
2N2¢19 80 30 10 60 0 17 600
2M29194 &0 15 5.0 60 10 17 600
2N2820 60 30 10 150 10 7 N.C.
2N20204 G0 15 5.0 150 0 7 200
2N2060 80 5.0 10 25 10 40 N.C.
2N20604 60 3.0 5.0 25 10 40 N.C.
2M20608 o} 15 50 25 10 40 NC.

Notes: 1. TClgg Max and g Max calculated from published data.
2. N.C. = Insufficient published data to calculate.
3. All of the above are physically interchangsable pin-for-pin with MAT-01 series.
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INTRODUCTION TG PMI OPERATIONAL AMPLIFIERS

This section includes operational amplifiers suitable for most applications. Selection guides give key Min/Max specifications
for singles, duals, and guads. This product {ine includes precision, superbeta, BIFET, and general purpose devices that provide
a very wide range of performance parameters for both (° to 70°C and -55° 10 +125°C operating temperature ranges.

New op amps introduced in the past year include: precision BIFETS (OP-15, OP-18, OP-17); second source BIFETS (PM155A,
PM156A, PM157A); precision low power improved 108 types {OP-08, OP-12); second source quads {PM4138); and precision
matched quads (OP-09, OP-11). All PMI military temperature range operational amplifiers are available with MIL-STD-883A
Class B processing.
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SINGLE BIFET CPERATIONAL AMPLIFIER SELECTVON GUIDE

MILITARY TEMPERATURE RANGE
INPUT BIAS CURRENT

MILITARY TEMPERATURE RANGE
INPUT OFFSET CURRENT

DEVICE MAX, T, =26"C MAX, T, =125°C DEVICE MAX, T, =25°C MAX. T, = 126°C
OP-1EA EQ pA 5.0 nA OP-15A 10 pA 4.0nA
OP-16A 53 pA 5.0nA AP-1BA 10 pA 4.0 nA
OF-17A 53 pA 5.0 nA CP-17A 10 pA 4.0nA4
PM-1EBA B0 pA 25 nA PM-1554 10 pA 10 nA
PM-156A 50 pA 26 nA PM-1564 10pA 10nA
PM-157A EQ pA 26 nA PM-1S7A 10 pA 10 nA
QP-158 100 pA 7.5 nA OP-15B 20 pa, 6.0nA
QP-168 100 pA 7.5nA OP-16B 20 pA 6.0nA
or178 100 pA 7.5 pA QP-178 20 pA 6.0nA
PM-155 100 pA 50 nA PM-155 20pa 20 nA
PM-156 100 pA 50 nA PM-156 20 pA 20 nA
PM-157 100 pA 50 nA PM-157 20 pA 20 nA,
OP-15C 200 pA 10 i QPABC 50 pA 4.0 nA,
OP-1BC 200 pA 0 nA oP16C 50 pA 9.0 nA
oP17C 200 pA 10 na oP17C 50 pA 9.0 nA
COMMERCIAL TEMPERATURE RANGE COMMERCIAL TEMPERATURE RANGE

INPUT BIAS CURRENT INPUT OFFSET CURRENT
DEVICE MAX, T, = 5°C MAX, T,=70°C DEVICE MAX, T, =26°C MAX, T, = 76°C
QPISE 50 pA 0.4 nA OP-15€ 10 pA 0.3nA
OP-16E 503 pA 0.4 nA OP-16E 10 pA 0.3nA
QP17E S0 pA 0.4 nA OP-17E 10pA 0.3nA
PM-355A 50 pA 5.0nA PM-3654 10 pA 1.0 nA
PM-356A 50 pA E.GnA PM-26BA 10pA 1.0 nA
PM-35TA 50 pA 5.0 nA PM-3574 10 ph 1.0 nA
OP-15F 100 pA 86 nA OP-15F 20 pA 0,45 nA
OP16F 100 pa 0.6 nA OF-16F 20pA 0.46 nA,
OP17F 100 pA 0.6 na OP-17F 20 pA 0.45 nA
QP56 200 pA 0.8 nA OP-16G 50 pA 0.65 nA
OP-16G 200 pa 0.8 n& OP-16G SOpA .66 nA
oP17G 200 pA 0.8 nA OP-17G 50 pA - 0.65 nA
PM-3EB 200 pA 8.0nA PM-355 50 pA 2.0nA
PM-356 200 pA B.0nA PM-366 50 pA 2.0nA
PM-357 200 pA 8.0 nA PM-357 50 pA 200A

MILITARY TEMPERATURE RANGE MILITARY TEMPERATURE RANGE

INPUT BIAS CURRENT {NPUT OFFSET CURRENT
DEVICE MAX, T, = 25°C MAX, T, = 126°C DEVICE MAX, T, =25°C MAX, T, = 126°C
OP-15A 110pA 9.0nA OP-15A 22 pA 7.0 nA
OP-16A 130 pA 11 A OR16A 25 pA 8.6 nA
OP-17A 120 pA 11 nA OP174 25 pA 8.5 nA
OP-15B 200 pA 14 nha OP-158 40 pA 11 nA
OP-168 260 pA 18 nA OP-168 50 pA 14.5 nA
OP178 280 pA 18 nA oP-178 50 p& 14.5 nA
OPASC 400 pA 19 nA OP15C 100 pA 17 nA
OP-16C 500 pA 25 nA, QP-16C 125 pA 22nA
OPA7C 500 pA 25 nA OP-17C 125 pA 2ZnA

COMMERCIAL TEMPERATURE RANGE COMMERCEAL TEMPERATURE RANGE

INPUT B1AS CURRENT INPUT OFFSET CURRENT
DEVICE MAX, T, =25°C MAX, T, =70°C DEVICE MAX, T, =25°C MAX, TA=?0°C
QP-15E 110 pA 0.75 nA OP-1BE 22 pA 0.55 nA
OP-16E 130 pA 6.9 nA OP-16E 25 pA 0.7 nA
OP-17E 130 pA 03 nA OP-17E 25 pA 0.7 nA
OP-15F 200 pA 1.1 nA OP-15F 40 pA 0.8 nA
OP-16F 250 pA 14 pA OP-16F 50 pA 1.1 nA
OF-17F 250 pA 1.4 pA OP-17F 50 pA 1.1 nA
OP-15G 400 pA 1.5 nA oP15G 100 pa 1.2 nA
OP-16G 500 pA 2.0 nA OP166 126 pA 1.7 nA
OP-17G S00 pA 2.0 nA OP-17G 126 pA 1.7 na
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SINGLE BIFET OPERATIONAL AMPLIFIER SELECTION GUIDE
MILITARY TEMPERATURE RANGE MILITARY TEMPERATURE RANGE
INPUT OFFSET VOLTAGE SUPPLY CURRENT INPUT OFFSET VOLTAGE
DRIFT 'ITCVOGI
OEVICE mMax, TA=25°C MAX, Ty =FULL
DEVICE MaX, ‘IA = DEVICE MAX, T, = FLULL
OP-15A 5 my 09 mv A
QPF-16A .5 mv 0.9 mv OP-18A 4 mA OP-154 5.0uv/C
OP-17A 0.6 my 0.9 my OP-15B 4 ma OP-164 B.D aV/C
OP-16B 1.0mY 20mv PM-15564 4 mA QP-17A 5.0 uV/°C
aP-16B 1.0mv 2.0 mv PM-1E5 4 mA PM-165A B.O uV/°C
OP-17B 1.0mVy 2.0 mv OF-18C A PM-1564 5.0 uWIfC
PM-1554 2.0 mVy 2.5 my OP-16A FmA PM-157A 5.0 uv/°C
PK-156A 2.0my 25 mv OF-166 T mA QOp-158 10 V¥ C
PM-1674 2.0mv 2.5 my OP-174 7 mA QpP168 10 pVIPC
Qr-16C 3.0mv 4.5 mv OP-178 7 mA OP-178 10 pV/°C
QP15 3.0mVv 4.5 mv PFM-1564 FmA OP-15C 15 uV/°C
QP-17C 3.0mv 4.5 mv PM-156 7 mA OP-16C "5 uVI°C
PM-165 5.0 mV 70mv PM-157A T mA ap17C 15 uV/°C
PM-156 5.0 mY 7.0 mv PM-157 Fma
PM-157 5.0mV T.0mv OP-16C 8 mA
Qr17C 8 ma
COMMERCIAL TEMPERATURE RANGE COMMERCIAL TEMPERATURE RANGE
INPUT OFFSET VOLTAGE SUPPLY CUARENT INPUTD%I::$E{‘;:‘?L1;AGE
; as
DEVICE MAX, TA =257 MAX, T, =FULL
DEVICE MAX, TA =25°C DEVICE MAX, T = FULL
OP-15E 0.5 mvy Q.75 mv
GP-16E .5 my Q76 my OPf-15E 4 mA OP-15E 50uvC
QP-17E 0Emy Q.78 mv CP-15F 4 mA OP-16E 50 uVIC
QP-15F 1.0 my 1.5mv PM-355A 4 mA OP-17E 5.0 uvi°C
OP-16F 1.0mv 1.5my PM-355 4 mA PM-365A 5.0 uv/°C
OP-17F 1.0my 1.5 mv OP15G 5 mA PM-356A 5.0 uV/C
PM-3EGA 2.0 my 23 my OP-16E Tma PM-357A 5.0 uvrC
PM-3664 20mv 23 my OP-16F Tma OP-16F 10 uVi'C
P-357 A 2.0mvy 23mv OP-17E FmAa OF-1G6F 10uvic
OP-15G 3.0 m¥ 38mv OPATF 7mA OP-17F 10 uv/°C
OP-16G 3.0mv 3.8 mv PM-356A 7 mA OP-15G 15 v/ C
QP-17G 3.0mv 3.8 m¥ PM-367A TmA OP-16G *SuVIC
PM-355 10 mv 12 mv GP-16G g mA QP-17G MY
PM-356 10 m¥y 13 mv OP17G 8mA PM-365 N/S
PM-3EB7 10mV 13 mv PH-356 10 mA PM-356 N/S
P-357 10 mA PM-357 N/S
*Parameter nat 100% tested. 90% of all units meet thase
specificatians.
NS — Mot specified,
MILITARY TEMPERATURE RANGE COMMERCIAL TEMPERATURE RANGE
SLEW RATE SLEW RATE
DEVICE MIN, T, = 25°C DEVICE MIN, Tg = 25°C
OP17A *45 v fusec QP-17E 45 /s
PM-1E74A 40 W usac PM-387A *40 W/ usec
op-178 *35 V/usec OF17F *35 Viusec
PM-157 *30 Viusec OR17G 26 V/usec
OR17C 25 W/usec OF16E 18 W/usec
OP-16A 18 Viusec OP.16F 12 Wiusee
QP-168 12 V/usec GQP-1BE . 10 V{usec
QF-154 10 V{ysec PM-3564 10 W/psec
PM-165A 10 V/usec QP-1BG 9.0 Viusec
QF-160 2.0 Vipsec QP-15F 7.5 Wipsec
OP-15B 7.6 Wiusee OP-15G 5.0 Vipsac
PM-156 7.5 Viusec PM-355A 8.0 Viutec
DPAGC 5.0 Vipnsec PM-355 N/S
PM-1654 3.0 V/psac PM-356 NIS
PM-357 N/
"Closed Loop Gain =5
M!S -~ Mot specified.
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SINGLE LOW POWER OPERATIONAL AMPLIFIER SELECTION GUIDE

MILITARY TEMPERATURE RANGE

MILITARY TEMPERATURE RANGE

INPUT BIAS CURRENT INPUT OFFSET CURRENT
DEVICE  MAX.T,=25°C  MAX OVER TEMPERATURE DEVICE  MAX.T,=25°C  MAX OVER TEMPERATURE
OP-08A 2.0 nA 140 nA QP-08A 0.2 nA oAnA
OP-OEB 2.6nA 3.0nA OF-08R 0.2 nA 0.4 n4
oP12A 20nA 3.0nA OP-124 0.2 nA 04 nA
oP-128 2.0nA 30nA OP-12B 0.204 0.4 nA
PM-108A 2.0nA 3.0nA PM-108A 0.2 nA 0.4 na
PM-108 2.0nA 3.0nA PM-108 0.2 nA 0.4 na,
QP-08C 5.0nA 10.0 nA OP-08C 0.5 nA 1.0nA
oP-12¢C 50nA 10.0 nA OP-12¢ 0.5 nA 1.0n4
COMMERCIAL TEMPERATURE RANGE COMMERCIAL TEMPERATURE RANGE
INPUT BIAS CURRENT INPUT OFFSET CURRENT
DEVICE  MAX.T,=25C  MAX OVER TEMPERATURE DEVICE  MAX.T,=25°C  MAX OVER TEMPERATURE
OP-08E 200A 2.6 nA OP-0BE 0.2nA 0.3 0A
OP-12E 2.0nA 26nA OP-32E 0.2 nA 8.3 nA
OP-08F 4.0nA §.2nA OP0BE . 0.4 nA 06 nA
OP-12F 4004 5.2 n& OPAZE ;  O4nA 0604
OP-08G 50na 85 nA OP-08G 0.5nA 0.7 nA
OP-126 5.0 nA 85nA OP-12G 0.5 nA 0.7nA
FM-308A 7.0 nA 100 nA PM-308A 1.0nA 1504
PM-308 7.0nA 10.0 pA PM-308 1.0nA 15na
MILITARY TEMPERATURE RANGE MILITARY TEMPERATURE RANGE
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
SUPPLY CURRENT DRIFT (TeV o)
DEVICE  MAX,T,=25°C  MAX OVER TEMPERATURE
MAX OVER
OP-08A 0.15 mv 0.35 mV DEVICE  MAX,T,=26°C  DEVICE ol pATURE
oP12a 015 mv 0.35 mv
OP-0BB 0.30 mV 0.60mv OP-08A 0.6 mA OP-08A 26 uVi°C
OF-128 0.30 v 0.60 mV OF-08B 0.6 mA OP-124 28 uVI°C
PM-10BA, 0.50 my 180my OP-124, 0.6 mA OP-08B 35 uVi°C
arPL8C 1.0 mv 2.0mv OF-128 0.6 mA OP-128 s uvi"C
oP12¢ 1.0mv 20mv PM-108A 0.6 mA PM-108A 50 RVI"C
PM-108 20mv 39mv PR-108 0.6 mA oP-08C 10uvf ¢
OF-08G 0.8 mA OP-12C W0uvF €
aP-12G 0.8 mA PM-108 154V C
COMMERCIAL TEMPERATURE RANGE COMMERCIAL TEMPERATURE RANGE
INPUT OFFSET VOLTAGE INPUT OFESET VOLTAGE
DEVICE  MAX.T,=25°C  MAX OVER TEMPERATURE SUPPLY CURRENT DRIFT {TCY gg)
OP-0BE 0I5 mY 0.26 mv DEVICE  MAX,To=25°C  DEWiCE  MALCVER
OP-12E G165 mV 0.26 mV .
g‘;‘?g‘; g' 33 "’3 g:g ““\‘; OP-08E 0B mA OP-08E 25uVFC
3 sy m - 3"’V OF-0BF 06maA OP-12E 2.5uVi'C
o 0.50 mv Rt QP-12E 0.6mA OP-08F 35KVIC
hos amy 14m QP-12F 06mA 0P-12F 35uVIC
EM';%g ;-“ '“3 1;-3 ’“:':, OP-08G 0.8 mA PAM-3084 5.0av/C
- sm 0m OP-12G 0.8 mA OP-08G 10 uvrG
PM-308A 0.8 mA OP-12G 10 uv/°C
PM-308 0.8 ma PM-308 30 uVr°C
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StNGLE LOW POWER OPERATIONAL AMPLIFIER SELECTION GUIDE
MILITARY TEMPERATURE RANGE MILITARY TEMPERATURE RANGE
OPEN LOOP GAIN OPEN LOOP GAIN
MIN, T =25°C MIN OVER . MIN OVER
DEVICE RL = 10KD TEMPERATURE DEVICE MIN, T, = 26°C TEMPERATURE
OP-084, 80 V/im¥ =40 VimV 0oP-08A 5O VimV “*40 V/mV
OP-08B 80 VimV “a0 vimy OP-088 *50 VimVv “*40 V/mV
OP-124 80 VimY “40 V/mV 0oP-124 *50 V/mV “%40 v/mV
OP-12B 80 Vimv *40 Vimv oP-128 “50 VimV “+40 VimV
PM-108A 80 Vimv %20 VimY OP-08C (Y “*15 V/mv
PM-108 50 Vimv “*25 Vimv oP-12¢ /S "5 VimV
OP-0BC 40 VfmV “15 Vimv
oP-12C 40 VfmV *15 VimV
"R » 2K
*AL=BKR "*R_ = BKO
SR = 10KG NfS — Not specified,
COMMERCIAL TEMPERATURE RANGE COMMERCIAL TEMPERATURE RANGE
OPEN LOOP GAIN OPEN LDOP GAIN
. MIN OVER - MIN OVER
DEVICE """:- TAQ:E ¢ TEMPERATURE DEVICE M'F'l“' LA“? c TEMPERATURE
L = 10Kn A » 10K L AL = 2K0
OPUBE 80 Vimv 60 V/mV OP-Q8E 50 VimV 25 Vimv
OP-DBF BO Vimy B0 VimV aP-12€ 50 Vimv 26 Vimv
OP-12E 80 Vimv 60 V/mv OP-08F 30 Vimv 15 V/my
OP-12F 80 Vimv 60 V/imV op-12F 30 VimV 15 Vimy
PM-3084A 80 vimv B0 ViV OP-0BG N/s N/S
OP0BG 40 Vimv 26 Vimv OP-12G N/S /S
0P126 40 Vimv 25 VimV
PM-308 25 VimV 15 Vimv
MILITARY TEMPERATURE RANGE COMMERCIAL TEMPERATURE RANGE
COMMON MODE REJECTION RATIO COMMON MODE REJECTION RATIO
MIN OVER MIN OVER
DEVICE MIN, T, = = 25°
C Tp= ¢ TEMPEAATURE DEVICE MIN, T, =25°C TEMPERATURE
GP-0BA 104 08 100 dB OP-UBE 104 9B 100 dB
CP-088 104 dB 100 o8 OP-12E 104 dB 100 ¢B
oP-124 104 o8t 100 dB OP-0BF 102 o8 100 4B
GP12e 104 4B 00 dB OP-12F 102 4B 100 dB
OP-DRC 84 d8 80 0B OP-08G 84 dB 804dB
Op-12C 84 dB 80 dB oP-12G 84 dg 80 dB
PM-108A N/S 96 dB PM-30B & N/S 96 dB
PM-108 N/S 85dB PM-308 N/S aade
NS — Mot specified.
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SINGLE PRECISION OPERATIONAL AMPLIFIER SELECTION GUIDE

MILITARY TEMPERATURE RANGE

MILITARY TEMPERATURE RANGE

INPUT OFFSET VOLTAGE UNNULLED INPUT OFFSET NULLED INPUT OFFSET
VOLTAGE DRIFT (TCV el VOLTAGE PRIFT (TCV )
o MAX OVER
DEVICE MAX, TA =25C TEMPERATURE DEVICE 'I'C\fm Ma X DEVICE TCV‘““ MAX
QP-07 A, 0.026 mV 0.06 my OP-074 06 uvirC OP-064, 0.5uV°C
QP07 0.075 mV 0.20mv S55726A LB uvC OF-07A 0.6uviC
S5E775A 0,10 mv Q.18 mv OF-064 09 pviC 5557264 068 uv/C
OP-0BA 0.15 mV 0.24 mvV OP-07 1.3 uV"C OP-05 1.0uVIC
QP06 0.50 mv Q.70 mV 0OP-05 2.0uvf°C 555725 1.o0uVlC
S8575 0.50 m¥ 0.70 mv $85726 2.0pV/1C oP-07 136V C
OP-024 0.50 mV 1.0 mv PM-725 5.0 VIC
PM-725 1.0 mv 1.5 my QP-02A *8.0uviC
OP-02 2.0 mv 30mv OP-02 00 uvrC
COMMERCIAL TEMPERATURE RANGE COMMERCIAL TEMPERATURE RANGE
INPUT OFFSET VOLTAGE UNNULLED INPUT OFFSET NULLED INPUT OFFSET
VOLTAGE DRIFT {TCV o0} VOLTAGE DRIFT (TCV oo}
MAX DVER
DEVICE MAX, T, =25°C
A TEMPERATURE DEVICE TCV, MAX DEVICE TV, MAX
OP-O7E 0.076 mV C13my OP-O7E 1.3 uviC OP-Q5E 0.6 eV C
oP-O7C 016 mv 025 mv OP-07C 18 Ve SS5725E 0B pV/ C
OP-07D 0.1 mv 0.25 mV QP-0SE 20 vPC QP-07€ 13 uviC
SS5725E 0.50 mv 0.60 mv S85725€ *2.0 vPC OP-05C 1.6 pVC
OP-0SE 0.50 mv/ 0.60 mv QP-070D 2.5 Ve §58725C 1.6 VPG
OP-QZE Q.50 mv 1.0 iy QP-0BC a5 vfe OP-07C *1LBpviC
OP-06C 1.3 my 1.6 mv $55725C *4.5 v/°C OP-070 *2.5 VT
S8572560 1.3 my 1.6 mv oP-02€ *8.0 VIC
OP-D2C 2.0mv 3.0mv OP-02C i vire “Parameter is not 100% tested.
PM-225C 25mv 25 my 80% of all units meet these specifications,
MILITARY TEMPERATURE RANGE MILITARY TEMPERATURE RANGE
INPUT OFFSET CURRENT INPUT BIAS CURRENT
e MAX OVER o MAX OVER
DEVICE MAX, T,=26'C TEMPERATURE DEVICE MAX, T“ =25°C TEMPERATURE
$SS725A 1.00A 4.0 nA OP-05A 2.0 nA 40nA
OP-05A 2.0n4 4.0 na OP-07A S0 ona
OF-07A 2.0nA 4.0 nA OP-05 30 nA £.00A
OF-02A 2.0nA 5.0 nA OP-07 30 nA 8.0nA
0OP-05 2B nA 5.6 nA OP.024 20 nA 55 A
oP-07 2.8 nA 5.6 nA oP-02 50 nd 100 nA
oP-02 50nA 10 nA SSS725A 70 na 120 nA
355725 50nA 18 nA S85726 8O nA 18O na,
PM-726 20 nA 40 nA PM-725 100 nA 200 nA
COMMERCIAL TEMPERATURE RANGE COMMERCIAL TEMPERATURE RANGE
INPUT OFFSET CURRENT INPUT BIAS CURRENT
I MAX OVER — MaX OVER
DEVICE MAX, TA =250 TEMPERATURE DEVICE MAX, TA 25°C TEMPERATURE
QP-02E 2004 4.0 nA OP-0SE 4.0nA S.5nA
QP-05E 3.8 nA 8.3 nA OP-07E 4.0 0A 5.5 nA
OP-07E 3804 5.3nA QF-0&C 7.0nA 9.0 nA
$$5725E 5.0nA 7.0nA OP-07¢ 7.0nA 9.0 nA
oP-02C 5.0nA 10 nA oP-OID 12 na 14 nA
OP-05C 6.0 na 8.0 nA OP-02E 3G nA 65 nA
OP-07C £6.0nA 2.0nA oP.02C 50 nA, 100 nA
QP-07D B.0nA 8.0nA S35725E 80 nA 100 nA
§85725C 13 nA 26 nA £557260 110 nA 180 na,
PM-725C 36 nA 50 nA PM.7286C 125 na 250 na




SINGLE PRECIS{ON OPERATIONAL AMPLIFIER SELECTION GUIDE

MILITARY TEMPERATURE RANGE
POWER SUPPLY REJECTION RATIO

TA = 25°C OVER TEMPERATURE
DEVICE MIN (dE] MAX [uWiv] MIN {dB) MAX [uV/v]
5557264 114 4B 20uviv 106 d8 5.0 uliv
585725 106 2B 8.0 uVivV 102 dB 8.0 uV/iV
QP-05A 100 dB& 10 pviv 94 dB 20 pVIV
OP-05 100 dB 10 gy 94 dB 20 pViv
OP-07A 100 dB 10 pWiv 94 dB 20 uVIV
op.07 100 ¢B 10 uviv 94 dg 20 uviv
PM-726 100 dB 10 pViv 94 dB 20 pVIV
ar-024 90 o A0 uViv 8498 BO uV/V
oP0z 90 o8 30 uviv 84 0B BO uwiV

COMMERCIAL TEMPERATURE RANGE
POWER SUPPLY REJECTION RIATIO

T, =25°C OVER TEMPERATURE

DEVICE MIN {dB} MAX (Vv MIN (d8) MAX {pVIv)

SS5725€ 106 0B BOuV/V 103 0B 7.06VIV

S5$725C 100 dB 10 pViv 96 d8 15 uViV

OP.05E 94 dB 20 g1V 20 0B 30 VIV

OP-07E 94 dB 20pVIV 90 8 30 pVIV

OP-05C 80 ¢B 20 iV 86 ¢8 60 uV/V

OP:07C 90 o8 30 W/ 86 di 5D pV/iV

OP-070 90 dB 30 4VIV 86 dB 50 uVIV

OP-02E 90 dB 30 uviv g4 de 60 uV/V

aP-02C 90 o 20 UiV 84dB 60 uV/V

PM.725C 89 of 35 uviv NIS N/S

MILITARY TEMPERATURE RANGE MILITARY TEMPERATURE RANGE
COMMON MODE REJECTION RATIO OPEN LOOP GAIN
- MIN OVER MIN OVER

DEVICE MIN, T, =25°C TEMPERATURE DEVICE MIN, T, = 25°C TEMPERATURE
SSS725A 120dB 114 a8 SS5725A 1000 Vimv 700 Vimy
$55725 120 d8 11048 535725 1008 VimV 500 V/imV
OP-05A 114 dB 11048 PM.725 1000 V/imV 250 VimV
OP-05 114 d8 11048 OP-05A 300 VimV 200 VimV
OP-074A 110 d8 106 dB OP-07A 300 V/imV 200 VimV
OP-07 110 9B 106 dB OP-05 200 VimV 150 Vimv
PM.725 110 98 100 dB ap-07 200 V/imV 150 VimV
OP-02A 90 dB B4 dB QP-024 100 VimV 50 V/imV
0OP-02 %0 dB g4 d8 op-02 50 Vimv 25 V/mV

COMMERCIAL TEMPERATURE RANGE
COMMON MODE REJECTION RATIO COMMERCIAL TEMPERATURE RANMGE
OPEN LOOP GAIN

MIN OVER
DEVICE MIN, Tﬁ. =25C TEMPERATURE DEVICE MIN. T, = 26°C MIN OVER
A TEMPEAATURE

SS§7IBE 12048 115 dB

QP-05E 11048 107 dB 585725€ 1000 VimV 800 v/mV
PM-T25C i10dB 100 dB 5857250 600 Wimv 300 VimY
OP-07E 106 g 103 d8 PM-725C 250 Vimv 1256 Vimy
aP-0&C 100 dB 97 dB OP-0BE 200 Wimv 180 Vimy
OP-07C 100 dB 97 dB QP-07E 200 vimvy 180 V/mV
S85725C 140 dB 97 dB OP05C 120 Wimy 100 Vimv
OP-070 94 4B 94 48 QpPQ7C 120 Wimyv . 100 vimy
PM-7250 4 dB NS QP-HD 120 VimY 100 Wimy
OPDZE 90 dB 84 dB OP-G2E 100 Vimy &0 V/mv
OP02C 90 dB 84dP OP.02C 50 VimV 26 Vimy

NS — Mot spacified.
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SINGLE GENERAL PURPOSE OPERATIONAL AMPLIFIER SELECTION GUIDE

MILITARY TEMPERATURE RANGE

INPUT OFFSET VOLTAGE (NPUT OFFSET CURRENT
MAX OVER

DEVICE MAX, T, = 25°C TEMPE RATURE DEVICE MAX, T, = 25°C o e
GOP-02A 0.5 mv 1.0mv P 2.0 04 4.0nA
OP-01 0.7 mv 1.0 my OP-024 20 A 5.004
OP-02 20my 30mv oP-01F 5.0 nA 1004
OP-01F Zomy 30mv op-02 5.0 nA 10nA
$85741 20mv 3.0 mv $55741 5.0nA 10 04
OP.01G 5.0mv 6.0 mV 0P-01G 20 nA a0na
S83741G B.0m¥ 6.0 my S55TNG 2504 S0nA
PM-741 5.0my 6.0 my PA-741 200 oA 500 nA

COMMERCIAL TEMPERATURE RANGE

INPUT OFFSET VOLTAGE INPUT OFFSET CURRENT
- MAX OVER . MAX OVER
DEVICE MAX, T, = 26°C TEMPERATURE DEVICE MAX, T, = 26°C TEMPERATURE|
oP-D2E Q.5 mv 1.0mV QFJ1H 20 na 4.0nA
OP-01H Q.7 mv 1.0mv OF-0ZE Z2.0nA 4.0nA
oP-02C 2.0mv 3.0my OP-ME S.0nA 10 na
QP-01E 2.0mv 30mv QF-02C 5.0n8 10 nA
OP-0C B0 my 6.0 m¥ OoP-01C 20 n& 43 nA
855741C 6.0 my 7.6 mv S85741C 2e na EQDnA
MILITARY TEMPERATURE RANGE MILITARY TEMPERATURE RANGE
OPEN LOOF GAIN INPUT BIAS CURRENT
MIN OVER e MAX OVER
DEVICE MIN, T, = 25°C TEMPERATURE DEVICE MAX, T, = 25°C TEMPERATURE
OPO2A 100 Vimy 50 VimV OF-01 30nA 50 nA
555741 100 Vimv 50 Vimv OF-02A 30 nA 55 nA
QP04 5 vimv 0 vimv oP-G2 50 nA 100 nA
aPaz2 50 vimv 35 VimV OP-01F S0 nA 100 nA
OP-O1F 50 V/mV 26 Wimv S5 BOnA 100 nd
S85741G B0 V/mV 26 Vimv OP-01G 100 nA 200 na
PM-741 50 VimV 25 Vimv $55741G 100 rA 200 nA
OP-01G 25 Vimy 16 Vimv/ PM-741 500 nA 1500 nA
COMMERCIAL TEMPERATURE RANGE COMMERCIAL TEMPERATURE RANGE
OPEN LOOP GAIN INPUT BIAS CURRENT
o MIN OVER - MAX OVER
DEVICE MIN, T, =25C TEMPERATURE DEVICE MAX, T, = 25°C TEMPERATURE
OP-02E 100 Vimv S0 VimV OP-02E 30 na S0 na
OP-01H 50 V/my 30 Vimv OP-01H 30 nA 80 nA
OP-02C 50 VimV 25 Vimv oP-02C 50 A 100 nA
OP-GIE EQ V/mV 25 vimy OP-01E 50 nA 100 nA
oP-mc 26 WimV 15 Mimv oP-01C 100 nA 200 nA
585741C 25 V/mV 16 VimV 555741C 100 nA 200 nA
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SINGLE GENERAL PURPOSE OPERATIONAL AMPLIFIER SELECTION GUIDE

DEVICE

OP-01
OP-024,
0OP-02
CP-01F
OP-01G
585741
S55741G
PM-741

DEVICE

OP-01H
OP-02E
oP-02C
aQP-01E
ar-01C
S55741C

MILITARY TEMPERATURE RANGE
POWER SUPPLY REJECTION RATIO

Ta™ 25°c OVER TEMPERATURE

MIN (dB} MAX (uV iV MIN idB) MAX {(pV/V)
90 d& 30 pwiv 90 dg 30 ViV
ap dB 30 pviV 84 dB 60 uviv
80dB 30 uViV 24 dp B0 VIV
80dB 100 aviv BO dB 100 g/
80 dB 10 uviv 80dB 100 ViV
8CdB 100 p¥iv BodB 100 u ViV
i dB 150 uviv 76 dB 150 pViv
76 dB 150 uViv 76 dB 150 uv/v

COMMERCIAL TEMPERATURE RANGE
POWER SUPPLY REJECTION RATEQ

TJ\ = 25°¢ OVER TEMPERATURE

MIN [dB} MAX (uW/V) MIN (dB} MAX (pwiv)
20 dB 0 pViv 90dB 30 uW/v
90 dB A0 pViv 84dB 60 u\/v
90 ce I0uViv 84 o B0 uViv
80 aB 100 wViv 80d8 100 pviv
BOdB 100 uv/iv 80d8 100 ViV
76 dB 160 uv /v NS N/S

MILITARY TEMPERATURE RANGE
COMMON MODE REJECTION RATIO

MIN GVER

DEVICE MIN, TA =25 C TEMPERATURE
OP-01 90 dB 90 4B
OP-024 90 dB 84 dB
OP-02 9008 84 dB
QP-01F 8048 80 dB
oP-01G BOdB 80 dA
§85-741 80dB 80 4B
§8574M1 G 70 4R F dB
PM-741 10 4B 0 de

COMMERCIAL TEMPERATURE RANGE
COMMON MODE REJECTION RATIO

MIN OVER

= o

DEVICE MIN, TA-ZS c TEMPERATURE
QP-01H 90 a8 90 48
QP-02E 90 o8 84 dB
ae-Q2c 90 dB B84 dB
Or-O1E 80¢B 80 dB
oP-01C B0 oB B0 dB
S55741C 70 B N/S
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DUAL PRECISION OPERATIONAL AMPLIFIER SELECTION GUIDE

MILITARY TEMPERATURE RANGE
INPUT OF FSET VOLTAGE

MILITARY TEMPERATURE RANGE

UNNULLED INPUT OFFSET NULLED WNPUT OFFSET
VOLTAGE DRIFTlTCVos] VOLTAGE DRIFT (TCVOSNI

o MAX OVER
DEVICE MAX, Tp=25°C TEMPERATURE DEVICE OV, MAX DEVICE TCV,_, MAX
oP104A 0.50 mv G70my QP-104 20 uVFIC oP-104A 1.0uVI1C
ar-10 0.50 mv 0.70 mv oP-10 *2.0uVFC OP-10 1.0 RVFEC
OP-DIA 0.75mV 1.5 mVy OP-044 *BouvlC
OP-144 0.78 mv 1.5mv oP-14A *BOMVIC
OP-04 2.0mv 3.0mv OP-04 0 uviC
OP-14 2Z0my 3.0my OP-13 10 pvioC
*Parameter not 100% testad.
90% of all units meat these specifications.
COMMERCIAL TEMPERATURE RANGE
INPUT OFFSET VOLTAGE
. MAX OVER COMMERCIAL TEMPERATURE RANGE
DEVICE MAX, T, =25°C
A TEMPERATURE UNNULLED INPUT OFFSET NULLED INPUT OFFSET
VOLTAGE DRIFT {TCV o0 VOLTAGE DRIFT (TCV o)
OP-10E 0.50 mv 060 my
QOP04E 0.75 mV 1.5 my MAX DVER MAX OVER
OP-14€ 0.7 mV 15 mv DEVICE  temperaTURE  DEVICE  yempERATURE
QP-10C 1.3 my 1.6my
OP-04C 2.0 mV 3.8my OP-10E 2HuVFC OP-10E .0 RVPC
OP-14C 29 mV 3.0mv OP-10C "5 uVAC OP-10C “156uviC
OP-04E *8.0 LV C
OP-14E *BAWVIC
OP-0AC 1B aviG
CP-14C O pVC
*Parameter not 100% tested. 90% of all units meet this specification.
MILITARY TEMPERATURE RANGE MILITARY TEMPERATURE RANGE
INPUT OFFSET CURRENT INPUT BIAS CURRENT
- MaX OVER - MAX OVER
DEVICE MAX, T, = 25°C YEMPERATURE DEVICE MAX, T, = 25°C TEMPERATURE
OP-044 2.0nA 5.OnA OP-10A 3.0nA 6.0n4
OP-14A 2.0nA 5.0nA QP10 3.0nA 6.0nA
OP-10A 28nA 5.6 nA QP-04A 50.0nA 00 nA
oP10 28nA 5.6 nA QP-14A 50.0nA 100 nA
OP-04 5.0nA 10 nA OP-04 75.0nA 126 nA
OP-14 E.DnA 10 nA oP-14 75.0nA 125 nA
COMMERCIAL TEMPERATURE RANGE COMMERCIAL TEMPERATURE RANGE
INPUT OFFSET CURRENT {NPUT BIAS CURRENT
MAX QOVER - MAX DVER
DEVICE MAX, T, =25°C TEMPERATURE DEVICE Max, T, = 25°C TEMPERATURE
OP-04E 2.0nA 4.0 nA OP-10E 4.0nA 5.5 nd
OP-14E 2.0nA 4.0 nA OP-10C 7.0nA 9.0nA
OP-10E 38nA 5.3nA OP-(4E EG.D nA S0 nA
OP-04C 5.0nA 10 nA QP-14E 50.0 nA 50 nA
OP-14¢ 5.0nA 10 nA 0OP-04C 75.00A 125 nA
OP-10C BOnA 8.0nA s R F-T] 75.0 nA 125 nA




DUAL PRECISION OPERATIONAL AMPLIFIER SELECTION GUIDE

MILITARY TEMPERATURE RANGE MILITARY TEMPERATURE AANGE
COMMON MODE REJECTION RATIO OPEN LOOP GAIN
- MiN OVER " MIN OVER
DEVICE MIN, TA =26C TEMPERATURE DEVICE MIN, TA = 26°C TEMPERATURE
Of-104 1104ad8 106 dB8 OP-104 200 ¥imY 150 VimV
OP-10 11048 106 dB QP-10 200 Vimv 150 Vimv
OP-0aa 9008 84 dB 02044 100 Wimv 50 VimV
OP-04 90 dB 84 de QP-144 100 vimy 50 VimW
QP-144 204dB 84 6B P04 50 ¥imv 28 vimVv
OP-i4 s0de 84 db aP-14 50 Vimv 2 Vimy
COMMERCIAL TEMPERATUURE RANGE COMMERCIAL TEMPERATURE RANGE
COMMON MODE REJECTION RATIO OPEN LOOP GAIN
R MiN OVER - MaxX OVER

DEVICE MIN, TA =235'C TEMPERATURE DEVICE MAX, T, 25°C TEMPERATURE
OP-10E 106 g8 103 dB ar-10E 200 VimV 180 Wimv
aP-10C 100 de 87 dB OP-10C 120 Vimv 100 VimV
GP-04E 90 d8 84 dB OP-04E 100 VimV 50 VimV
OP-14E o0 dB 84 d6 OP14E 100 Vimy 50 VimV
OP-D4C 90 dB 84 dB QF-04C 50 VimV 258 Vimv
OP-14C 90dB 84 d OP-14C 5O Vimy 25 Wimv

MILITARY TEMPERATURE RANGE

INPUT QFFSET VOLTAGE MATCH {aVagh

MAX OVER
DEVICE MAX, Ty = 25°C TEMPERATURE
OP-10A 0.18 mv 03 mv
oP-10 0.5 mv 0.9 mV
OP-044 1.0my 1.5 my
OP-144 1.0mV 1.5 mV
GP.04 2.0 my 30 mv
oOP-14 2.0 mv 30 mv

COMMERCIAL TEMPERATURE RANGE

INPUT OFFSET VOLTAGE MATCH iaVgg)

o MaX OVER

DEVICE MAX, Ta=25C TEMPERATURE
OP-10E 0.5 my Q70 my
CP-4E 1.0mv 1.5mv
op-14E 1.0mv 1.5mv
QP-04C 2.0my J.0my
Qr-14C 2.0my 3.0 myv
GP-10C N/S NIS

INPUT OFFSET VOLTAGE MATCH (AVagl. The difference
between the offset voltages of side A and side 8; (Vosa~Vpsg!-




DUAL GENERAL PURPOSE OPERATIONAL AMPLIFIER SELECTION GUIDE

MILITARY TEMPERATURE RANGE
INPUT OFFSET VOLTAGE

MILITARY TEMPERATURE RANGE

INPUT OFFSET CURRENT

. MAX OVER MAX OVER
DEVICE MAX, T, = 25°C TEMPERATURE | BEVICE MAX, T, = 26°C TEMPERATURE
OP-04A 76 mv 15mv ‘| opoaa 2.0nA 6.0 nA
OP-14A I5my 1,6 mv OP-14A 20nA 5.0 nA
oP-04 2.0mv 3.0mv OP-04 5.0 nA 10nA
OP-14 2.0my 30mV oP-14 5.0 nA tonA
555747 2.0mV 3.0mv 585747 5.0 nA 10nA
§55747G EO0mY 8.0mv 5857476 26 nA 50 nA
5515568 6.0 mV 8.0mY 5551558 26 nA 50 nA
PM-747 5.0 mv 6.0 mV PM-747 200 nA 500 nA
PM-1558 5.0mV 6.0 mV PM.1558 200 nA 50 nA
COMMERCIAL TEMPERATURE RANGE COMMERCIAL TEMPERATURE RANGE
ENPUT OFFSET VOLTAGE SNPUT OFFSET CURRENT

- MAX OVER . MAX OVER
DEVICE MAX, T, = 25°C TEMPERATURE DEVICE MAX. T, =26°C TEMPERATURE
OP-ME TEmV 1.6 mv OP-04E 20 nA 40nA
OP-14E F5mv 1.6 mv OP-14E 2.0 nA 4.0nA
OP-04C 2.0mv 3.0mv 0P-04C 5.0 nA 100A
OP-14C 20 mV 3.0mv OP-14C 54 nA 10n4
SS5747C 5.0 mV 6.0 mv SS5747C 25 nA 60 nA
SS51458 5.0 mV 6.0 MV 5551458 25 nA 50 nA

MILITARY TEMPERATURE RANGE MILITARY TEMPERATURE RANGE
OPEM LOOP GAIN INPUT BIAS CURRENT
MIN OVER MAX OVER
DEVICE MIN, T, = 25°C TEMPERATURE DEVICE MAX, T, = 26°C TEMPERATURE
OP-04A 100 VimV 50 Vimv OP-04A 50nA 100 nA
OP-14A 100 VimV 50 V/mV OP-144 50 nA 100 nA
555747 100 Vimv 50 V/imV 555747 50 nA 100 nA
OP-04 50 V/mV 25 VimV oP-04 75 nA 125 nA
oP-12 50 V/mV 25 Vimv oP-13 75na 126 nA
SSS747G 50 V/mV 25 VimV SSS747G 100 nA 200 nA
$5S1668 5O Vimy 25 vimv 5551568 100 nA 200 nA
PM-747 50 V/mV 25 VimV PM.747 500 nA 1500 nA
PM-1558 50 V/my 26 VimV PM.1558 500 nA 1500 nA,
COMMERCIAL TEMPERATURE RANGE COMMERCIAL TEMPERATURE RANGE
OPEN LOGP GAIN INPUT BIAS CURRENT
MIN OVER _ MAX OVER

DEVICE MIN, T, = 25°C TEMPERATURE DEVICE MAX, T, = 25°C TEMPERATURE
OP-04E 100 Vimv 50 W/mV OP-04E S0 nA 5O nA
QP-14E 100 Vimv 50 V/mV OP-14E SDrA BOnA
OP-04C 50 vimV 25 VimV OP-04C 7504 125 nA
OP-14C 50 V/mV 25 VimV oP-14C 75 nA 125 na
5551458 50 VimV 25 WimV 585747C 100 nA 200 nA
SSSP47C 50 VimV 26 VimV 5551458 100 nA 200 nA




DUAL GENERAL PURPOSE OPERATIONAL AMPLIFIER SELECTION GUIDE

MILITARY TEMPERATURE RANGE
POWER SUPPLY REJECTION RATIO

T,=25°C OVER TEMPERATURE

DEVICE MIN (dB) MAX V/v) MIN {dB} MAX (uv/iv)
OP-04A a0 de 30 VIV 84 dB B0 uV/V
OP-144, 90 d8 0 pVIV 84 48 BO uV iV
P04 80 dB 30 uvIvV 84 d8 60 pviv
0P-14 90 dB I VIV 84 dE 60 uViv
555747 80 9B $00 pV/ivV 80 dB 100 VY
$85747G 76 dB 150 ViV 76 dB 150 uv/iv
5551568 76 da 160 ViV 76 dB 150 uV/v
PM-747 76 dB 150 uV/V 76 dB 150 uViv
PM-1558 76 d8 150 pV{V N/S N/S

COMMERCIAL TEMPERATURE RANGE
POWER SUPPLY REJECTIOMN RATIO

Ta™ 25°C OVER TEMPERATURE
DEVICE MIN {dB} MAX (uv/iV} MIN (dB} MAX {uViV]
OP-04E 90 dB 30 uviv 84 4 BO ViV
OP-14E 80dB A0 uVV 84 dB B0 uV/IvV
OP-04C 20 dB I0 VIV 84 dB B0 uVivV
QP-14C 90 dB 0 uVIV B4 dB B0 IV
SS5747C 76dB 150 uWiv 76 dB 153 uViv
5551458 7608 160 p WiV 76 dB 160 uViv

MILITARY TEMPERATURE RANGE
COMMON MODE REJECTION RATIO

MIN OVER

DEVICE MIN, TJ\ = 25°C TEMPERATURE
OP-0a4 90dB B84 dB
OP-14A 80 d8 84 4B
QP-04 80 4B 84 48
QP-14 90 4B 84 dB
£55747 a0 de 80dB
$85741G 7048 70 de
5551568 0o 70 de
PM-74T 70 dB F0 dB
PM-1658 7048 N/S

N/§ — Mot specified.

COMMERCIAL TEMPERATURE RANGE
COMMON MODE REJECTION RATIO

. MIN OVER
DEVICE MIN, T, =256°C TEMPERATURE
OP-D4E 80 d8 B4 dh
OP-14E 90de B4 ds
OP-D4C 90 a8 B4 4B
OP-14C 90 6B Badh
555747C 7048 7048
5551458 7098 7048




QUAD OPERATIONAL AMPLIFIER SELECTION GUIDE

MILITARY TEMPERATURE RANGE
POWER SUPPLY REJECTION RATIO

MIN OVER
DEVICE MIN, T, = 25°C TEMPERATURE
OP-034 90 0B 20 g
OP-114 90 dB 90 dg
QP-09B 90 dB 20 dB
OP-11B 90 dB 90dB
PM-4136 16 dB N/S

NS — Not specifled.

COMMERCIAL TEMPERATURE RANGE
POWER SUPPLY REJECTION RATIO

MiN OVER
REVICE MIN, TA =25°C TEMPERATURE
OP-DRE 90 dB 90de
OoP-t1E 2¢ dB S0 dB
OP-09F o0 dB 90 dB
OP-09F 20 dB S0 dB
PM-4136C 70d6 N/S

N/S — Not specified.

MILITARY TEMPERATURE RANGE

INFUT OFFSET VOLTAGE MATCH (aV ;)

os
MAX OVER
DEVICE MAK. T, = 25°C TEMPERATURE
OP-09A 0.75 mv 1.0mv
op-11A 0.76 mV 1.0mv
OP-(98 20 mv 25my
OP-118 2.0 mv 25my

INPUT OFFSET VOLTAGE MATCH {aVggl. The difference
between the offset voltages of side A and side B; IVgsa—vosel-
Exampie: Using amplifier A as reference then AVgs = Vpogn—
Vosa:

COMMERCIAL TEMPERATURE RANGE
INPUT OFFSET VOLTAGE MATCH lAVOSI

MAX DVER
DEVIGCE Max, TA =25°C TEMPERATURE
OP-03E 0.75 mv 1.0 mV
QF-11E 0.75 mV 1.0 m¥y
OP-09F 20 my 26 mv
QP-11F 20 my 28 mv

INPUT OFFSET VOLTAGE MATCH (AVgl. The difference
between the offset voltagas of side A and side B: {Vosa—Vosg!
Example: Using amplifiar A a3 reference then AV s = Vagn— '
Vosa:

MILITARY TEMPERATURE RANGE
COMMON MODE REJECTION RATIO

- MIN OVER
DEWVICE MIN, TA =-25C TEMPE RATURE
CP-008 100 dB 100 4B
aP-114A 100 dB 100 dB
OP-08B 100 dB 100 dB
QP-11B 100 dB 130 dB
PM-4136 70dB N/S

N{S — Not specified.

COMMERCIAL TEMPERATURE RANGE
COMMON MODE REJECTION RATIO

5 MIN OVER
DEVICE MIN, T, =25°C TEMPERATURE
QP-0BE 100 dB 100 dB
OF-11€ 100 de 100d8
OP-09F 100 d8 100 dB
QP-11F 1004B 100 48
PM-4136C 70dB NS

NS ~ Nat specifiad,

MILITARY TEMPERATURE RANGE
OPENM LOOP GAIN

o MIN OVER
DEVICE MIN, T, =25°C TEMPERATURE
0P-084 100 Vimy 108 vimv
oP-11A 100 ¥/my 104 v/mv
CP-09B 100 vimy 100 vimv
oP-118 100 Vimy 100 Vimy
PI-4136 50 V/mV 25 VimV
COMMERCIAL TEMPERATURE RANGE
OPEN LOGP GAIN

MIN OVER
DEVICE MIN, T, = 2%°C TEMPEAATURE
OP-09E 100 Vimv 100 V/imV
OP-11E 100 VimV 100 Vimv
OP-QOF 100 Virnv 100 VimV
QP11F 100 Vimy 100 Vimy
PM-4136C 20 Vimv 15 Vimv




QUAD OPERATIONAL AMPLIFIER SELECTION GUIDE

MILITARY TEMPERATURE RANGE MILITARY TEMPERATURE RANGE
INPUT OFFSET VOLTAGE INPUT QFFSET VOLTAGE DRIFT lTCVOsI
et MAX OVER DEVICE TCV .. MAX

DEVICE Max, TA =250C TEMPERATURE os

OP-09A "0 uviC
QP-09A 08 my 1.0 mv OP-114 10 pViC
OP-114 0.5 mV 1.0mvy QP-09B 16 wV°C
OF-02B 25mv ismv oP-118 15 uvi°C
OP-11B 25mv 35mv
PM-4136 50mv 6.0 mv

*Parameter is not 100% tested. 90% of all units meat these

specifications

COMMERCIAL TEMPERATURE RANGE
INPUT OFFSET VOLTAGE

o MAX OVER COMMERCIAL TEMPERATURE RANGE
DEVICE MaX, T, = 26°C
A TEMPERATURE INPUT OFFSET VOLTAGE DRIFT {TCV o)
QP-0GE 0.5 my 0.8 mVv DEVICE MAX, Ty = 25
OP-11E 0.8 mv 0.2 my
OPF-08F 2.5mv 3.0 mv OP-09F 10 LV C
OPF-11F 2.5 mv 3.0my OP-11E 10 uvitc
PiN-41360 £.0mv 75 mv CF-02F 15 0V e
OF-11F 16 uvitG
*Parameter not 1009 tested. 903 of all unitg meet these
specifications
MILITARY TEMPERATURE RANGE MILITARY TEMPERATURE RANGE
INPUT OFFSET CURRENT INPUT BIAS CURRENT
MAX OVER o MAX OVER
DEVICE MAX, T, =26°C TEMPERATURE DEVICE MAX. T, = 25°C TEMPERATURE
OP-084, 20 nA 40 nA DF-08A 300 nA 375 nA
OP-115, 20 nA 40 nA OF-11A 200 nA 375 nA
QP-0OB 50 n& B0 nA OP-09B 500 nA 660 nA
GP-11B 50 nA 20 nA o118 600 nA 880 nA
PM-4136 200 nA 500 nA PM-4126 500 nA 1500 nA
COMMERCIAL TEMPERATURE RANGE COMMERCIAL TEMPERATURE RANGE
INPUT OFFSET CURRENT INPUT B!AS CURRENT
MAX OVER g MAX OVER

DEVICE MAX, T, =25°C TEMPERATURE DEVICE Max, T, =26°C TEMPE RATURE
OP.09E 20 nA 30 nA aP-09E 300 nA 450 nA
OP-11E 2004, 30 nA OP-11E 300 nA 380 nA
QP-03F 50 nA 60 nA OP-09F 500 nA 550 nA
OP.GOF 50 nA 60 nA OP11F 500 nA 550 nA
PM-4136C 200 nA 300 nA PM-4136C 500 nA 800 nA
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INVERTING HIGH SPEED OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION

The OP-G1 Series of monolithic High Speed Operational
Amptifiers combines high slew rate, fast settling time cutput
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 achigved without sacrifice in input bias currert or
power consumption. 2560kHz power bandwidth is attained
with 2 small signal bandwidth of 2.5 MHz, allawing non-
critical board layout. The OP-01 is completely protected at
both input and output, fits standard 741 sockets, and is offset
nulled with a 10ke potentiometer.

The low offset voltage, input bias current and offset voltage
drift vs. temperature provide accurate D.C. performance in
applications such as channe! preamplifiers, fast integrators and
precision summing amplifiers, The fast cutput response makes
the OP-01 ideal in state-variable filters, servo drivers, waveform
generators, analog computing amplifiers, and D/A converter
output amplifiers.

FEATURES

Fast Settling Time ......... Tusecto0.1%

HighSlewRate . . ............. 18 V/usec
Power Bandwidth, . . ............ 250 kHz
Low Power Consumption
Excellent D.C. Specifications
Internally Compensated

ldeal DAC Ouvtput Amplifier
MIL-STD-883 Processing Available

Fits Standard 741 Sockets

Low Cost

SIMPLIFIED SCHEMATIC

PIN COMNECTIONS AND ORDERING INFORMATION

TOP VIEW
)
TQ-9Y {J-Suffix}
BALANCE { y ¥ ORDER:  ORO1J
OP-O1Fl
T - OF-01GJ
oP-01H
QP-01ES
lN'IﬂE#TI‘U 3 & BALANCE OP'01CJ
4 Y- (CARE)
e | . 14 PIN DIP {¥-Suffix)*
ORDER: OFOVY
7] * oP.OtEY
BALANCE 53— —12 OP-01GY
INY |umr4—$__‘_-u v OP.O1HY
NOW - INY. NPT 01— —1C DutPUT OPO1EY
V- g— [— 9 BALANCE OP-U1CY
T —8
*Formerly “P” Suffix
B A ° 10 PIN FLATPACK {L-Suffix)
HALAREE 2 ORDER:  OP-DIL
Y. INEUT X —] aye OPAU‘| FL
MON-HY. T 4§ — TOUTRHT OP'G1GL
V- 5—of 4 BALAMCE




aP-01

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage

OP-01, OF-01F, OF.01E, OF-01H 23V
OP-1G, OP-01C 120V
Power Dissipation {see note) 500mwW
Differantial Input Veoltage 30V
Input Voltage 16V

Short Circuit Duration
Qperating Termperature Range
OP-G1, OP-01F, OP-01G
OF-01H, OF-01E, OP-01C
Storage Temperature Range
Lead Temperature {Soldering, 60 Sec)

Indefinite

-55°C 10 +125°C
0°C to +70°C
-65°C to +150°C
300°C

NOTE: Maximum Packaye Power Dissipation
vs, ambient temperature

T0-99 (H

Flat Pack [L}

Package Type

Buakin-Line {P, ¥

Maximum Ambient
Temperature for Rating

80°C
1o°c
82°C

Derate Above Maximum
Ambient Temperature

7AmW/SC
10.0mw/°C
5.7mW,C

TYPICAL PERFORMANCE CURVES

LARGE SIGNAL PULSE RESPONSE
b opoons '
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5, %1 LYOLTEGE

B TPU™ GOLTAGE [v1

SMALL SIGNAL PULSE RESPONSE

INPUT /O TRYT {ramv s D]

TIME {1DOnS A DIVE

[ LRI
Vs 318V, Ayt =1, BT ER0, By S0RF

UNITY GAIN-BANDWIDTH
VS. SOURCE RESISTANCE

RELWTINE SUTRUT 1B

.%!—Il

]
I REQUENGY WA r]

APPLICATIONS INFORMATION

The OF-1.incorporates an mtarna! feed-torward compensation network
to provede fast slewing and settling tirmes inall inverting and maderate.
ta-high gain non-myerting applications. Unity gain bandwidth is a tunc-
tion of the tolar equivalent source resistance seen by the inverting
teryrunal, and proper chowce of this redistance will allowe the user ta
rmaximize bandwidilh while assuring praper siability. The egumalent
inverting rerminal resistance is defined as B IRE. A total eguivalent
input terminal reskstance & 3.3kET will assure siabality in all closed loop
gain configurations mncluding umity gain. Should RyylRE =3.3kM, @
resistor [Rgl may he placed between the invarting inputl and the sum
node to provide the required resistance. (Sec Fast Inveruing Amplifier
Diagram. ) Lower valugs of tota! equivalent resistance mey e used 10
improve pandwidth in higher closed iaop gain configurations, as
indicated by the Open Logn Gain vs, Freguency plot.

FAST INVERTER CIRCUIT

Fp
Py Ry+ Ay liRg
FOR &y=-| Rppx3 3up
= B = Reg

OFFSET NULLING
CIRCUIT
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CP-01

OP-01 QP-01F oF-01G
ELECTRICAL CHARACTERISTICS OPO1H OP-01E P00
These specifications apply for Vg = £16%W, Ty - 257 unless othenwise noted.
Parameater Symbol Test Conditions Min Ty Max Misr Typ Max| Min Typ | Max| Units
Input Offset Voltage Vog R g=50kil — .3 0.7 - 1.0 20 - 20 50 | my
Inpurt OEfset Current los - a5 240 - 1.0 5.0 - 20 20 InA
Input Bias Current g - 18 30 - 20 50 - 5 100 1 nA
Input Yoltage Range CWMVER 120 | =130 - 2120 £13.0 - 120 [ 1130 - v
Cormmaon Mode Rejecuon Ratio | CMRR Yepg = +CMYVR an 110 - 80 100 - | 80 100 - |dB
Fig=50kil
Power Supnly Rejection Ratm PSRR Vg - £b o 20V ag 110 - 80 100 - BO 100 dg
Rgu50kst
Maximum Output Yoltage Swing| Vo Ry =5kt -125 | «135 — 125 4135 - 125 | +135 — |V
R #2k2 £12.0 | +1340 — | 20| 130 «120 | #1320 —|v
Large Signal Voltage Gain Ay RL=2kiLV=+10V | 50 100 - jalay 100 - 25 75 — v
Power Consumption Pp Vour =0 - 40 &0 - 5¢ 0 - 50 S0 | mit!
Settling Time to 1% Ay = -1 {Nge) - 0.7 1.0 - 07 1.0 - 0.7 1.0 fusec
[Summing Mode Evror] My = 5V
Slew Rate - 12 - - 18 - - 18 - Ewius
Large Signai Bandwidth - 250 - - 250 - 280 — JkHz
Small Signal Bandwicih - 25 - - 25 - - 25 — IMHz
—t s SV YIS VPN S S
Risetime [Natel Ay = -1 Vyy=b0mv | - 150 - 150 - - 150 — | niec
Overshoot {Note} - 2 - - 2 - 2 Y
The following specifications apply for Vg = £18Y, -B5°C = Ta + +126°C for OP-0T, OP-LHF, OF- 010G and 0°C < T = +70°C far OF-01H,
OF-01E, OP-D10, unless atherwise specified,
Input Offset Voltage Yos Rg = S0kil - 0.4 1.0 - 1.6 30 - 30 5.0 [ mv
Input Offset Current Ios - 10 4.0 - 20 10 - 4.0 40 na
Input Bias Current tg - 30 50 - 40 100 - 50 200 | na
Input Valtage Range CrvER +120 | -330 - 120 130 - L1200 [ 130 - |V
Commeon Mode Rejection Ratio | CMRR Vp=+CMVR 0 1o — | 80 100 a0 100 di
Fg=b50K0
Power Supply Rejection Ratio | PSRR Vg=+ BV w0+ 20V a0 110 — | 80 100 — | 80 100 — |dB
Rg=50k1
Large Signat Voltage Gain Ayg R =2k Vg=210v | 20 B0 - 5 533 - 15 50 — | Wimy
Maximum Qutput Valtage Swing| Vo By =6kl =128 | +135 — | £125] <135 — | #1258 | 1356 -V
Ry =2kt 120 | +13.0 — | «120] +130 — | 1120 | 1130 — v
Cffset Voltage Drift TCVpg AgSkil - 20 80 3.0 0.0 - 5.0 | 208 uviC
.

NOTE: Ry = 2kit, O = B0pF. Ses Settling Time Test Circuit.

SETTLING TIME TEST CIRCUIT

vy TOSCERE € n10eF

=R ——,

——Fn——

[ L] e
[T RN STt ALY

RIaE A% AL

Sertling time rmay ba measured using the circut shown; this circuit
incorporetes the “'false sum node'' technique to produce maore accurate,
repeatable 1gsults, Fov a 5 volt inpat step, 0.1% setting will be achieved
when the false sum node settfes to within +2.5mVY of s final value, The
vserlloscope used For obiervation of he false sum node should have
wide banchwidth, fast overload wecovery time, and be wsed with a low
capacity probe [=£10pF, including strayst, & Tektronix 7504 scope
with a 7411 probie or equwalent is suggested. The puise generatar
should have & 5012 output impedance and be capable of a BY rise time
in %20 ng with ringing less than 2.5my after 0.54s. 0.1% measurements
reguire Fypy to squal REp within 0.01%; Rg and R are used as trimming
resistors to achieve this matching.
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OP-02]

HIGH PERFORMANCE GENERAL PURPOSE
OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION

The OQP-02 Series of High Performance General Purpose
Operational Amplifiers provides significant improvemeris over
industry-standard and “premium™ 741 types while maintaining
pin-for-pin compatibility, ease of application, and low cost.
Key specifications, such as Vg5, lgg, |1B. CMRR, PSRR and
Ay, are guaranteed over the full operating temperature range.
Precision  Maonolithics®  exclusive  Silicon-Nitride  “Triple
Passivation" process eliminates “popcom noise.’” A thermally-
symmetrical input stage design provides low TCVqg, TClgg
and insensitivity to output load conditions. The OF-02 Series
ts ideal for upgrading existing designs where accuracy improve-
ments are required and for efiminating special low drift or {ow
noise selected types. OP-02's with MIL-5TD-883 processing
are available. For dual high performance matched general
purpose operational amplifiers, refer to the OP-04 and OP-14
data sheets.

‘FEATURES

Excellent D.C. Input Specifications
Fits Standard 741 Socket
Internally Compensated
Low MNoise .........
Low Drift [TCV g4l
“Premium’’ 741 Repl
0°C/+70°C and -55°C/+125°C Models
MIL-STD-882 Processing Available
Silicon-Nitride Passivation

Low Cast

SIMPLIFIED SCHEMATIC

PIN CONNECTIONS AND ORDERING INFORMATIONI

L

I

¥z

W QZ, 07 344 GAM 8 THERULLLY
RIS FOUPLEL TAMNGIS TOR Ooal
L5 Q5] AE B Q6" COMPRISE & SIM-
L8P THLYMALLY CR4S-COUPLED
oan,

TOP VIEW
8
BaL 1 s TO-99 {J-Suffix}
ORCOER:
N2 SouT OP-0241
QP-02)
b Op-02E)
+1N 3
Y (CASE] QP-02C)
[ S 14 PIN HERMETIC
] 14 CIP (¥-Suffix}
m§_| :: QRDEA:
~1N4—:D_‘_l—~nv. OP-02AY
+IN 38— [--1o0uT QP-02Y
- . OP-02EY
T— = QP-02CY
paL 10—l . EPOXY B MINIDIP
L .
g o) 7 ve {P-Suffmll
N 30— & out ORDER:
- O 5 gaL ap.02ce
Military Ternperature Range Devices
with MIL-5TD-8834A Class B Processing:
ORDER: OP02-883-A)
QPO2883-AY
QF02-883-)
OF02-B63-Y




OP-02

ABSOLUTE MAXIMUM RATINGS

Supply Voltage 222
Power Dissipation {see notel 500mW
Differential lnput Voltage 20V
Input Vaoltage Supply Voltage
Output Shart Circuit Quration Indefinite

Operating Temperature Range
OP-02A, OF-02
OPF.Q2E, OP.02C

Storage Temperature Range

Lead Temperature {Soidering, 60 Sec)

—55"C 10 +126°C
0°C 10 +70°C
—-65"C to +150°C
300°C

NOTE: Maximum Package Power Dissipation vs, ambient temperature,

Maximum Arnbient
Temgperature tor Rating
80°C
100°C

Package Type

TO-99 ()]
Duai-in-Line (Y}

Derate Above Maximum
Ambient Temperaturc

7.1mwWSC
10.0mWC

BURN-IN CIRCUITS

OFFSET NULLING CIRCUITS

7099 ()] PACKAGE
MINI.DIP (P) PACKAGE

DIP (¥} PACKAGE

+22Y,

=22V

TG99 (J} PACKAGE
MINI-DIP (P} PACKAGE

OIF 1Y) PACKAGE

OP-02 DEFINITIONS

WNPUT OFFSET VOLTAGE (V)

The voltage which must be applied between the input terminals 1o
alyain zere output voltage with no load.

INPUT OFFSET CURRENT 11}

The ditterence hetweer the currents into the two input terminals
when the output is gt 2erg volts with no load.

INPUT BIAS CURRENT {Ig)

The average of the currents into the two input terminals when the
auipul is at zern volts with no load.

INPUT VOLTAGE RANGE ICMYR}

The range of common-mode voltage on the input tarmingls for
which the common-made rejection specifications apply.
COMMON-MODE REJECTION HATIO (CMER)

The ratio of the input voltage range 10 the peak-to-peak change in
input offset voltage over this range.

POWER SUPPLY REJECTION RATIO IPSRR]

The inverse ratio of the change in Input offset voltage 1o the change
in power supply voltage producing it.

MA X IMUM OUTPUT VOLTAGE SWING (Vgm!

The peak output voltage that can be obtained without clipping.
LARGE SIGNAL VOLTAGE GAIN (A, o)

The ratio of the change in output voltage {over 3 specified range} to
the change in input valtage producing it.

AVERAGE OFFSET VOLTAGE DRIFT (TCV )

The ratio of the change in the oifset voltage to the change in tem-
perature producing it,

AVERAGE OFFSET CURRENT DRIFT (TCly,l

The ratio of the change in the offset currémt to the change in
temperature producing i,

POWER CHSSIPATION (Pg)

The total power dissipated in the amplifier with the cutput at zero
volts and no load.

UNITY GAIN CLOSED LOOP BANDWIOTH (BW}

The frequency at which the magnitude of the small signal voltage
gain of the amphfier, operated closed-loop as a unity-gain follower,
is 3dB below unity.

INFUT NCHSE VOLTAGE lepp p)

The peak to peak noise voltage in a speciied frequency band.
ENPLIT NOISE VOLTAGE DENSITY (e,)

The rms noise voltage in a 1 Hz band surrounding a specified valus
of frequency,

INPUT NOISE CURRENT {ipg.gl

The peak to peak noise current in a specified frequency band.
INPUT NCOHSE CUYRRENT DENSITY (i}

The rms poise current in @ 1Hz band surrpunding a specitied value
of frequency.

6-20




oP-02

ELECTRICAL CHARACTERISTICS OP-02a oP-02
These specilications for VS =315V, Ty = 25"C, unless otherwise noted.
PFarameter Symbol Test Conditions | Min Typ | Max | Min Typ |} Max Units
{nput Offset Voltage Vg R, s A0%SL - 0.3 05 - 1.0 240 mYy
Input Offset Current los - 05 2.0 - 1.0 5O na,
Input Bras Current Ig - 13 30 - 20 50 na
Input Aesistance-Differential Mode R, 38 75 - 23 7.0 - M
Input Woltage Range CMVR =120 | 2130 - =120 | =130 - W
Commaon Made Rejection Ratio CMRA Vew T *CMVA a0 10 - 90 100 - oB
Rs < BOkIL
Pawer Supply Rejection Ratio PSARA Vo= t810 20V gy no - a0 100 | - dB
R, < 50k
Curpu Voliage Sweng Yoam Ry > 2kie =120 | =130 - 120 | =130 - 1
] R 22kl
Largs Signal Veoltage Gan A 106G 250 - [={n) 200 - Wimy
v \.l'o CETOV
Power Consumption Pd Vo © 0w - 40 B0 - 50 a0 Wy
Inpus Mose Voltage fapp Q.iHz w0 10H:z 085 - - 065 HV g
by 10HZ 25 - 25 -
Input Moise Wolage Density ey o 100Hz 22 - 22 — nV.-'\-"Hz
It) - 1000H 21 21
Input Mose Current npp 0.1Hz 10 10Hz i2.8 - - 128 - pA p-p
ty 10H: - 1.4 N - 1.4 - .
Input Mose Cureent Dreasity . 1o - 100H2 a7 0.7 - pALHZ
ta " T0O0H - 0.4 - 0.4 -
Slgwe Rate iMate 1] 5R 0.25 05 - 025 1] - Wips
large Signal Bandwideh (Naee 10 Vo 20¥pp 4.0 30 4.0 20 - [z F]
Croged Laop Bandwedth INate 1) B Ao " +1.0 ag 1.3 - Li%:] 13 — MMz
Hisetime IMote 1) Ay =1
Vi = S0mV 200 200 200 00 nsec
Duershoot 1MNote 1) - & 1 5 10 £
The following specifications apply for W, = 216V, -85'C </ T < +125 ¢, unless otherwise noted
Inpun O feset VYoltage Vs R o 50K 05 1.0 - 14 3.0 my
Average Input Offser Voltage Tow s G th - 20 8,0 - 1 -
Drift {Note 11 CVog Ry Bht - " 4.0 00 uv e
Input Citfset Currem los - 1.0 50 20 160 na,
Averaga Input Offset Curremt Drib iNote Y TClg - 1.5 75 - 15 150 pASC
Input Bias Currens 'g - 20 E5 - 4 100 n4
Input Voltage Range CMVA =120 | =130 - =12.0 £13.0 - W
Moy =
Camman Mode Agiection Ratio CMRR cm = CMVR 84 10 - 84 100 - dg
R, = 50%41
Fower Supply Resection Ratin PSRAR Ves St IOV o, 110 - 89 160 - d8
R, o BO%IL
. Ry - Zkil
Large Signat Voltage Gan Aw;- V'o- oov Ed 100 - 25 B - Wimy
Maomum Qutpul Voltage Swing Vom F[L 2 2k02 120 | =130 — 2.0 +13.0 - W

Mote 1. Farameter 5 not 100% tested. 30% of all unns meet these specifications.
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0P-02

ELECTRICAL CHARACTERISTICS OP-02E ap.02C
These specifications for V. = £16V, Ty = 25"C, unless otherwise nated.
Parsmater Symbol Tast Conditions | Min Typ | Max | Min Tye | Max Units
Input OHaet Voluags Vs Ry < 50kL - 0.3 0.5 - 1.0 2.0 M
Input Offset Current bos - 0.5 2.4 - 1.0 5.0 nA
Input Bias Currant lg - 12 a0 - 20 50 na
Input Resiatance-Difterentinl Mode Bin 3.8 75 - 2.2 7.0 - M3z
Input Voltage Rangs CMVA £12.0 | =130 - 120 | =130 - W
Comman Mods Reysetion Ratio CMRR Vem= (CMVR -, o | - a0 1wo | - ds
Hs = 50ki:
Power Supply Rejsetion Ratia PSRR Vg= 2510 20V ] g5 110 - 90 100 B
R, < 50kt
Dutput Voltage Swing Vam HL = 2kil +12.0 | £13.0 - £12.0 130 . W
. ; AL =2k
Larpe Signal Volage Gain A, 100 250 - 50 200 - Wiy
vo W, =210V
Fower Consumption Py Vo =0V - 40 60 - 50 40 miy
Inpur Neise Woltage Bnp-p 0. 1Hz to TOH: - .65 - - 0.65 - avopep
(= 10Hz - 2% - - 75 -
Input Noise Voltage Density - fo = 100Hz - 22 - - 27 - nv.-\."iiz
fy = 1000Hz - 2 - - 23 _
Input Naise Current jnn-p 0.1Hz ro 10Hz - 12.8 . - 128 - DA pp
fy = 10Hz - 1.4 - - 1.4 _
Input Noise Current Density in fg = 100Hz = 07 : - a7 - | eannz
iy = 1000Hz : 0.4 - - 0.4 -
Sleww Rate (Note 1) SR 0.25 o5 - .25 08 - Wins
Large Signal Bandwidth {Note 1) Vg = 20Vpp 4.0 50 - 4.0 8.0 - kHz
Closed Locop Bandwidth {Note 1} BW AycL - 1.0 a8 13 . 0E 1.3 -- MHz
Risetime {Note 1} Ay =+l 0
Viy = 50mV - 200 300 - 200 30 ngec
Overshoot {Note 1} 5 1] - 5 10 "

The following specifications apply for Vg = £15V, 0°C < T < +70°C, unless otherwse noted.

Input Offset Voltage Vos ng B0kt - 0.4 1.4 — 1.2 a.0 my
Average Input Ofiset Voltage 3
TCV R, < Bk - 2.0 8.0 .- 44 140 v T
Drift {Note 1) o8 5= H
Input Otiset Current los - a2 4.0 - 1.4 100 na
Average Input Gffsat Currant Cieift INote 1) TCly — 7.5 120 - 15 250 pAMC
input Bias Current ‘g - 22 50 - 25 100 na
Input Valtage Range CMVR 120 | 2130 - +12.0 +13.0 - W
Common Mods Rejection Ratio CMRR :CM ;SEAWH 84 1o | - B4 100 | - a8
s
. . W, = 6o 20V
Power Supply Rejection Ratio PSRHA ¥ 84 110 - B4 100 - dB
R, < 50kR
. R, = 2k}
Large Signal Voltage Gain A v v 50 200 - 25 150 - Vimv
5=t
Maximum Cutput Voltage Swing Vom R) > 2k0 120 [ 2130 - =12.0 +13.0 - v

Nots 1: Parameter is not 100% tested, 90% of all units meet these specifications.
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OP-D2

TYPICAL PERFORMANCE CURVES
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OP-02

TYPICAL PERFORMANCE CURVES
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0P-04

DUAL MATCHED HIGH PERFORMANCE
OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION

The OP-04 Series of Dual Matched High Performance General
Purpose Operational Amplifiers provides significant improve-
ments over industry-standard 747 types while maintaining
pin-for-pin compatibility, ease of application, and iow cost.
Key specifications, such as Vas lasr IB, CMRR, PSRR and
Ao, are guaranteed over the full operating temperature range.
Precision Monolithics' exclusive Silicon-MNitride  “Triple
Passivation® process eliminates “'popeorn noise.’” A thermally-
symmetrical input stage design provides low TCVqg TClyg
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, Far more stringent requirements, refer
to ithe OP-10 Dual Matched Instrumentation Operational
Amplifier data sheet,

FEATURES

Excellant D.C. Input Specifications
Matched V. and CMRR

Fits Standard 747 Socket

Internally Compensated

Low Maoise

Low Drift

Low Cost

0°C/+70°C and —55"C/+125°C Modeis
Silicon-Mitride Passivation

Models With MIL-STD-883A Class B
Processing Available From Stock

SIMPLIFIED SCHEMATIC

PH CONNECTIONS AND ORDERING INFORMATICN

{172 OF CIRCUIT SHOWN)

TOP VIEW
MM TO-100 (K-Suftixt
SuThIT {411 + ouTeyt th
ey o ORDER: OP-O4AK
MAENTIN 3 T myERTING CP-04K
NPT 18 i 1
NONINVER TG 4 s Mow- InEAT NG OP-G4EK
TN TAE at OP-04CK

14 PIN HERMETIC DIP {¥-Suffix}

« paawer fal ® ORUER: QP-Od4aY
QP-04Y

OF-D4EY

QP-04CY

IN' sPUT R
13 ¥ (8]
12 EUTPUT 48]

M- INE ANPUT (813
WAL AWSE 413
waa nNE

MALANCE [B] % 19 BUTRUY iB)
MW TN HPUT (N LT

v Nyt tylT ¥ BALance o

Military Temperature Range Devices
With M| L-5TD-B834A Class B Processing:

ORDER: OP04-883-AK
QPCG4-BE3-K
OPOA-8BI-AY
OP04-883-Y
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OP-0a

ABSOLUTE MAXIMUM RATINGS

Supply Yoitage 122V Chperating Temperature Range
o OP-04A, OP-04 —55°C to +125°C
Internal Power Dissipation (Note 1} 500 mw OP-D4E, OP-04C 0°C 10 +70°C
Differential tnput Voltage +IAGY Note ?: Maximum package power dissipation vs. ambient
temparature.
Input Voltage Supply Voltage
MAXIMUM AMBIENT DERATE ABOVE
Output Short Circuit Duration indefinite TEMPERATURE  MAXIMUM AMBIENT
. . FOR RATING TEMPERATURE
Storage Temperature Range - 5 toa+150°C DUALIN-LINE () 100°C 10.0mwW/°C
Lead Temperature Aange {Soldering, 60 sec) 300°C TO-100 (K} 8o°c 7AmWI G

OP-04A oP-04

MATCHING CHARACYERISTICS OF-04E QP-04C

These specifications apply for Wy = 218V, Ta = 25°C, R, < 10012, unfess otherwise noted.

Paramater Symibol Test Conditions Min Ty Max Min Typ Max Units

Input Offset Voltage Match AV g 03 1.0 - 1.0 2.0 my

Common Mode Rejection

Ratio Mateh ACMRR VoM = £ CMVRA 94 106 ~ 84 106 - dB

These.specificatiuns apply for W, = +15%, -56°C « T « +125°C for OP-04A and OP-04, 0"'C = T < 70°C for OP-04E and OF-04C,
Ry € 10022, unless otherwise noted,

Input Qffset Voltage Match &V - 05 15 - 15 30 my

Commen Modse Rejection

= 1 - a 1 -
Ratic Match &CMRR Vom =t CMYR o0 o0 9 oo o8

MATCHING PARAMETER DEFINITIONS

COMMON MODE REJECTION RATIO MATCH {ACMAR) INPUT OFFSET VOLTAGE MATCH (AW, The diffarence
The difference between the common-mode rejection ratios [ex- between the offset voltages of side A and side B; WDSA - VOSB"
pressed in valt!volt) of side A and side B,

ACMRR indB = 20 Iogﬂ)(ACMRR in voltfvolth,

OFFSET NULLING CIRCUITS OP-04 DEFINITIONS

DIP (¥} PACKAGE ONLY INPUT OFFBET VOLTAGE (V)

The voltage which must be applied betwesn the input terminals to
obtain zero output valtage with ne load,

INPUT OFFSET CURRENT {5}

The difference between the currents into the bwo input terminals
when the putput is at 2ero valts with no loed.

INPLT BIAS CURRENT ilg)

The average of the currents into the two input lerminais when the
output 18 8t zero valts with ng [oad,

INPUT VOLTAGE RANGE (CMVR]

The range of common-mode voltage on the input terminals for
which tha common-mode rejection specifications apply,
COMMON-MOCOE REJECTION RATIO (CMRRI

The ratio of the input voltage range 1o the peak-to-peak change in
input offset voltage over this rangs.

POWER SUPPLY REJECTION RATIO IPSRR]

The inverse ratio of the change in input oftset voltage to the change
n power supply voltage producimg it.

MAXIMUM OUTPUT VOLTAGE SWING Vgl

The peak oulpur valtage that can be obtained without clipping.
LARGE SIGNAL VOLTAGE GAIN (A,

The ratia of the change in autput voltage (over a specified rangel to
the ¢hange in input voltage producing it,
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OP-04

ELECTRICAL CHARACTERISTICS {Each Amglifier) OF-D44 oP-04
These specifications for ¥, = £15Y, T = 25°C, untess otherwise noted.

Parameter Symbol Test Conditions | Min Typ | Max | Min Typ | Max | Units
input Offset Voltage Vo R, < B0k - 03 0.78 - 1.0 2.0 my
Input Offset Current Yas - oL} 2.0 - 1.0 5.0 nA
_Input Bias Current g - 18 50 -~ 20 75 nA
Input Besistence-Differential Mode Rin 38 75 — 2.3 70 — M
Input Voltage Aangs CMYVR =120 | =130 - 120 | =130 - W
Comman Moda Rejectian Ratio CMAA Vem® *CMVR a0 110 - a0 100 - aB

Hs < S0kt
- =45 1o £20V
Power Supnty Rejectian Ratia PERRA 5 j=19] 110 - a0 100 - dB
paty B R, < 50k
Qutput Voltage Swing Yom Ry > 2k82 =120 | 2130 - +12.0 =130 — W
Ry 2 2ki2
Large Signal Valtage Gamn A, 100 250 - 50 200 - Wimy
vo W =10V
Power Consumption F‘{I Wy av - 40 &0 - 50 a0 W
Input MNorse Voltage fopp G 1Hz to 10Hz 085 - - 065 - LY pp
o ¢ 10H2 - 25 - - 25
Input Nnise Vahage Density ey 1, = 100H:z - 22 - - 22 : Y iG H2
1y = 1D00Hz - 21 - - 21 -
input Mense Current inpvp 0. 1Hz2 1 10Hz . 128 - - 128 ~ pA pp
Channel Separation cs 100 — - 100 - - o
fo 10Hy - T4 - = T = —
input Noise Current Densty n 1, = 100H: - 0.7 - - 0.7 — Pl i HE
fo-! tO00Hz - 0.4 . - 0.4 -
Slew Rate INote 1) SR 08 05 - 0.8 0.7 - Vius
Large Signal Bandwidth iNate 11 Wy = 20Vpp 4.0 8.0 - 4.0 840 - kHz
Closed Laop Bandwidth {Nate 1) BW AycL=110 08 1.3 - 0.8 1.3 - MHz
Hisetime iNoig 1} . Ay =11
Vi = 5OV - 200 300 - 200 RN nsec
Ouershoot {Nate 1) - 5 10 - 5 L1 %
The following specifications apply for Vo= 218V, ~BEC < Ta < +125°C, unless atherwise noted
Input Oftset Vaolrage / os R, £ 50k{L - 121 1.5 - 14 30 my
Average Input Offset Voltage T . <,
v R, < 5kiz - 2.0 8.0 - 40 1100 Wi
Drift {Note 1) o $= ¥
Input Offset Curtrent las - 1.0 5.0 - 20 | 10.0 na
Average Input Offsat Cusrent Drift (Note 1)) TCl,, - 7.5 il - 15 150 pASC
Input Bias Current g - 30 100 - 40 135 né
Input Vaoltage Range CMWVA +12.0 | +13.0 - £12.0 +13.0 - W
- ) Vep= LCMVR :
Common Mode Rejection Ralio CRRR i 84 110 - B4 100 - [+1:3
R, s BOKO
- ) W= B n 120V
Pawer Suppiy Rejection Aatio FSRAR 5 B4 i 13] - 34 100 - dB
R, = 50k
Large Signat Voltage Gain Ay E(!)- :21"0% 50 100 - | =5 60 - Vimy
Maximum Cutput Yoltege Swing Vam Ry > 2k =120 | =130 - 120 +1340 - W

Note 10 Paramestar is not 100% tested. 90% o! all units meet these spacifications.
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OP-04

ELECTRICAL CHARACTERISTICS (Each Amplifier) OP-04E QP-DAC
These specifications for ¥, = +16V, Ty = 25'C, untess otherwise noted.
Parametar Symbol Tast Conditians | Min Typ | Max | Min Typ | Max | Umits
Input Gffaet Volage Vs R, < 50k} - 03 075} - 10 |20 mv
Input Ottaet Current Yot - Q.5 2.0 - 1.0 5.0 nA
Input Bias Currant g - 18 50 - 20 15 na,
Input Ratistance-Diffarantisl Mode Ain 32 75 - 2.2 7.0 - LN
Input Yoltage Aangs CMVR =120 | 130 - 120 =130 - W
W = «CMVA
Common Mode Rejaction Ratia CMRA cm = C 9o 10 - 40 100 - B
R, < Stkii
Power Suppiy Fejection Ratio PSRA Ve=i510 20V [ 4y 110 a0 100 /B
A, % 50k
Cutput Voltage Swing Vam Ay =2k 120 [ +13.0 - £12.0 | =130 W
) Ry o Zkie
Large Signal Yoltage Gain A - 1040 <2460 50 200 - Wimy
WO VD = 10w
Power Consumption Pd Ve = OV 40 60 - 1] G i
Input Moise Voltage *np-p U 1Hz 1 10Hz .65 - .65 ut g
1, 10Hz 25 - 25 -
Tnput Noise Voltage Density 2n ty ® 100 Hz 22 22 n\c".-\"{_lz
fo = 1D00Hz - 21 - 21
Input Noise Current np-p D 1Hz 1o tdHe - 128 - 123 - paop e
Chanral Separation c5 100 — - 100 - - fel:]
fn T0Hz 1.4 — - 1.4 -
Input Moise Current Density [ f, = 160H: 0.7 - — 0.7 - pA, Hz
fcl = 1000Hz 0.4 - - (4 -
Stew Rate [Noie 1} 5A 0.5 a.r - 05 0.7 - Wi
Large Signal Bandwidth (Note 1) Vg =20Vpp 4.0 8.0 - 4.0 B8O - kHz
Closed Loop Bandwidth (Nate 1) BW AyeL="10 L3 13 - 0 13 - MHr
Riserime {Note 1) Ay =11
Vi = 50mY - 200 0 - 200 300 nsec
Quershoot {Note 1) 1 10 - 5 10 EA
The following specifications apply for V= 15V, 0'C<Ta< +70"C, unless utherwise noted.
Input Offset Yoltage Voas R, = 50k - 0.4 1.6 - 1.2 30 my
Averags Input Offset Voltage oV R, « Gki2 - 20 | 8o | - a0 [100 | wvic
Drift {Note 1}
input Otiset Current bas - 0.7 4.0 1.4 100 na
Average [nput Offset Current Orift (Nare 1) TChyg - 75 120 - 15 250 pafC
input Biaz Current ‘g - 22 50 - 5 125 na
Input Voltage Range CMvR <120 [ 1130 - +12.0 13.0 - W
Common Mode Rejection Ratic CMRR Vem= LCMVR g, 110 - 84 w00 — 8
HS < SO
Power Supply Rejection Ratio PSRR ;: ; o WV g4 1o | - 84 100 | - dB
R, > Zkil
L Signat Vol Gai A L~ - 150 -
arge Signal Voltane Gain w Vo Y 50 200 5 Vimy
Maximum Cutput Valtage Swing Vomn Ay =2k 120 (-130 - 120 v13.0 - v

Note 1: Parameter is nat 100% tested. 90% of all units meet these specilications.
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CP-04

TYPICAL PERFORMANCE CURVES {Each Amplifier}
UNTRIMMED DFFSET VOLTAGE INPUT OFFSET CURRENT INPUT BIAS CURRENT
VS TEMPERATURE VS TEMPERATURE VS TEMPERATURE
T T T i v - T
::5 R 1= ¥ f | —}—i—"-—
P —-—-———j_—l___-— e e i 3 ot il ol U R S _f_.
. ! IR U RS S W e N
.o T x \ [ e SN DU A S R N S
¢ '5_ 24, — - \ EAEE I “ rd_ 1.
z ] P =
o L1 H i H
e : ST TN N !
RS £ i i iy Sy B # \\ 5 \\_\L'_ I
frI b T bl oy AT e .
o ‘ v e EO L ] P £ = .
: el : ™~ | N g K7
" 'I e 1 2 —F :ul i -..___‘___ |
R e — i1 — PonaE e |
SN mE _. | 1] |
R A LI R U =L FU T SER can a0 A M A &N an e M g L e L )
T ELRT T SUMPERLIURE *1 TEMRFS2TURE 1|
OPEN LOOP GAIN CLOSED LOOP RESPONSE [
VS TEMPERATURE OPEN LOOP FREQUENCY RESPONSE FOR VARIOUS GAIN CONFIGURATIONS
220 I r e
R A
7"_"\ - \ - ’ s ]
L \ \ et Bl
| \ T+ 28T P N Ty
N E
t
: - : N P
\ E N £ \ .
) ; —
:-;o 49 -F S 20 98 ED B2 NT 0 wWo * ' mo o I?NEOCENE\‘IIH:) [ TR L 19 E rn:uu‘(:mm? ST
TEMSEHATLEL 0
OPEN LOOP GAIN VS
POWER SUPPLY VOLTAGE CMAR ¥vS FREQUENCY PSRR V8 FREQUENCY
o e [
cF-ces B or-au:l | |
e vl I"Hl'll S | |
T s
_ o~ P-4 5 0F -4t 2 caaor-ow thl | |
E‘ e =1l
; i AL A
3 2 : g
E % g E. AnT—t 44 —5
- — I
._._‘ 4 1 |'
v i) 1y 220 A i I . 0 0o *
FOWER SPfPr VOLTAZE (LTS FAFLILERET (e FRE W (]

6-28



OP-04

TYPICAL PERFORMANCE CURVES (Each Amplifier)
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0P-05

INSTRUMENTATION OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION FEATURES

The QP05 Series of monoiithic Instrumentation Opera- = Low Noise .......... 0.61V p-p Max., 0.1 to 10Hz
tional Amplifiers combines superlative performance in low ® LowDriftvs. Temp .. ............ 0.54V/°C Max
signal level applications with the flexibility and ease of m Low Driftvs. Time . .......... 0.3V /Month Typ
application of a fully protected, intamally compensated op m LowBiasCurrent. . .. ............... 2.0nA Max
amp. OP-05 characteristics include low offset voltage and W LlowWVae ... .. 0.15mV Max
bias current and high gain, input impedance, CMRR and W HghCMRR. . ... .................. 11448 Min
PSRR. WHohPSRR....................... 100dB Min
The OP-Q5 is a direct replacement in 725, 108A and unnul- = HighGain ..................... 300,000 Min
led 741 sockets sllowing instant system performance B High Rj Diff ..................... 30ME2 Min
improvement without redesign, o High RigCM .. .................. 200G Typ
The OP-06 is an excellent choice for a wide variety of & High Slew Rate ............... 0.17 V/psee Typ
applications including strain  gauge and thermocouple & Internally Compensated .. . . . Stable to 500pF Load
bridges, high gain active filters, buffers, integrators, and B Easytolse................... Fully Protected
sample and hold amplifiers. For dual matched versions, B Easy Offset Nulling .. ........... Single 20k Pot
refer to the OP-10 data sheet. B Fits 725, 108A and 741 Sockets

SIMPLIFIED SCHEMATIC

v+

RER 2B}

k-

ey} 2
Ll EXT WAL

. i P,

L] [ LLE:

L

¢y ® ™

-

PIN CONNECTIONS AND ORDERING INFORMATION

TOP VIEW
—q* L. You “m/’/; Mititary Temperature
2 . [ 7 ¥+ Range |Devices
voy ThA 10— o vog T ] With MIL-STP-B83A
e NPT 7 O] T v Voa TRIM 3] 12 You THIM INVERTIG Class B Processing:
HON I, (NPUT 3 O] « ouTeuT TNV, NPT 4—] b1t v INPUT 2 6 QUTPUT
v O & HON-THY. INPUT 5 —] f—10 ouTPuT ORDER: OF05-883-A.)
¥ —» HOH-IMYERTING 3 s OPOE-BE3-AY
7— - T - OP05-883-J
R OPO5.883-Y
EPOXY B MINI-DIP {P.Suffix) 14 PIM DIP {¥-Suffix) TO-29 (J-Suffix)
ORDER: OP-05CF ORDER: QP-05AY OP-05EY QRDER: OF-06AJ) OP-0SE.)
OP05Y OP-DECY OP-05J OP-03CJ
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OP-05

ABSOLUTE MAXIMUM RATINGS

Supply Voltage +22v
Internal Power Chssipation {Mote 1) 500mW
Differential Input Voltage =30V
Input Voltage INote 2} 22V
Output Shart Circuit Duration Indefinite

Storage Temperature Range -86°C to +160°C
Qperating Temperature Range
OP-06A, OP-05
{OP-05€, OP-06C

Lead Temperature Range |Soldering, 60 sec)

-86°C to +125°C
0°C to +70°C
300°C

NOTES:

Package Type
TO-98 ()
Dual-in-Line Y]
Fiat Pack (L)

Maximum Aumbient
Temperature for Rating

Mote 1: Maximurm package power dissipation vs. ambient temperature.

Derate Above Maximum
Ambient Temperature

80°C 7.1mW/oC
100°C 10.0mW/°C
82°¢C 5.7mW/°C

Mote 2: For supply voltages less than £22V the sbsolute maximum input voltage is equal to the supply valtage.

OFFSET VOLTAGE TEST CIRCUNT

LOW FREQUEMCY NGISE TEST CIRCUIT

200K
A,
50N
OP-OSk b— OV,
+ v Vo
4000

10an
AUTRT
1001
I‘ Tt
Yy TN FILTER

'y
IMFUT REFERRED MOKE® !-5'%5- % “200RYsem

OFFSET NULLING CIRCUIT

BURN-IN CIRCUIT

APPLICATIONS INFORMATION

OP-05 Series devices may be fitted directly to 725 and 108/108A
Series sockets with or withaut ramoval of external compensation
companents, Additionally, OP-05 may be firtted 1o unnulled 741
Beries sockets; however, if conventicnal 741 nulling ercuitry is in
use, it should be modified or removed to enable proper OP-05
operation. The OF-05 provides steble operation with [oad capaci-
tances up to SO00pF and £10V swings; larger capacitances shoutd be
degoupled with a 5001 decoupling resistor. The designer s

cautioned that stray thermoelectric voltages generated by dissimilar
metals al the contacts Lo the input terminals can prevant realization
of the drift perfarmanee indicated, Beast operation will be
ohtained when both input contacts are maimntained at the same
temperaturd, praferably close to the temperature of the device's
package.
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OP-05

ELECTRICAL CHARACTERISTICS OF-05A OP-05
These specifications apply for Vg = £16V, Ty = 25°C, unless otherwise nated.
Parameter Symbol Test Conditions Min Typ Max Min Typ Max | Units
Laput Dftset Voliage W¥os - n.o? 0.15 - 0z 05 my
Long Tetm Inpur Dffsee Moltage Stalenir, Vm.fTima iMpte 1} —_ oz 1.4 - 0z 10 MY iMo
Input Ofiser Current Tos - 2 2.0 - 10 28 nA
Input Bias Current Ig -- £ 2.0 = .a Ec YY) A
Inpur MNoise Voltage fL—— GAHz 1o 10H: INoe 21 - 035 08 - 035 06 U pp
Iy~ 10Hz [Nare 2 — 0.3 180 - 0.3 18.0
Input Noise Voltage Density ¥ iy = 100Hz {Note ZI -— 1000 13.0 —-— 100 130 W iAH2
Ig = 1000Hz tWare 21 - 4946 no —- 986 1.0
Input Noise Current [P 0.1Hz 10 10M2 {Note 2) - 14 0 - 14 a0 pARP
fa = 1)Hz iNote 2 - 032 [ex=] - Q.32 0.80
tnpurt Novse Current Density " fo = 1D0Hz [howe 2 —_— 014 0.22 - 0.14 022 paAAHz
fo = 1HHHZ iNgte 2} - 012 047 012 aaz
Input Hesistanee - Ditferential Modr Rin 30 80 - 20 &0 - L5
Input Resistance - Common Mods Room == 200 - - 200 - G}
Inpul Vaoltage Range CMYR *1is a0 - nik 1140 - W
Cammon kode Rejection Raho LMRR Vo - HMYR 114 126 - 114 126 - d8
Powvear Supphy Rejecrion Rano PERA V= 22V 10 H1BY 100 10 -— 100 110 - dB
Ry 2 2k v - 2oy 300 500 - 200 500 -
Large Supnal Yaltage Gain L. Ry Z600LL W, - £ EY 150 500 —- 150 500 - Vimy
V=13V
Ry & 10Ki2 195 +130 __ 125 ERRE] -
Maxinum Output Voltage Swing Yokt R 2k§2 tiz0 128 - i 128 - ¥
A = kil 105 120 = tins Lizo -
Stewing Rate SA Ry = 2wil — 0.17 — - o7 - W s
Closed Laop Bandwidth B Aggy = +18 —- 05 - -- 06 - [T
Open Loop Dutput Resistance Ry V=00, =0 -- &0 -- - 60 - 34
Power Consumplion Pa v, tav - zo ;20 :: i(! ;20 -
Gffsal Adjustment Hange Ry, = 20ki2 — 4 -— —-— 4 - my
The fallowing specifications apply for V= £ 15V, -85°C < Tp < +125°C, unless otherwisa noted.
Input Olisel Vohage Yos -— 43 1] 024 - a3 o.? my
Avergge Input DiFfser Vaollage Drefy
Withour € xternal Trim ToV,, - 6.3 09 -— 0.7 20 wi’e
With External Trim TC¥oen Rg - 20kil — Q2 65 - 0.3 10 WIQC
Irput QF(sey Current Tos - 1.0 40 - 18 5.6 nA
Average Input Olfser Current Qrilt TClgg — 5 25 8 50 pAiTE
Input Bias Current g —— 10 14,0 - t2q0 rE0 na
Average [nput Brag Curreny Drfy Clp - 3 25 i3 50 pACe
Input Yoltage Range CMYA £130 £135 .- 130 135 v
Commen Mode Rejeciion Aata CMARA Vem © ¥ CMVR 110 123 - 110 123 - dB
Power Supply Rejection fatio PSAR Vo= 0o 218y @4 106 — -5} 106 - oE
Large Signal Voltage Gain A AL 2 2Zkll v - o M ADO — 150 400 - W im
Maxpmom Qutput Veltage Swing ¥ om Ay = il 20 1246 - 21240 26 -— W

NOTE 1: Lang Term input Cffset Voltage Stabihty refers to the averaged trend hine of Vos vs, Time ouer exiended periods after the First

20 days of aperation, Exciuding the mitial kour of aperatian, changes in Wos dureng the frest 30 operating days are tymically 2.5u%
Parameter is not 100% 1esied; 0% of units meen thes spacilicH ticn.

NOTE 2 Parameter 15 not 100% 1esied; 90% of units meet this specification,
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OP-05

ELECTRICAL CHARACTERISTICS

OP-0BE OP-05C ]
These specifications apply for V, = +16Y, Ty = 26°C, unless otherwise noted.
Parametet Symhol Test Conditions Min Typ Max Min Typ Max Units
Inpun QFser Waoltage Yos - 0.2 a5 -— 0.3 1.3 my
Lony Taerea nput Qffsen WVoltage Stabality Yoy Time iNare 1) - .3 1.5 - a4 2.0 Lo M
Input QHfset Curvent Tos - i2 38 -- 18 G0 né
Input Brag Current Ig - t132 +40 -— 18 70 ndy
trp Nonse Woltage Enpp OAH; 1o 10Hz (ota 2} —_ 0.5 0.6 0.3 11.65 HYpp
IO = 10Hz INote 2} —_ 10.3 18.0 - 108 0.0
{nput Moise Yoltage Dancity Bh ty - 100z iNote 2} - 00 130 -- 102 135 nV\.-’"Hz
Iy = 1000Hz INore 2} -— 98 1.0 - 98 115
Input Masse Curreni e 0.1Hz to 10Hz [Nate 2§ J— 14 a0 - 15 L) pAp-p
Ty = WMz Mo 21 — 032 080 — 0.35 090
Input Noise Gurrent Density " 1, = 100Kz iNate 24 - 014 023 -= 215 027 gm\/Hz
I, = 1000Hz iNo1e 2) - 012 0.17 - 013 018
Input Resistance — Dikferemiial Mode R 15 50 - B 33 - 1LY
Input Aesistance — Comman Maode Rinom — 160 —_— -— 120 - G
Input Yoliage Range CMWVR 1135 140 - T30 *140 — W
Cormmon Mode Reection Ratio CMRR Vo - tCMVR 14 123 - 100 120 -= de
Poweer Supply Rejection Ratio PSRR Vo= T o tigv o4 7 - 90 04 —_ dB
Ry 3 LY, V- tiov 200 500 120 400 -
Large Signal Voltage Gain ) A 3 50081,V - SV 150 500 - 100 400 -- vimv
V- 13V
Ry 2 10k52 1125 |30 - t1z0 1130 —
Maximum Ouiput Woltage Swing Vam AL =2efl 124 12E - 115 t128 - v
Ry =1kl 05 120 - 120 - -
Shewnng Rate sR AL = 2kld - 047 -— —- ERE] - W sec
Closad Loop Bandwidtn B Ayggy = H10 - 06 - -- 0.6 - MHz
Gpen Loop Quwipa Resistance A, Vo 00,0 — 60 - - Bl —- iy
- a0 120 - a5 150
Power Consuraplien Py v, - tav __ 4 ) - 4 g e
Offset hdjustment Range Ry = 20k(3 - 4 - _— 4 o =)
The following specifications apply for V = 115V, 0°C < T5 € +70°C, unless otherwise noted.
Input Qffser Woltage Vs - 0.25 08 - 035 16 my
Average Input Oltsar Voltage Oniflt
Without Ewternal Trim TCV . INowe 20 —_ o7 20 -— 12 45 a
Whth External Trim TV o Ay, - 20kid — 0.2 0.6 - 04 15 pvic
{Mota 24
Input Qitser Curreny bas - 1.4 5.3 —_ 20 3.0 nA
Averaae lnput Offser Current Drif TCi,, Mote 2t | - 8 5 - 12 50 palc
Iput Buas Corrsnt Ig J— 15 E3:3:1 -= 22 90 né
Avtrags Input Bias Cureent Drift TCly INate 2) __ 13 a5 __ It 50 pas’e
Input Waltage Aange EMVR +130 #1356 - +1340 +135 - v
Comemen Mode Rejection Rati CMRA Yep - CMVA w? 123 - 97 120 - o8
Power Supply Fejgction Ratio F3AA W, = T3V o 218V 4] 104 —— 86 100 —— da
Large Signal Yottage Gain A L ES-TIS AT 3 LY 180 450 J— 100 400 - Wimy
Maximum Qutpot Voltage Swing Vom Ry = kL, 120 1286 — 110 2326 —_ W

NOTE 17 Lang Teran Input Otfset Voliage Siahilny refers 1o the averaged trend hine of Vas vs, Time over extended periods after the first
30 days of operation. Excluding the initial hour of operation, changes 1n Yos during the first 30 operating days are typically 2.5uV -
Parameter 15 nan 100% 1ested; 90% of unns imeet this spealication.

MOTE 2 Parameter 13 not 100% tested; 90% of urits meet this specificaton,




OP-05

TYPICAL PERFORMANCE CURVES
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OP-05

TYPICAL PERFORMANCE CURVES
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‘OP-07 is a direct replacemant for 726, 108A/3084,

0P-07

ULTRA-LOW OFFSET VOLTAGE OP AMP

GENERAL DESCRIPTION

The OP-07 Series represents a breakthrough in mong-
tithic operational ampiifier performance—-Vos of 10V,
TC Vos of 0.20V/°C and long term stability of 0.2V /month
are achieved by a low noise, chopper-less bipolar input

‘transistor amplifier circuit. Complete elimination of axternal

components for offset nulling, frequency compensation
and device protection permits extreme miniaturization and
optimization of system Mean-Time-Between-Failure Rates
in high performance asrospace/defense and industrial appli-
cations, Excellent device interchangeability provides reduced
system assernbly time and eliminates field recalibrations.

True differential inputs with wide input voltage 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-
vaed by electronic adjustment of an on-chip offset trim-
ming network during initial factory testing. The OP-07
provides unparalieled performance for low noise,
high accuracy amplification of very low level signals in
transducer applications. Other applications include use in
stable integrators, precision summing amplifiers for analog
computation and test equipment and in ultra-precise voltage
threshoid detectars and comparators. The OP-07 is
recommended as a replacement for modular and monelithic
chapper-stakilized amplifiers where reductions in cost, noise,
size and power consumption are reguired. Devices are avail-
able in chip form for use in hybrid circuitry. The
and
OP-05 amplifiers; 741-types may be directly replacea
by removing the 741% nulling potentiometer.

FEATURES

W Ultra-bow Vos. . .. .. in i i i 10 pV
B Ultra-Low Vos Drift. ... ... Ce .. D2V
B Ultra-Stable vs Time .. .......... 0.2 uV/Month
& Ultra-lowNoise ................ 0.35uVpp
B No External Components Regquired

B Replaces Chopper amps at Lower Cost

B Single Chip Monalithic Construction

# High Commaon Mode Input Range ... ... +14.0V
™ Wide Supply Voltage Range ... ... IV to £T1BY
W Fits 725, 108A/308A, 741,AD510 Sockets

SIMPLIFIED SCHEMATIC

L

P
InvERTImY
Thpeayy

AY

Al

A

ELF.

i

2247

na
INVEAtmG
-y

W2l Ak ELECTAGAECALLT ADAATED oM (318

Apote mzs b
AT RATTORY FIR MIHINM INPUT CFFITT Weil FAGE

PIN CONNECTIONS AND ORDERING INFORMATION

TOP VIEW

T

>
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2—

Ve ThiM 3—1
INY. INEUT &

Wpg TR 10—
WINPT T (D]
NON TNV NPT 3 (C—d
Vo a e

B Vog TRIM
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5 HON-INY. WPMUT 53—

¥- &—]
7 —

EPOXY & MINI-DIP (P-3uifix)
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14 PIM DIP {¥-Suffix)
CROER: QP-0¥aY OPF-07CY

Y
EY

NOR-MYERTING 3
T

Military Temparature
Aange Devices with
MIL-STO-BEB3A
Class B Processing
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]
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QF-07

ABSOLUTE MAXIMUM RATINGS

Supply Voltage IV
1nternal Power Dissipation (Note 1) 200mwW
Differential Input Voltage £30V
input Voliage {(Note 2) £22V
Qutput Shart Circuit Duration Indefinite

Storage Temperature Range
Qperating Temperature Range
Cr-07a, OP.07
ORr-07E, OP.07C, OP-07D
Lead Temperature Range {Soldering, 60 sec)

~66°C 10 +150°C

-55°C 10 +125°C
0°C to +70°C
300°C

NOTES:
Mote 1: Maximum package power dissipation vs. ambient temperature,
Maximum Ambient Derate Above Maximum

Package Type “Temperature for Rating Ambient Temperature
T0-99 (4 a0°c 7.1mW/°C
Dual-in-Line (¥} 100°C 10.0mW/C
Fiat Pack (L} 62°C 5. 7mW/C

Note 2:

For supply voltages less than 22V, the absolute maximum input voltage is equal 1o the supply voltage.

OFFSET VOLTAGE TEST CIRCLHT

son

LOW FREQUENCY NOISE TEST CIRCUIT

5V
con
l‘\'
3.3k0 oUTPUT
1000
a7uF
= —15Y -
{%z10Hz FILTER)}
2EM{
Wy GmWem
INPUT REFERRED NOISE = zo-dr = 7 + 200aV/em

SEE KOISE PHUTO-PAGE 6

OPTIONAL OFFSET NULLING CIRCUIT

BURN-IN CIRCUIT

1k
I

APPLICATIONS INFORMATION

QP07 Serigs units may ba fitted directly to 725 108A/3084 and
CP-05 sockets with or without removal of external compensation or
nulling componants. Additionally, OP-07 may be fined to unnulled
T4 1type sockets: however if comventional 741 nulling circuitry isin
usa, it shoyld he modified or removed to enable proper OPF-07 op-
eration. OP-07 offset valtage may ba nulled to zera {or other dasired
setting] through use of a potentiometer lsee disgram abave),

Tha OF-07 provides stable operation with |gad capacitances up to
S00pF and 10V swinpgs; larmer capacitances should be decoupled
with a BO{l decoupling resistor. The designer is cautioned that stray
thermaelectric voltanes generated by dissimilar metals st the con-
tacts to the input terminals can prevent realization of the drift
perfarmance indicated, Bast operation will be obtained when both
input contacts are maintained at the same tamperature, preferably
close 10 the ternperature of the device’s packaga.
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OP.07

ELECTRICAL CHARACTERISTICS OP-.07A OP-07
These specifications apply for V, = 218V, T4 = 25°C, unless otherwise noted.
Parameter Symboi Tast Conditions Min Typ Max Min Typ Max | Units
Input Offiey Voliage Yos {Note 1) - 10 % - 30 75 uy
Long Term Input (Hfset Vollage Stability | Vo /Time {hate 2 - 0.2 19 - 4.2 1.a WV iMe
Ingut Ofiset Current Tos -= 6.3 2D - ‘04 28 nA
Input Biss Cutreny ™ - *7 12.0 - Ealfi) 30 nA
input Nowse Vallage ®npp 0.AHz 10 10Hz  [Mote 3} - 0.38 06 - 0.35 0.6 HY o-p
£, - 10HE [Note 31 — 103 180 -— 10.3 180
Input Noiss Voltage Densivy *n 1, = 100Hz {Mote 3} - 0.0 120 -— 100 130 avindz
fq = 1000H:z iNote 3] -— :3.3 no -- 9.6 1.0
Itput Noise Current npp 0.7Hz to 10H:z {Note 3) — 14 30 - 4 J0 pA PP
fo = 10Hz {Mots 3] - 0.32 080 - 0.32 0.80
laput Noise Current Density " o= 100Hz [Mote 3} - 014 0.23 -— 14 023 LN T
fo = ¥000Hz {Hoee 3] - 012 a7 —_ 012 17
trpul Reslstance - Lilferential Mode R 30 80 -- 2 60 - [19]
input Aesistance - Common Mods RFincm - 200 -= -— 200 — G
Input Yoltage Range CMVR +13.0 . 440 - +13.0 1140 - v
Common Mode Fajecton Rans CMAR Vg = JCMVR 1 176 - 110 126 - 1.3
Powtt Supply Rejaction Ratio PSAR Y, = 23V 10 118V 100 110 —_ 0 1o — dB
R & 2k(h v, = LoV 300 00 - 200 500 -
Lerge Signal Voltage Gain Ao Ry #=50080 v, =1 5y 1560 500 - 150 500 —_— Wimy
Vo= t3W
LI [ 128 130 - t1zs | g -
Maximum Qutput Voilage Swing Yor R = 2k ti20 128 - £120 123 - )
R &= kil 105 1240 - 108 120 -
Slewing Rate SR R & ) - a17 -= -— 07 -— W fpsec
Closed Laop Bandwidih Bw Aypp « 10 — 0.6 —_ —_ 0.6 — MHz
Cpan Loop Qutput Resistance R, ¥o=0,1,=0 - B - — ] - n
Power Consumption Pd v,-s3v :: 15 ;70 _: :5 ;20 i
Dfiset Adjustment Rangs &, = 20142 — 4 —_— -— +4 —— my
The fallowing specifications apply for Vg = 16V, =56°C < T < +125°C, unless otherwise noted.
Input Ofisn Voltage Yo [Note 14 - 5 214] - &0 200 . WY
Aarage loput Oifser Voltage Drift
Without External Trim TEV o - 0z 05 - 03 12 weie
With Externat Trim TCY gn Rp - 20k5) —_— 0.3 0.6 - 0.3 1.3 wvi’e
Input Offset Surrent lys -— 0.8 41 e 1.2 58 na
Average Input Offset Current Deift TCl —_— 5 25 —_— B 50 oAi"G
input Bias Current g — +1.0 40 —-- 20 60 nA
Average Input 8ias Current Drift TCig - a 26 -- 13 50 pal’c
Inpul Yoltage Range CMVR 330 1358 —_ 130 135 - W
Commaon Mode Rejection Batio CMRARR Vem ™t ¥ CMVR 1G6 123 — 106 122 - - dB
Pawer Sugpky Frepection Ratio PEAR ¥, ESCR TR 1Y) o4 106 - o9 106 - dB
Large Sigral Vallage Gain Ao Ay = ekl Vg = T10V 200 A00 - 160 4pa Wimy
Maximum Qutput Woltage Swing Yo Ry, 2 3 +12.0 128 J— 2.0 126 v W

NOTE 1: Input offset voltage measurements sre performed by automated test equiprment approximately 0.5 seconds after application
of power. Additionally, OP-D7 A offset voltage is measured five minytes after power supply application at 25°C, ~557C and +125°C.
NOTE 2: Long Term input Offset Vaitage Stability refers to the averaged wrend line of Wos vs, Tims aver extended periods after the first
30 days of operation. Excluding the initist hour of operation, ¢changes in Vos during the tirst 30 operating days are typically 2,80V —

Paramater is net 100% testad; 90% of units meet this specification,
NQTE 3 Parameter is not 100% tested; Q0% of units meet this specification.
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OP-07

ELECTRICAL CHARACTERISTICS oP-Q7E OP-G7C OP-07D
These specifications apply for V= $15Y, Ta = 25°C, unless otherwise noted,
Parameter Symbol Test Conditions Min | Typ | Max Min | Typ | Max Min | Typ | Max Units
Input OHsee Volage Vs Motz 1} | — 30 75 - 60 150 - 60 150 uy
Long Tarm Ve Stability W s/ Time iNate 2) | — 03 15 - 04 2.0 - as 3.0 | uviMe
Inpur Offset Current 1oz - 0.5 28 - 0.8 60 - 0g 6.0 |nA
Input Bias Current I - £1.2 4.0 - *1.8 7.0 - £24 |12 4
Input Noise Yoltaoe Enp-p 0.1Hz 1o 10Hz INaee 3] - 0,35 0.6 - Q.38 .65 - .38 065 | u¥ op
fy = 1iHz IMate 31 - 10.3 180 - 105 200 - 105 o0
Input Moise Voltage Epy 15 = 100H:z {Nate 31 | — W | 1EL - 102 135 - 0.2 135 | nv/yHz
mrsity 15~ 1000Hz (Nata 3) { — 98 | 119 [ - 9g | 115 | - 98 | 115
InpuL Noise Curreny inp-p 4.1 Hz 1o 10Hz (MNote 31 | — 14 30 - 1% 3% - 15 35 pADD
fp = HiHz [Note 3} - 032 080 - Q.35 080 - 0.35 0.90
{rput Noise Current [ o = 100Hz (Mot 31 [ — 04 23 | - 415! 027 | - 015 027 | pahJHz
Dematy fg = 1000Hz (Note 31 | — oaz| otz | - 013l o[ - 03| 018
input Resistance —
DIt e Rin 5 | so - g | 32 - I 3 - Mg
put Resstance — Rinch - |weo |- - |z |- -~ |2 |- G
Input Yoltage Rarnge CMVYR +13.0] t14.0 - +13.0[+140 — +13.0] 140 | — W
Commaon Mede Rejection .
Ratio CMRR Vepy - +CMVA 106 123 - 1410 120 - a4 1110 - d8
Fawer Supply Rejection | sy Vg = 13V 10 £ 18V 94 |07 |- 80 |1es | - g0 [rwoa |- a8
atig
Ay = 260, Vo = 10 200 | 500 - 120|400 - 120 | 400 -
Large Signal Yoltege Gain | Ayg Ay =6000, Vg = LBV 180 | 500 - 100 400 - - - - Vimy
V= 13y
AL = 10k =125 £13.0 - =120 2130 - 2.0 +13.0 -
Maximum Qutput Valtage | Vg R 2kl =1201 £128 - 1158|128 - 15128 - W
Swing R w1k s108| s120 |- - Jer20 | - - |- -
Slewing Rate SR R = 2kl - ar |- - 04| — - 017y — W ipsec
Closed Loop Bancwidth | 8w AycL 1.8 - a6 | - - 06 | — — ue | — MHz
Open Loop Output _ _
Fflasistance Fo Vo=0,1g=0 - &0 - 60 - - 60 _ o
- 75 120 - BO 1 - & 1
Power Gonsumpion Py Wy =13V 50 © it m
- 5 — 4 3 - 4 8
Dffser Adjusiment Range Ap - 20k1t — 14 — — 4 - - +4 — my

The following spacifications apply for Vg =216V, 0°C = Ta < +70°C, unless otherwise noted.

Input OFfser Yolage Vos (Mote 10 { — 45 130 - 85 250 — 85 280 HY
Average Input O fet
Woltage Drift {Moted) (Mate 31
Without External Trim TCV g - 9.3 1.3 - 0.5 1.8 - 0z 25 vi‘e
Whih External Trim TCVasn Ry, = 20k1t - a2 1.3 - .4 16 - 0.7 2.5 H
{Ngted] {Noted)
Input Offset Current les - 09 53 - 148 -X1] - 1.8 20 |nA

Aversge Input Offset
Curreny Drity

Input Bias Current Ig - HA 285 - =3.2 =490 - +30 |=14 nA,

TClgg tNewe 3 [ — g 35 12 2] - 12 50 pAC

Average Input Bigs

Current et TClg iNate 3 | — 12 35 - 18 5Q - t8 50 pAl’C
Input Voitage Range CMVE 2130} 2138 | - 213001385 | - «130|n35 | - v
Somman Made Beisction [emrr | vew = :oMvR 103 123 |- E RET I o4 f108 | - dB
;‘;‘:{z’ Suppty Reiection  pgpg Vo= 13V to £1BV 90 {104 |- 8 (100 | -- g6 {100 | - L
Large Signai Valtage Gain | Ayp AL 7 2K, Vg = 210V 180 [as0 |- wo Jaon | - 1wo la00 | - my
'“sw‘“.?‘r':g"'”m Output Voltage |, AL = 2k0 2120|2128 | - 0|26 | ~ 110fs126 | - v

NOTE 1:  taput offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application
of power,

NMOTE 2:  Long Term input Offset Voltage Stability refers to the averaged trend line ot 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 2,50V — Farameter is not 100% tested; 30% of units meet this
specification.

NOTE 3:  Paramater is not 100% tested; 30% of units meet this specification,
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OP-a7

TYPICAL PERFORMANCE CURVES
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OP-Q7

TYPICAL PERFORMANGE CURVES
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EMI3

[0P-08]

PRECISION LOW INPUT CURRENT OP AMP

GENERAL DESCRIPTION

The FMI OP-08 is an improved version of the popular LIM108A
few power ap amp. The OP-0§ has a three times lower offset
voltage and a two times lower offset voltage drift. The total
worst case input offset voltage over ~55°C to +125°C for the
OP-08 is only 380uV, while the 108A has 900uV to 1000uV
for these conditicns, In addition the OP-08 drives a 2k load.
This is five times the output current capability of tha 108A.
This excellent performance is achieved by applying PMI’s ion-
implanted super beta process and gn-chip-zener-zap trimming
capabilities. For devices with identical specifications pius
internal frequency compensation, see the P12 data sheet.

FEATURES

B Low Offset Voltage ... .......... 1500V Max.
= Low Offset Voltage Drift . ... ... 2.54V/°C Max.
= Five Times PM108A Load Current ., . . . 5 mA Min

Plus the Qutstanding PM108A Features

m Low OffsetCurrent . ......... ... 200 po Max.
W LowBiasCurrent . - . ... ......... 2.0 nA Max,
™ Low Power Consumption ... .18 mW max. & 215V
& High Common Mode Input Range . . . . *13.6V Min.

B MIL-STD-883A Class B Processing Available
@ Silicon-Nitride Passivation

SIMPLIFIED SCHEMATIC

COMPENSATION CIRCUITS

ALTYERMNATE

Ly 100K

{lmproves rapection of power supply
ngize by & lactee of tend

STANDARD

M
S A
©, »2cpF

]

PIN CONNECTIONS AND ORDERING INFORMATION

i

QROER: OP08AJ
QP-088J
OP.Q8CJ
CP-QBE)
OP-08FJ
QF-DBGY
Military Temparature
Rangs Devices
With MIL-STD-BB3A
Class B Processing

CQRDER: GPOS-B83-AJ

OPOg-883-B.
OPO8-883-CJ

TOP ViEW

comp

COMP )

INVENTIH

IMPUT 2 NOUTHIT

NON-INVERTING 3 ]
[T
¥ {CABE} 4

TO-99 [J-Suffix}
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OP-08

ABSOLUTE MAXIMUM RATINGS

Supply Voltage

OP-08A, OP-088, OP-08C 220V
QP-08E, OP-08F, OP-08G 18V
Internal Power Dissipation (Note 1) BO0mW
Bifferential Input Current {Mote 2} 10m A
Input Woltage (Note 3} 16V
Qutput Short Circuit Duration Indefinite

MOTE 1: Maximum package power dissipation vs. ambient
temperature;

Operating Temperature Range
OP-08A, OP-08B. OP-0BC
OP-08E, OP-08F, OP-0BG

Storage Temperature Range

Lead Temperature Range
{Soldering, 60 sec}

-55°C ta +125°C
0°C to +70°C
-65°C 1o +150°C

300°C
NOTE 2: The inputs are shunted with back-to-back diodes for

overvoltage protection. Therefore, excessive current will flow
if adifferential input voltage in excess of 1V is applied between

Maximum Derate Above  the inputs unless same limiting resistance is provided.
Ambient Maximum
Temperature Ambient
Package T for Ratin Temperature
ackage ivpe r hating P MOTE 3: For supply voltages lass than *75Y, the absolute
TO-99 (1) 80°¢C 7.1 mw/°C maximum input voltage is equal to the supply voltage.
OFFSET VOLTAGE TEST CIRCWT BURN-IN CIRCIHT
200K
+ 18V
A
200N
OP-08 —OVy
T et
°3" 1000
LOW FREQUENCY NOISE TEST CIACUIT
{0.1 TO 10 Hz)
10k 5L 12
Tvgpiinel? - (Vgy ban? - Ak TR,
[V Pl P M depiel L
znd

A

Ay

1ML

Ay

L)

51e

1 101

NOTEE: $ &1 CLOSED MEASUAES #u {¥p4).

2. 51 DPEN MEASURES dp AND T {Wpz). I 15 COMPUTED FAOM THE

TWO MEASUREMENTS.

1 COMPENSATION COMPONENTS NOT SHOWH BUT THEY ARE

COMNECTED.

4. SEE NGISE PHOTO OF o, 1M T¥PICAL FERFORAMANGE SUNYES SLCTION.
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OP-08

ELECTRICAL CHARACTERISTICS OP-084 OP-038 OP.08C
These specificatians apply tor Vg = t18W, Tp = 287C, unless otherwise noted.
Farametar Symbol Test Conditions Min Typ |Max | Min Typ |Max |Min Typ Max Units
Input Qffset Voitage Vos - o4r| 0158 - 0,18 030 | — 026 1.0 1mV
input Oftset Currert has - 0.08| 020 — 00s| 020 — Q.08 | 050 nA
Input Bias Current g - 80| 20 | — 080 20 - 1.0 50 |nA
Input Noise Yottage #npp |0.1Hz 10 10H2 - 09 - — 03 — — o — lav¥pp
fo=10Hz - 22 — - 22 - - 22 -
Input MNoise Voltage Density en fo = 100Hz - 21 — — 21 — — 21 — | nwiHz
fo = 1000Hz - 20 - - 20 - - 20 -
Input Moise Current inpp  |0.1Hz to 10Hz - 3 - - 3 - — 3 - pA p-p
fo = 10Hz - QIsf -~ | - oasl - - DRE-N N
Input Noise Current Density in fg = 100Hz - Q.14 — — 014 - - 014 - DA."\/FF
fo = 1000Hz - 013 - - 013 - - a2t -
ot R Rin % (70 | - [z |7 | - [0 [ | - |Ma
Input Yoltage Range CMVR +136]1+140 - |r138] £140 - (3130|140 - v
Camrmon Mode Rejaction Ratio| CMRR [Vop =~ tCMYR 104 |10 — |10a 120 - 84 118 - JdB
Fowwer Supply Rejection Ratic | PSRR [V = 25 to +15v 104|120 - |104 [ 120 - 84 | 118 — (dB
Large Signal Voltage Gain Ao gt ?:;?(lg?;i:‘j::zl:ﬁfv gg 3058 : gg ?gg : ‘? fgg : Vimy
Maximum Output v A =10K3 13402140 — 130y 2140 —  [#13.0]2140 - v
Voltage Swing oM R =2k0 $100]120 | — oo 20 | - Jreofszo | -
Blewing Rate R R = 2K - 04zl - - 012 — - 012 - Wigseco
Closed Loop Bandwidth Bw AygL =+1.0 - 0BO| .- - 080 - - Q801 — [MH:z
Open Loog Output Resistence | Ry Vg rQ, g =0 - |200 - - | 200 - - |zon - |0
Power Consumption Pd :2 . ;lsiv : g ‘z : g 12 : 13 2; oW
The following specifications apply for Vg = £16Y, BEC 5 Ta = +125°C, unless atharwise noted.
Input CHTet Voultage Vos — 012 0.35) - 028 060| — 040¢| 2.0 | mv
ﬁ::::: II)nr?f:t Ottset TCV s - | os8) 25| - 10| 38 | - 15 |10 |wevice
Input Offset Current los — 012 040! — Q12| Ga0] — 018 101 nA
2:‘:::5': rl;?fl:l Oftset TClgs - osof 25 | - eso| 25 | - 10 | 50 parc
Input Bias Current g - 12| 30 - 1.2 a0 - 18 |10 nA
input Voltage Range CMVR +135{+14.0 — |£135] t140 — |2130(+140 — v
Common Mode Rejection Ratia| CMRR |Vop = tCMYR 100 {110 — oo {110 - 80 1106 - |8
Power Supply Rejection Ratio | PSAA |y = 5V to + 16V 100 | 110 — (W0 110 - a0 1108 - |dB
Large Signal Waltage Gain Ayn AL = BKR, Vg =210V | 40 |120 - 40 | t20 - % 80 - | vimv
Maximum Output VoM R = 10K 13.0|£14.0 — |#13.0] L1420 - 130|140 i
Voltage Swing ° R = 6Kf2 100|130 — |#100] =130 — 190120 -
Power Consumption Pd — 4] 18 - 9 18 — 15 24 vy
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OP.-08

ELECTRICAL CHARACTERISTICS OP-0BE OpP-08F QP-0BG
Thesa spacifications apply for Vg = 18V, T4 = 25°C, unless otherwise noted.
Parametar Symbal Tast Conditions Min Typ Max Min Typ Max | Min | Typ Max Linits
Input Otfset Valtage Vas - 007 | 015| 018 | 030 - 025 10 |mVy
Input Offset Current s - 005 | 020 - G.07| Q40| - A03 | 080 | na
Input Bias Current Ig - 080 | 2.0 - 000§ 40 — 1.0 5.0 | nA
Input Noise Yoltage anpp | 014z to 10Mz — 09 — - 09 - - 09 — | uVpp
To = 10Hz — | 22 [ G S P -
Input Noise Valtage Density | eq fg = 100Hz - ral - - 21 - - 21 — | nviAz
fo = 1000M2 - ] 20 - - | 20 - - 20 -
Input Noise Current inp_p 0. 1Hz to 10Hz - 3 - n— 2 — — 3 — pA pp
fg =10Hz - 0,15 - - 0.15 - - 0.8 -
tput Naoise Current Density | iq fo = 100Hz - 034 | — | - 014 - | - 034] - |pan/mz
fo = 1000Hz - 013 - - 013 - - 13 -
Input Resistance —
Differentiat Mode Rin % | 70 - | 13 | s0 - |10 s0 - {ma
Input Yoitage Rangs CMVR £1356[:-140 —- | xT356]|x140 — 135 1140 — v
;l;:l:’\ﬂn Mode Rajection CMR® | Vo = +CMVA 104 120 _ 102 120 _ g4 118 - 4B
Iy Fejecti
;‘;‘:Z’ Supply Rejection PSRR | V= 15V 10 115V 104 [120 - {102 |120 — | ea | 118 - o8
. . R = 101K, v, =210V | 80 | 300 — 80 300 - 40 | 250 —
I r Yo i
Large Signal Voltage Gaie | Ava | g™ oxn =210V | 50 |180 - | 30 li20 - | - | 100 | vy
Maximum Cutput v R = 10K +13.0]+14.0 — +t3.0(+140 - 130 140 - v
Voltage Swing oM 1R =2K0 +100]+120 — |+100|x120 - 00 120 -
Slewing Rate 2] AL = 2K - 012 - ~ 012 - - 0.2 — | Vipsee
Closed Loop Bandwidth BW AypL=+10 - 080 | — | - oso| - | - 080 - |mH:
Open Loop Output _ _
Resistamce Ra Va=0.15=0 - 200 -1 - 200 - - | z00 - |=
W, = 218y — 9 18 - g 13 - 12 24
P Co 1 P 8 W
'ower Consumption 'd Ve = 2BV _ 1 6 _ 3 6 _ 4 8 m
The toliowing specifications apply for W = 184, 0°C < Ty =+30°C, unless otheranse naoted.
Input Offset Voltage Vas - 010 026] - 023 04s| - 032 14 | mv
Average lnput Offset
- - - . i - 3. Y
Vaitage Drift TeVoe 050 | 25 1.0 | 38 5 |10 AT
Input Offset Current Ias - 0.08 | 0.30| — 01| DEd| — 0121 073 | nA
Average Input Offsat
Current Orift TClgs - 0801 258 - 1.0 5.0 - i.0 5.0 | RASC
Input Bigs Current Ig - 10 | 28 - 1.2 52 - 14 65 |nA
{input Yoltage Range CMVR +135+14.0 — | 2135 (#1420 — | +13 - —_ W
Comman Mode CMRA | Veu = tCMYR 100 |116 - 100 |18 — | a0 | 112 — |8
Rejection Ratio
|
Powar Supply PSAR | v, = +6V to +18Y wo ({116 - t1eg 116 - | 8o {112 - a8
Aejection Ratio
. . R = 2K, V=20V | 25 1100 - 15 100 - - a0 -
A W
Lerge Signal Vottage Gain vo | Ry 10K, Vg =+10v| 60 200 — | 8o jzo00 - 135! s _ | vimy
Maximurn Qutput v R = 10K #13.0(=14.0 — | =i30!x140 — |13.00 =140 - v
Valtage Swing oM Ry = 2K 108120 — 21001120 — [£100) 120 -
Power Consumption o - 9 18 - g 13 - 15 24 mW
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oPp-08

TYPICAL PERFORMANCE CURVES

LOW FREQUENCY NOISE

Rs; =0, BW = 0.1Hz to 10Kz
& my/div AT OUTPLT
0.5 gV /div REFERRED TO INPUT

OPEN LOOP GAIN (A, ,} AND PHASE
VS, FREQUENCY

SMALL SIGNAL TRANSIENT RESPONSE

LARGE SIGNAL TRANSIENT RESPONSE

1061

OPEN LOOP GAIN (Avae! VS, SUPPLY
VOLTAGE (Veel WITH
TEMPERATURE AS A PARAMETER

TRANSIENT RESPONSE
TEST CARCUNT

{3 oUT

—

INFUT BIAS CURRENT
AND LNPUT QFFSET CURRENT
VS. TEMPERATURE

Vee 11 VO

Tewrthatune oTy
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QUIESCENT CURRENT (1SY) VS. QUIESCENT CURRENT 115¥) VS, POWER SUPPLY REJECTION RATH) (FSRR}
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OP-08

APPLICATIONS INFORMATIQON

The OP-08 series has extremely low input offset and bias cur-
rents; the user is cautionsd that stray printed circuit board
leakages can produce significant errors, especialty at high board
temperatures. Careful attention to board layout and cleaning
procedure 15 required to fully realize the OP-0B performance.
I{ is suggested that effects of board leakage be minimized by

encircling the input pins with a conductive guard ring operated
at a potential close to that of the inputs. This guard ring should
be driven by a low impedance source such as the amplifier's
output for non-inverting circuits, ar be tied to ground for
inverting circuits,

TYPICAL APPLICATIONS

HLy Al

DHT.E

a1y

WKy

—| 5 POLE ACTIVE FILTER

5-FOLE TELECOMM. FLTER"
USING 8 OP08'S

00 BW = 15 Wz - 35 kHe
ER— L
WOISE: =0 dBARWITH & 15 kHz
FLAT FILTER AS MEASURED
1M AN WP J551A TEST SET
Al —_—-.
00 TYPE TECEHVE FILTER
046 T
z
od
o
B f————— — - —

B VN

51148

~

100 kHe

1 kM 1 kHr
FikMz|

BRI

The above realization of a type D3 receive filter is accom-
plished using eight QP-08's. As can be sgen from the response
curve, the 30 dB attenuation in the stop band requirement
has Deen met. in addition, the noise performance of <0 dBRn
has been measured. Ong of the unique features of the QP08 is
its tow supply current of BOO A max. Thus the total supply
drain for all eight op ams is only 4.8 mA,
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opP-08

TYPICAL APPLICATIONS
OCTAVE EQUALIZER
ct
BOOST _'—"“"‘""" cuT
+—— e

10K 100K0 10K0
AT R2 Kt

1M

Vin

R3

The above circuit ts one section of an octave egualizer used in
audio systems. The table shows the values of C1 and C2 needed
1o achieve the given center frequencies. This circuit is capable
of 12 dB baost or cut as determingd by the position of R2.

Because of the low input bias current of the OP-08 the resist-
ors could be scaled up by a factor of ten, and thereby reduce
the values of C1 and C2 at the low fraguency end. In addition
ten sections as shown above will only draw & combined supply
current of B mA maximum.

fg (Ha} Cy Cz
32 0.18uF 0.018uF
64 0.1uF AMIuF
125 0.047uF 0.0047uF
280 0.022uF 0.0022uF
GO0 0.012uF 0.0012uf
1k 0.D066uF 560pF
2k 0.0027uF 270pF
4k 0.0015uF 150pF
8k 630pF 68pF
16k 360pF 3GpF

BILATERAL CURRENTY SOURCE

A2
1% 2 M

Ny = €R4
R 1N R

The abave circuit will produce the above current relationship
to within 2% using 1% values for 81 through R5. This includes
variations in R, from 1082 to 20008k The use of large

4 M R1
LA
1 %
= AN
R3
1%
RAg << Rq Rg

IF R1= A2 AND Ry ~ Ry + Rg THEN
Iy 1S INDEPENDENT OF VARIATIONS

resistors for B1 through B4 minimizes the error due to FIL
variations. The large resistors are possible because of the axcel-
tent input bias current performance of the OP-08.
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0P-09

QUAD MATCHED 741-TYPE OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION

The OP-09 provides four
amplifiers in a single 14-pin OIP package. The OP-09 is pin
compatible with the RM4136 and RCA4136 amplifiers. The
ampiifiers are matched for common mode rejection ratic and
offset voltage. These pararmeters are very important in the
design of instrumentation amplifiers, In addition the amplifier
i5s designed to have equal positive-going and negative-going
slew rates. This is a very important consideration for good
audic system performance.

matched 741-type operational

Each of the four amplifiers has the proven OP-02 advantages
of low noise, low drift and excellent long term stability. Preci-
sion Monelithics’ exclusive Silicon-Mitride “Triple Passivation”™
process eliminates “popcarn noise’” and provides maximum
reliabitity and tong term stability of parameters for lowest
overall system operating cost.

FEATURES

500u V MAX.

Guaranteed Vus
Guaranteed Matched CMRR ... ... .. 94 dB MIN.
Guaranteed Matched Vg . . . 750 uV MAX,
R4 136/RC4136 Direct Replacements

Low Noise

Silicon-Nitride Passivation

Internal Frequency Compensation

Low Crassaver Distartion

Continuous Short Circuit Protection

Low Input Bias Current

The OP-0% is idea! for use in designs requiring minimum space
and cost while maintaining OP-02-type performance, OF.0%s
with processing per the requirements of MIL-STD-B33A are
available. For dual-741-type versions, ses the OP-04 and OP-14
data sheats.

EQUIVALENT SCHEMATIC

PIN CONNECTIONS

11/4 CIRCUIT SHOWN}

-
.

[=1lH

i*IN

2is
s

L.

—INRFUT {A] 1 O

£ 14 —INFLT (D)
+INPUT (4} 2 O-—-FV VLHO 13 +INPUT 1D

QUTPUT (A} 3 O O 12 OUTPUT ()
OUTPUT {B} 4 (- -0 11 ve

+INPUT (B) 5 o~ | 10 QUTPUT (C)
&

~INFUT (B} € O] O 9 +INPUT (C}
v- 7 o |-G 8 ~mepUT Oy

TOP VIEW

ORDERING INFORMATION

ORDER: OP-09AY
QPF-D9EY
OP-OYEY
OF-09FY

:|- -EETC TO H12E°C

} 0" TO +70°C

Mititary Temperature Range Deviees
With MIL-STD-883A Class 8 Processing

ORDER: OPOS-883-AY
OPO9-B883-BY
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OP-09

ABSOLUTE MAXIMUM RATINGS

Supply Voltage 22V Operating Temperature Range
Internal Power Dissipation (Note 1) 800 mW OF-08A, OP-08B -65°C ta +125°C
=] o
Differential Input Voltage 30V OP-09E, PO-09F 0 Cro+70°C
Input Voltags Supply Voltage Mote 1: Maximum package power dissipation vs. ambient
Qutput Short Circuit Duration Continuous femperature.
{Ore Amplifier Only) MAXIMUM AMBIENT DERATE ABOVE
@ o TEMPERATURE MAXIMUM AMBIENT
Storage Temperature Range -65" to +150°C FOR RATING TEMPERATURE
Lead Temperature Range (Soldering, 60 sec) 00 C 14 Pin DIP {Y} BO°C 10 mW /S ¢
MATCHING CHARACTERISTICS OP-09A  OP-09E OF098 OPQgF l
These specifications apply for Vg = 15V, Ta = 25°C, A = 10052, unless otherwise noted.
Parameter Symbol Test Conditions Min Typ Max Min Typ Mex Units
Input Offset Voltage Match AV g {Note 4) — 0s 075 - 08 20 m
Lommon Mode Rejection ACMRR Ve = tCMVR — 1.0 20 — 1.0 20 uVIY

Ratio Match (Note 31 94 120 - a4 120 - dB

These specifications apply for Wg = +15V, -65°C = Ta = +125°C for OP024 and OP-08B, 0°C = Ta = +70°C for OP-O9E and QP O9F
R; = 1001 unless otherwise noted.

input Offset Valtage Match AVoe (Nate 4) - 06 1.0 - 1.0 25 my
Commaon Mode Rejection . — 32 20 - 3.2 20 BV
Hatio Match (Note 3) ACMRR VM = sCMVR g2 | 110 _ a4 110 — | &8
MATCHING PARAMETER DEFINITIONS

COMMON MODE REJECTION RATIO MATCH (ACMRR). INPUT OFFSET VOLTAGE MATCH (AVgel. The differ-
The difference between the commaon-mode rejection ratios ence between the offset voltages of side A and side B;
{expressed in volt/volt] of side A and side B. ACMRR in (Vosa — Vosp!). Seenote 4.

dB = ~201iogq g {ACMRR in volt/volt). See note 3.

TYPICAL APPLICATION

INSTRUMENTATION AMPLIFIER 2 DP-AMP DESIGN
Rl LE] A3 Ad

Ein, )

Eing
GENERAL DESIGN GONSIDERATIONS COMMON MOGE REJECTION
Assuming ideal amplitiers, the expression for putput voltage s Because the dua! op amp has a high common mode rejection ratio
match, the ability to reject common mgde inputs becomes arimarily
] a function of resistor ratia matching, This device eliminates the
1 Eg=—|Em [1+ _2 _4 +Eins [=— +1 reed for special op amp seléctions in many instrumentation amplifier
Rif Ra R applications.
S ; o . DIFFERENT 1AL OFFSET VOLTAGE
With ideal resistors this simplifies to:
The amplifier’s ditferential input offset voltage (Epe2-Eqgq} will be
Ry ! Ry Ra the major error factor. If the individual input offset voitages are of
2 EBg= (Ein2 - Ein1) Ry T provided oo - wy equal magnitude and polarity they appesr as a common mode input
3 ! and are rejected,
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OF-09

ELECTRICAL CHARACTERISTICS {Each Amplifies) OF.09A OPr-09B
These specifications for Vg = £16Y, T = 25°C, unless otherwise noted,
Parametar Symbol Test Conditions Min Typ Max Min Typ Max Linity
Input Offset Voltage Vi Ry = 10k — 0.30 450 - ¢.60 25 my
Input Offset Current las - a0 20 - 25 50 nA
Input Bias Current g - 180 300 - 300 500 nA
Input Resistance Differential Maode Rin Q.20 0.40 - 0.20 0.40 — M
Input Voltage Range CMYR +12 13 - 212 =13 — W
Camman Made Rejection Hatio CMRR Ve = tCNVR 100 120 - 100 120 - di
Rg = 10k
Power Supply Hejection Ratio PSRR Ve =15 10 216V a0 110 - a0 110 - dB
Rg = 1040
Dutput Valtage Swing Vaid R = 2kt =11 13 - 11 +13 - W
Large Signat Voltage Garn Ay Ry = 2kit 100 650 - 100 650 - Wim
Vg =:10W
Power Consumption (Mote 21 Py Vo =0V - 123 180 - 323 180 mw
Input Maise Vaoltage enp-o 0.1Hz to 10Hz - 0.7 - - a7 - ©V pp
Input Maise Voltage Density an fg -+ 10Hz — 13 — - 18 - n\.l’.l'\,f"Hz
fo = 100Mz - 14 - - 14 -
fe = 1000Hz - 12 - - 12 -
Input Naise Current inp-p 0. THz to.10H2 - 17 - — 17 — PA D-p
Channel Separation c5 100 130 - 100 130 - dB
input Nowe Current Density in fo = 10Hz — 18 - - 1.8 - pAN M2
tg = 10DHz - 15 - - 15 -
fn ~* 1000Hz - 12 - - 12 -
Slew Rate {Note 1) 5R 0.70 10 - 070 1.0 — Vs
Large Signal Bandwidth {Note 1} Vg = 20Wp-p 11 16 — 11 16 — kHz
Closed Loop Bandwidth [Mote 1} By Ay - 1.0 15 20 — 1.5 20 — MHz
Risetrme (Note 1) Ay = +1 - 80 120 - g0 120 nsec
Vg = 50my
CQwershoat 1More 1) - 15 26 - 15 26 k]
The following specrfications apply for Vg = £15V, -557C = Ta = +1257C, unless piherwise woted,
loput Offser Voltage Vos Ry = 10k — 0.40 1.0 - 10 35 my
Average [nput Offset Voltaoge TCW gy Rg = 10k{1 - 20 10 - 4.0 15 wVIC
Crift (Mots 1}
Input Offset Current toe - 20 40 - 40 &0 nA
Average Input Offset Current Drift | TClgg - a.10 030 - 0.30 o0 | nasfc
Input Bias Current e 200 375 — 400 BESO nA
Input Yeltage Range CMVR 12 £13 - 112 113 - v
Common Mode Rejection Ratio CMRR Vo = tCMVR 100 120 - 100 120 - dB
A, = 10k
Power Supply Rejection Ratio PSAR Vg a+thto D15V aa 1140 — a4 110 - []:1
Re = 10k
Large Signal Voltage Gain Aun Ry =2kt 100 250 - 100 260 - Vimy
Vg =10V
taximum Output Yoltage Swing YaMm Ry = 2kit 1% £13 - £11 £13 - v
Pawer Cormsumption {Note 2} Py Vy = 0V - 115 200 - 115 200 v

NOTE 1:

NOTE 2: Total dissipation for alt 4 amplifiers in package.
NOTE 3 Match exists batween sny two amplifiers.
NOTE 4:

Using amplitier A as reference then AVos = Vosn — Yasd-

Parameter is not 1008 tested, 90% of all units meet these specilications,
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OP-09

ELECTRICAL CHARACTERISTICS (Each Amplifier) QP.09E - OP.09F
These specifications for Ve = 216V, T 4 = 25°C, unless otherwise noted,
Parametar Symbnl Teast Conditions Min Tvyo Max Min Typ Max tnits
Input Offset Voltage Vs R, = 10K - 0.30 050 - 060 | 25 | mv
Tnput Offsat Current Tas = 50 20 = 25 50 na
lnput Biag Currant g - 180 300 — 300 500 nA
Input Resistance Differantial Mode Ain 0.20 Q.40 - 020 0.40 - e
Input Yalhege Range CMYR 12 i i13_ . +12 +13 — v
Comman Mode Rejection Ratio CMRR | Ve = *CMVR 10 | 120 - 100 120 - B
Ag = 10k
Power Supply Rejection Ratio FSRR Ve =26 to:18Y a0 10 - a0 1140 - dg
g = 10kl
Dutput Voltage Swing Yom R =2k 11 13 — 11 t13 - v
Large Signal Voltage Gain Aya R = 2k 100 [5{20] - 100 650 - Vimy
Vg =110
Power Consumption {Note 2} Py Vo =0V - 123 130 - 123 180 mwd
Input Naise Voltage Brpp 0.1Hz 10 10H:z - 0.7 - - 0.7 - uvp-p
Input Naise Voltage Density en fo=10Hz - 13 - - 18 - aV i Hz
fq = 100Hz - 14 - - 14
fg = 1000H:z - 12 - - 12 -
Input Noise Current inp-p G.1Hz 1o 10Hz - 17 - - 17 - pA pp
Channel Separatian [ 100 134Q — 100 120 — d8
Input Noise Current Density in ey = 10Hz 18 - 18 — pAf\;'Hz
fg = 100Hz - 15 - - 156 -
fg = 1000Hz - 1.2 - - 12 -
| Siew Rate (Note 11 SR 070 0 = g70] 10 — Vias
Large Signal Bandwidth (Nate 1} Vy = 20Vp-n 1] 18 - 1" 16 - kHz
Clased LLoop Bandwidth {Note 1) BW Ay =+1.0 15 2.0 - 15 20 - MHz
fisetime {Nate Ay = +1 - 80 120 — 80 [ 170 nsec
Vi = B0mv
Quershoot (Note 1} - 15 25 - 15 25 %
Tha Following specifications apply for Wy = +18v, 0°C = T4 < +70"C, unless otherwise noted.
Input Offset Voltage Yas Rs = 10k - 0.40 0.80 - 0.80 30 Y
Average lnput Offset Voltage TCW e Ry = 10k - 2.0 10 — 40 15 u G
Drift {Not= 1)
input Oftset Current oo . - 20 . — 40 B0 nA
Average lnput Offset Current Dnft TClyg - a0 0.30 - 0.30 060 nAlf e
Input Bias Current Iz — 200 350 — 400 550 nA
Input Voltage Range CMVH =12 13 - 12 £13 - W
Comman Mode Rejectian Ratio CMRR V= tCMVA 100 120 - 100 120 - o8
Rg = 10k
Power Suppty Rejection Ratio P3RA Wg=thto £15Y 90 110 — 90 110 — dB
Fg= 10k
Large Signal Voltage Gain Ao R = 2k 100 250 - 100 260 - Vimy
Vo= +10V
Maximum Cutput Voltage Swing ot Ry =2k +11 +13 — =11 13 — i
Power Cansumption {Note 2} Py W =0 - 115 200 - s 200 mw
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TYPICAL PERFORMANCE CURVES

OFFSET VOLTAGE VS TEMPERATURE

COFFSET CURRENT VS TEMPERATURE
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OP-D2

TYPICAL PERFORMANCE CURVES
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0P-10

DUAL MATCHED INSTRUMENTATION OPERATIONAL

GENERAL DESCRIPTION

The OP-10 Series of Dwal Matched Instrumentation
Operational  Amplifiers consists of twa  independent
monolithic high performance operational amplifiers in a
single Td-pin Dual-in-Line package. For the first time, ex-
tremely tight matching of critical parameters is provided
between channels of a dual operational amptifier, whereas
previous dual op amp designs have made no attempt towards
matching,

The excellent specifications of the individua! amplifiers cam-
bined with the tight matching and temperature tracking
between channels enables realization of extremely high per-
formance instrumentation ampifier designs without resorting
to laboricus 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 unavaidable temparature differentials
incurred by all designs utilizing separately housed amplifiars.

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

AMPLIFIER

FEATURES

B Extremely Tight Matching

&  Excelfent individual Amplifier Parameters

& Tight Offset Voltage Match . . . ... .. 0.18mV Max
= Tight Offset Voltage Match vs. Temp. . 0.8 uV/°C Max
B Tight C n Mode Rejection Match. . 114 dB Min
BB Tight Power Supply Rejection Match . . . 100 dB Min
B Tight Biat Current Mateh. . . ... _ . ... 2.8 nA Max
B lowNoise ............... ... 0.6 pVp-p Max
B LiowBiasCurrent. . .. ... _........ 3.0 nA Max
W High Common Mode Input Impedance . . 200GS2 Typ
B High Channel Separation. . . ... ... .. 126 dB Min
B Internally Compensated. . ... .. ... .. Easy to Use
® Compact ................ 14 Pin Dip Package

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

SIMPLIFIED SCHEMATIC

PIN CONNECTIONS AND ORDERING INFORMATION

1/2 0P.10}

TOP VIEW

HULL & | —

[ 14 v A
WULL A 2 =l [— 13 GUTPUT A
INY. IWPUT & 3= | —1z v-a
NON =[NV, MPUT & & — 11 NOM-IWV INFUT B
V- B 5 — d e 10 MY INPUT B
UUTPUT @ § == 9 NULL B

¥+ 8T — [—8 MULLE

14 PIN CERAMIC DIP {¥-Suffix}

ORDER: OF-108Y QP-10EY
OPI%Y  OP-10CY

MOTE: Device may be operated even if insertion is
reversed; this is due to inhargnt symmetry af
pin locations ot amplifiers A and B.
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage 122V
frternal Power Dissipation {Note 1} S00mWN
Differential Input Voltage +30V
Input Voltage (Note 2] +22v
Output Short Circuit Duration Indefinite

Storage Temperature Range -85°C 10 +150°C
Operating Temperature Range
OP-10A, OP-10
OP-10E, QP-10C

Lead Temperature Range {Soldering, 60 sec}

-55°C 10 +125°C
0°C to +70°C
300°C

MOTES:

1. Maximurn package power dissipation vs. ambient temperature,

Maximum Ambient
Temperature for Rating

106°C

Package Type
Dual-in-Line (Y}

Derate Above Maximum
Ambient Temperature

11.3mw/°C

2: For supply voltages less than £22%, the absolute maximum input voitage is equal ta the supply voltage.

BURN-IN CIRCUIT

OFFSET NULLING CIRCUIT

+isv O—4

MATCHING PARAMETER DEFINITIONS

INPUT OFFSET VOLTAGE MATCH 1AV} The difference be-
tween the offset voltages of side A and side B; {VOSA - vOSB}- in
Fig. 1 if Wpga = Wpgg, the net differential offser voltage at the

output of the amplifier pair equals zero,

INPUT OFFSET VOLTAGE TRACKING ITCAV .0 The ratwo of
the change in ﬂvus 1o the change in ermperature producing it

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

Iga* + Ing®

BA BB

2

NON-INVERTING INPUT OFFSET CURRENT {In;l The differ-
ence between the non-inverting input bias currents of side A and
side 8; Uga® — tgg™)
INVERTING INPUT OFFSET CURRENT I1, 7} The difference
between the inverting input bias currents of side A and side B;
{tga™ — lgg -
AVERAGE DRIFT OF NON-WVERTING Blas CURRENT
(TCIB*) Tha ratio of the change w non-nverting bias current 1o the
change in temperatute producing {t.
AVERAGE DRIFT OF NONINVERTING OFFSET CURRENT

"l'Clm+i The ratio of the change in non.anverting offset current 1o
the change in temperature producing M,

COMMON MODE REJECTION RATIO MATCH {ACMRAR! The
difference belween the cormmon-mods rejacrien ratios (expressed n
volt fvoltl of side A and side B. ACMAR «n dB = 20 iog,p
{5 CMRAR 1n voltivolth

SUPPLY VOLTAGE REJEGCTION RATIO MATCH LD PSRRI The
difference berween the power supply rejection rahios {exprassed in
volt fvolt) of side A and side B, APSRE in d8 = 20 tog) 4 {APSAR
in volifvoli)

CHANNEL SEPARATION The ratio of the change in input offset
voltage of one channal to the change in oulput voitage in the second
channel producing it
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OP-10

SPECIAL NOTES ON THE APPLICATION OF DUAL MATCHED OPERATIONAL AMPLIFIERS

ADVANTAGES OF DUAL MATCHED OPERATIONAL
AMPLIFIERS

Dual Matched Qperational Amplifiers provide the engineer a
powerful too! for the solution of a number of difficult cirguit
design problems including true instrumentation amplifrers,
extremely low drift, high comman mode rejection D.C.
amplifiers, low D.C. drift active filters, dual tracking voltage
references and many other demanding applications. These
designs are hased 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
armplifiers.

Reference to the circeuwit shown n Fig. 1, a differential-in,
differential-out amplifier, shows how the reductians 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 arnplifiers ocutput will be zerc.
MNote that the output offset error of this amplifier is not a
functionn of the offset voltage of the individual amplifiers,
but only a function of the difference |degree of matching)
betweesn the amplifiers’ offset valtages. This error-cancella-
tion pringiple holds for a considerable number of input
referred error parameters - offset voltage, offset voltage
drift, inverting and non-inverting bBias currents, commaon-
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 mateched, an
important feature not possible with single operational amplifier
circuits. Common mode rejection c¢an 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 temperaturs,

R3
AN

|

]

]

1
oP-10 : OUTPUT

1

1

|

{For example, consider the case of two op amps, sach with
80 dB {100uv/V} CMRR. However, if the CMRR of one
device is +100uV/Y while CMRR of the other is —100uV/V
for a net 2Q0p v/ CMRR match, the resultant input referred
arror over a 10V common-mode input signal will be 2mVv.)

POWER SUPPLIES

The ¥+ 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 VW — supply terminals are both
connected to the common substrate and must be tied to the
same voltage.

OFFSET TRIMMING

CHizet trimmting terminals are provided for each amplifier
of the OP-10 — however, guaranteed performance over
termperature can be obtained by trimming only one side
[side A) to match the offset of the other for a net differential
oftset of zero. (See Fig. 11 This is due io 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 DP10 is designed to provide lowest drift perfor-
mance when trimmed with a 20k potentiometer; this value
provides about £4mV of adjustment range which should be
considerably more than adeguate for most applications. Where
finer resclution 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

Ra Re fe |
20k8 TOTAL

FIGURE 2
Model Null Range Fixed Resistors Potentiometer
Ra. Rg Re
OP-10AY, QP-10Y, +1.2mVY 5.1k 10.0k52

QP-10EY

FIGURE 1
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op-10

MATCHING CHARACTERISTICS OP-10AY OP-10Y
These specifications apply for Vg = £158V, T, = 25°C, unless otherwise noted.
Parametar Symbol Test Conditions Min Typ Max Min Typ Max Uinits
Input OFffset Voltage Match ﬂvm - 2,07 18 —_ a.12 133 my
Average Mon-inverting Bias
Currant g+ f— 10 30 - +1.3 +45 nA
Non-Inuerting Cffset Current lost —_ 08 28 —_— (N | 45 ni
Inyerting Otfset Cuerent los— — 08 28 —_— 1.1 4.5 nA
Common Mode Rejection Ratio
Maich ACMRRA UCM =t CMVA 114 123 - 106 120 - dB
Power Supply Rejection Ratio
Match APSAA Vs =¥ 3V 1o t1gv 100 12 - 94 110 — dB
Channel Separation 125 140 —— 126 140 —— dB
These specifications apply for Vg = 18V, —65°C < T, < +125°C, unless otherwise noted.
Input Offset Valtage Match aAv,, - Q.10 0.30 - 0.20 0.90 my
Input Ofisat Voltage Tracking

Without € xternai Trim TCAV — 045 13 — 09 25 avi°c

INote )
With External Trim Tl’.J.i"_\.\u"mm Rp = 20k} — a3 a8 - a.4 1.2 ;.NEOC
Chanmel A anly INote t)
See Page 3.

Average Non-Inverting Bias
Current Ig+ — a0 t5.0 —_— £24 8.0 nA
Average Drift of Non-lnverting
Bias Current TCig+ . 10 a0 __ 15 __ paAlffC
Nor-Inverting Offget Current log* - 20 6.5 - 2.4 9.0 nA
Avarage Drift of Non-lnverting
Offset Current TC — 12 50 - 18 - pas’c
Inverting Qffset Current tas— —_— 2.0 BS - 24 9.0 na
Common Mode Rejection
Ratio Match ACMAR Vewm = + CMVR 108 124 —_ 103 117 - dB
Power Supply Rejection
Ratio Match APSAR W= 3y to 18V 94 105 - ao 102 —_ dB
MOTE 1:  Parameter not 100% tested; 90% of all units meet these specifications
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OP-10

INDIVIDUAL AMPLIFIER CHARACTERISTICS OP-10AY GP-10Y
These specifications apply for V, = £ 15V, Ta = 25°C, unless otherwise noted.
Parameter Symbol Test Conditions Min Typ Max Min Typ Max | Units
Inpul Gfiser Voltege L. ' - 02 0s - 0.2 05 my
Inpui Oifsel Yahtage Stability Vel Time [Mote 1) -= 26 a - 28 9 MY Mo
input Qffsat Curram Yos - 10 28 10 ZB nA
Input Bias Curcany g - O =0 0 34q nA
Input Mgise Veliage Enpp 0.1Hz 1o 10Hz {Mote 20 - Q.36 6 -- .35 06 uY o
Iy = 10Mz {Note 2} - 103 180 103 134
Inpul Noise Yalrage Denaty En Ty = 100H2 Mote 2} __ 100 120 - 100 130 P
la = 100G0H 7 {Note 2} - 9.6 1.4 - 98 1.0
Inpul Mosse Current rpep 0.1HZ va 10H; {Note 21 - 14 30 -- 14 1) oA pp
fa = 10Hz INg1z 2} -= 032 080 - 0.32 0.50
Inputl Mok Current Density 'n fo = 100Hz Note 2] -- 014 023 -- o1a 0.23 PRz
{g - 1000Hz iNote 2} - 012 047 - [RF] 17
Inpun Regstance - Differential Moge Aa b i) 60 - 20 &0 - wMil
(nput Resistance - Cormon Mode Anem -- 200 - - 200 -— Gl
input Yaollage Range CMv R 130 a0 - +330 ERY-FY - W
Common kode Rejeclion Ralo CMRA Vo = FCMVR 110 126 - o 126 — a8
Power Supoty Rejection Rang PSRA Vo= I3V o 118V 100 e - 100 " - 4B
Ry &= 2kll v, =t10v 200 SO0 - 200 500 --
Lacge Signal Vallage Gan A Ry 26000 v, -t 5V 150 500 - 150 HOM - Vimy
V- v
R = 10eil 125 £13.0 -— 325 120 -—
Maximom Ouiput Yoltage Swing Yom A2 2} 20 128 —— o 128 - W
R, F 1kil t10s | 2120 -- tios | Y120 --
Slewing Rate SR A= 22 - 017 - —- 017 -— WL
Closed Loop Bandwidth -1, Ay =10 - 06 -- 0.6 - A
Dpen Loop (utput Resistance A, Vc =9, Io =0 - B —- - B0 - 0
Power Coansumption Pd o %0 20 - 80 120 i
ERERE 1 - a [ -- 4 [
Qfisar Adjustment Range Ay, = 2060} — +4 — - ta - mv
Inpui Capacilance Cin - B —— 3 _- pF
The following specifications apply for V = £ 15V, 55°C = TA < +125°C, unless otherwise noted.
Inpul Qffset Wollage o - 0.3 Q.7 -- 0.3 .7 my
Average {nput OTfser Vollage Dnfy
Whthout Exterpal Trim OV, - 07 2.0 -= Q.7 l"\lg.l[: Pl y\.r,foc
Whth E xlernal Trim TV oen Rg - 20802 -- a3 1.0 -= 0.3 lNT:‘t.; 2 g
Input Offset Cureenl los - 8 56 -- 18 5.6 na,
Average [nput Offset Gurrent Ol TClg, - 8 50 -- 8 50 paiie
Inpul Beas Current a .= t20 tE0 - 120 tEQ na
Average tnput Bias Curreny Onfy TClg 13 50 13 50 phi"e
Inpul Waoltage Range CMVA 120 135 -— 130 23386 - W
Comman Mode Rejectian Ratio CMRR Yo " L CMVR 106 123 .- WG 123 - [:1:3
Powesr Supply Regection Ratwo PSHRA \|"s = £3V to T IEV 54 106 -- 94 106 - - de
Large Sigeal Wollage Gain Ao A 2 2uilvg - 10w 150 00 - 150 400 -— Wimy
Maximum Butpul Yollage Swing Vo Ry & 2k81 120 26 - 120 28 -— W

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.

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

MATCHING CHARACTERISTICS OP-10EY CP-10CY

These specifications apply for Vg = + 16V, T, = 25°C, unless otherwise noted.

Parameter Symbol Test Conditions Min Typ Max Min Ty Max Uits

Input Gifset Voltage Match ﬂvm - 0.z 0.5 — 03 — my

Average Non-Inverting 8ias

Current g* —_ +13 45 —— 120 —_ nA
Non-Inverting Offset Current lm*‘ . —_ 1.1 4.5 - . 1.8 —_ na,
Inverting Gffset Current las— —_ 1.1 4.5 —_ 1.3 —_ nA
Common-Mode Rejection ACMRR VCM =t CMVR 106 120 —_— | - . 17 - dB
Ratio Match

Power Supply Rejection

Ratic Match APSRRA V.= +3v o 118V 94 110 —— —_ 106 dB

Channel Separation 126 140 —_ 120 137 - JB

These specifications apply for Vi = 15V, 0°C < T, < 70°C, unless otherwise noted.

Input Offset Voltage Match DV, —_ 018 0.7 - a4 - my

Input Offser Voltage Tracking

Without Extarnal Trim TCAV,, — 09 23 — 1.3 - wi'c
. INote 1)
With External Trim TCﬂVom Rp = 20ki2 —-— 0.3 0.9 - 0.6 - j:.l\l'f“C
Channel A only
See Page 3

Average Non-Inverting Bias

Current Ig* — t20 +60 -— +23 - nd

Average Drift of Non-tnverting

Bias Current TCig+ — 12 40 — 18 — pAl’C
iNote 1}

Nor-inverting Oftset Current los* - - 2.0 6.0 - 28 — nA

Average Drift of Non-Inverting TCl ¢+ — 15 50 — 20 - palC

Ctisen Current {Note 1)

Inverting OFfset Current los— —_ 20 6.0 —— 28 - nA

Commaon Mode Rejection
Ratio Match ACMRR 103 17 — — 114 - dB

Fower Supply Rejection
Ratio Match APSRR 90 105 — —- 102 —_ dB

MOTE 1:  Parameter not 100% tested; 90% of all units meet these specificatiohs,
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OP-10

INDIVIDUAL AMPLIFIER CHARACTERISTICS OP-10EY OP-10CY
These specifications apply for V= £15V, Ty = 25°C. unless otherwise noted.
Parameter Symbaoi Tast Conditions Min Typ Max Min Typ Max Units
Input Btfser Yaliage Vos - 0.2 05 - a3 t.3 my
inpur Offset Yaltage Srability Vo /Time {Nawe 1) - 25 9 - 25 - LMo
lnput OFFset Current Vae - 1.2 3B - LE: 80 na
Input Bias Current Iy 137 4 —- 1B 10 é
input Muse Vaoltage tnpp 1Hz 10 10HZ Note 2 035 0.G - Q.38 065 Wpp
i, - 10H: (Neie 21 - 103 1B.D —— 105 200
npul Mowse Voltage Deanty ey 1, - 100Hz (Note 2) - 100 120 - 10.2 135 niaH T
= TMIOHE iNowe 24 9.6 1.0 - 9.8 15
Iraun Newse Currgnt [ B 1Hz 10 10Hz {Note 20 - 14 a0 - 15 I papp
fo = 10Hz INote 2 - 032 DAO — 035 090
I npuy Mowse Cureent Censay [ I = 100H; 1Mote 20 J— 014 .23 J— o156 037 DAl"\sz
Iy = OO {Nowe 24 - 12 317 -— 012 018
Inpul Resisrance — Differennal Mode R 15 50 — 8 33 - il
Input Aesistance - Cor non Mode A nem _— 160 _— __ 120 _ o8
tnput Voltage Aangs CMVR 13,0 t14.0 — 130 1140 - v
Common Mode Rejection Ratin CMAR Vo = & CMUR 06 123 - 100 120 -- a8
Power Supply Rejecuon Hatio FSRA W, =13V to 1BV =21 a7 —= 90 04 -— de
R 2 all v, - fov 200 500 —-= 120 490 -
Large Signat Woltage Gan Ao B = B00IY, V, - £ SV 150 00 - 100 400 - vimyv
v, - fav
fy Z 10kS5L t125 fizo - 120 130 -
Maximum Gutpul Voltage Swing Vom R =2k 120 LR 3] - 115 1238 -— W
Ry 2 1kil Ti108 1120 - -- £12.0 --
Stewveng Fate SR Ry =2kl - 017 - - 01? W sec
Closed Leop Bandwadth aw Ay =10 - 0.8 - 05 -- MAH
Qoen Loog Oulpul Resistanee R, V=0, = - &0 - - 1] - 113
- 90 120 - 95 150
Pawer Consumption Pd Us - orav _ 4 6 _ 4 B iy
QOffzer Adjustrent Range Ry, = 202 - 24 -— - tyq —— my
Input Capacitance T — —_ —— a8 — pF
The following specifications apply for V, = £15V, 0°c = Ta = +70°C, unless otherwise noted.
Inpus Offser Yaliage Vo -— .28 06 - 0.35 | 16 my
Awerage Input CHiset Voltage Drift
Without External Tom TCV o, 1NG1e 2h - o7 2.0 - 1.2 4.8 ;.N.n’oC
Witk External Trim TCV hen Ry = 206802 Mot 2 -— 0.3 1.4 - L] V5
Irput Offser Gurrent Tns - 14 5.3 -— 20 80 nA
Averege Input (Hfset Current Brife TC, Note 2) -— 8 5 - 12 pAlC
Inpul Bias Current Ig - 15 55 - +22 a0 A
Average Inpun Bias Current Orifl TClg iNoe 2) —- 12 ki - 12 50 oA C
Input Valtage Range CHMVR 130 135 — 130 +13% - W
Common Mode Rejectan Ratio CMAR ¥on = T CMYR 107 123 — g7 120 — d8
Power Supply Rejection Ralio PSRA Wy =TIV to 2BV an 104 — B6 100 - o8
Large Signat Voltage Gain A Ry 2L v, -0y 180 450 - 100 400 - Wimy
Mamimum Ouiput Vottage Swing Vom AL = il 120 128 . 110 *126 - W

NOTE $: Exclude first hour of operation to allow for stabilization of external circuitry. Parameter is not 100% tested;

0% of all units meet this specification,

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

662




OP-10

TYPICAL PERFORMANCE CURVES
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TYPICAL PERFORMANCE CURVES

CLOSED LOOP RESPONSE

CMAR VS FREQUENCY PSAR V5 FREQUENCY FOR VARIOUS GAIN CONFIGURATIONS
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APPLICATIONS INFORMATION

TRIPLE OF-AMP INSTRUMENTATION AMPLIFIER

1
1 e
|
|
1 F
| |
Vox +0.00mY T T
TCUage O.34W°C | s
NOWE=C3avp-p | | Savp
Ry =10000 | I DUTPUT
Iy 41004
RL+RE} RE
Vour svi{1e S 2
AN = 100
AN LIN « + 0027
SLEW RATE = 16V /0t
PARA=11240
LS.
THEN GCMRR&IZO4B

INSTRUMENTATION AMPLIFIERS USING OP-10

Instrurnertation Arnplifiers with performance suspassing those cost-
ing many hundreds of dollars can be easily and compactly huilt
using the OP-10. Typical performance for a 2land 3-amplifier
design are given in the 1able, The 3-amplifier design, wh‘le more
campiex, has the advantages of co 1t Il gain

by trimming a single resistor (A3l and of wide commaon-mode
voitage handling capability at any overall gain, plus improved gain
linvarity. Slew rate, small signai 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-D1 series for the outputiop-armp.,

INSTAUMENTATION AMPLIFIER 2 OP-AMP DESIGN

Wagr "IvE-¥1 Ihoﬂ—a

B3e RS roonn

i

CMRR VS FREQUENCY

INSTRUMENTATION AMPLIFIER (3 OP-AMP DESIGN]

\I\ |

S
N

AR dm)

mels T i ;
',) g,-lom.umuul.mn
2- 2040, R

Lo
rltoutuevlnr

TYPICAL PEAFORMANCE OF INSTRUMENTATION AMPLIFIERS

GAIN = 100
PARAMETER 2 OP AMP 3 OF AMP
DESIGN DESIGN
Gaun Nondineamty D04 % 0671% QP05
D02% |OP0T)
Initiat Input Offiet Vollage Touv 75
vs. Temp (amplifiar &
rulbed with 20K pot} 0.3uvi°C [3- T
ws. Tome 3.5 imonth 35V manrh
input Bias Current *1.0nA 271004,
us. Ternp. 10pa/°C 10041°C
Mput Dflsel Current J.anh D&nA
vs. Temp. 12p4:°C 12087
Inpul Impedance
Diflerential 0G5 100681
Cammon Mode 100GE2 100612
input Noise Yoltage QE UV pp 0suv e
1. 1o Y0H2r
trput Mowse Current 14pA pp tdpa op
L1 to 10H2)
Commpn Made Rejeciion 120dE 12018
Power Supply Rejection 11248 11208
Freguency Response
Small Signal [-3dB1 &.OkHz 2Rz (OF-DE)
. BBkMz (OP-D1')
Full Power 2.5kHz 4.3kHz {QF-051
43kHz (QFQ1 )
Siew Aate AR 017 Wijec {OP-05h
4.0 Vigsec {QP-01)

PRECISION DUAL TRACKING VOLTAGE
USING OF-10

REFERENCES

Precision dual tracking voltege references using a single reference
source are easily constructed wusing OP-10, These references
exhibit low noise, excellent stability vs temperature and time and
have excellent power supply rejection.

bn the circuit shown, Ry should be agjusted to set lpg F 10 operate
\"'REF at its fmiaimum  temperature ceefficient current, Proper
circuit start-up 15 assured by RZ, Zy,and D,
R2
Vzi %= Vs +2.0V V1= Ve 1+ BT )

lper = (V) = Vpee /R3 ¥2 = 1 {"—;‘5—:

Output impedance 1A : 1.0mA — §.0mA) ..0.35 1070
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0P-11

QUAD MATCHED 741-TYPE OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION

The OP-11 provides four matched 741-type operational
armplifiers in a single 14-pin QIP package. The OP-11 is pin
compatible with the LMi48 and LM348 amplifiers. The
amplifiers are matched for common mode rejection ratio and
offset voltage. These parameters are wvery important in the
design of instrumentation amplifiers. In addition the amplifier
is designed to have equal positivegoing and negative-going
slew cates. This is a very important consideration for good
audio system perfarmance.

Each of the four amplifiers has the proven OP.02 advantages
of low noise, low drift and excellent long term stability. Praci-
sion Monolithics” exclusive Silicon-Nitride “Triple Passivation”
process eliminates “popcorn noise”’ and provides maximum
reliability and long term stability of parameters for lowest
averall system operating cost.

FEATURES
Guaranteed Vos .......... 500 V MAX,
Guaranteed Matched CMRR . . ... .. . 94 dB MIN,
Guaranteed Matched Vg ... ... ... 750 oV MAX.

LM148/LM348 Direct Replacements
Low Moise

Silicon-Nitride Passivation

Internal Freguency Compensation
Low Crossover Distortion

-
-»
»
-
]
| ]
-
-
B Continuous Short Circuit Protection

Low Input Bias Cumrent

The OP-11 is ideal for use in designs requiring minimum space
and cost while maintaining OP-02-type performance. OP-117%
with processing per the requirements of MIL-STD-8834 are
available. For dual-741-type versions, see the OP-04 and OP-14
data sheets,

EQUIVALENT SCHEMATIC

M CONNECTIONS

{1/8 CIRCUIT SHOWN}

5

LA

v

(-1IN

ieliN

i

0 ouT

T 4 (LI N gt L™ W3t IN 3 Ut 3
| i . \
14 113 112 i 19 9 8
L
1 |.’, f,} la 5 3 7
H
LuT 1 ['EN ' I 2" N2 auT

TOP WIEW

ORDERING INFORMATION

ORDER: OF-11AY
OF-11BY
OP-11EY
aP-1FY

~65°C TO +125°C
] 0°C TO +70°C

Military Temperature Range Devices
With MIL-STD-B83A Class B Pracessing

CORDER: OPi1-883-AY
OP118383.BY
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage 122V
Internal Power Dissipation {Note 1} 800 mw
Differential Input VYoltage +30v

Input Yoltage Supply Voliage

Continuous

({One Amplifier Oniy}
-65" to +150°C
300°C

Qutput Short Circuit Duration

Storage Temperature Range
Lead Temperature Range {Soldering, 60 sec!

Onperating Temperature Range
OP-11A, OP-11B -85°C to +125°C
OP-11E, OP-11F 0°C to +70°C

Note 1: Maximum package power dissipation vs. ambignt

temperature.
MAXIMUM AMBIENT DERATE ABOVE
TEMPERATURE MAXIMUM AMBIENT
FOR RATING TEMPERATURE
14 Pin DIP (Y1 B C 10 MW T

MATCHING CHARACTERISTICS

]

ar-11A QP-11E OP-11B OP-11F

Thase specilications apphy for Vg =215¥,Ta = 25°C, Ry = 10052, unless othenvise noted.

Paramater Symbol Test Conditions Min Typ Max Min Typ Max Units
Input Otfset Voltage Match AV g (Note 4) - s 0.75 - L] 20 mv
Commen Mode Rejection . - 1.0 20 - 10 20 HWY
Ratia Match {Note 3} ACMRR Vem = *CMVA a4 120 _ o4 120 = | a8
These specifications apply for Vg = =15V, -557C = Ta = +125°C for OP-114A and OP-11B, 0°C = Ta = +70°C for OP-11E and OP-T1F
R; = 10081 unless otherwise noted,
Input Offset Voltage Mateh AV g5 {MNote 4} - 06 1.0 - 10 25 my
Commen Mode Rejection - 12 20 — 32 20 W
Ratio Match {Note 3) ACMRR Vom = CMVR as 1o _ 94 110 _ JB

MATCHING PARAMETER DEFINITIONS

COMMON MODE REJECTION RATIO MATCH (ACMRR}.
The difference between the common-mode rejection ratios
{expressed in volt/volt} of side A and side B. ACMAR in
48 = 20 logqg (ACMRR in volt/voit). See note 3.

INPUT OFFSET VOLTAGE MATCH {AV ). The differ-
ence between the offset voltages of side A and side B;
VWnga — Vosg). See note 4.

TYPICAL APPLICATION

L+

INSTRUMENTATION AMPLIFIER 2 OP-AMP DESIGN

R3 LL}

N

Eing (¥
GENERAL DESIGN CONSIDERATIONS

Agsuming ideal ampiifiers, the expeession for putput voltage is:

Az Rq
?1-) + Eipn2 (Fg + 1)

\With idea! resistors this skmpiifies to;

Rq

1} €5=—|Eipt (+1 Aa

Ra
R3

Ra Ry
2 Ep= (Ein‘z - Einl) FI_3 +1] provided g

COMMON MODE REJECTION

Because the dual op amp has a high commen modea rejection rapo
match, the ability to reject coramon mode inputs becomes primarily
a function of resistor ratio matching. This device eliminates the
need for special op amp selections in many instrumentation amplifier
applicatians.

DIFFERENTIAL OFFSET VOLTAGE

The amplifier's differential input offset voltape {Epg2—Eqxy) will be
the mnajor errar tactar. If the individual input offset valtages are of
equal magnitude and polarity they appear as a common mode input
and are rejected.
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OP-11

ELECTRICAL CHARACTERISTICS (Each Amplifier) GP-11A or-118
These specifications far Ve = £15Y, Ty = 25°C, unless atherwise noted,
Parameter Symbol Yest Conditions Min Typ Max Min Typ Max Units
Input Offset Voltage Yas Ry < 10k$? - 0.20 0.50 - Q.60 25 my
Input Offset Current lgs - 8.0 20 — 25 50 i)
Input Bias Current Ig - 180 300 - 300 500 n4
Input Flesistance Differential Mode Rin 0.20 040 - Q.20 0.40 - Mz
Input Voltage Range CMVRA +12 213 - 112 £13 - W
Camrmon Made Rejection Ratio CMAR Vep = tCMVR 100 120 — 00 120 - dB
Ry = 10k
Power Supply Feiection Ratio PSRR Vg = t5 to = 1BY a0 110 - 90 1o - d8
Ry = 10k
Output Voltage Swing Vam A =2k +11 13 - =11 +13 - W
Large Signal Voltage Gain Ayn Ry = 2k 100 650 - 100 660 - Wiy
Vg = +10V
Power Consumption (Note 2) Pa Vo =0V - 123 180 — 123 180 oW
Input Neoise Voliage Enp-p 0. 1Hz o 10Hz - 07 - — a7 - wY P
Input Moise Voltage Density [ fgy = 10Hz — 18 — — 18 . - an’\.f"Hz
fq = 100Hz - 14 - - 14 -
o = 1000H2 - 12 - - i2 -
input Neise Current npep 3.1Hz tg 10Hz — 17 — — 17 - pA p-p
Channe! Separation o5 100 110 — 100 130 - dB
Input Noise Current Dansity in I5 = 10Hz - 13 - - 18 - pAfMHZ
fa = 100Hz - 15 - - 15 -
o = 1000Hz - 1.2 - - 1.2 -
Slew Rate [Naote 1} SR 0.70 10 - 070 10 — Vius
Large Signal Bandwriclth {Note 1) Vg = 20Vp-p 11 16 - 11 16 - kHz
Closed Loop Bandwidth (Note 1} Bw Ay =+10 1% 20 - 15 20 - MHz
Risetime {Mote 1] Ay =+ — 30 120 - B8O 120 nseg
Vi * Blmv
Qvershoot (Note 1) - 15 25 - 15 25 £
The following specifications spply for Vg = +16V, -BE"C = T4 = +128"C, unless otherwise noted.
Input Offset Voltage Vs Ry = 10k — 040 19 - 10 35 mv
Average lnput Offser Valtage TCWVas Ry = 10k - 2.0 10 - 4.0 15 wVIOC
Drift (Note 1}
Input Oflset Currgnt las - 20 40 B 40 18] nA
Average Input Offset Current Orift TClyy - 010 .30 - 0.30 {060 nASC
Input Bias Current g - 200 375 - 400 4 650 na
Input Yoltage Range CMVER 212 13 - 12 13 - W
Comman Mode Rejection Ratio CMRBR VYepm= tCMVR 140 120 - 100 120 - B
R = 10ks
Power Supply Rejection Ratio PSRR Vg =15t £1bY 90 110 - a0 110 - dB
My = 10ks2
Large Signal Yoltage Gain FAun By o= 2k 100 250 - 100 250 - wimy
Vo= 210V
Maximum Output Voltage Swing Vot Ry =2k =11 +13 - 11 +13 - W
Pawer Consumption (Nave 2} Pq Vo =0V - 115 200 - 115 200 mw

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

NOTE 2. Total dissipation iar all 4 amplifiers in package.

"NOTE 3: Watch exists between any two amplifiers,

MOTE 4: Using amgifier 1 as reference then AV ae = Woon — Vast -




oP-11

ELECTRICAL CHARACTERISTICS (Each Amplifier) OP-1E OP-11F
These specifications for V=18V, Tp = 25°C, unless otherwise noted.
Parameter Symbol Test Conditions Min Typ Max Min Typ Max Linits
Input Offset Yoltage Vs B, < 10k5 — 0.30 050 - 0.60 25 my
Input Offsat Current las — 80 20 - 25 S0 A
Input Bias Current Ig — 180 300 — 300 S na
Input Resistance Differential Made Rin 0.20 Q.40 — 0.20 0.40 - M
Input Voltage Range CMVA £12 13 - 12 +13 -— v
Commion Mode Rejection Ratio CMRR Vom = +CMVR 100 120 - 100 120 - dB
Ry % 10k
Power Supply Rejection Ratio FPSRA V= t8 10 t15V 50 110 — an 114 - dg
A < 10k
Crutput Yoltage Swing Yom Ry =2k +11 +13 - 11 13 - v
Large Signal Voltage Gain Ay Ry =2k} 100 650 — 850 - ViV
Vg = 10V
Power Consumptlon iNote 2) Py Vg =0V — 123 180 - 123 180 myy
Input Neise Voltage i Snpp 0.1Hz 1o 10Hz - 0.7 - - a7 - uv pp
Input Noise Voitage Density £n fy = ¥QHz - 18 - - 18 - nWi/Hz
: fy = 100Hz - 14 - - 14 -
fo = 1000Hz - 12 - - 12 —
Input Noise Current inp-p J.1Hz o 10Hz - 17 - —- 17 — PA PP
Channel Separation cs 100 130 — 100 130 — dH
Input Noiss Current Density in fg = 10Hz - 13 - - 13 - P Hz
fo = 100HZ - 15 - - 15 -
f, @ 1000Hz — 1.2 - - 1.2 -
Slew Rate [Nowe 1) SH Q.70 1.0 - .70 1.0 - Vius
Large Signal Bandwidth {Note 1) Vg = 20Wp-p 11 16 — 11 18 — kHz
Closad Loop Bandwidth {Nota 1) BwW Aygl =+1.0 15 2.0 - 15 2.0 - MHz
Risetime {Maote 1} By =1 - BO 120 — BQ 120 nsec
Vi = 50mv
Overshoot {Note 1} - 15 25 - 15 5 %
The {ollowing specifications apply for Vg = t18Y, 0°C = Ta = +70°C, unless otherwise notad,
Input Offsetr Voltage Vs Ay = 10k - 0.40 0.80 - 0.20 a0 my
Average input Offset Voltage TCVgs R = 10kt — 20 10 — 4.4 15 uvc e
Drift {Note 1}
Input Offset Current fas - 20 30 - 40 60 nA
Average Input Offset Current Drift | TClyg — 0.0 0.30 — 030 060 nafC
Inpyt Bias Current Ig - 200 350 - 400 580 nA
Input Voltage Hange CMVR +12 +13 - 12 +13 - W
Common Mode Rejection Ratio CMRR Vom= tCMVR 100 120 - 100 120 - dB
Ay = 10k82
Power Supply Rejection Ratio FSRAR Ve =15 to 16V a9 110 — S0 110 - dB
Rz 10k
Large Signal Voltage Gain Ao Ry =2k 100 250 - 1o 250 - Vimy
Vo =210V
Maximum QJutput VYaoltage Swing Vold B = 2kt +11 i3 - +11 13 - v
Power Consumption [Note 2) Pd Vo = 0V — 115 200 - 115 200 iy

6-69




oP-11

TYPICAL PERFORMANCE CURVES
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A 1 ] L] 00 - r
P11
\?5 =iy Vg » 18 e !
L. . LT
20 Py 1 _ ‘___.__,_..-
; P ARgp= PERRERNES
5‘ / g L/ é |1 1 v 1ThY
i Ve - Lt | t [ ]
g Z |
: // £ H ]
E 5 2 00 ~ '[
g /] £, I .| !
g i
7 i ;
I |
. | [l
T8 a0 20 0 A0 B0 B0 100 TZ0 140 B0 -80 20§ 20 40 &0 B0 100 120 140 B0 40 20 QO 20 A0 60 RO 100 120 140
TEMPERATURE {°C) TEMFERATURE {IC} TEMPERATURE : “C}
QPEN LOOP FREQUENCY NORMALIZED A/C PARAMETERS
QPEN LOOP GAIN V3 TEMPERATURE & PHASE RESPONSE V5 TEMPERATURE
LL] 120 14
o0 \\ ITR%
P ey Y P
A o 100 o 1 <
s00 ] | \ 2z
< \]_\_ . b, Gaun e E ___H\_‘:\- UERRET
[ I
E 1 = \HKSE \ w 3
3 / o ihen § Y [ \ FLEW RATE L
3w — ERL] 90" 410
Il b3 g by 3 \
& / o Ta- IEE \ 3 h
g g AL 2K h \ a s N
z ; &a CL - 100 pF 1367 &
. ¥ 3 I~
= & S iy
=] Bh DV
1] 2 ™ “.oc = 7 im [~
L FITY" RTTNT IRRYTTE ARYTT AERTTY ANRTT ARNTIT . VY "
W0 40 20 0 20 40 4G B0 100 120 140 T4 98 10 468 1K 10K 10DK  AM DM 50 .40 10 U 0 40 80 M 100 120 140
TEMPERATURE |“C| FREQUENCY W] TEMFPERATYURE (“}
OPEN LOQP GAIN V5 SUPPLY VOLTAGE CMAR V5 FREGUENCY PSAR VS FREQUENCY
140 140
o ]
// 120 1 I
b
z / 100 180
I s
3 & 80 g
H k- g
5w Z] £
: Tae 250 H £
3 /"n,.,m few 2, ,_
g |
g / “ . ‘
|
20 # i .
[FHF
s i
L] w LL] 20 e 18 10

POWER SURBLY YOLTAGE (sv)

FAEQUENGY [Ha)

FRECGUEMCY |Hr|

6-70




OP-11

TYPICAL PERFORMANCE CURVES
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0P-12

PRECISION LOW INPUT CURRENT OP AMP

GENERAL DESCRIPTION

The PMI OP-12 is an improved version of the popular LM1084
low power op amp. The OP-12 is internally compensated and
its chip dimensians are only 42 x 58 mils, Additionally, the
(P-12 has a three times |ower offset voltage and a two times
lower offset voltage drift. The total worst case input offset
voltage over -B5°C to +125°C for the OP-12 is only 350V
while the 108A has 900uV to 100GuY for these conditions,
In addition the OP-12 drives a 2k load. This is five times the
autput current capability of the T08A. This excellent per-
formance s achieved by applying PMI's jon-implanted super
beta process and on-chip zener-zap trimming capabilities. The
internal compensation makes this op amp ideal for hybrid
assembly apalications

INTERNALLY COMPENSATED

FEATURES

B Low Offset Valtage .. ........... 150uY Max .
m» Low Offset Valtage Drift ... ..... 2.5uV/°C Max.
& Five Times PMT08A Load Current . . . .. 5 ma Min
= Internal Frequency Compensation

Pus the Qutstanding PM108A Features

B Low Offset Current ... ... ....... 200 pA Max .
& Low Bias Current ... ... .. ..... 2.0 nAMax.
8 Low Power Consumption . ... 18 mW max. @ +15V
B High Common Mode loput Range . . . . *13.5V Min.

B MIL-STD-883A Class B Processing Available
% Silicon-Nitride Passivation

SIMPLLIFIED SCHEMATIC

PIN CONNECTIONS AND ORDERING INFORMATION

TOP VIEW
ML
MG T e
INVERT NG
INPUT 2 A 0UTFUT
NOM-INVERTING 3 ]
INPUT teC
4 v- {CASEY

TO-99 |J-Sufijx)

ORDER: OP-124)
OP-128J
OP-12CJ
QOP-12EJ
OP-12FJ
CP-12G)

Military Temperature Range Devices
With MIL-5TD-283A Class B Processing

ORDER: OP12-883-AJ
OF12-283-BJ

OP12-2883.C)

&-72




QP-12

ABSOLUTE MAXIMUM RATINGS

Supply Voltage

OP-12A, QOP-12B. OP.12C 20V
OP-12E, OP-12F, OP-12G 18V
“Internal Power Dissipation (Mote 1) S00mW
Differential Input Curtent {Note 2} T10mA
Input Voltage (Note 3} 116V
Qutput Short Circuit Duration Indefinite

MNOTE i: Maximum package power dissipation vs. ambient
temgerature:

Operating Temperature Range
OP-124, OP128, OF12C
OP-12E, OP-12F, OP-12G

-85°C to +125°C
0°C 10 +70°C

Storage Temperature Range -65°C t0+150°C
Lead Temperature Range
{Soldering, 60 sec) 300°C

.NOTE 2: The inputs are shunted with back-to-back diodes for

avervoltage protectian, Therefore, excessive current will flow

Maximum Derate Above if adifferential input voltage fn excess of 1V is applied between
Ambient Maximum the inputs unless some limiting resistance is provided.
Temperature Ambient
Package T for Rarti T 1
ackage lype or fating gmperature NOTE 3: For supply voltages less than $18Y, the absolute
TO-99 () a6°c 7.1 mWeC maximum input voltage is equal 1o the supply voltage.
OFFSET VOLTAGE TEST C\RCLIT BURN-IN CIRCUWT
2000

K5

any

LOW FREQUENCY NOISE TEST CIRCWUHT
(0.1 TO 10 Hz)

1z
1 = g | 2ER 17 v 60?20k Tkl i
PR P b Ll il
md

NOYES: 1. 81 CLOFED MEASURES e (V1.
2 51 OHEN MERSURES &, AND Y (Wpg). 1n FS GOMPUTELD FROM THE
THG MEASUHEMENTS

3 SEE MDISE PHOTD OF ap 1IN TYPICAL PERFORMANCE CLIRVES.




OP-12

ELECTRICAL CHARACTERISTICS OP-124 OP-12B oP-12¢
These specificatians apply for Vg = 118V, Ty = 25°%, unless otherwise nated,
Farameter Symbol Test Conditions Min Typ 1Max (Min | Tye |Max |{Min Typ Max Linits
Input Offset Voltage Vos — 007 015| — 0.18| 030 ) — 425 1.0 (mV
Iinput Oifser Current s - 008| 020| - Q05| 0207 — 008 050|nA
Input Bias Current g - Q80| 2.0 - QRO| 20 - 10 5.0 [na
Input Noise \Vortage tap.a (0-1Hz o 10H2 - 09 - - a9 - - 0.2 — Je¥Vpp
fo=10Hz - 22 - - 22 - - 22 -
Input Naise Vaoltage Density Ba fq = 100H2 - 21 - - 21 — - 21 - nVi/Hz
fo = 1000Hz - 20 - - 20 - - 20 -
Input Noise Current np-p |9-1Hz 10 10H2 - 3 - - 3 - - 3 — |pApp
fq = 10Hz - Q.15 — - g15] — - 0.15 -
Input Noise Current Density iny f, = 100H2 - o149 — - a.14| - - D14 — |eANSAT
fq = 1000Hz - 012 - - 03f — - eI12| -
Dittacenss Wods. i 070 | - 1% |70 [ - 10 s |- |ue
input Vaoltage Range CMVA 135 1+140 ~ 11358 +140 - =130 (+14.0 - v
Common Mede Rejection Ratio]| CMBR | Vop = tCMVR 104 120 - 104 | 120 - 84 (1186 - dB
Power Supply Rejection Ratie | PERA | Vg = t5Y to 115V 104 120 - hoa 1120 - ga |118 — 148
Large Signal Yoltage Gain TN 2:: i;i‘:}!?b\;o:;‘;? zg fgg j gg 323 : 4_'.3 ?23 : Vimy
Ma xirrum Qutput Vo Ry = 10K5: 130140 — [£13.0] 2140 — |1120 (2140 - y
Voltage Swing Ry =260 1001120 — 2100} £12.0 - 100|128 —
Slewing Rate it R =2K0 - a1z - - 012 -~ - 012 — Viusec
Closed Loop Bandwidth BW Ay =410 - a80) — - Q80| - - 080 | — |MHz
Open Loop Qutput Resistance | Ag Vg0, lg=0 - 200 - — | 200 - — 200 - it
Power Consumption Pd ::: : :;VSU : g 12 : g 12 : 1§ 2; my
The following specifications apply for Wy = £15v, -B5°C = Ta = +125" ¢, uniess otherwise noted.
input Offset Voltage Vs - 0.12; 0.358) - Q28 080 - Q40| 20 | mv
3:7:99: {'}’:‘f‘:‘ Ottsen TCVgs — | os0| 258 | - 10] 35| — 15 {10 |uviic
Input O#fset Current lasg - 012, 040 -~ 0,12} 0.40( - Q18 1.0 | nA
oerage nput Oftaer TClos - | osol 25} - | oso] 25| - | 10 {50]parc
Input Bias Current Ig - 124 30 - 12 30 - 1.8 |10 nA
input Voltage Range CMVR £1351:140 — #1385 £140 - 2130|140 - |V
Commaon Mode Rejection Ratio| CMRRA | Vo = tCMVR 100 | 11a - 160 110 - 80 |06 - ldB
Power Supply Rejection Ratio | PSAR |V = t5¥ to t 16V 100 |10 - 10 | 110 - 80 108 — | dB
Large Signal Voltage Gain Ava Ry =6KQ, V,=410V | 40 {120 - 49 | 120 - 15 20 — ] Wimv
Maximum {;Iu!put Vom R & 10K 52 £13.01:14.0 — |x13.6] £14.0 — [+130[+140 v
Voliage Swing A = 5K +10.0{£13.0 - t10.0] £13.0 - [+100]z120 -
Powar Consumption P - s |8 - | @ b - | 15" {24 |mw
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ELECTRICAL CHARACTERISTICS OP-12E OP-12F OP-12G
These specifications appty far V; = £ 18V, Ta = 25°C, unless atherwise noted.
Parametar Symbaol Tast Conditions Min Typ Max | Min Typ Max | Min ( Typ Max Units
Input Offset Voliage Vos - oo7 | 01| — oas| 030! — | 028] 10 jmv
Input Offset Curtent las - 005 | 020 - 0.07) 040) — 008 D50 nA
Input Bias Current 'n - .80 | 2.0 - 090| ap - 10 | 590 |nA
Input Noise Voltage fnpp | O.THz to 10Kz - 0.9 - — 09 - - 1f] — | evnpe
fo = 10Hz — | 22 - - |22 -1 -1 =2 -
Input Noise Voltage Density { e, fg = 100Hz - 21 — — 21 - - 21 — | nviyHz
to = 1000Hz - | 20 - - | 20 - -] 20 -
Input Maise Currant Inpp 0.9Hz to 10Hz - 3 - — 3 - - 3 - pa pp
1o = 10Hz - ois| -1 - 15| - | - 015 -
Input Novse Current Density | g fo = 100Hz - 0.14 — - a.14 — — 0.14 - pALHZ
fy = 1000Hz - o3| - - arz| - | - 013 —
Input Resistance —
Differential Made Rin % | A s R - | Me
Input Voltage Range CMVR +13.51+14.0 — 1135|140 - |13 140 - v
< Made Rejecti
monnen Hoge TERCEON | cmAn | vem - «oMvR 104 |120 - 102 |20 - | 8| 118 ~ lus
P 3 Iy Rejecti
R:‘:z’ URRTy Hejection PSAR | v, =+5V 10 15V 104 [120 — [102 {120 -~ 18| s - |as
. . R =10KS, Vo ==10v | B0 | 300 - 80 300 - a0 | 250 —
L b Val G rva
arge Signal Voltage Gain | Avo [ g2 oig v = st0v | 580|180 - | 30 [120 - | = | 100 _|vmv
Maxirnum Qutput v R = 10K§1 130|140 — | £120(14.0 — | =134 2140 -1y
Voltage Swing ohd Rp = 2Kit +10.0| 120 — | +10.0}+120 — (2100 120 -
Slewing Rate SR Ry =2K82 - 012 - - 012 - - .12 - Wiusec
Closed Loop Bandwidth BW Ay =+1.0 - {0.80 - - 080 - - 0.80 - MHz
Open Loop Output B B '
Fresistance Ao Ve=0.14=0 — {200 —| - {200 | - | 200 - In
. Ve = t 15V - 9 18 - 9 18 - 12 24
P Co t Pd 5 Y
ower Consurmption Vs = 15 _ 3 & N 3 e B 1 a i
The fallowing specifications spply Tor Vg = 215V, 0°C = T =707 C, unless otherwise noted.
Input Offser Valtage Vos - Q10 | 928 - 022 045 — 032 14 | my
Average Input Offset
— . — . . — 1. 1 v,
Voltage Drift TCVos 050| 25 10 | 35 5 (10 vl c
Input Offset Current 1as - 008 | 030 - a.11)] 080| - Q.12| 070 | nA
Average Input Offset
: - . . - . : - 1. .
Current Drift TClgg 0501 25 10 | 50 o| 50 {parc
Input Bias Current B - 10 |28 - 12 52 - 14 1 65 |nA
Input Yoltage Range CMVR 135|140 — | *135[:140 — |+=134 - - v
Common Mode cmar | von = +OMVR we |16 ~ |10 |1e - | 8o | 12 - lam
Rajection Ratio
I
Power Supply. PSRR | V=tV to 16V 00 {118 - 1o |1e - | 80| 112 - {dB
Rejection Ratio
. . R = 2K, V=10V 26 100 - 15 10G - - 20 -
Vimy
Large Signal Voltage Gain | Ave | g™ q0K0, vy = +10v) 60 {200 - | 0 |200 — | 25 | 150 - ™
Maximum Output v AL = 10K +13.0| 140 — | £13.0]|=140 - #130] +140 - v
Voltage Swing oM AL = 2K 1003 2120 — | =100]=120 — [+100| =320 —
Power Consumption Pp - g 18 — ] 8 - 15 24 vy
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TYPICAL PERFORMANCE CURVES

LOW FREQUENCY NOISE

R;=0,8W = 0.1Hz 1o 10Hz
5 mVidiv AT QUTPUT
0.5 uv/div AREFERRED TO INPUT

OPEN LOOP GALIN (A, ] AND PHASE
VS. FREQUENCY

SMALL StGNAL TRANSIENT AESPONSE

LARGE SIGNAL TRANSIENT RESPFONSE

TRANSIENT RESPONSE TEST CIRCWHT

0k

{3 T

OPEN LOOP GAIN (Avo) V5 SUPPLY
VOLTAGE (Vec) WITH
TEMPERATURE AS A PARAMETER

L.

il

INPUT BIAS CURRENT
AND INPUT OF FSET CURRENT
V5. TEMPERATURE

I o " . T T
= \\ D T
- \ - ™ { } % “"--.._______‘ -
) N, J'Ir 5 g - 1 ; ] -—'""‘"-----._
: \\ wk 3 ! we| F I
§ A —_— === (RN D U0 Ut L
i '_‘—:‘!r-\-\—.- L~ H g 1 ; " . ': %
I ) — \\ 1t é I I. |
e AN Pl
' 5 T—t
N : ——+1—
e : A . A A S A

FREOUZNCY M

QUIESCENT CURRENT {ISY} V5.
SUPPLY VOLTAGE WITH
TEMPEARATURE A5 A PARAMETER

O N IV R

LATSTFAT CURRFRT 1AL

Vo 4z VOLTE

o 1 viILIR

QUIESCENT CURRENT {ISY] VS,
TEMPERATURE WITH SUPFLY
VOLTAGE AS A PARAMETER

TEMPERATIARE. T

POWER SUPPLY REJECTION RATIO (PSRR)
VS, FREQUENCY

T T
| BN
_L'L ! \ \\

R 1R
T : ~ N
-0t 0 S Y A O § \\ a

;l 2 1 [

:j :r T ""E..Zili’r': \‘\.\/

| ; : r !

TINRERAEURE

PREDUENCT Hr
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APPLICATION INFORMATION

The QP-12 series has extremely low input offset and bias cur-
rents; the user is cautioned that stray printed circuit board
leakages can produce significant errors, especially at high
board temperatures. Careful attention o board layout and
cleaning procedure is required to fully realize the OP-12 per-

formance. It is suggested that effects of board leakage be
minimized by encirgling the input pins with a canductive
guard ring operated at a potential close to that of the inputs,
This guard ring should be driven by a low impeadance source
such as the amplifiet’s output for non-inverting circuits, or be
tied to ground for inverting circuits.

OP-12 DEFINITIONS

INPUT OFFSET WOLTAGE {Vg,!

The voltage which 'must be applied between the input terminals to
obtain zerg cutput voltage with na loag.

INPUT OFFSET CURRENT Il

The difference between the currents into the two input terminals when
the output is at zero voits with no oad.

INPUT BIAS CURRENT (1g}

The average of the currents into the mwo input terminals when the
Quiput is at zero volts with na lgad.

INPUT YOLTAGE RANGE ICMVA)

The range of comman-made voltage on the input Erainals for which
the common-mode rejectian specifications apply.

COMMON-MOOE REJECTION RATIO |[CMRAR)

The ratio of the input voliage range o the peak-to-peak change it input
offset valtage over this range.

POWER SUPPLY REJECTION RATIO {PSRR}

The inverse ratio of the change in input offset voltage to the change
in pawer supply voltage producing it

HNPUT RESISTANCE (R;)

The ratio of the small-signal chang? in input veltage to the change in
input current at either input terminal with the ather grounded.
SUPPLY CURRENT {iy}

The current reguired from the power supply 10 operate the amplifier
with no load and the cutput at zero voits,

MAXHBAUM OUTPUT VOLTAGE SWING (Vo)

The peak cutput voltage that can be obtained without clipping.

AVERAGE OFFSET VOLTAGE DRIFT {TCW )

The ratio of the change in the offset voltage to the change in termnpera-
ture producing it,

AVERAGE BIAS CURRENT DRIFY {TCIg}

The ratio of the change in the bias current to the change in ternperature
producing it.

INPUT NOISE VOLTARGE lepg )

The peak 1o peak neise voitage in a specified fraquency band,

INPUT NOISE VOLTAGE BENSITY (ap)

The rms noise voltage in a THz band surrounding a specified value of
frequency.

INPUT NOISE CURRENT {ijy, b}

The peak to peak noise current in a specified frequency band.

INPUT NCHSE CURRENT DENSITY {ig)

The rms noise current in a 1Hz band surrpunding 5 specified value of
frequency,

QPEN LOOP OUTPUT RESISTANCE (&)

The srnall signal driving point resistance ‘of the output terminal with
respect to ground at & specified qQuiescent de output voltage and
current,

POWER CONSUMPTION IPg)

The power required to operate the amplifier with no loed and the
CUTpUT at zero valts




M 0P-14

DUAL MATCHED HIGH PERFORMANCE
OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION

The OP-14 Serigs of Dual Matched High Performance General
Purpose QOperational Amplifiers provides significant improve-

symmetrical input stage design provides low TCVgs TClgs
and insensitivity to output load conditions. The OP-14 Series
15 ideal for upgrading existing designs where accuracy improve-

FEATURES

Excellent D.C. Input Specifications

0°C/+70°C and -55°C/+125°C Models
Silicon-Nitride Passivation

ments over industry-standard 1458/1558 types while main- ®  Matched V,,, and CMAR
taining pin-for-pin compatibility, ease of application, and low s Fits Standard 1458/1558 Socket
cost. Key specifications, such as Vg5, lgs. 'g. CMRR, PSRR, & Internally Compensated
and Ayp, are guaranteed over the full operating temperature & Low Noite
rang‘e, F_‘rec’i‘sion Mono!itr?ics' ex::lusive SiliCQn-F?lIitride “Triple =  Low Drift
Passivation™ process eliminates “popcorn noise.”” A thermally- & Low Cost

]

-

|

ments are required and for eliminating special low drift or low
noise selected types. For similar devices with nulling capability,
refer to the OP-04 data sheet.

Models With MIL-STD-883A Class B
Processing Available From Stock

SIMPLIFIED SCHEMATIC

PIN CONNECTIONS AND ORDERING INFORMATION

11/2 OF CIRCUIT BHOWN)

¥, 02,03 B 04 FRAM S THERWLI LY
LROGE: COUPLED TAANSIZTOR
a5, 1%, GF B 06"

HESMALLY CROSS-COUPLETD

66 COMPRISE & Son -
wak' T
gisaty

TOP VIEW

b

NON-INV. 3 5 NOM-INY,
INPUT (A} \J INFUT (R}

IMVERTING
INFUT (A} 2

TO-99- (d-Butfix}

ORDER: QP-14Al
OP-141
OP-14E4
apP-14C)

Military Temperature Range Devices
With MIL-STD-B33A Class B Processing:
ORDER: OP14-883-Al

OP14-883-4

85-78




oP-14.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage 22V Operating Temperature Range
o a9
internal Power Dissipation {Note 1) 500 mW OP-14A, OP-14 —55 ?to +125°C
Dife ol 1 Volt T30V OP-14E, OP-14C 0°Cto+70°C
ifferential Input Voltage - Note 1: Maximum package power dissipation vs. ambient
Input Voltage Supply Voltage ternperature.
DOutput Short Circuit Duration Indefinite MAXIMUM AMBIENT DERATE ABOVE
R o TEMPERATURE MAXtMUM AMBIENT
Storage Temperature Range -65" 10 +160°C FOR AATING TEMPERATURE
Lead Temperature Range (Scldering, 60 sech 300°C TO-99 (Ji 80°C T1mW/C
MATCHING CHARACTERISTI 0P-14A I QF-14 I
s ERISTICS OP-14E OP-14C
These specifications spply for Wy = 18V, T = 25°C, Ry < 10082, unless otherwise noted.
Parkmwtar Symbok TYest Conditions Min Typ Max Min Typ Max Units
tnput Offset Voltage Match AV - 0.3 1.0 - 1.0 2.0 my
Commeon Mode Rejection ACMBR Viom = £ CMVR 94 106.. - [:71 106 - dB

Ratio Match

Them wecitications apply for Wy = +15V, -B6°C & T4 < +125°C for OP-14A and OP-14, 0°C < T3 = 70°C for OP-14E and OP-14C,

Ry < 10051 uninm atherwise noted.

Input Offset Voltage Mateh AVay - 0s 1.6 - is 3.0 my
Common Mode Rejection .
Hatio Match ACMRR VoM = £ CMVR 90 100 - a0 100 - dB

MATCHING PARAMETER DEFINITIONS

COMMON MQDE REJECTION RATIO MATCH {ACMRR).
The difference between the common-mode rejection ratias
lexprassed in voit/volt) of side A and side B. ACMRR in
aB = 20 log,; (ACMRR in volt/volt).

INPUT OFFSET VOLTAGE MATCH (AVg). The differ
ence between the offset voltages of side A and side B;

Voga—Vose!-

OP-14 DEFINITIONS

INPUT OFFSET VOLTAGE (Vg

The voltage which must be applied between the input terminals to
obitain zero output valtage with ne load,

INPUT OFFSET CURRENT (1)

The difference between the currents into the two input rerminafs
when the output iz at zerg volts with no load,

INPUT BIAS CURRENT (gl

Tha average of the currents into the twe input terrminals when the
output it 3t 2erp vol1s with no load.

INPUT VOLTAGE RANGE ICMVR)

The range of common-mode voltage on the input terminals for
which the common-mode rejection specifications apply.
COMMON-MODE REJECTION RATIO {(CMAR}

The ratio of the input voltage range to the peak-to-peak change in
input offsat veltage over this range,

POWER SLPPLY REJECTION RATIO (PSAR)

The invarse ratic of tha change in input offset voltage to the change
in power supply voltage producing it.

MAXIMLUM OUTPUT VOLTAGE SWENG (Vg p)

The peak output volisge that can be obtained without clipping.
LARGE SIGNAL VOLTAGE GAIN (Al

The ratio of the changa in output voltage (over a specified range} to
the change in input voltage producing it.

AVERAGE OFFSET VOLTAGE DRIFT (TCV )

The ratio of the change in the offset valtage to the change in tem-
perature producing it

AVERAGE OFFSET CURRENT DRIFT (TCl,4)

The ratic of the change i the offset current to the change in
temperature producing it.

POWER DISSIPATION (P4}

The total power dissipated in the amplifier with the cutput at zero
volts and no Ipad.

UNITY GAIN CLOSED LOOP BANDWIDTH (BW)

The frequency at which the magnitude of the small signal voltage
gain of the amplifiar, operated closed-loop as a unity-gain follower,
is 3 dB below unity.

INPUT NOISE VOLTAGE leng.pl

The peak-to-paak noise voltage in a specified frequency band.
INPUT NOISE VOLTAGE DENSITY leg)

The rms noise voltage in a T Hz band surrounding 2 specified value
of frequency.

INPUT NOISE CURRENT {igp )

The peak-to-peak noise current in a specified frequency band.
INPUT NOISE CURRENT DENSITY (i,

The rms noise current in 3 1 Hz band surrounding a specified value
of frequency.




QP14

ELECTRICAL CHARACTERISTICS (Each Amplifier} ar-14A QP14
Thease specifications far \.-'5 =315V, Tp = 28°C, unless ntherwise noted.
Parameter Symbol Test Conditions | Min Typ | Max Min Typ | Max Units
Input Offset Voltage Vay R, = 50kil - 03 0.75 - 1.0 2.0 my
Input Oftser Curvent ‘os - 05 2.0 - 1.0 5.0 nA
Input Btas Current Iy - 18 1) - 20 K] nAa
Input Resistance-Diflerantial Made R, 3.8 75 - 2.3 7.0 - L8]
input Valrage Range ChVH £12.0 | #130 - =120 =130 - W
Commaon Moda Rejection Ratio CMRR Vem= 1CMVA | g, mo | - 80 100 | - dB
R, g 50k
Power Supply Rejection Rana PSAR ;: ;g*:n:::?o" a0 e { - 80 1o | - a8
Output Valtage Swing Vom R > 2kit 2120 | =130 - =120 *13.0 - W
A = 2kit
Large Sunal Voltage Gain 4 L= 100 250 - 50 200 - Vi
v Vo = 10V
Pawer Crmsumption Py W, o= 0w - 40 B0 - 54 a0 gl
Input Noisa Valtage L. D0, 1Hz 10 Y0 H2 - 065 - - 065 - uv pp
Ty = 10H:z - 25 - - 25 -
brput Noise Voklage Density 2, ty = 100HZ - 22 - - 2 - v Hz
f" - 1000Hz - 21 - - 21 -
Input Nenge Current "np-p 0.1Hz to 10Hz - 128 - - 128 - pApp
,Channe! Separation [ 100 — - 100 - - dB
T, - 10 Az N T4 N - T4 -
Input Noise Cunent Densidy " 1, T00Hz - a7 - - a7 — LLYNLT
ty = 1000Hz - a4 - i 0.4 .
Slew Rate {Note 1} sR 0% o7 - 05 0.7 - Wius
l.arge Signat Bandwidth [Noe 1) Vo = 20Vp-p 4.0 8.0 — 440 80 — kHz
Closed Loop Bandwedth INote 1] BW By = 10 0B 1.3 - G8 1.3 - Mz
Rusetime (Note 11~ Ay =+
V)N = 50mV - 200 300 - 200 00 ngec
Overshoot {Note 1) - 1 10 - 5 10 %
The following specifications apply for V= £15Y, —55°C < Ta <1 25°C.unless otherwise noted
Input Offset Yaliage Vas B, % 50k - 05 15 - 14 3.0 mYy
Average Input Offser Valtage Tow . _ _
e taore 1) CV,, R, < 5kt 20 | 80 a0 |10 | wvrc
Input Offser Current las - 10 540 - 20 | 100 nA
Average Input Offset Current Drift {Note 11 TCI, - 75 75 - 15 150 pASC
Input Bias Currem g - 30 100 - 40 125 nA
Input Voltage Range CMVR £12.0 | 130 - +12.0 +13.0 - W
Common Mode Rejection Ratio CMRR Vem: sCMVR | 4y m | - 84 100 | - d8
R, < 50kt
i . V.= t5to 20V )
P S v R Rat PSRA 5 -] 1 — -
ower Supply Rejection Ratio Rs < S0kaL B HIH g3 160 dB
. R, > 2k
L= — —
Large Signal Votiage Gain Aug Vg - 110V 50 100 26 60 Wimy
Maximym Qutput Valtage Swing Vorm R z 2k £120 | 130 - £12.0 +13.0 - v

Nete 1 Paramerter is not 100% tested. 90% af ali units meet these Eiliutions,
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OP-14

ELECTRICAL CHARACTERISTICS {Each Amplifier} op-14€ OF-14C
These specifications for V, = £15V, T4 = 25'C, unless otherwise noted.
Parameter Symbat Teast Conditions ] Min Typ | Max | Min Tyn | Max | Units
Input Offsat Voltage Vos. H, 5 50ks? - 0.3 0rs| - 10 | 20 my
input Offset Currant los - a5 2.0 - 1.4 50 nA
{nput Bias Currant g - 18 €0 20 748 nh,
Input Rmistance-Ditferential Mode Rin 38 75 - 2.3 7.0 - (LI
Input Yoitags Range CMVYR £120 | £13.0 - 120 | =130 Y
Common Made Rejection Ratio CMRR Vem® :CMVR | o4 mo | - 90 1wo | - a8
R, & S0kt
Power Supply A ejsction Ratio PSRR V=510 120V} g o | - a0 100 B
R, < 50kit
Output Valtage Swing Vom F{L = 2kt =120 {2130 - +12.0 130 W
) ) Ry 2 2kit
Large Signal Voliage Gain A 100 250 &0 200 - Wimy
vo Vg = 510V
Power Consumption Py Vg = 0V - a0 &0 - 50 a0 v
Input Noise Voltage Cnpp G1Hz to 10Hz - 085 - - 0.ES - uv op-p
fo = 10Hz - 25 - - 25 -
Input Noise Voltage Densily L fu = 100Hz - 22 - - 22 - nY, Hr
fo = 1000H:2 2 - 2 -
input Noise Current iﬂp_p 0.1Hz tp 10Hz - 12.8 - - 128 - pApp
Channel Separatian cs 100 - - 100 - - de
to = 10Hz - 1.4 - 1.4 -
Input Noise Currant Density [ fy = 100 Hz .7 — — 07 — P ﬁz
f, = T000Hz - 04 - - 0.4 -
Slew Rate (Note 1) SR 05 a7 - 0.5 0.7 - Wius
Large Sinal Handwidth {Note 1) Vo = 20vpp 4.0 8.0 - 4.0 8.8 - kHz
Ciosed Loop Bandwidth {Note 1) Bw AyeL=t1e LR 13 - 0ge 13 - MHz
Risetime [Nota 1) Ay = 41
Vi = 50mY - 200 | 300 | - 200 | 200 | nsec
Overshoot (Mote 1) - 5 10 ~ 5 10 %
The following specifications apply for Vg = 115V, 0°C < T 5 < +70°C, unless otherwise nated.
Input Ofiset Yoltage Vo H, = 50kt - 0.4 1.5 - 1.2 3.0 my
Average Input Offset Voltage
TCv A, = Gkit - 2.0 80 - 40 {100 WG
Drift {Note 1) os s> H
Input Offset Current Log - 0.7 4.0 — 14 100 na
Average Input Offset Current Drift (Note 1) TCly - 75 120 - 15 250 paSC
Input Bias Current ‘g - 22 S0 - 75 125 n&
Input Voltage Range CMYVER 120 {1130 - +12.0 130 - W
Common Mods Rejection Ratio CMRR Vom= sCMVR 4, mo | — ] sa wo | - o8
A,z B0kt
Power Supply Rejection Ratio PSRA Vi=S00V] g "o | - 84 wo 1 - dB
R, 5 50KQ
. . A, =20
Large Signal Voltage Gain AL vl oov 50) 200 - 26 150 - Vimy
Maximurm Cutput Valtage Swing Vom Ry z 2k +120 | £13.0 - £12.0 130 - v

Note 1. Parameter is not 100% tested. S0% of all units meet these specifications,
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OP-14

TYPICAL PERFORMANCE CURVES {Each Amplifier)
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OP-14

TYPICAL PERFORMANCE CURVES (Each Amplifier)
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OP-15)

PRECISION JFET INPUT OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION

The OP-15 provides an excetlent combination of high speed
and low input offset voltage. In addition the OP-15 offers the
speed of the 1564 ap amp with 1554 dissipation. To further
enhance the excellent input parameters, the OP-15 uses bias
current compensation to maintain low input bias current at
elevated temperatures,

The OP-15 was designed ta provige real precision performance
along with its high speed. For exampie the 500uV offset
voltage yields less than 1/2 LSB error in a 12 bit, 5V DAC,
Although the OP-15 can be nulled, the design objective was to
provide low offset voltage and drift WITHOUT NULLING.
Systems become MORE COST-EFFECTIVE as the number of
error correcting “knobs' decrease. PMY achieves this per
formance by use of an improved BI-FFET process coupled with
on-chip zener-zap offset trimming.

Most high speed monolithic ap amps give settling tima specifi-
cations to 0.01% error band, and sa does PMI. Since 0.01% of
10V is TmV, it is surprising that these same op amps have
offset voltage errors in the 0.02% to 0.3% range. A large num-
ber of applications are in the 0.05% to 0.1% range, and PMI
also gives specs for thess error bands in its setiling times. The
fact that B00uV is only 0.005% of 10V is why PMI specifies
settling time to a true 0.01% error band.

The combination of low input offset valtage of 500uY MAX.,
slew rate of 17V/usec, and settling time of 900nsec—to 0.1%—

LOW SUPPLY CURRENT

FEATURES
& HighSlewRate ................., 17V /s
B Fast Settlingta20.1% .. ............ 0 nsec
& Low Input Offset Voltage .. ....... 500 v MAX
B Low Input Offset Voltage Drift . .. .. _. 2.0 uv/°C
M 156 Speed with 155 Dissipation
B Wide Bandwidth .. ................. G MHz
W Minimum Slew Rate Guaranieed on Al Models
s  Temperature Compensated Input Bias Currents®
® Guaranteed Input Bias Current @ 125°C. . 9nA MAX
& Bias Current Specified WARMED UP Over Temp.
= Internal Compensation
B Low Input Noise Current ... ... ... 0.01 pA VHz
B High Common Moda Rejection Ratio .. .. .. 100d4B
' Models With MIL-STD-8834 Class B

Processing Available From Stock

makes the OP-15 a true precision, high speed op amp. The
additional features of low supply current cougled with an input
bias current of 9nA at 125°C ambient {not junction} temper-
ature makes the OP-15 useful in a wide range of applications.

Applications include high speed arnplifiers for current cutput
DAC's, active filtars, sample-and-hold buffers, and photocell
amplifiers. For additional precision JFET op amps, see the
CP-16 and OP-17 data sheets.

SIMPLIFIED SCHEMATILC DIAGRAM

‘PIN CONNECTIONS

- -

NDTE RTRARG T " L 1AGE

roP ik
RALANCE 4 T

RLE3 6 OUT

BALANTE
A Y- (G

+IN Y

ORDERING INFORMATION

ORDER: OP-15A.
QP-158J
GF-16C.
OP-15E)
QP-16F.
OF-16G.

Military Temperature Range Devices

With MIL-STD-2834 Class B Processing

ORDER: OP15883-Al

ORDER OP15883-8J
OP15883-C)

] -66°C TC +125°C

] G°C TO 70" C

*PATENT APPLIED FOR
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OP-18

ABSOLUTE MAXIMUM RATINGS

Supply Voltage

Differential Input Yoltage

OF-15A, OF-158, OP-16E, OP-15F 72y QP-154, OP-158, OP-15E, OP-15F +40Y
OP-15C, OP-15G 18y OP-15C, OP-15G =30V
internal Power Dissipation Input Voltage
Adl Devices 500mw OP-154, OP-168, OF-15E, QP-15F =20V
1The TG-98{]} package must be derated based OP-15C, OF-15G L 16Y
on a thermal resistance of 150° C/W junctian {Unless otherwise specified the absolute
.w ambient or 45° CAN junction to case.} maximLm negative input voltage is equal
Operating Temperature Range 1o the nagative power supply valtage.)
OP-18A, OF-158, OP-18C =557 to +126°C - .
OP-15E, OP-15F, OP-16G 0 ¢ t0 +70°C Output Shart Circuit Duration Indefinite
Maximum Junction Temperature (T ) Storage Temperature Range -65°C to +150°C
All Devices +150°C Lead Temperature Range [Soldering, 80 sec) +300° ¢
ELECTRICAL CHARACTERISTICS L OP-15A OP-158 r QP-15C
These specificatians apply for Vg = 15V, T4 = 26°C, unless otherwisa notad.
Paramater Symbol| Test Canditians Min Typ Max Min | Typ | Max Min Typ | Max Units
Input Offser Valtage Vs R =508 — a.2 05 — 0.4 101 — a5 3.0 my
Input Offset Cureant los TJ-25°C [Note 1} — 3.0 10 — N1 20 - 301 80 pA,
Device Operating - 50 | 22 — 50 | 40 - 50 (100
Input Bias Current Ia Ty= 25°C [Mote 1) = 15 &0 — 15 100 - 15 200 pA
Device Operating — 18 110 — 18 200 — 18 400
Input Resistance Ain — w2 ] - —tw2 | - - [w2] - o
Large Signal Voltage Gain Ao R = 2K, 100 | 240 — 75 (220 - 50 200 - Vimy
Vo= t10W )
Cutput Voltage Swing Wom  |RL= 10K 12 |13 - |t =13 - +13 - W
RL=2K 11 127 — +1 £12.7 — * +12.7 -
Supply Current gy — 27 40 - 2.7 40] - 2B 540 ma
Siaw Rate SR Ay =+H0 10 | 17 - 75] 16 - 50 | 15 - Wiusec
Gain Bandwidth Product GBW 40 6.0 — 35 5.7 — 340 &.4 - MHz
Closed Loop Bandwidth CLBW lAyp =+10 — 14 - - 13 — — 12 - MHz
Settling Time 15 e 0.01% — 22 | - — 23 | — — 28 — us
to 006% {Nota 2} |~ 1.1 - - 1.4 - - 1.2 -
to 0.10% - a9 - - 09 — — i0 —
Input Voltage Range CMvVA 1105 | +148 - +105:+14.8 - +10.3 [+148 - v
=115 -11.8 =15
Common Mode Rejectian Ratio | CMRR |Vpp = :CMVR 8G | 100 — 86 100 - 82 b6 - dB
Power Supply Rejection Ratio PSRE |V:= 10V 10 =20% | 86 {100 - 86 [100 - - - - de
V=10V to =18V | - - - — - - 82 104 -
Input Moise Woltage Density en fo = 100Hz - 20 - - 20 - - 20 - nWiyTHz
fo = 1000Hz — | 1s - - |15 - - 15 -
Input Noize Current Density in fo=100Hz — c.o1 - -~ a0t - - a0 - YN
fo = 1000Hz - 0.01 - - 00| - - 240t -
Input Capacitance Cin — 3.0 - - 340 - - 30 - pF
The following specifications apply for Vs = $18Y, -85°C = Tz = +125°C, unlass otherwise noted.
Input Offset Voltage Vos  |Rg =508z - 64 09| ~ oz 20| - og | a5 |mv
Average Input Offset Voltage
Crift {Mote 3}
Without External Trim TCWoas - 20 50| - 30 | 10 - 40 | 15 uWiEC
With External Trim TCMpen |Rp = 100K 2 - 20 - - 3.0 — - 4.0 -
Tnput Offset Current (Note 1} [lge Ty=125"C — 0.6 40 F — 0.8 60| — 10 9.0 e
Tg = 126°C - 08 10| - 12 | 1 - 1.5 | 17
Bevice Opearating
Input Bias Currant (Note 1) g T;=125°C - 1.2 5.0 [ - 15 78| — 18 10 nA
Ta = 12570 - 1.7 9.0 - 232 14 —- T |19
Device Dperating
Input Voltape Rangs CMVR +10.4 |+14.6 - +10.4 (4146 —  J21025| +148 - v
-11.3 =113 -11.3
Cornmon Mode Rejection Ratio [CMRR |Vop = tCMVR 85 a7 — 85 a7 - 8O i) - dB
Power Supply Rejection Ratio PSRR |V = £10W to 420V | BS a7 - | 856 a7 - - - - dB
Vg =210V to 115V | — - — — - — 80 a3 -
Large Signal Voltage Gain Ava RL = 2K, 36 120 - 20 110 — 26 100 — Vimy
Vg = £ 10V
Maximum Output Voltage Swing [Wony (R = 10K =12 |13 - g2 213 - |12 %13 - v




2P-158

ELECTRICAL CHARACTER!ST'CS OF-16E OP-15F OP-15G
Thess spacifications apply for Vg = 16V, T4 = 257 C, unless otherwise noted.
Paramatar Symbol| Test Conditions Min Typ | Max Min I Typ | Max Min Typ |Max Linits.
Input Otfset Veltage Vos  |As =506 — a2 05| — ] o4 10| - o5 | 30 [mv
Input Offset Current los Ty=25°CiNote 1) | — 340 10 -} 30| 20 - 3.0 | 80 pA
Device Operating — 5.0 22 — l 5.0 | 40 - 50 100
Input Bias Current Ip Ty=25°C INote 1} | — 15 50 - 15 100 — 15 (200 A
Drevice Operating - 18 118 - 18 200 - 18 [Ac0
Input Resistance Rin — w2 ) — [ - | - ™| . Q
Large Signai VYoitage Gain Ao R & 2KQ, 100|240 - 751220 - 50 200 - Vimy
W =210V
Qutput Voltage Swing YoM R =10K +12 113 - 12 1£13 - 12 Ea i} — W
R =2K 11 +12.7 — =11 +12.7 - +11 2.7 -
Supply Currant Igy — 27 40 — 27 40| — 28 50 ma
Slew Rate SR AypL=+1.0 10 17 — 757 18 - 5.0 o - Wiusec
Gain Bandwidth Froduct GBW 44 60 - 35 57 - 5.0 5.4 - MHz
Closed Loop Bandwidth CLBW |AygL=+1.0 - | 1a - -~ ]13 - | - 12 - MHz
Sertling Time tg to 0.01% - 22 - - 232 - 24 -- 1]
to D.08% (Nowe 20 | — 1.1 - - 11 - - 12 -
to §.10% — 09 — — 08 - — 10 —
input Yoltage Range CMVR L1105 |+148 — L1056 (#1482 - 103 |+148 - W
-115 -11.5 -115
Common Made Rejection Ratio [CMRR [Vop = tCMVR 26 (100 - 28 |100 — 82 26 - dB
FPower Supply Rejection Ratio FERR |V = =104 to :20% | BB 100 - a8 (100 - - - - dB
Vg2 £10V to $16V | — - - - - - 82 100 -
aput Noise Voltage Density e iy = 100Hz - 20 - - 120 - - 20 - v i Hz
fo = 1000Hz -~ |18 - | - |8 - | - 15 -
Input Noise Current Dengity in to = 100Hz - ) 5‘53 — — a0y — - ooy - palHT
fy = 1000Hz - 0.1 — — a0 — - a0 —
Input Capacitance CIN - 10 —_ - a0 - - 30 - pF
The following specifications apply for W,y = 115V, 0°C = Ta < +70°C, uniess otherwise noted.
Input Dffset Voltage Vs Rg = 500 — a3 0.75] - 08| 18 — a7 38 my
Average |nput Gffset
Vattage Orift iNote 3}
Without External Trim TCWVag - 20 5.0 - 30 10 — 40| 15 uVite
With Extaroal Trim TCWen (R = 100K 0 - 20 - - 3.0 - - 4.0 -
{nput Offset Current las Ty= +70°0C [Wote 18 — 004 930 - 006 | 046 - 008l 065 nA
Ta - +70'C - Q06| 085 - | 008 | a8D0) — 010 1.2
Device Operating
Inpput Bras Current s Ty= +70°C (Mowe 1 — G110 | 040 - 0125080 — 0.14| 0.80 nA
Ta =+70°C — a123 | 075 - 016 | 1 - oag 1%
Device Jperating
Input Valtage Range CMVHR 1104 |+14.7 — 1104 147 - t10.2§ +14.7 - W
=11.4 -11.4 =114
Common Mode Rejection Rate | CMAR [vege = :CMVA 85 a8 85 a8 - 80 94 - =121
Fower Supply Rejection Ratio PSRR |wge <10V 10 £20V | 88 ag — 5 a8 — — — — dB
Ve=t10V to 15V | — — — - - — 20 24 -
Large Signal Voltage Gain Ay R = 2iK, 65 200 - 50 | 180 - a5 130 - Wiy
V= r10V
Maximum Jutput Voltage Swing| Vo R = 10K 12 |£13 - +12 | €13 - +12 +13 - v

NOTE t: Due to limited production test times the hias currents correspond to junction temperatures. The bias current vs. time (after power-on}
curve clarifies this point. Since most amplifiers {in use] are on for more than 1 second, PMI also specifies the bias current for the
warmed-up condition. The warmed-up bias current value is correlated to the jurction temp, vatue vie the curves of Ig ve. T and Ig
vs, Ta. PMI has a bias current compensation ¢ircuit which gives improvad bias current over the standard JFET input op amps. |g and
lgs are measured at Vo = 0.

MOTE 2: Settling tme is defimed here for a unity gain inverter connection using 2K.0 resistars, |t s the tirme required for the error voltage {the
voltage at the inverting taput pin on the amplifier) to settle to within a specified percent of its final value from the time a 10V step
input is appliad to the inverter. See settting time tast circuit.

NOTE 3: Parameter is not 100% tested. 20% of all units meet these specifications.
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TYPICAL PERFORMANCE CURVES
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QP15

TYPICAL PERFORMANCE CURVES
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OP-15

BASIC CONNECTIONS
INPUT OFFSET VOLTAGE NULLING SETTLING TIME TEST CIRCUNT
Beft T4
b :!5\!’

Bl 1% L

HOTE: W CAN € TRIMGED WITH FOTENTIOMETEME = —
FRAMGING FRGM WK TO 1M FOR MOST UITS
TCVUgg WILL BE MINIMUM WHEN Vg I8 ADMUSTED
WITH & 100IT FOYINTIOMETER.

APPLICATION INFORMATION

DYNAMIC OPERATING CONSIDERATIONS

As with most amplifiers, care should be taken with lead dress, componant placemant and supply decoupling in order to ensure stability. For
exampla, resistors fram the output to an input should be placed with the body close to the input to minimize “pick-up™ and maximize the fre-
guancy of tha feedback pale by minimizing the capaci from the input to ground.

A feedback pole is created when the feedback around any amplifier is resistive. The parallel i and capaci fram the input of the
davice {usually the inverting input) 10 ac ground set the frequency of the pole, In many instances the frequency of this pole is much greater than
the expacted 3 dB frequency of the closed foop gain and consequently there is negligible effect on stability margin. However, if the feedback
paole is less than approximately six times the expected 3 dB frequency a lead capacitor should be placed from the output to the input of the op
amp. The value of the sdded capacitor should be such that the RC time constant of this capacitor and the resistance it parallels iz greater than
or eguel 10 the originai fesdback pole time constant,
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0P-16]

PRECISION JFET INPUT OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION

The OP-16 offers a perfarmance combination not usually
found in the same op amp—high speed and low input offset
voltage. Not anly does the OP-18 gout-perferm the 156A in
speed and error band, but it is clearly superior to several more
costly hybrid and dielectrically-isolated op amps, In addition,
the OP-18 uses bias current compensation to maintain low
input bias current at elevated temperaturss,

The OP-16 was designed to provide real precision performance
along with its high speed. For example the 500uV offset
voltage yields less than 1/2 LS8 error in a 12 bit, 5V DAC,
Although the OP-16 can be nulled, the design objective was to
provide low offset voltage and drift WITHOUT NULLING,
Systems become MORE COST-EFFECTIVE as the number of
error correcting “knobs” decrease. PMI achieves this per-
formance by use of an improved B-FET process coupled with
on-chip zener-zap offset trimming.

Most high speed manolithic op amps give settling time specifi-
cations to 0.01% error band, and so does PMI. Since 0.01% of
10% is ImV, it is surprising that these same op amps have
offset voltage errors in the 0.02% to 0.3% range. A large num-
ber of applications are in the 0.05% to 0.1% range, and PMi
2iso gives specs for these error bands in its settling times. The
fact that 500uV is only 0.005% of 10V is why PMI specifies
settling time to a true 0.01% error band.

The combination of low input offset voltage of BOOUYV MAX.,
slew rate of 25V /usec, and settling time of 700nsec—~to 0L1%~

WIDE BANDWIDTH

FEATURES
m HighSlewRate .................. 25V us
& FastSettingto *0.1% .............. T00 nsec
& Low input Offset Voltage . . . ... ... 500 vV MAX
@ Low Input Offset Voltage Drift .. ... .. 20 pvI°C
B Wide Bandwidth . .................. B MHz
B Minimum Slew Rate Guarantead on All Models
M Temperature Compensated Input Bias Currents*
& Guaranteed |pput Bias Current @ 125°C. .1TndA MAX
™ Bias Current Specified WARMED UP Over Temp.
B lnternal Compensation
B Low Input Noise Current . ........ 0.01 pA /Hz
B High Common Mode Rejection Ratio . . . . . 100¢B
R Models With MIL-STD-883A Class B

Processing Available From Stock

makes the OP-16 a true precision, high speed ap amp. Because
of the input bias current compensation, the maximum input
bias current at 125°C ambient {not junction} temperature is
only 11nA, This kind of performance makes the OP-16 useful
in a wide range of applications.

Applications include high speed amplifiers for current output
DAC's, active filters, sample-and-hold buffers, and photocell
amplifiers. For additional precision JFET op amps, see the
QP-15 and OP-17 data sheets,

SIMPLIFIED SCHEMATIC DIAGRAM

PIN CONNECTIONS
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ORDERING INFORMATION
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HRIE @7 R ARE ELECTAOMIGALLY ANUS A0 UM CHIF FOR BB B FSET w0LTAGE

ORDER: OP-16A]
QP-168J -56°C TO +125°C
OP-16C
QP-16EJ
OP-16FJ) 0L TR +70°C
TPA16G

Mititary Temperature Range Devices
With MIL-STD-883A Class B Processing

ORDER: OP16883-AJ
Cr16-883-B)
QP16883-Ct

*PATENT APPLIED FOR
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QP-1&

ABSOLUTE MAXIMUM RATINGS

Supply Vaoltage

Differential {nput Voltage

CP-18A, OP-16B, OP-16E, OP-16F =22V QapP-164, OP-16B, OP-16E, OP-16F + 40V
OP-18C, OP-16G +18v OP-16C, OP-16G 30V
internal Power D issipation Input Voltage
All Devices 500mwW OP-164A, OP-168, GP-16E, OP-16F £20V
(The TO-99{J} package must be derated based OP-16C, DP-16G 18V
ona thf"mal resistance M 15.00 C/W junction {Unless otherwise specified the absolute
to ambient or 45° CAW junction 1o case,) ) o .
Qperating Termperature Aange rt:'a:;:n::;a:?f:zm?:i‘p:i:ﬁii:;q!ual
OP-16A, OP-168, OP-18C -55°C 10 #1256°C )
OP-18E, OP-16F , OP-16G 0°C 1o +70°C Dutput Short Circuit Duration Indefinite
Maximum Junction Temperature rrJ; Storage Temperature Range 6570 to +160°C
All Devices +150°C Lead Temperature Range (Soldering, 60 sach +300°C
ELECTRICAL CHARACTERISTICS Qr164A QOP-158 OP-16C
These specifications apply for Vg = +16Y, Ta = 26°C, unless otherwize noted.
Parameter Symbol| Test Conditions Min | Typ | Max | Min | Typ [ Max | Min Typ | Max Units
Input Otfsat Voltage Vas R; =500 — 02 O8] - 04 1.0 — 8.5 <) v
Input Offset Current los T)=25°CiNote 1} | — 3.0 10 - 30 ] 20 — 3.0 | 50 pA
Device Operating - BEOQ 5 - 5.0 50 - 50 125
Input Bias Current I8 Ty=25°C (MNote 1} | - 15 50 - 15 100 - 18  [200 pA
Device Qperating - 20 130 - 20 250 — 20 500
input Resistanca Rin — 1012 - - |10'2 — — 0¥ ] — ¥}
Large Signat Voltage Gan Ava  |RL ®2KQ, 100|240 - | 75 |220 — | 50 [200 = Vimy
Vg = 10V
Cutput Voltage Swing Vom |FAL=10K +12  {+13 — |xi2 [(#13 - g2 +13 - v
R =2K +11 +12.7 - 11 £12.7 — 11 127 -
Supply Current 15y - 4.8 B 4.6 7Ol - 458 B.O ma
Slew Rate SR AycL=+10 18 25 — 12 24 - 9.0 | 23 - Viusec
Gain Bandwidth Product GEw 80| 80 — 55| 76 - BE.0 7.2 - MHz
Clased Loop Bancwidth CLBW [Aycy = +1.0 - | 18 - B T - - 17 - MHz
Sattling Time A e 0.01% — 1.7 — — 17 - - 18 — uE
1o 0.08% (Note 2) - 09 - - 09 - - 10 -
to 0.10% — Q.7 — — 0.7 — — 08 —
Input VYoltage Range CWMVR +105 | +14.8 - |=108]|+148 -~ 11103 (+148 — v
118 -11.5 ] =115
Common Mode Rejection Ratio | CMRR | Vo= *CMVR B& | 100 - 86 1100 - 82 a6 - 4B
Power Supply Reiection Ratic | PSRR 1w, = 10V w0 20V | B6 | 100 - 86 |10Q - - - - a8
V=210V 1o 215V | — - - — - - 82 100 -
input MNoise Voltage Density en fp = 100Hz - 20 — — 20 — — 20 - nWivH
fo = 1000HzZ - | 15 - — [ s - - 15 -
Input Moise Current Density in fp = 100Hz - 001 - — 00t — - 0.0 — pA/HE]
in = 1000Hz — 0m — - 0.01 — - 001 -
Input Capacitance CIN - 30 - - 3.0 - - 30 - pF
The faltowing specifications apply for V= £18V, -B8°C = T4 = +1257C, unless atherwise noted.
Input Offset Voltage Vos | R =500 — 04| 03] — 07| 20| - 09| 45 |mv
Average Input Offset Volhage
Drift {Note 3)
Without External Trim TCWog — 20 50 - 340 10 - 40| 18 Nl
With External Trim TCVygn| Rp = 100K L2 — 20 - - i) - - 4.0 —
Input Gffset Current lgs Ty=126°C iNote 1)) — a6 4.0 - .80 80| — 10 9.0 nA
Ta= 126°C - 1.0 g5 - 1.3 145 - 1.7 22
Devica Qperating
Input Bias Current g T4=126°C {Note 1] — 12 50 — 15 5| - 181 10 na
Ta= 125°C - 2.0 11 - 25 138 - 3.0 25
Qevice Operating
Input Voltage Range CMVR 2104| +1486 — 1 x10.4| +146 — (102514146 | — A
-11.3 -11.3 -11.3
Common Mode Rejection Ratio | CMBR \icmj *CMVR 85 97 — a5 97 - B0 a3 — dB8
Power Supply Rejection Aatio | PSRR | Vg = £10W 10 IV | 85 a7 — Bg 97 — — - — dB
Wy = £10V to £15V | — - - - - - | 80 93 -
Large Signal Yoltage Gain Ay | RL = 2K, ® 120 - [ 30 w0 — | 25 [100 = VimV
Ve = 210V
Maximum Output Voltage Swing Vom | AL = 10K 12 | 413 — | =12 [ £13 - [ =12 13 - v




QP-1&

ELECTRICAL CHARACTERISTICS QOP-16E OP-16F OP-16G
These specifications apply for Vg = £15W, Ta = 357 C, unless otherwise noted.
Paramatar Symbeal Tast Conditions Min | Typ Max | Min | Typ | Max | Min Typ | Max Units
“Input Offset Voltage Ves | Rg =500 - 02| o5 — | 0a] 10] - 65| 30 [mv
fnput Offset Current los Ty=25°CiNote 1} | — 30 | 10 - 3.0 | 20 - 30| s0 pA
Device Qperating — 50 | 25 - &0 | 50 — 50128
Input Bias Current Ig T =25°CiNote 11} ~ 15 50 — 15 100 — 15 200 pA
Device Operating - 20 130 - 20 250 — 20 500
input Resistance Rin - w2 - - 12t - - 1072 — o
Large Signal Volage Gain Ayn AL =2Ka, 100 240 - 75 (220 - &0 200 - Wimy
Vg = t10V
Dutput Valtage Swing Vom R = 10K +12 +13 — +12  [+13 - =12 =13 - v
=11 +12.7 - + 127 — (=1 £12.7 —
Supply Current i5y — 4.6 701 — 4.6 70| — 48 BoO mA
Slew Rate SR | AygL=+10 1B |25 - [ 12 |24 - 90 |23 - Viusec
Gain Bandwidth Product GBW 6.0 8.0 - 55 7.6 - 5.0 7.2 - MHz
Closed Loop Bandwidth CLBW | AycpL =+1.0 - 19 - - 18 - - 17 - MHz
Settling Time 1 ©w0.01% - 17 | - - 17| - | - 18| - us
to 0.05% {Nate 2} - 09 - - 04 - - 1.0 -
t0.10% - 07 - - 0.7 - - 0.8 —
Input Voltage Range CMVR +10.5 |+14.8 - +1056 (+14.8 - £10.3 (148 - v
-11.5 =115 -11.5
Commoan Made Rejection Ratio | CMRR | VYiom = tCMVR BG |100 — 86 100 — B2 96 - dB
Power Supply Rejection Ratio PSRR | W= 10V to =20V | B§ 100 - 88 |100 - - - - di
Vg=+10% 10 215V — — — — — — B2 oo —
Input Nosse Voltage Density en fy = 1G0HZ - 20 - - 20 — - 20 — NN
f, = 1000Hz - |18 - - |18 - | - 15 -
Input Moise Current Density in fo = 100Hz - QM| - - GOy - - aoly -~ pALHZ
fry = 1000Hz — 0.01 - - 0.01 - - 9., -
Input Capacitance Cipg - 30 - - 3.0 - - 3.0 - pF
The fallowing specitications apply for We = 115W 0°C < Tp = +70°C, unless otherwise noted.
Input Offset Voltage Vs | Re =500 - 03 lors] — | oss| 18] — 07] 38 [mv
Axerage Input Offset
Valtage Drift iNote 3
Without External Trim TCWgs - 20 | 5.0 - 30 |10 - 40| 15 wvrC
With External Trim TCVgsn Rp = 100K 82 - 2.0 - - 30 - - 4.0 -
Input Cffiet Current lag T= +70°C iNote 1)) — 0.04 [0.30 - 006| 045 | — 008l 0.65 nA
T =+10°C - eorjoro | - | 00| 1a] - 015 1.7
Davice Oparating
Input Bias Current g Ty= +70°C (Note 1] — 010 | 040 - 012 Q60| — ) 0.4 020 {nA
Tp =+70°C - 0.5 | 090 - 0.20 14 - 0.25 24
Orevice Qperating
Input Yoltage Range CMVR +10.4 [+14.7 — [=10.4[+147 —  [£1025 147 - v
~11.4 =11.4 -11.4
Common Made Rejection Ratio | CMRR | Vo = :GMYVAR 85 o8 - 85 98 - 20 B4 - dB
Power Supply Rejection Ratio PSRR | Vg = 10V to +20Vv | 85 98 - HE 58 - - - - dB
Ve==10v to t16V | — - - - - - {80 |oa -
Large Signal Voltage Gain Ava | RL 2 2K, 65 (200 - | so |180 — |3 o - Vimy
Vs =210V
Maximum Cutput Voltage Swing Yoy | B = 10K 12 |t13 - |x12 |13 —  J#12 13 — v

NQTE 1: Due to limited production test times the bias currents correspond to junciion temperatures, T
curve ¢larifies this point, Since most amplifiers (in use] are on for more than 1 second, PMI also specifies the bias current for the
warmed-up condition, The warmed-up bias current value s corrglated to the junction temp. value via the curves of Ig ve. Ty and g
ws. Ta. PMI has & biss current compensation circuit which gives improved bias current over the standard JFET input op amps. Ig and

Jgs are measured at Vo = 0.

NOTE 2: Settling time is defined here for 2 umity gain inverter connection using 2K resistors. 1t is the time requirad for the error voltage ithe
voltage at the inverting input pin on the amplifier) to settle to within a specified percent of its final valug from the time a 10V step

input is applied to the inverter. Sge settling time test circuit,
NOTE J: Parametsr is not 100% tested. 90% of &l units meet these specifications.

he bias current vs. time 1afler power-onl
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OP-16

TYPICAL PERFORMANCE CURVES

INPUT B1AS CURRENT V5. INPUT BIAS CURRENT V5.
BIAS CURRENT V5. TIME JUNCTION TEMPERATURE AMBIENT TEMPERATURE (UNITS
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or-16

TYPICAL PERFORMANCE CURVES
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OP-16

BASIC CONNECTIONS

INPUY OFFSET VOLTAGE NULLING SETTLING TIME TEST CIRCUIT

il a1

NOTE: Vpg CAN BE TAIMMED wiTH FOTENTIOMETLAS
MANGING FROM KT TO 1MIZ FOA MOST yhiT
TFCvgy WLk BE MINIMUM WHEN voy 15 8 0JUSTED
WITH A 1DONC) FOTENTIDMETER

APPLICATION INFORMATION

DYNAMIC OPERATING CONSIDERATIONS

As with most amplifiers, care should be taken with lead drass, compenent placement and supply decoupling in order tq ensure stability. For
example, rasistors fraom the output to an input should be placed with the body clase 1o the input to minimize "pick-up’ and maximize the fre-
quency of the fesdback pols by minimizing the capacitance from the input to ground,

1a feedback pole is created when the feedback around any amplifier is resistive, The paralla| resistance and capacitance from the input of the
device {usually the inverting input) to ac ground set the freguency of the pole, In many instances the frequency of this pols is much greater than
the expected 3 dB frequency of the ciosed laop gain and consequently thers is negligible effect on stability margin. H , if the feedbach

paole is less than approximately six times the expacted 3 dB frequency a lead capacitor should be plaged from the output to the input of the op
arnp. The value of the added capacitor should be such that the RC time constant of this capacitor and the resistance it parallels is greater than
or #qual to the original feedback pole time constant.
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P-17

PRECISION JFET INPUT OPERATIONAL AMPLIFIER

WIDE BANDWIDTH DECOMPENSATED {(Avpn = 5)

GENERAL DESCRIPTION

With an unusual performance combination of 400nsec settling
tirme and. an input offset voltage of BOAMY MAX., the OP-17
clearly autperforms the 157A op amp. In addition, the OP-17
i superior in both cost and performance to several dielectrically-
isolated and hybrid op amps. Bias current compensation pro-
vides low input bias current at elevated temperatures.

The QP17 was designed to provide real precision performance
along with its high speed. For example the 500uV offset
voltage yields less than 1/2 LSB error in a 12 bit, BV DAC.
Adthough the OP-17 can be nulled, the design objective was to
provide low offset voltage and drift WITHOUT NULLING.
Systems become MORE COST-EFFECTIVE as the number of
errar correcting “knots” decrease. PMI achieves thizs per-
formance by use of an improved BI-FET process coupled with
on-chip zener-zap offset trimming.

Most high speed monolithic op amps give settling time specifi-
cations to 0.0%% error band, and so does PM), Since 0.01% of
10V is 1mV, it is surprising that these same op amps have
offset voitage errors in the 0.02% to 0.3% range. A large num-
ber of applications are in the 0.05%% to 0.1% range, and PMI
also gives specs for these error bands in its settling times. The
fact that 500uV is only 0.005% of 10V is why PMI specifies
settling time to a true 0.01% error band.

The combination of low input offset voltage of 500uv MAX.,
slew rate of 70V/usec, and settling time of 400nsec—to 0.1%—
makes the OP-17 a true precision, high speed op amp. Because

FEATURES
w HighSlewRate ................... 7OV us
= FastSetflingto201% . ............. 400 nsec
® Low Input Offset Valtage ., ... .. .. 500 uV MAX
m Low Input Offset Voltage Drift . ... ... 2.0 Ve
= Big Gain Bandwidth Product .. ......... 30 MHz
 Minimum Slew Rate Guaranteed an All Models
= Temperature Compensated Input Bias Currents®
= Guaranteed Input Bias Current @ 125°C . 11nA MAX
m Bias Current Specified WARMED UP Over Tamp,
we Internal Compensation
& Low laput Noise Current ., .. ... .. Q.07 pA \/H_z
B High Common Mode Rajection Ratio . ... .. 100dB
W Models with MIL-STD-883A Class B

Processing Available From Stock

of the input bias current compensation, the maximum input
bias current at 125°C ambient {not junction} temperature is
anly 11nA, This kind of performance makes the OP-17 useful
in a wide range of applications.

Applications include high speed ampiifiers for current output
DAC's, active filters, and photace!l amplifiers. For unity gain
fast follower applications see the JP-15 and OP-16 precision
JEET op amp data sheets.

SIMPLIFIED SCHEMATIC DIAGRAM

PIN CONNECTIONS

T
[}
HALAMCE | 7.
[UF EouT
BLE 5 ALANCE
B ICASE |

ORDERING INFORMATION

b
u-s?
l

T oL TadE

'RQTF R, RLARE EL Lt

ORDER: OF-17AJ
Op.178) ~B5°C TO +128°C
OF-17C)
OP-17E
OP-‘I?Fj} 9°CTO +70°C
OP-17GJ

Milirary Temperature Rangs Devices
With MIL-STD883A Class B Processing:

QRDER: OP178B3-Al
OF17-883-BJ
QP17-883-C)

*PATENT APPLIED FODR
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OP-17

ABSOLUTE MAXIMUM RATINGS

Supply Voltage

Differential Input Voltage

QP74 OP-178, OP-17E, OP-17F 22V OP-17A,OP-178, OP-17E, OP-17F 40V
OP-17C, OP17G 1BV QR-I7C, OP17G +30W
Internal Power Dissipation Input Voltage
All Devices BO0mWY QF-174, OP-17B, QF-17E, QP-17F +20V
{The TO-9H N package must be derated based QP-17C, 0P17G t16Y
n a_thermal r:sistar]ce u‘f_ 150°C/W function to {Unless othenwisa specifisd the absolute
_amblent or AF'C/W junction ta case.) Makimum negative input voltage is equal
Operating Temperature Hange = N o the megative power supply voltage.}
OF-17A, QP-178, OP-17C ~-65°C ta +125°C L .
OP-17E, OP-17E, OP-17G 0°C 10 +70°C Dutput Short Circeit Duration Indefinite
Maximum tunction Temperature (T ] Storage Temperature Range ~85°C to H150°C
All Devices +150°C Lead Temperature Range {Soldering, B0 sec) +300°C
ELECTRICAL CHARACTERISTICS OP17A L OP-178 ap-17c
These specifications apply for Wg =275V, Ty = 25°C, unless otherwise noted,
Paramater Symhof| Test Canditions Min| Typ | Max | Min | Typ | Max | Min Typ | Max Units
Input Offset Yoltage Vg RAg =500 - 0.2 05 — 04 10| — 05 30 my
Input Offset Current [ Ty=25°CtNote 1) | — 300 10 - 30 | 20 - 30| s0 pA
Device Operating — 5.0 25 — 5.0 50 — 50 1125
Input Bias Current Y Tj=25"C (Mote 11 | — 15 50 — 15 100 - 15 200 pA
Device Qparating - 20 130 — 20 280 - 20 | 500
Input Resistance Rin - {112 — }0? - - [w?2] - n
Large Signal Voltage Gain Ayg R = 2Ksz, 100 | 240 — 75 1220 — sQ 200 - Wimv
Vg = £10V
Dutput Voltage Swing Vom R =10K 12 13 - +12 |13 - 112 +13 - W
R = 2K =11 | =127 - it |12y - kM 12T |~
Supply Current 1% - 4.6 ol - 486 10 - 48 8.0 mA
Slew Rate S8R |AycL=t60 |48 | 70 — |35 | &6 -~ 1z (e | - Visee
Gain Bandwidth Product GBW 20 a0 — 15 28 - 11 26 - MHz
Closed Loop Bandwidth CLBW |AycL =+5.0 — 11 — — 10 — - 9 - MHz
Settling Time tg to 0L01% - 15 - — 15 - - 16 - us
te 0.05% {Note 2} - 0.5 - — 05 - - 0.8 -
w0 G10% — 0.4 — — 04 — - 05| —
input Voltage Aange CMVR +10.5] +14.8 —  [£1051+148 — 2103 |+148 | — v
=115 -11.6 ~11.5
Commaon Mode Rejection Ratio |EMAR |WVop = tCMVA as | 100 - 85 {100 - g2 a6 — da8
Fower Supply Rejection Ratic PERA |V, = £10V 1o 20V | 86 100 - BE | 100 - - - - dB
We=t10V 10 2 18Y | — - - - - - B2 100 -
Input Maise Voltage Density en fg = 100Hz — a0 — - 20 - — 20 — n\ff\m?
fg = 10008z - 15 - - 15 - - 18 -
Input Noise Current Density in fo = 100Hz - 001 - - 001) — - 0081 — pAh/Hz
|fy = 1000Hz - D01 - - 001 — - LR+ |
input Cap;c'i‘tance Cin T I 30 - — 30 - - 30 - pF
The foltowing specificatians apply far Wy = £ 16V, -55°C = Tas +125°C, unless otherwise noted.
input Offser Voltage Vos R =508 -~ oa| os| - | o7 ] 207 — 03| 45 Jmv
Awveraga Input Offset Voltage
Drift {Nate 31
Without External Trim TCWqs - Pl 50} = 30 ) 0 - 40| 18 pVIPC
With External Trim TCWaen|Rp = 100K 11 - 2.0 - - 3.0 - — 4.0 -
Input Offset Current Yas T)=125°C (WNote 111 — a8 49| - 08 60 | ~ 1.0 2.0 nA
Ta= 125°C - 1.0 8.5 - 1.3 145 - 1.7 22
Device Operating
Input Bias Current g Ty = 125°C {Note 1} — t.2 S0 — 15 7.5 - 12 ] 1¢ nA
Tg=125"C - 20 " — 25 18 — 3o | 25
Deavice Operating
Input Yoltage Range CMVR +104] +146 - £10.4{ +14.6 - 210,25 |+146 - kY
-11.3 -112 -11.3
Cammon Mode Rejection Ratio |CMBR |Veop = =CMVYR BG 97 - 86 97 - 80 93 — dB
Power Supply Rejection Ratio  [PSRR |V, = =10V t0 £20V | B85 a7 - a5 j+¥) - — — — dB
Vo= #10V 1o 215V | — - - - - - 80 92 -
{arge Signal Voltage Gain Aun A = 2K, 35 120 - g 1110 - i 120 - Wimy
Vg =t10V
Maximum Qutput Voltage Swing | Vam A = 10K £12 13 - +12 |13 - =12 +13 - W
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OP-17

ELECTRICAL CHARACTERISTICS OPF17E OP17F OP-17G
These specifications apply far Vg = 16V, T 4 = 257 C, unlets otharwise noted,
Parameter Symbol| Test Conditions Min | Tya | Max { Min] Typ [Max | Min Typ | Max 'Units
" Input Offset Voltage Vos R = 500 — 0.2 as - 0.4 10| — a5 3.0 my
Input Offset Current tos T =26°C (Note 1} | — 3o | 10 — 30 2o — 3.0 | &0 RpA
Device Operating - 50 1 25 - 50 |80 - 5.0 125
Input Bias Current ig T = 25°C {Note 1) - 15 50 - 15 100 - 15 200 pA
Device Operating - 20 130 — 20 250 — 20  [600
Input Resistance Rin - 1012 - - 1012 - - 1012 - o
Large Signal Voltage Gain Ayn Ay = 2K, 100 (240 - 75 [ 220 - 50 204 - vimy
Vg = £ 10V
Jutput Yoltage Swing Yam A= 10K 12 =13 - +12 pe13 e 12 +13 - W
AL =2K 11 127 - +11 +12.7 - +11 127 -
Supply Current Isy = 4.6 701 — 4.6 70 — 418 8.0 ma,
Slew Rate 58 Pago = +5.0 45 F0 - 38 66 - 25 62 - Viusec
Gain Bandwidth Product GBW 20 30 - 15 28 — 11 26 — MHz
Closed Loop Bandwidth CLBW Ay =+50 - 11 - - 14 - - a - MHz
Settling Time tg [TO 0.01% - 1.5 - - i5 - - 1.6 - us
TG 0.06% {Note 2} | — 05 - - 05 - - 06 -
TO0.10% - 04 - - 04 — - a5 -
Input YVoltage Range CMVR <108 +148 ~ [*1D5|+148 — 103 | +148 — W
—11.5 -115 -1r5
Common Mode Rejection Ratio [CMRR |V o= *CMVR 86 100 — 26 | 100 — 82 a6 - dB
Power Supply Rejection Ratia  |PSAR  [V5=110¥ to £t20% | 86 1100 - 86 | 100 - - — - dB
We =210V to £ 1BV — - - - - - az 100 —
Input Moise Voltage Density 2n fp = 100Hz - 20 - - 20 - - 20 - n\."."\,f’m
f, = 1000Hz - |15 - -~ | 18 - - 15 -
nput Moise Current Density in fq = 100Hz — om | - - oot | - - ool — pAiHE
fo = 1000Hz - 001 - - am - - oM -
Input Capacitance Cin - 30 — — 30 - - 30 — pF
The following specifications apply for ¥ = =15V, °c= Ta = +70°C, unless otherwise noted.
" Input OFfset Voltage Vas R, = B0 - 0.3 0rs| - 0.85 151 — 0.7 38 my
Average Input Offset
Yoltage Drift {Note 3)
Without External Trim TCY s — 20 5.0 - 3.0 10 - 40 15 uv e
With External Trim TCVosn B = 100K - 2.0 - — 3.0 — - 4.0 -
taput Offset Current los Ty =+70°C (Nate 1§ — 0041 030 - 006 |0as| — 0081 .65 A
Ta =+70°C - 007, 0.7 - (R ION R - 015 1.7
Device Operating
input Bias Current 15 Ty = +70°C iNote 1) — 0101 040 - 012 oso| - |’ o014l 080 | aa
Ta = +70°C - 05| edol - 0.20 |14 | — 0.25( 20
Device Cperating
Input Voltage Range CMVYR =104 |[+14.7 - -10.4] +14.7 — 1025 +14.7 - W
-114 —-11.4 ~11.4
Cernmen Mode Rejection Ratio | CMAR [vey = tCMVR Bo 58 - BE a8 - BQ 94 - de
Power Supply Rejection Ratio  |PSAR  |Vy==10V 10 220V | &5 o8 - ER 98 — — — — dB
Vs = 210V to 215V - - - - - - 20 G4 -
Large Signai Voltage Gain Ay Ry = 2K, 65 200 - 50 180 - 35 184 - WVimy
Vg = =10V
Maximum Output Voltage SwingjVaory  [Rp = TOKQ 12 113 - | =12 ] 213 - |=12 =13 I - Y

NGTE 1! Due to limited production st times the bias currents correspond to junction termperatures. Tha bias current vs. time {after power-on)
curve clarifies this point, Since most amplifiers (in usel are on for more than 1 second, PMI also specifies the bias current for the
warmed-up condition. The warmed-up bias current value is correfated t the junction temp, vaiue via the curves of fg vs. Tyand Ig
ve, Ta. PMI has 3 bias current compensation circuit which gives improved bias current guer the standard JFET input op amps, |g and
1gg are measured at Vo = 0.

NOTE 2: Settling time is defined herg far a gain of five inverter connection using 2K and 40002 resistors. 1t is the time required For the error
voltage {the voltage at the inverting input pin on the amplifier! to setile to within a specilied percant of its final value from the time
a 2V step input is applied 1o the inverter. See setthng time test circuit.

NOTE 3: Parameter is npt 100% tested. 90% of all units meet these soecifications.

5-58



OP-17

TYPICAL PERFORMANCE CURVES
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TYPICAL PERFORMANCE CURVES
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998729

INSTRUMENTATION OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION

The 355725 Serigs 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 {oop gain, low 3/f and wideband noise and a complete
absence of “popeorn’ noise. The extremely low offset voltage
drift is further improved by an advanced nulling technique
that provides optimum TCWgg performance when Vg has
been nulled 1o zero. Very high commoen mode and power
supply rejection enable accurate performance in the presence
of large spurious signals.

Flaxible external compensation provides wide bandwidth and
figh slew rate operation in high closed-loop gain applications.
The superiar long term stability, and compatibility with
MIL-STD-883 processing make the 555725 an excellent choice
for high reliability process control and aerospace applications,
including strain gauge and thermocouple amplifiers, low noise
audio armplifiers and instrumentation amplifiers. The 58572%

FEATURES

B Very High Voltage Gain . .. .. .., 1.000 kV/V Min
= Low Offset Voltage and Offsat Current

= Low Drift vs. Temperature (TCVy5). . 0.8 uV/°C Max
= Low Jnput Voltage and Current Noise

B Low Offset Voltaga Drift with Time

= High Common Mode Rejection. . . .. .. 120 d8 Min
B High Power Supply Rejection. . . . ... 2 uV Vv Max
W WideSupplyRange .. .......... 1.5V to +22V
B 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 unigue feature of
complete input differential voltage and output short cireuit
protection. Further improvements in input performance plus
complete  imternal freg Y ¥ ion are available:
request the OP-05 Instrumentation and OP-07 Ultra-low Offset
Voltage Operationat Amplifier data sheets.

SIMPLIFIED SCHEMATIC

PIN CONNECTIONS AND ORDERING INFORMATION

Ve

i

2.
iy

i gy
)

3 e =

" a7, nem Azl Rz
COMPRIGE THE INPUT PROTECT I0M CHCYIT

o, ozs, 418, F20
SCUBAISE THE CUTPUT PROTECTION CRCUIT.

855726
53572584
555725E)
$55725C)
—]® | — 1 14 PIN GIP (Y -Suffix}*
2 [—3 CROER: S85725AY
Ve TR 3—] 12 v Trmst 855726Y
I PO 4—] :D__\_ 11 e $557268Y
S85725EY
- —] —s0 outPuT
HOM-1WY. WUT & cser250Y
v- a— |— » cour.
L [—* *Formerly “P” Suffix
—fe b 10 PIN FLATPACK
Vou TR 2 — ¥ Ve TR {L-Suffix}
IV IWPUT 1—] -y NROER: 3557V26AL
HOM -ty et 4—] T uTRIT $85728L
v- o & Cour. §S8726BL

TP VIEW

TO-29 {+Suffix)
ORODER: SS5725A)
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885726

ABSOLUTE MAXIMUM RATINGS

Supply Voltage +22V Operating Temperature Range

{nternal Power Dissipation (Note 1} S00mwY 5557264, 555725 -55°C to +125°C
Differential Input Voltage £330V 65572650 26°C te  +85°C
fnput Voltage (Note 2} 122V SS5726E, $55725C 0°Cta +70°C
Dutput Short Circuit Duration Indefinite

Storage Temperature Range -65°C to +150°C Lead Temperature Range {Soldering, 80 sec) 300°C
NOTES:

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

Package Type Maximum Ambie”? Derate Above Maximum
Temperature for Rating Ambrient Temperature
TO-99 ) 80°C 7.1mW/°C
DUAL-IN-LINE {¥} 100°C 10.0mW /"¢
FLAT (L) 62°C 5.7mW/"C

Mote 2: Far supply voltages less than ¥22V, the absolute maximum input voltage s equal to the supply voltage.

FREQUENCY COMPENSATION

COMPENSATION CIRCUIT COMPENSATION VALUES

OFFNET VLTAGL *The compensation network (R4, C4) should
b Avl i 1 M2 €2 be returned [0 the V-terminal. It the network
i) | P |ty | tuFl -

is returned to ground, seriou$ degradation of

10q000 | 10K | 50pF| - - poweer supply rajection perfarmance with fre
USE Ry 1=81E0 1600 470 | oo _ _ guancy will ocour. See typical curves, page B
Yo ceraciTIvE {PSAR vs FREQUENCY),
100 47 o - -
g PREGUENCY 10 27 .08 | 270 | 0015 . .
WAATION »+ The tiimming patentiometer should be
1 10 oL e ] 02 .
L] 20K 5t for aptimum nulled offser voltage
drift. See page B for change in drift caused
¥ e aNut by potentiorneters ranging from SKI1 to
100K .
TYPICAL DYNAMIC PERFORMANCE CURVES
OPEN LOOP RESPONSE CLOSED LOOP FREQUENCY RESPONSE SLEW RATE USING RECOMMENDED
FOR VALUES OF COMPENSATION FOR VALUES OF COMPENSATION COMPENSATION NETWORKS
150 L] T u T T wrenv
C,=S0pF R, =100 DeFIm
120 _ O[T O0Rf R s 4Ton > \
= ] . i 3 "‘*-\
= 90 Lt - .
z g N3 _ou.rl R E4T | T 3
H co & olCim OSuF R, 270 \ z
§ § c,:_oons:ys n.=='?Eo?i“‘---.._.H =.5
=] a G, = 08uF R, =100 N £
z 0 § ° Cn U2pF R =380 T
& i T 1
E & r
a -20 t 1 \
] |
T T
L] —t - ] Ll
o0e R 10k 100K iM  1OM oo 2 ] CERL] 2
FREQUENCY {Hz} FREQUENCY Mz}
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$88725

ELECTRICAL CHARACTERISTICS S55726A 585725
These specifications apply for V= £15V, Ty = 25°C, unless otherwise noted.
Parameter Symbal | Test Conditions Min Typ Max Min Typ Max Units
Inpur Qltset Valiage Vo5 Ry 5 20k52 — 008 0. - 0.2 05 my
Inpur QMset Current [P - 03 10 0.75 50 nA
biput Bias Current g .- 30 70 - a0 BQ na
Py = 10HZ (Mote 1} - a0 150 - 50 15.0
Input Moise Yoltags Dengity B fg = 100Hz (Mate 1) - 80 a0 — a.0 E) nwivir
1y = 10I0Hz INote 1] - 0 75 -- T 15
fo - 10Hz {Ngte 1] - 0.5 1.2 -— 05 1.2
Input Maise Current Densety I fo = 100H: [Note 1 -- 0.25 0.8 -= 325 06 K)A.’\/ﬂ?
1o = 10G0Hz Norw 1+ —_ 015 0.2 -- 0.6 0.25
input Resistance R, L] L - 0.7 1.8 -— L1y
l.arge Signal A =282
Vaoltage Gain Aya Mg E10v 1,000 000 3,000,000 -— L0000 | 3,000 600 —— LA
R =10k} 28 130 -= 125 3.0 - - v
Qutput Voliage Swing Yom A F2kil 2120 HzE - = 2.0 12,8 -— v
Ry =1L .0 1725 R #H10 125 - - W
Inpwt Vollage Rangs ChMVR X135 pa L Ad] - - 35 240 - W
Camman Mode Rejection Ratw CMAR Ry 20k$1 120 126 —— 120 125 - a8
Power Supply Rejection Retio PSRRA A, = 20k5E - 0.5 20 —— 10 4.0 VIV
Poveer Contumptron Py R 90 108 - 108 120 mwW
Ry & SO0
Large Signal g V=205V 100,000 400,600 - .- 100006 | 600000 - - viv
Wolrege Gain V=W
Power Consumpton Py W=z - — 4 @ —_— 4 o i
The following specifications apply Tor Vi = 16V, -65°C < T5 < +126°C, unless otherwise noted.
Input Ortfeet Voltage
(Without extecnad trim) Ve Ry % 20kEE —-— 0.08 fag - — 0.3 a7 mi
Average |nput Offse Yoltage
Dirift (without & xrenel inm) TCV o Ry 80LY {Noute 2 -— 0.3 0.8 - = 0.7 0 Wit
Averuge [nput Offee1 Voltage
Diift fwith external wimk TC¥ e | Ry=50LL iNote 2) - 02 06 —-— 428 1.0 frons
TaMAX —— ; 1 -— an &
Input Offset Currum los A 028 ¢ 08 "
TaMIN - 08 4.0 —_— 20 180 nA
Average tnput Offset Cunrent Drift | TC . 3 5 —_— B a0 pai’e
Bras o TaMAX —_— 2 60 - 25 m na
. " .
Input Bras Currens I3 T MMN —_ a0 120 - 45 180 nA
Corumon Mode Reecion Rano CMRA R % 20k5) 114 124 -— 110 122 — ae
Fowar Supply Aejecion Rain PSRR Ry = 20k —_—— 19 5.0 = 2.0 B0 MW
Vg-i0v; R0l
Large Signal Voltug: Gain o TaMAX 1,000,000 3500000 [ —— | 1000000 3800000 [ —— viv
T oMl 00,000 2000000 _ S0, 000 1,800,000 R
Maxamum Qutput Yoltage Swing Yom R & il 1120 e - - -2 H2E - v

specifications,

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

Note 2: Thermoelactric voltages generated hy dissimilar metals at the
cantacts 10 the wput terminals can pravent the realization of the

performance indicated if both sides of the contacts are not keﬁt at |

approximately the same temperarure, Therefore, the device ambient :

Contact temperature.

temperature should not be altered without sifmultanesusly changing the
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888726

ELECTRICAL CHARACTERISTICS 5557268
These specifications apply for Vs = 16V, TA = 25°C, unless otherwise noted.
Parameter Symbol Test Conditions Min Typ Miax Units
Input Qilset Yollags Vo Ry £ 20ki1 -— 03 0.15 mi
Inpur Qfizet Current leyg —_— 0.75 5.0 b
Input Sias Current g i 20 B0 né
15 - 10Hz 1Mote 1] - = a0 150
Input Nosse Valtage Densiy L. fo o 100Hz iNate 1} - 4] an AV I
1y - 1000Hz M 11 _— To e
Fo = 10Hz (Mo 1) —_— 0% 1.2
Tnpul NMaise Swrrent Densitg I'ny 1o - 100Hs {Npi: 11 _— 0.26 ng Lu_A.’v'fH/
1o - 1000H ; {Mme 11 —_— 0i1s 05
Input Renstance R, 0.7 14 -— rfl
Large Signal Ry & 2k02 wiv
Waltage Gain Poiry Wy E1OW 1,000 000 3,000,000 _—
LIl 125 130 —_— v
Cutput Yoltage Swing Vom L = il 20 2128 - - W
R RS2 kg 1125 - - v
Input Voltage Range CMuR b 4.0 - W
Commoen Mode Rejection Ralo CMRR A; & 20k5 10 115 —_— o8
Pawer Supply Rejection Aatio PSRA Ay S 20k8E - — 10 50 vy
Power Consumpluon Fa - — 30 120 il
R 30001
Large Signal
; Ayo Vo=t0 BV 100,000 £00,000 - ViV
Voltage Gain
- T3y
Pawer Conswmprian Py VoY —_— 4 & m

o

The following specifications apply for V= £ 15V, -28°C < Ta = +85°C, unless otherwise noted.

mput Offset Woitage

fWithout external timl Vs R; % 20kf1 — — n4 10 mu

Average Input Olfser Valtage 7e

Onft lwnchaun exiernat wiml TOV e f,~505L INata 2} - - f.0 tNote 1] i

Average |npuy Ofiset Yoliege 1.0

Drft lwinh extermal teimt TCV oen RS'SOQ iNeare 20 _— 0.3 (Note ,l:.N."UC
Tpa MAX -— 0.7 5.0 na

Inpot Gffset Current by T4 MIN —_— 13 140 na

an

Aoverage |nput O fset Current Onitt TCI‘:‘s N & Mate 1+ DA-'.OC
Ta Max —_— 3o BO na

Input Bias Current '8 Ta MIN —— 40 150 nA

Coummon Mode Rejection Aatio CMRR Ay © 20xEl 08 13 - — dB

Power Supply Rejectinn Rang PSAR Rg % 20k82 —_— 20 2O VY

Vatt 10V, ALZE2RDD

Large Signal Vattage Gan Ao T MaX 1,000,000 3,500,000 - VIV
Ta MIN 500,000 2,300,000 —_—

Manumum Quiput Voltage Swing Yom a2 20 20 12,6 —— v

Motz 1: Parameter is not 100% tested. 80% of all units meet these performance indicated if both sides of the contacts are not kept at
spacifications. approximately the same temperature, Therefore, the device ambient
Note 2: Thermoalectric voltages generated by dissimilar metals at the  temperature should not be sltered without simultanegusly changing the
contacts to the input terminals can prevent the realization of the contact temperature,
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ELECTRICAL CHARACTERISTICS 555726E $85726C
These specifications apply for Vg = 216V, Ta = 25°C, unless otherwise noted
Parameter Symhbol ! Test Conditions Min Typ Max Min Typ Max Units
Input Ol Yalrage Vo5 Ry = 20ki2 - 0.2 0.5 -— LHE ] 13 my
lnput Ot Currem logg - 0.7% 50 -= 2 13 ni
Input Biag Current lp - 30 204 - Lla] 110 na
fg -~ WH: (Note 1) - °9.0 15.0 - 9.0 154
Input Mese Vealtage Denuty e, o = 100H: {Note 11 - 80 2.0 —— 2o a4 niiyiHz
fo = 1000HZ AMate 1} -— 7.0 1.5 - 7.0 7.5
Jo = 10Hz (Note 1) - a5 1.2 -- G.& 1.4
| npun Manse Current Density in fo = 100H: (More 1) - 0.26 06 -— 0.3 0z whAHZ
fo = 1000H2 (Noie 11 - A L] 0.25 -— 0.2 &3
Input Fesistance A 0.7 1.8 - [:E] 15 - LIS
Large Srgnal AL & 2ki2
Woltagr Gan Bun Vo B0V 1,000,004 3,000,003 - SO0, 000 3,000,000 - vy
AL 2 10kl 125 3.0 — - 020 3.0 - ¥
Qutpna Vallage Sy Vom R = kil 20 H2E —_— EAR Y B )| — v
Ry = tkil 1.4 41256 _— - o — - W
Input Voltuge Range CMVR 35 4.0 _— 1135 f1ag - = W
Comman Mode Rejection Balu CMRR R, % 20kE2 120 128 — Ll 115 il g
Pawer Supply Aepectan Aana PERR A, s 20ki) - - 10 B - — 2.0 10 MYV
Poyyer Cansumatian Pq —_— 96 120 —_— 1 150 mW
A = 6000
Largr Siynal .
Vaitags Gamn By Wy H0DY 100,000 600,000 —— 60,000 600,000 - = WiV
v, 13w
Fowar Carswmgtion Py Wy 13 —_— 4 i) —_—— 4 a8 i
The following specifications apply for v = 216V, 0°C €< T < +70°C, unless otherwise noted.
Input Qffser Volege
IWimout extermal Tim} Ve LA = Mkl — — 0258 a6 — - 0.5 1.6 iy
Avwrage Inpuet Cifser Voltega 20 45
Dwif1 fwvithiul exgeroal trim) TCVo Ry 5082 INate 21 —— " tMate 1} —— 14 iNate 13 | uvic
Average Inpur Offset Valrage oW 'e
Orife (with external triml wen Ay S0 4Nate 21 —_—— 0.2 0.6 — = 0.5 INote 1+ | uvi'e
Ta MaX J— 0Es 50 - 20 15 na
bput Gffser Current las Ta MIN - 09 7.0 I a0 2% na
; - = a0 - — 180 .
Lvgrage Input Offser Current Drifo Tc|m — a INate T - 14 INote 11 &G
Ta MAX - — k1) a0 —_ - 38 110 Ry,
Inpur Bias Currant s TaMIN —— 35 100 - — a5 180 na
Cammon Mode Agjection Ratm CMRA Ay % 20k51 118 1B —_ or 113 —— dB
Fower Supply Fejechon Raue PSHH Rg = 20u5) —— 15 10 - — io 15 Y
Vg £10W; Ry #2kit
Lacge Signal Voltaga Gam By T bt X 100,600 3,200,000 - — Ehiia 3.200,001 - - Wi
TaMIN 800,060 2,700,000 —_—= 300,000 2700000 | — —
Moxunum Output Yolrage Swing Wom A =2k} 3.0 E3-K R 1o Hzg - W

specif ications,

MNote 1: Parameter is not 100% tested. 90% of all umits meet these

Note 2: Thermoelectric voltages generated by dissirular metals at the
contacts to the nput 1erminals can prevent the reshization of the

performance mdicated if koth sides af the contacts are not kept at

approximaiely the same temperature, Therefore, the device ambient

temperature should hot be aitered without simultaneocusly changing the
contact temperature.
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888725

TYPICAL PERFORMANCE CURVES
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5557256

TYPICAL PERFORMANCE CURVES

OPEN LOOP GAIN VS OPEN LOOP GAIN VS POWER MAXIMUM UNDISTORTED
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999 /41

COMPENSATED OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION

The 555741 Series of internally Compensated Operational
Amplifiers provides significant performance improvement while
retaining full pin-for-pin il:lteru:hangeabiliwr with industry-
standard general-purpose types. Improved offset voltage, bias
current, bandwidth and noise perfermance enable immediate
system performange upgrading without redesign and eliminate
costly special selections. Precision Monolithics’ exclusive
Silicon-Nitride "“Triple Passivation” process eliminates “pop-
corn naoise' and provides maximum reliability and long term
stability of parameters for lowest cwveral! system operating
-gcost. The 555741 Series is ideal for use in summing amplifiers,
integrators, active filters and in other circuits where improved
dynamic performance and accuracy are required. SSS741's
with processing per the requirements of MIL 38510/883 are
available. For dual versions, see the 555747 Series data sheet.
For very high performance general purpose operatignal amp-
lifiers, refer to the QP-02 Series data sheet.

FEATURES

& Improved DC Specifications

m Low Input Bjas Current. . . .., ... ... BOnA Max
m» High Large Signal Voltage Gain ... Up to 100 kV/V
® Internal Fraquency Compensation

M Large Common Made Voltage Range . . . . . .. 2V
B Low Power Consumption . .........
@ Continuous Short Circuit Protection

B MIL-STD-B33A4 Processing Available

m Silicon-Nitride Passivation

SCHEMATIC DIAGRAM

PIN CONNECTIONS AND ORDERING INFORMATION

1o

[-H] '

G}luunc:

CIMCLED NUMBENT COMMESPONG
TO TO-8 PN CONFHILRATION

8 TOP VIEW
BALANCE 1 T g+
TO-99 (J-Suffix)
IR 8 quTPUT ORDER: 5557414
555741GJ
5557418
] 5 BALANCE S58741CJ
"0"‘::=EU$T'NG 4 V- (case)
—
= — 14
27 — 2 14 PIN DIP {Y-Suffix)
BALANCE 3 — —12 CRDER: 885741Y
INV. {NPUT 4 .—:D_\-_u v+ S55741GY
$55741BY
KON-INV. 6 T
i =10 QUTPU SS5741CY

— & BALANGCE
— 2

Ll B

7

Military Temperature Range Devices
With MIL-ST-883A Class B Processing:
ORDER: SS8741-883-1 585741-883-G)

555741.883-Y 588741-883-GY
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835741

ABSOLUTE MAXIMUM RATINGS

Supply Voltage

SS5741, S55741B, 555741G s22v  NOTES:
S85741C 18V note 1: Maximum package power dissipation vs. ambient
internal Power Dissipation (Note 1) 500 mw  Emperature
Differential 1nput Voltage 30
Input Veltage Supply Voltage MAXIMUM AMBIENT  DERATE ABOVE
Qutput Short Circuit Duration Indefinite TEMPERATLIRE MAXIMUM AMBIENT
Storage Temperature Range —65°C to +150°C PACKAGE TYPE  FOR RATING TEMPERATURE
) TG99 () 80°C 7 AmwW C
Operzting Temperature Range o
o o DUAL-IN-LINE {¥} 100°C 10.0mWi°C
$55741, 5857416 -55°C 10 +125°C "
5557418 —25°C 10 +85°C
S85741C 0°C 10 +70°C
Lead Temperature Range (Soldering, B0 sec} 300°C
ELECTRICAL CHARACTERISTICS S§8741 S88741G

These specifications apply for T, = 26°C

BV < Vg < 220V
uniess otherwise noted

1Y T Vg <215V
unless otherwise noted|

Parameter Symbol Test Conditions Min Max Min Max Units
Input Oftset Veltage Vs Rg < B0k - 30 - 34 my
input Offset Current Iog - ] - 2b nA
Input Bias Current Ig — 100 — 100 .
input Resistance Ry 10 - 1.0 - M
G e, avo T2V | o | o | [
Qutput Voltage Swing VoM ;SL ;*21:(:’ Ry, z 10k2 z:g - ¢ :g - 3
irput Voltage Range CMVA Vg = +15Y 12 - 12 - W
Commeon Mode Raejection Ratio CMRER Rg < b0kt 70 - 70 - dB
Power Supply Rejection Ratio FSRR Rg « B0k - 150 - 150 LAY
Power Consumgtan P Vg = r1BW - B85 - 85 my
The following specifications apply for EBY < Vg <120V IHY <V < 118V
-55°C < Ta < +126°C unless otherwise noted| unless otherwise noted
Input Gffsel Voltage Vg Rg < GOk - 3.0 - 6.0 my
Input Offset Current ey - 10 - &0 nA
Input Bias Current Ig — 100 - 200 nA,
L.arge Signat AL 2 2k
Voltage Gain Avo Vg = +18V 50,000 - 25,000 - ViV
Vo =10V
/L > 10Kz £12 +12 v
Qutput Voltage Swing VoM R > 2k 110 - £10 - v
Vg = 15V
Cormmon Mode Rejection Ratig CMAR Rg = 50k 80 - 70 - dg
Power Supply Rejection Ratio PSRR Rg < 50k$} — 100 - 184 MWV
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555741,

BALANCING CIRCUIT
. Y -Package
J-Package v+ g
+«—Y
5_-
ELECTRICAL CHARACTERISTICS 5887418 5887410
: R BV < Vg < 120V
These specifications apply for T, =25°C unless atherwise Vg = 216V
specified
Parameter Symbol Test Conditions Min Max Min Max Units
input Offsat Voltage Vs Rg < 80K - 3.0 - 6.0 my
Input Offset Current las - 5.0 - 25 &
Input Bias Current g - 50 - 100 nA
Input Resistance Ry 2.0 - 1.0 - M
Large Signal R > 2kl Vg = +1BY _ _
Voltage Gain Avo Vg = +10v 50,000 25,000 viv
. Vg =16V Ry = 10ks 12 - £12 - v
Cuiput Voltage Swing Yom Ry > 2kn 10 _ 10 - v
input Voltage Range CMVR Vg = £15W 12 - 12 - v
Comman Mode Rejection Ratio CMRR Rg < BOks! 80 - 70 - dB
Power Supply Hejection Ratio PSRR Rg < bOk2 - 100 — 180 uW Y
Power Consumption Pp Vg = 15V - 85 — 85 my
The following specifications apply for THY < Vg <120V
-25°C < T, < +85°C — 5857418 unless otherwise Vg =215y
0'C< T, < 470°C — §55741C specified
Input Offset Voltage Vos Rg < 50k% - ao - 7.5 my
input Offset Current log - 0 - 50 nA
Input Bias Current g - 100 - 200 nA
Large Signal Rz 2ka
wfage Y Avo Vg - 118V 25,000 - 15,000 - Vv
Vo =210V
. Vg = £15V Ry 10k 12 - 12 - %
Quiput Voltage Swing Yom Ry > 2ki? 10 _ £16 _ v
Commaon Mode Rejection Ratio CMRARR Rg < 50k 80 - - - ol
Power Supply Rejection Ratio PSRR Rg < 50k - 100 - - ViV
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888741

DUAL COMPENSATED OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION

The 555747 Series of Internally Compensated Dual Qperational
Amplifiers provides significant performance improvements
while retaining full pin-for-pin interchangeability with industry-
standard general-purpose types. Improved offset voltages, bias
current, bandwidth and noise performancs enable immediate
systern performance upgrading without redesign and eliminate
costly special selections. Precision Monolithies' exclusive
Silicon-Nitride “Triple Passivation’ process eliminates “pop-
corn npaise” and provides maximum reliability and long term
stability of parameters for lowest owverall system operating
cost. The SSS747 is ideal for use in summing amplifiars,
integratars, active filters and in other circuits where improved
performance and accuracy are reguired. For vary high per-
formance dual operational amplifiers with the same pinout as
555747, see the OP-D4 data sheet,

FEATURES
Improved D.C. Specifications
Low Input Bias Current

High Large Signal Voltage Gain

-

»

»

® Internal Frequency Compensation
BB Large Common Mode Voltage Range
& Low Power Consumption

B Continuous Short Circuit Protection
= MIL-3TD-883A Processing Available

B Silicon-Nitride Passivation

SCHEMATIC DIAGRAM

PIN CONNECTIONS AND ORDERING INFORMATION

(1/2 OF CIRCUIT SHOWN)

TOP VIEW
19 W.C.
ouTRUT (AL 1 ouTeT (Nt TO-100 {K-Buffix)
ORDER: 555747K
velnsi suelet

SE85M4TGK
weiewran 3 T earme S557478K
S854TCK

Auuuc: * lv -

OV ERT I &
ey

N, INPUT LAl —|
MOH- [V INRUT (42—
BALARGE A1 3—
ved—

RALANZE 1818 —]
HOH-HY INAYT LR L —]
v dwPUT 117 —}

v-a—

W NOM - INVERTING
IWeUT (p

Y-

L — 14 BALAMCE [A]
:D—Ln—u v
=12 QUTPUT A}
—W.c.

=10 ouTRLT 14y
— % ve 1y

= aLdwcE (0t

My Ny G ———— 4 BALAMCE (A
WO INRUT [ | 3 —] hd f—13 v+ ixp
BALANCE [0 3—] 2 SUTPUT {RY

1w

SALARCE (8] 58— |—t0 ouTeuT (B
WON - NPT e —] —% vaidl
aONRUT (BT # BALANCE (B}

14 PIN DIP {Y-Suffix)

ORDER: 385747Y
555747GY
S35747BY
555747CY

14 LEAD
FLATPACK (M-Suffix}
ORDER: S55747TM

S85747GM
S55747BM

¥ DIP AND FLATPACK ONLY

Military Temperature Range Devices
With MIL.-5TD-883A Class B Processing:

ORDER: $55747-883-K 555747-883-GK
SS5747-883-Y  555747-883.GY
$55747-883-M S55747-883-GM

G111




585747

ABSOLUTE MAXIMUM RATINGS

Supply Volage 22V NOTES:
Internal Power Dissipation (Note 1} 500 mW  Note 1: Maximum package power dissipation vs. amb-
Differential lnput Voltage *30V lent temperature,
Input Vaoltage Supply Voltage MAXIMUM AMBIENT DERATE ABOVE
- , Indefini TEMPERATURE  MAXIMUM AMBIENT
Output Shert Circuit Duration L e '“':e PACKAGE TYPE  FOR RATING TEMPERATURE
Storage Temperature Range 65 Co150C DUAL-IN-LINE (¥} 100°C 10.0mW/"C
QOperating Temperature Range TO-100 {K) 80°¢c ?,1mw,r:c
S55747, S557476, —55°C ta +125°C  14-LEAD FLATPACK (M) 62°C 5.7mW/C
5557478 -25°C 10 +85°C
855747C 0°C 1o +70°C
Lead Temperature Range {Soldering, 60 sec} 300°C
ELECTRICAL CHARACTERISTICS (Each Amplifier) 558747 §88747G

TGV < Ve <H20V | 25V < Vg < £1BY

These specifications apply for T = 256°C, -
A uniess otherwise noted |unless otherwise noted

Parameter Symbol Test Conditions Min Max Min Max Units
Input Offset Voltage vos Ry < 50k0 - 20 - 5.0 my
Input Oifset Current log - 5.0 - 25 na
Input Bias Curram g - 50 - 100 nA
{nput Resistance RN 2.0 - 1.0 — Mit
s o (o2 s Do [ oo | - |
Cutput Yoltage Swing VYoM ;i zi;kss\; A 210k f:; : f:g : :
Input Yoltage Range CMVR Vg =15V +12 - 12 - W
Common Mode Rejection Ratio CMAR Ag < B0k 80 - 70 - [<]53
Power Supply Rejaction Ratip PSRA Ag < 60k - 100 - 150 uiiv
Power Consumgation Ppy Vg = £15V - B5 - a5 mi
Channel Separation c5 100 - 80 - dB

BV < Vg <20V | BV < Vg < 15V

- . . K a o
The following specifications apply for -85°C < T, <+125°C. unless otherwise noted Juniess atherwise noted

Input Offset Voltage Yosg Rg < H0kSE - 30 -~ 6.0 m¥
Input Offsar Current los - 10 - 13} na,
Input Bias Current s — 100 — 200 nAa
. R » 2k0
1 4
t,:?e i‘%’;n Avo Vg = +15V 50,000 - 25,000 - VIV
=g Vo =110V
AL > 10k§ £12 12 v
Dutput Yoltage Swing Vom Ay, = 2k +10 - 10 - v
Vg = 15V
Comman Mode Rejection Ratio CWRR Rg < 80k 80 - 70 — dB
Power Supply Rejection Ratio SRR Ag < 80k - 100 - 150 uvv
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555747

BALANCING CIRCUNT

D1P AND
FLATPACK
ONLY

ELECTRICAL CHARACTERISTICS (Each Amplifier)

§857478

8§8747C

These specifications apply for T, = 25°C.

BV < Vg <120V
unless otherwisa

oY < Vg < 15V
unless otherwise

specitied specified
Parameter Symbol Test Conditions Min Max Min Max Units
Input Offset Voltage vos Rg < BOk1 — 30 - 5.0 my
input Offset Current o8 - 5.0 - 25 né
input Bias Current ig - 50 — 100 nA
Input Resistarnce Rin 2.0 — 10 - M
o, o fozzavses Lo | awe | - Ly
Qutput Yoltage Swing Vomum ;i ;*;ksgt Ry = 10ki ::; : ::(2) : t
Input Voltage Range CWVA Vg = =15V +12 - +12 - v
Common Mode Rejection Ratic CMRR Rz < S0kL B8O - 70 - JB
Power Supply Rejaction Ratio PSRR Rg < 50k§ - 100 - 150 MWV
Power Consumption Po Vg =+16V — 85 - 85 i)
Channel Separation s 104 - 80 - dB
The fotlowing specifications apply for 6V < Ve < 120V 5V < Wg < X156V
~26°C < T, < +85°C — $§5747B and unless otherwise unless otherwise
0°C & T4 < +70°C ~ 555747C, specified specified
Input Offset Voltage Vg Rg < S0k - 4.0 - 60 my
Input Cfset Currant los - 0 - 50 nA
tnput Bias Current Ig - 100 - 200 nA,
>
';Z?:;i%“:i'n Avo 3; - 31':3; 25,000 - 25,000 - VIV
Vg =10V
ot Votoe Sui I sl IR IR B N
Common Mode Rejection Ratio CMRR Rg < 50k 80 - it - dbB
Power Supply Aejection Ratio PSRR Ag = 50ks2 - 100 — 150 VIV
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9991458/1558

®

DUAL COMPENSATED OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION

The 5551458/1558 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 ncise performance enabfe immediate
systarn performance upgrading without redesign and eliminate
caostly special selections. Precision Monolithics' exclusive
Silicon-Nitride “Triple Passivation’ process eliminates 'pop-
corn naise” and provides maximum réliability and long term
stability of parameters for lowest averall system operating
cost, The S551458/1568 is ideal for use in summing amplifiers,
integrators, active filters and in other circuits wherg improved
performance and aceuracy are required. For very high per-
formance dual operational amplifiers with the same pirout as
S$551458/1568, see the OP-14 data sheet,

FEATURES

improved D.C. Specificatians

Internal Frequency Compensation

Continuous Short Circuit Protection

MIL-STD-883A Frocessing Available

Silicon-Nitride Passivation . . ... ... ..

Low Input Bias Current . .. . ... ... ..

High Large Signal Veltage Gain . . .. ...

Large Common Mode Voltage Range . . .

Low Pawer Consumption . . ... ......

SCHEMATIC DIAGRAM

PIN CONNECTIONS AND ORDERING INFORMATION

{1/2 OF CYRCLNT SHOWN)

TOP VIEW

HON-INY. 5
INPUT |4}

B HON=IHY.
INPUT (B}

TO-29 {J-Suffix)

ORDER: 58515584
$551458)
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5851458/15658

ABSOLUTE MAXIMUM RATINGS

Supply Voltage 22V Lead Temperature Range {Soldering, 60 sec} 300°C
Internal Power Dissipation {Note} 500 mwW QOperating Temperature Range

Differential lnput Valtage *30V 8551558 -86°C 10 +125°C
Input Voltage Supply Voltage 5551458 0°C 1o +70°C
Qutput Short Circeit Duration Indefinite

Storage Temperature Range -65°C to +150°C NOTE: Derate at 7.1 mW/°C above 80°C.

ELECTRICAL CHARACTERISTICS (Each Amplifier) £551558 5581468

These specifications apply for T = 25°C and 35V < Vg < £15V, unfess othenwise notsd.

Parameter Symbol Test Conditions Min Max Min Mta Linits
tnput Offset Voltage Vos Rg < S0k - 50 - 5.0 my
Input Offsat Current los - 26 - 25 nA
Inpui Bias Current B - 100 - 100 nA
Input Resistance Rin 1.0 - 149 - M
e, o (SRR L soon |- s |-
Output Vestage Swing o fes e b2 e - e - y
tnput Voliags Range CMYVR Vg = t1BY 12 - £12 - v
Common Mode Rejection Ratio CMRR Ag < 50k Eie - 70 - dB
Power Supply Rejection Ratio FSRR Rg < B0k — 150 - 180 MV
Power Congumption Pp Vg = £15V - 8% ~ 85 W
Channel Separation CSs 20 - B0 - JB

The following specifications apply for 16V =V, < H1BY, BB°C = Ta = +125°C for 5551658, and
D°C < Tpa < +70°C for $551458 unless otherwise noted.

Input Offset Voltage Vos Rg < 5Ok - 6.0 - 6.0 my

Input Offset Current los - 50 - 50 i

Iiput Bias Current 1] - 200 - 200 N

Large Signal AL _2 2

Voltage Gain Avo Vg = 215V 25,000 - 25,000 - ViV
Vg = 210V

et Ve S RN ERE

Common Mode Rejection Ratio CMRR Ry < 50k52 70 - 0 - dB

Power Supply Rejection Ratio PSRR Ry < G0k5 — 150 - 150 HY Y
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M PM108A

LOW INPUT CURRENT OPERATIONAL AMPLIFIER

PM108A / PM208A / PM308A / PM108 / PM208 / PM308

GENERAL DESCRIPTION
FEATURES
The PM108A Series of precision monolithic aperational
amplifiers features extremely low input offset and bias
currents. Although directly interchangeable with industry- Low Bias CUrFent - ..o oo oo .. 2.0nA Max
standard types, Precision Monolithics' advanced processing Low Power Consumption . .. .. 18mW Max & 15V

W Low Offset Current .. . ........... 200pA Max
-
-
technique provides a significant imprevement in input noise ®® Low Offset Voltage Dvift ........ E.OgiCMax
=
-
»

voltage. Low supply current drain over a wide power supply High Common Mode tnput Range . . .. $13.5V Min
range makes the PM108A attractive in battery operated and MIL-STD-883A Class B Pr ing Models Availabl
other low power applications. Low offset current and low Silicon-Nitride Passivation

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 COMPENSATION CIRCUITS
ALTEANATE
Ry
o ]
ouTRUT
. PRI 0
Py V. £ L

3
I g 100pF

dmpeoves rejection of power supply
ARGt CEmM narION noisa by @ factor of tenl

. = STANDARD
oo o .
1]

I N bl
_l\ 5”
IWFUTH) EI -
fu el PIN CONNECTIONS AND ORDERING INFORMATION
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COMP
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v . v o' PM208AJ/PMZ08Y
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Military Temperature Range Devices
With MIL-STD-BBJA Class B Processing

ORDER: PM108-883-A)
PM108-883-J
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PMIDg

ABSOLUTE MAXIMUM RATINGS

NOTE 1: Maximum package power dissipation vs. ambient MOTE 2: The inputs are shunted with back-to-back diodes
temperature: for overvoltage protection, Therefore, excessive current
. will flow if a diffi ial i i i
Maxirmum Derate Above al o belmae i tzre{j\tlaltmpt.ill: voltage :n t?x.cess Of. :V is
Ambient Maximum ispp Iouided zen the inputs unless same limiting resistance
Temperature Ambient pr ’
Package Type for Rating Temperature
T0-99 () 80°C 7.1 mW/SC
NOTE 3: For supply voltages less than £15V, the absolute
maximum input voltage is equal to the supply voltage.
ELECTRICAL CHARACTERISTICS I PM30BA I PM308 J
These specifications apply fortBY %VS = 116V and TA = 25“0 uniess othenvise noted.
Parameter Symbol Conditions Min Tvp Max Min Typ Max Units
Input Offsat Voltage Vs - 0.3 133 - 2.0 15 myv
input Offset Current Im - 0.2 1.0 - 0.2 1.0 né
Input Bias Current 'B — 15 7.0 — 1.5 1.0 nA
tnput Resistance B 10§ 40 - 10 40 - ML
Large Signal Vohage Gain A WERBYL Y =TV L g0 Lo - 25 | 300 - vimy
F{L Z10k82
Supply Current [ L™ Q, cht =0 - 0.3 a8 — 0.3 0.8 mA

The following spacifications apply for 25 = \.I’s £ HEY and 0°C =L TA £ +70°C unless otherwise noted.

Input Offset Voltage Vos - 0.4 073 - 30 10.0 mv
Average Input Offset °
TCV - 1.0 | s0 - 60 |30 f°c
Voltage Drift o% w
Input Offset Current IOs - 0.3 15 - 0.3 15 na
Aversge Input Offset T, -1 20 {0 -] 20 |10 paslc
Current Drift
Input Bias Current IB - 20 10 - 2.0 10 nA
Large Signal Voltage Gain AL Vs=i1 VNV T Hov, 60 | 200 - 15 | 100 - Vimy
R =10kS2
Cutput Voltage Swing VOM Vs=i15\f, RL= 10k 3 | X4 - H3 14 - v
frput Valtage Range CMYER \.I"s =18y 4 - - 14 - - W
Common Mode Rejaction Ratio CMRAR 95 116 - 90 0o - dB
Supply Yoltage Rejection Patio PERA 86 |10 - 80 26 — dB
Supply Current IS Vout= Q, TA =MAX - .23 - - 023 - mi
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PM108

ABSOLUTE MAXIMUM RATINGS
Supply Voltage Operating Temperature Range
PM108A, 108, 208A, 208 20V PMI105A, PM 108 -66°C ta +125°C
PM308A, 308 E4T:AY PM203A, PM208 -25°C to #85°C
Internal Power Dissipation {Note 1) 500mW PM30BA, PM308 0°C 10 +70°C
Ditferential Input Current [Note 2} +10mA, Storage Temperature Range —~65°C ta +150°C
Input Voltage (Note 3) 15V Lead Temperature Range
Qutput Shart Circuit Duration Indefinite {Soldering, 60 sec) 300°C
ELECTRICAL CHARACTERISTICS PM108A FM108
PM20BA PMZ08
These specifications apply for X6V évs = X0V and Ta s 25°C unless othenwise noted.
Paramater Symbol Conditions Min Typ Max Rin Typ Max Linits
Input Offser Voltane Vos — 3.3 a5 - a.7 2.0 my
Input Cffset Current los — 005 0.2 - .06 0.2 nAa
Input Bias Current IB - 08 2.0 — 08 2.0 nA
Input Resistance R, 30 0 - 0 mn - (LI
Large Signal Voltage Gain Avo V;t‘[SV, Vot 10w, BO 300 - 50 300 - Vimv
RL 210182
Supply Current [ baut™ O Vout =Q — 0.3 0.6 - a3 a5 mai
The following specifications apply for *EV=Vgs 220V, 55°C = T4 = +125°C for PM108 and PM10BA, -25°C= Ta < +86°C for
PM208 and PM20BA, unless athenyise noted.
Input Gffset Voltage Vos — o4 1.0 - 1.0 30 mYy
Average Input Offset TCV,, - 10 | 50 - 30 (15 pvi'e
Voltaga Drift
tnput Offset Current Ios — 1N 0.4 - 0.1 04 na,
Average Input Offset ‘TCim - 05 2.5 - a5 25 pm’DC
Current Drift
Input Bias Currant tB - 1.0 30 - 1.0 30 nA
Large Signal Voltage Gain A, V=5V, V= T10V 40 200 - 25 200 - Vimy
0 5 out
R L 2 10ki2
Output Voltage Swing VOM V5=t15\f, FIL= 10kS2 n3 14 — 13 114 — W
Imput Viltage Pangs CMVR \.rs=i15v H3s - - 136 - — LY
C_‘.ommon Mode Rejection Ratio CMRR GG 110 - 85 100 - dB
Supply Yoltage Rejection Retio PSRR g8 |"110 — 80 96 - dB
Supply Current Is vout= o, TA = MAa X - Q0153 04 - a.18 0.4 mé
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PM135A

MONOLITHIC JFET INPUT OPERATIONAL AMPLIFIER

PM155A/PM355A/PM1556/PM255/PM355

GENERAL DESCRIPTION

The PM155 Series provides low input current, high slaw
rate, and direct interchangeability with LF155 types. These
operational amplifiers use a new progess which allows
fabrication of maiched JEET transistors and standard bi-
polar transisters on the same chip, A JFET-input design
enahles operation with 240V input voltages eliminating the
Howout problems associated with MOSFET devices.

High accuracy, low supply current, and low cost make the
PM155 Series useful in new designs and as replacements for
modular and hybrid types. Unlike many designs, nulling the
input offset voltage does not degrade common mode
rajection ratio or input offset voltage drift. Dynamic speci-
fications include a slew rate of 5V/usec, a 2.6MHz gain
bandwidth product, and settling time to within 20.01% of
final value of 4.0usec. In addition, low input voltage noise
and current noise plus a fow 1/f naise corner frequency
allow this amplifier to be used in a variety of low noise,
low power applications.

LOW SUPPLY CURRENT

FEATURES

B LF155 Series Direct Replacements

B Low Input Bias and Offset Currents

¢  Low Supply Cumrent .. .............. 2mA
® Fast Settlingto 20.01% . ............ 4.0usec
B Internal Compensation

B Low Input Offset Voltage ... ........ 1.0mV
W Low input Offset Voltage Drift . . . . ... 30uvic
= Low Input Noise Current . . .. .. ... 0.01pA/Hz
m® High Commaon Mode Rejection Ratio .., .. 100dB
® High Open Loop Gain ............... 106dB
B Models With MIL-STD-883A Class B

W Procassing Available From Stock

Applications include instrumentstion amplifiers, integra-
tors, log amps, photocell amplifiers, and notch filters. For
other JFET operational amplifiers, see the PMISBA and
PMIST7A data sheets

.

SIMPLIFIED SCHEMATIC DIAGRAM PIN CONNECTIONS
N.C. TOP VIEW
8
" BALANGE 1 7 v
® saLance | @_Q J SN2 &0UT
(Bt
P ! ———'*L\
1 N B
"b*-l:’_‘jj*—G' - i. +IN3 'S BALANCE
. i : 2.4~ [CASE)
. I
I

TO-58 {)-3uilix)

|

?_g) ® ¢
-
T

QRDERING INFORMATION

ORDER: PMI55AJ
PM155.
PMZE5)
PM3554)
PM355]

Military Temperature Range Devices
With MIL-STD-883A Class B Processing

ORDER: PM155-883-Al
PM155-882-J
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PM165

ABSOLUTE MAXIMUM RATINGS

Supply Valtage Maximum Junction Temperature Tt
PM 155 A, PM155, PM25E, PM3S56A £V PM155GA, PM1565 +156°C
P65 {8V FM256 +115°C
Internal Power Dissipation DIHPMG?ST\[, PM??? " #os'c
itferential Input Voltage
PMISSA, PM1SS 670mw PM1554, PM1BE, PM265, PMIESA 40V
PR255 SHmw PM356 L30V
PRMIESA, FM355 S00mwW -
Input Voltage
{The TO-99{J) package must be derated PMIE5A PM15S, PM26S, PM2G5A 20V
based on a thermal resistance of 1607 CAw PMI55 116y
junction to ambient ar 457 C/W junction {Unless otherwise specitiad the absalute
10 case. } maxirmum pagative input voltage is equal
Operaring Temperature Range to the negative power supply voltage )
PM155A, PM1556 -557¢ to +125°C Qutput Short Circuit Duration Indafinite
FMZ55 -25°Cto +88°C Storage Temperature Range -65°C 1o +180°C
PM3E5A, PM355 O 1o +70°C Lead Temperature Fange {Sordering_, B0 sech +300°C

ELECTRICAL CHARACTERISTICS

These spacifications apply tor +15V < ¥, = 120V, Ty = +25°C
unlms:t:nerwise not;? Y * A PM155A PM355A
Paramaeter Symbaol Test Conditions Min Typ Max Min Typ Max Units
Input Offset Voltage Vos R =508 — 1.0 2.0 — 10 2.0 my
input Offset Current lag Ti= 25°C (Note 1} - 30 10 - 30 10 pA
Input Bias Current I} Tj= 25°C (Mot 1} - o 50 — an 50 pA
Input Resistance Ry - 1012 — — w012 - 41
Large Signat Valage Gain By Ve = H16Y, Vo = +10V, 50 200 - 50 | 200 — Vimy
R{ = 2K
Supply Current i Ve = £16Y — z4Q 44 — 2.0 4.0 ma
Slew Rate 5R Ay =+, Vg = 215y 3.0 5.0 = 3| 5O - W iusec
Gain Bandwidth Product GBw Vg = £18Y — 25 — — 25 — MHz
Settling Time to 0.01% tg Vg = £15V {Note 2) — 4.0 — - 4.0 - H3RC
. Ry=1000, f=100Hz vg=+16V - 25 - - 25 - nV\/Hz
input Moise Voltage en
Rg=10012,f=1000Hz,V =+ 15V - 20 - — 20 - v /Hz
. ) f=100Hz, V= 15V — 0.01 — — 0.01 — pAyHz
Input MNoise Current in
£ = 1000Hz, V, = 215V — 0.01 — - 0.01 - pAHZ
Input Capacitance Cin - 3.0 — - 3.0 - pF

These specifications apply for 215V = W< 120V, “BE"C = Ta = +125°C and THIGH = +125" for PM1B5A, 0°C = Ta = +70°C ang
THIGH = +70°C for PM3554, unless otherwise noted.

Input Offset Voltage Vas A =600 - — 25 - — 2.3 my
Input Offset Voltage Drift TC¥as R = 5043 — 3.0 5.0 — 3.0 5.0 LviTc
Change in Input Offset Drift ATCY e R, = 500 ~ 95 _ N 05 _ wVitC
with Vgs Adjust AW og per my
tnput Offset Curreny los Tj = THIGH INote 1) - - 10 - — 1.0 nA
tnput Bias Current ta T} = THiGH {Note 1) — — 25 - — 50 nA
Large Signal Voltage Gain Aun Vemr18Y Vo =10V, R 22K 35 - - 25 — - Wimy
Output Voltage Swing Yom Ve =115V, R = 10K 12 +13 - 12 | 113 = v

Vg = £16V, Ry = 2KO 10 112 - 10 | +12 - v
Input Yoltage Range CMVR Wy = 116V 11 tig(l) - 11 t:g; - A
Comnan Made Rejection Ratio | CMRR Vem = :CMVR 8% 100 - 85 | 100 - dB
Power Supply Rejecticn Ratio PSRR (Note 3} a5 10 - 85 | 100 - dB

NOTE 1: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature,
Tj- Due to limited production test time, the input bias currents messured are correlated to junction termperature. ln marmal gperation
the junction temper'ature rises abgve the ambient temperature as a result of internal power dissipation, Pd, Tj =Ta+ 94 where @j;,\
is the thermal resistance from junciion to ambient. Use of a heat sink is recommended if input bias current is to be kept 1o a minimum.
Ig and Iy are measured at Vg = 0.

NOTE 2: Settling time is defined here for a unity gain inverter connection using 2ZKi2 resistors. |t is the time required for the errar voltage {the
voltage 2t the inverting input pin on the amplifier} 1o settle to within 0.01% of jts final value form the time a 10 step input is applied
to the inverter. See settling time test circuit on page 4,

NOTE 3: Power supply rejection ratio iz measyred for both supply magpitudes incressing or decreasing simultaneously, in sccordance with
comman practice.
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PM155

ELECTRICAL CHARACTERISTICS

These specifications apply for Ta, = +26°C, £16V & V, < +20V for PM156 PM 165 PMSSS
and PM2B5, Wy = £15V for PMISS, unless otherwise noted. PM2EG
Parameter Symbol Test Conditions Min Typ Max Min Typ Max Units
Input Offset Voltage Vos R = 5082 - 30 5.0 - 3.0 10 | mv
Input Offset Current lgs Tj = 25°C (Note 1} - 3.0 0 - 3.0 50 | pA
Input Bias Current ig Tj = 25°C (Note 1} - 30 100 - 30 200 BA
Input Resistance Rin — iz - - 1012 - aQ
) Vg = £18V WV, = 110V,
La Signal Valtage Gain 5D 200 - 25 200 — Vimy
rge Signal VYgltage Gai Puyn R( = 2K52
1Supply Current i — 20 40 - 24 40 mA
Slew Rate SR Ayl = +1, Vg = 215V - 50 - - 50 - V fusec
Gain Bandwidth Praduct GEW Vg = £15V - 28 - - 25 — [ mHz
Settting Time to 0.01% g Vs = £15¥ (Mote 2} - 4.0 - - 40 - psec
Rg=10012, F=100Hz, V;=+ 15V - 25 - - 26 — | nvHz
Input Noise Voltage en
Rg=10062, f=1000Hz, V=18V | - 20 - - | 20 = | nv/Az
) ) f=100MHz, Vg = 16V - 0.01 - - 001 — | payiz
Input Moise Currant in
f=1000Hz, V= £16Y - 0.01 - - o - pRa/HZ
Input Capacitance Cin - 30 - - 30 - pF
These specifications apply for :15Y = V¢ < +20% far PMIGE and PM255, Vg = +16Y for PM385, 55°C = T « +125°C for PM1EB5,
S26°C = T = +85°C for PM2ES, 0°C < ¥ 5 = +70°C for PM355, uniess otherwise noted.
Rg = 5042, PMiG5 - - 70 - - — my
Input Offset Voltage Vos R; = 5002, PM265 - - 65 - — — my
R, = 5012, PM3S5 - - - - - 13 mv
Input Offset Woltage Drift TCV e Az =500 - &4 - - 50 — wvi°C
Change in input Offset Drift ATCV s BVI°C
: y —_— R, = 500 - a5 - - 05 -
with Vg, Adjust Vo L] per my
PM155, T = +125°C — - 20 - - - nA
Input-Offset Current =
iNote 11 Tos PM2ES, T; < +85°C - - 1.0 - - ~ | na
PM3BS. T; = +70°C - - - - - 20 nA
PM155, T; = +125°C - - 50 - - - nA
input Bias Current =
{Note 1) Ip PM255, T < +B5°C - - 5.0 - - - nAa
PM3BE, T; = +70°C - - - - - 80| na
Large Signal Voltage Gain Ayn Ve 16Y Vo= 10V R 22K 25 - - 15 - - Wimy
Ve = 18V, Ay = 10K t12 £13 - +12 +13 - v
Output Voltage Swing Yom
Vs =15V, R =2KQ =10 +12 —- £10 £12 — v
1 Voltage R CMVR Vg = 216y 1" s 10 *151 Y
t Volt at + - + -
fpat YoTtage Hange ¥ -120 -12.8
Common Made RejectionRatio (| CMRR Vo = tCMVR 25 100 - 20 100 — dB
Powsr Supply Rejection Ratic | PSRR {Mote 3) 85 100 - BO 100 - dB,

NOTE 3:
COMMAan practice.

NOTE 1: The input bias currents are junctian leakage currents which approximately double for every 10°C increase in the junction termperatura,
Tj. Due to limited production test time, the input bias currents measured arg correlated to junction temperature. In normal oparation
the junction temperature rises above the ambient temperature as a result of internal power dissipation, Pd. Tj = Ta + @ja where 84
is the thermai resistance from junction to ambient. Use of a heat sink it recommended if input bias current is to be kept to a mimimum.
tg and |y are measured at Ve = 0.
NOTE 2: Settling time is defined here for a unity gain inverter conpection using 2K resistors. |t is the time required for the stror valtage {the
voltage at the inverting input pin an the amplifier} to settle to within 0.01% of its final valua fram the time a 10V step input is applied
to the inverter. Seg sgttling tirs test circuit on page 4.

Power supply rejection ratio is measured for koth supply magmitudes incressing or decreasing simultansously, in accordance with
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PM155

BASIC CONNECTIONS

INFUT OFFSET VOLTAGE NULLING

NOTE: For potentiometers with a temperature
coefficient «100ppm,;” C, the added
TCW g5 with nulling is =05u ° Clmy

of adjustment,

SETTLING TWME TEST CIRCUT

Telid 1%

H15Y

s

ThiL 0%

ok 0.1%

15y
OSCILLOSCORE

APPLICATION INFORMATION

INPUT VOLTAGE CONSIDERATIQNS

The PM1SE IFET input stage can accommodate large input differ-
-antial voitages without external clamping as long as neither input
excesds the negative power supply. An input valtage which is more
negative than V- can result in a destroved unit,

If bath inputs exceed the negative common moda voitage limit, the
amplifier will be forced ta a high positive output. If only ong input
exceeds the pegative common mode voltage limit, a phase reversal
takes place farcing the output to the correspondirg high or low
state, In either of the above conditions, normal operation will
return whan both inputs are returped to within the specified
common mode voltage range.

Exceading the positive common-mode limit on a single input will
not change the phase of the output, However, if both inputs exceed
the limit, the output of the amplifier will be forced to a high state.
POWER SUPPLY CONSIDERATIONS

Power supply polarity raversal can result in 3 destroyed unit,

DYNAMIC OPERATING CONSIDERATIONS

As with most amplifiers, care should be taken with lead dress, com-
panent placement and supply decougling in order 1o ensure
stability. For example, resistors from the outpur ta an input should
be placed with the body close to the input to minimize “pick-up”
and maximize the frequency of the feedback pole by minimizing
the capacitance from the input to ground,

A {eedback pole is created whan the feedback around any amptifier
is resistive, The paraliel resistance and capacitance from the input of
the device [usually the inverting inputl to ac ground set the fre-
guency of the pole. In many instances the frequency of this pole is
much greater than the expected 3 dB frequency of the closed loop
goin and consequently there is negligible atfect on stability margin,
However, if the feedback pole is less than appraximately six times
the expected 3 dB frequency a lead capacitor should be placed from
the putput to the input of the op arhp, The value of the sdded
capacitor should be such that the RC time constant of this capacitor
and the resistance it parallels is greater than or sagual to the original
feedback pole time constant,
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PM136A

MONOLITHIC JFET INPUT OPERATIONAL AMPLIFIER

PM156A/PM356A/PM156/PM256/PM356

GENERAL DESCRIPTION

The PM156 Series provides low input current, high slew
rate, and-direct interchangeability with LF 156 types. These
operational amplifiers use a new process which allows
fabrication of matched JFET transistors and standard bi-
polar transistors on the same chip. A JFET-input design
enables operation with *40Y input voltages eliminating the
blowout problems associated with MOSFET devices.

High accuracy, excellent dynamic performance, and low
cost make the PMI156 Series useful in new designs and as
raplacerments for modular and hybrid types. Unlike many
designs, nulling the input offset voltage does not degrade
common mode rejection ratio or input offset voltage drift.
Dynamic specifications include a slew rate of 12V/usec, a
BMHz gain bandwidth product, and settling time to within
+0.01% of final value of 1.5usec. In addition, low input
voltage noise and current noise plus a low 1/f neise cormer
frequency allow this amplifier to be used in a variety of low
noise, wide bandwidth applications.

WIDE BANDWIDTH

FEATURES

® LF156 Series Direct Replacements

B Low laput Bias and Offset Currents

B HighSlewRata .............0000.. 12V/usec
m»  Fast Setthing to 0.01%., . . ............ 1.5use¢
B Internal Compensation

m  Low Input Offset Valtage . . ........... 1.0mV
a Low lnput Offset Voltage Drift ... ... .. ouvic
B Low Input Noise Current ... ...... 0.07pA \/H_z
w High Common Mode Rejection Ratio .. .... 100d4B
® HighOpenloopGain ............... 106d8
 Models With MIL-STD-883A Class B

| ] Processing Available From Stock

Applications include bigh speed D/A converter summing
amplifiers, integrators, log amps, photocell amplifiers, and
active filters, For higher speed (decampensated) modeals,
see the PM157 data sheet.

SIMPLIFIED SCHEMATIC DIAGRAM

PIN CONNECTIONS

-5

BALBNCE

npE

N.C. TOP VIEW
a8
BALANCE 1 7V
-IN 2 & 0UT
*IN 3 S BALANCE
4 Y- {CASE)
TO-08 (J-Suffix)

CGRDERING INFORMATION

OADER: PMIGEAJ
PRHSE
PM2B6J
PM3E5A.)
PM356J

Military Temperaturs Range Davices

Ty

With MIL-STD-B83A Ciass B Processing

CRDER: PM156-883-A)
PHI155-883-J
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PM 156

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Maximum Junction Temperaturg ijl
PWMIGEA, PM15G, PM256, PM3IB6A 222V PM1EBEA, PM156 +150°C
PM356 +18Y PM256 +15°C
Intarnal Power Dissipation PM3SEA, PM356 +Hoo'c
PMIGEA, PM156 G70mwW Ditferantial Input Voltage
PM256 S70mW PM1BGA, PM156, PMZEE, PMIS6A raov
PM356A, PM356 50BmW PM356 +30V

Input Voltage
PM156A, PM166, PM256, PM3SGA 20V
PM356 16V
IUnless atherwise specified the absolute

[The TO-991)} package must be derated
based on a thermal resistanca of 150°C/W
junction to ambient or 467 C/W junction

1o case.) maximum pegative input voltage is equal
QOperating Temperature Ranga to the negative power supply vottage.)
PRAISGA, PM156 -55°C to +126°C Output Short Circuit Quration Indefinite
PM256 -25°C 10 +85°C Storage Temperature Range —-65°C w0 +150°C
PMIEEA , PM3SE U"C1o +70°C Lead Temperature Range (Soldering, 60 sec} +300°C
ELECTRICAL CHARACTERISTICS PM156A PM3GEA l
These specifications apply for 15V <V, € 2120V, Ty = +25°C unless atharwise noted.
Parameter Sy mibol Test Conditions Min Typ Max | Min Typ Max Units
Input Offsat Voitage WVos R, = 5002 - 10 20 - 1.0 20 my
Input Dffset Current los Tj = 257C (Note 1) - 30 19 - 3.0 10 pA,
Input Bias Current Ig Tj =25°C Note 1} — 30 &0 - 30 50 pA
Input Hesistance Rin — 1012 — — 1012 — 0
Large Signal A, Vg = +16V, VW = 10V, 50 200 _ 50 200 _ Vimy
Voltage Gain a R =2K$2
Supply Current Iy W, = 116Y — 50 70 — 50 10 mA
Slew Rata SA Ayl * 3,V = s 16V 1 | 12 - 10 t2 - Viusac
Gain Bandwtigth Product el V= t15Y 44 45 - 4.0 45 - MHz
Settling Time to 0,01% 1 Ve =218V (Nowe 2] - 15 - - 15 - usec
imput Noise Voitage . ns?wn,t =100Hz,v, = 18V} — 15 - | - E} = | vtz
A =1008, = 10000 V=216V | — 12 -1 - 12 - | wviir
) ] T = 100Kz, Vg = s 15V - 0.0 =1 - 0.01 - | pa Az
1nput Noisa Current in = 1000Hs.V. = s15V - ooT ” - 201 — Y \/ﬁ;
Input Capacitance Cin ~ 3.0 - — 3.0 ~ eF

These specifications apply for +15v < V= 20V, -65°C < TA = +125°C and THIGH = +125°C for PM15BA, 0°C = TA = +70°C and
THIGH = +707C for PMASBA, unless otherwise nated.

Input Cfset Voltage Vos Rs =60 - — 25 - - 2.3 my
input Offzet Valtage Orift TCV,. R, =500 - 30 50 - 3.0 5.0 WG
Change in Input Offset ATCY oy AL
Dift with Vg Adjust AWoe Ry =800 - 08 - - 0.5 - per A
Input Offset Current los Tj < THIGH {Note 1} - - 10 — - 1.0 nA
Input Bias Current Ig T; = THIGH {Note 1} - - 25 - - 5.0 nA
Targe Signal Valtags Gain Ao V=215V, Vout 10V, R =2K G| 25 - T - T Vmv
Vs = £15V, RL = 10Kt 2 13 — =iz | =13 = v
Quiput Voltage Swing Vom Vg = t15V, AL = 2Kf 10 Y] 176 | a2 T
Input Voltage Range CMVR | = <15V i | TR ~ e |0 - v
Common Mode Rejection Ratio) CMRR Vru = tCMVR 85 100 - | 8% 100 - dB
Power Supply Rejection Ratio | PSRR {Note 3) 85 1o - BS 100 - " dB

NOTE 1: The input bias currents are junction leakage currents which approximately double far every 10°C increase in the junction temperature,
Ty, Due to limited production test fime, the input bias currents measured are correleted 0 junction temperature ., In normal operation
the junction temperature rises above the ambient temperature as a result of internal power dissipation, Pd. Ti =Ta + ng whare @jA
is the thermal resistance from juaction to ambient. Use of a heat sink, is recommended if input hias current is 10 be kept to 8 minimum.
ig and Igg are measured at Vg = ©.

NOTE 2: Settling time i5 defined hera for a unity gain inverter connection using 2K £ resistors. It is the time required for the errar voltage (the
voltage at the inverting input pin on the amplifier] 1o settle ta within 0.01% of its final vatlue from the time a 10V s1ep input is applied
to the inverter, $ee settling time test circuit on page 4.

NGTE 3: Power supply rejection ratio is measured for both supply magnituddes increasing or decreasing simultaneously, in accerdance with
common practice,
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PM 156

ELECTRICAL CHARACTERISTICS

PM156
PM256

PM356

These spacifications apply for Ta = +25°

, 21BY < W £ £20V for PM156 and

PM2E8, ¥, = £15V for PM35

€, unless otherwise noted,

Paramaeter Symbal Test Conditions Min Typ Max Min Typ Max Units
input Offset Voltage Vos A =500 - 340 5.0 - 30 10 my
Inpurt OFfset Current los Tj = 28°C (Nota 1} - 30 20 - 30 80 pA
Input Bias Current Ig Tj = 25°C {Note 1) - 30 100 - 30 200 pA
Input Resistance RN - 3012 - - 1012 | - Ly
Large Signal A Vg = £1BV, WV = 10V, 50 260 25 | 200 VimV

= - m
Voltage Gain ve RL =2k
Supply Curraot Is - 50 T - 5.0 10 mA
Slew Rate SR AycL =+ V5 = £16Y 75 12 - - 12 - Viusec
Gain Bandwidth Product GBW Wy = £15V - 5.0 - - 5.0 - MHz
Sattling Twne to 0.01% ts Vg = 15V (Note 2} - i.5 - - 1.5 - Hsec
Re=10002.f =100Hz, Vy = +15V| — 15 - T - | wyRE
Input MNoise Voltage Bn
Rg=10002,f*1000Hz v, = = 18] - 1z - — | 12 - oV JHz
f=100Hz, v, = : 18V - 001 - - 0.01 - pA ~/Hz
Input Maise Current in
f=1000Hz, Vg = +18Y - 0.01 - - 0.01 - pAJfHz
input Capacitance Cin - 30 - - 3.8 - pF
These spectfications apply for 15V < Vg = +30V for PM15E and PM256, Vg = 1 15V for PM356, -65°C = Ta = +125°C tor PM166,
=25°C = T & +85°C for PM28E, 0°C = Tp < +70°C for PM356, unless otherwise noted.
R; = 5002, PMI156 - - 7.0 - - - my
Input Offset Vattage Vos Ry = 5052, PM256 - - 65 - - - v
A = 500, PMISE - - - - - i3 my
Input Offset Voltage Drift TCV e Ay = 5052 - 5.0 - - 5.0 - av e
Change in Input Offset ATCV VG
anae ) o Ry = 500 - 0S5 - - os | - | ¥
Drift with Vg Adjust aVps per my
PMISE, T, < +125°C - - 20 - - - nA
Input Offset Current =
los pm266, Tj = +85°C - - 10 - - - na
iNote 1)
PMIEE T < +70°C - — - - - 20| nA
" il — — — — -
Input Bias Currant l Pr1GS, Ty < +125°C 50 nA
. d
{Note 1} B PM258E, T’ <= 85° £ —- — 50 - — - nA
PM356. Tj= +70°C - - - - - 80| na
Large Signal Voltage Gain Avo V=t 1BY, V=10V, R =2K$2 25 — — 18 — - WVimy
Wi =215V, R = 1002 12 +13 - +12 +13 - W
Qutput Voltage Swing Vam .
Ve = 18V, Ry =2KN 10 2 - <10 12 - W
+15.1 +16.4
Input Vaitage Range CMVR Vg = 15V 11 - £10 - v
120 -12.0
Commaon Mode Rejection Ratio] CMRR Vom = tCMVR 88 00 - 80 100 - dg
Power Supply Rejection Ratio | PSBR {Note 3) 88 100 - BO 100 - dB

NOTE 2:

NOTE 3:
cCamman practice.

MOTE 1; The input bias currents are junction ieakage currents which approximately double for evary 107 C ingrease in the junction temperature,
T;. Due to limited production test time, the input bias currents measured are correlsted to junction temperature. In normal operation
the junction temperature rises sbove the ambient temperature as 8 result of internal power dissipation, Pd, Ti =Ta + @m whera eii-\
is the thermsal resisance from juncticn to amhbient. Use of a heat sink is recommended if input bias current is to be kept to a minimum.
Ip and Ing are measurad at WVopg ~ 0.

Setthing time is defined here for & unity gain inverter connaction using 2K.Q resistors. 1€ is the time reguired for the error valtage ithe
voltage at the inverting input pin an the amplifier] to settle to within G.01% of its final value from the time a 10V step input is applied
to the inverter. See settling tirme test circuit on page 4.

Power supply rejection ratio i3 measured for both supply magnitudes increasing or decreasing simultaneausly, in accordance with
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PM156

BASIC CONNECTIONS:

INPUT OFFSET VOLTAGE NULLING

MOTE: For potentiometers with a tamperature
coefficient < 100ppm/° C, the added
TCV g with nulling is =0.5uv/° C/imy

of adjustmeant,

SETTLING TIME TEST CIRCIHY

2wl 01K

100 ZNAAE
Vaur
100 oF
SHiL 0.0% | f Wi
By = -1

OSCILLOSCOPE

APPLICATION INFORMATION

INFUT VOLTAGE CONSIDERATIONS

The PMI5E JFET input stege can accommaodate large input differ-
ential voltages without external glamping as long as neither input
exceads tha negative power supply. An input voltage which is more
riegative than VY- can result in a destroyed unit,

I¥ hoth inputs excead the negative commeon mode voltage Hmit, the
amplifier will be forced to a high positive output. If only ong input
exceeds the negative common mode voltage limit, 2 pbase reversal
takes pla{‘.:a forcing the gutput 1o the corresponding high or low
state. In gither of the abave conditions, normal operation will return
when both inputs are returned to within the specifiad commaon
maode voltage range.

Exceeding the positive common-made limit on a single input wil
not change the phase of the cutput. However, if both inputs axceed
the limit, the outpur of the amplifier will be forced to a high state.

POWER SUPPLY CONSIDERATIONS
Power supply polarity reversal can result in a destroyed unait.

DYNAMIC OPERATING CONSIDERATVONS

As with mest amplifiers, care should be taken with lead dress, com-
ponent  placement and supply deceupling in order to ensure
stability, For example, resistors from the output to an input should
be placed with the body close to the input to mirimize “pick-up™
and maximize the Frequency of the feadback pole by minimizing
the capacitance from the input to ground.

A tesdback pole is created when the feedback araund any amplifier
is resistive, The parallel r and cap {rom the input of
the device {usualty the inverting input) to ac ground set the fre-
guency of the pole. In many instances the frequency of this pele is
much greater than the expectsd 3 dB frequency of the closed loop
gain angd consequently there is negligible effect on stability margin,
However, if the feedhack pole is less than approximately six times
the axpected 3 dB frequency & lead capacitor should be placed from
the output to the input of the op amp. The valus of the added
capacitor should be such that the RC time constant of this capacitar
and the resistance it parallets is greater than or equal to the original
ferdback pole time constant,
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EMIY

PM13/A

MONOLITHIC JFET INPUT OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION

The PM157 Series provides low input current, high slew
rate, and direct interchangeability with LF157 types. These
ocperational amplifiers use a new process which allows
fahrication of matched JFET transistors and standard bi-
potar transistors on the same chip. A JFET-input design
enables operation with *40V input voltages eliminating the
plowout probiems associated with MOSFET devices.

High accuracy, excellent dynamic performance, and fow
cost make the PM157 Series useful in new designs and as
replacements for modular and hybrid types. Unlike many
designs, nulling the input offset voltage does not degrade
common mode rejection ratio or input offset voltage drift.
Dynamic specifications include a slew rate of 50V /usec, a
20MHz gain bandwidth product, and 1.5usec settling time.
{Decompensatian results in a closed loop gain minimum of
8.} Low input voltage and current noise and a jow 1/f noise
corner frequency allow the PM1567 to be used in many low
noise, high frequency applications.

M157A/PM357TA/PM157/PM257/PM357

WIDE BANDWIDTH DECOMPENSATED (Ava = 5)

FEATURES
B L F157 Series Direct Replacements
W WideBendwidth ................... 20MHz
W HighSlewRate ...........0000000 B0V /usec
B Fast Settlingto20.071%. ... ........ ... 1.5usec
B Internal Compensation .. ......
B  Low Input Bias and Qffset Currents
B Lowinput Offset Voltage .. ........... 1.0mv
W Low Input Offset Voltage Drift .. .. ... 30uvle
B Low Input Noise Current ... ...... 0.01pA /Hz
@ High Common Made Rejection Ratie . ... .. 100de
B Models With MIL-STD-883A Class B

Processing Available From Stock

Applications {nclude high frequency active filters, high
speed peak detectors, and large power bandwidth gain
stages, For unity-gain compensated models, refer to the
PM156 data sheet.

SIMPLIFIED SCHEMATIC DIAGRAM

PIN CONNECTIONS

N.C. TOP VIEW
8
BALANGE 1 7 '+
-IN 2 §OUT
+IN3 % BALANCE
4 V- (CASE)
T0-99 (J-Suffix)

® G

ORDERING INFORMATION

ORDER: PMI1574)
PM157)
PM2E7.

s PM3574A)

PM3GTI

cO—4

Military Temperature Range Devices
With MIL-STD-B83A Class B Processing

ORDER: PM157-883-A)
PM157-883-4
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PM157

ABSOLUTE MAXIMUM RATINGS
Supply Voltage Maximum Junction Temperature (T}
PM1STA, PM15T, PM257, PM36TA £22V PMI1BTA, PM157 +160°C
PM357 13y FM257 +15°C
rternal Power Dissipstion PM3ISTA, PM357 +100°C
PM1574, FM157 B70MmW Differential fnput Voltage
PM257 570mW PM1S7A, PM167, FM257, PMIS7A 40V
PM3ET7A, PM357 500mW PM357 +30V
Input Yoltage
31 K
{The TO-9%1L} pgckage mhust bf derated based PMISTA, BM157, PM257, PMISTA 20V
on a thermal resistance of 160°C/W PMIST 216V
. ) . o . ; 3
:;n::;:'; to emhisnt or 45°C/S junction {Unless otherwise specified the sbsolute maximum
- negative input voltage is equal to the negative
Qparating Temperature Range power supply voltage.)
PM1IETA, PMIST -55°C 1o +126°C Qutput Shart Circuit Duration Indefinite
PMZET -25°C 1o +85°C Storage Temperature Hange -65°C 10 +150°C |
PM357A, PM357 0°C to +70°C Lead Temperature Range [Soldering, 60 sec) +300°C
ELECTRICAL CHARACTERISTICS PM157A PM357A
These specifications apply for 215V & Vg & 20V, T4 = +26°C unless otherwiss nated.
Paramrtar Symbal Test Conditions Min Typ Max Min Typ Max Units
Input Offset Voltage Vs R =500 — 1.0 20 - 10 20 my
Input Offset Current log Tj = 25°C {Note 1) - 3.0 10 - 30 10 A
Inpyt Bias Current g Tj=25C INote 1) — 30 50 - 30 [14]) pA
Input Resistance Ry — 1012 — ~ o2 - o
Large Signal A Wy =218V, Vg = 21DV, 5q 200 50 |200 Vimy
Voltage Gain vo Ay =2Ki ] m
Supply Corrent [ Vg = £16V — 5.0 70 - 5.0 7.0 i
Slew Rate A Ay =5 v, = £15V 40 50 - 40 | 50 — Wiusec
Gain Bandwidth Product GBW Vg = £15V 16 20 — 15 | 20 - MMz
Settiing Time to 0.O1% iy V=115V (Note 2) — 1.5 — = 15 — HSEC
. Rg=1000, f =100Hz, V, = +1BV| _ 15 - - ] — vV H
Input Noise Voltage . 3 28 5 n :
Rg=1000 1 = 100AH2, W = £18V) - 12 - - 12 — n¥ +/Hz
f=100Hz, V, = =15V - 00 — - 0.01 - W
input Noise Currant in il pA v Hz
f = 1000Hz, W, = 218V - 0.0t - - 0.0 - pa L H2
Input Capacitance Cin - 30 = - 3.0 = pF
These specifications apply for t15V & Vg < 120V, -56°C < Ta < +125°C and TyygH = +125°C for PM157A, 0°C R T4 < +70°Cand
THIGH = *70°C for PMIS7A, unless otherwise noted.
Input Offsat Voltage Vas Ry =500 — — 25 — — 23 my
Input Offser Voltage Drift TCVoe R = 5052 - 3.0 5.0 - 30 50 pvrec
Change in Input Offset aTCV, VPG
ange In ned = 2TVos | gy-s0n - o5 | - ~toes| - I*
Drift with Ve Adjust aVag per my
Input Offser Currgnt las Tj < THIGH INote 1} — — 10 - - 140 bl
input Bias Current i Tl = THIGH {note 1) - — 25 - - 50 nd
Large Signal Vatage Gain Ayg V=2 1BV, Vo= 10V, B =2K0 | 25 - - 25 - - Wimy
Ve m 216V, AL = 10K 2 +13 - +12 | £13 - v
Cutput Voaltage Swing Yom $ L
: Vew +16V A = 2K 10 12 - +10 | £12 — \'4
Input Voltage A CMVR | V=115V " 8 181 v
t Volta ange = N - -
nput Yoltags Hang g =t 120 +11 2.0
Cammon Mode Agjecticn Aatic] CMRR Vem = 2CMVR 85 160 — a5 | 100 - 4B
Power Supply Rejection Ratio | PSRR (Mote 3} 85 100 — 85 | 100 - 48
NOTE 1: The input bias currents are junction leakage currents which approximately double for every 10°C increass in the junction temperature,
TJ,. Due to fimited production test time, the input bias currents measured are correlated to junction temperature. In normal operation
the junction temperature rises above the ambient temperature as a result of internal power dissipation, Pd. Ty =Ty +9]A where 91;\
is the thermal resistance from junction to ambient, Use of a heat sink is recommended if input bias current is 1o be kept to a minimom.
Ig and g are measurad at Vo = 0.
NOTE 2: Settling time is defined here for a Ay = -5 connaction with Rg = 2K$2. )t is the time required for the error voltage (the voltage at the
inverting input pin on the amplifier] to settle to within 001% of its final value from the time a 2V step input is applied 1o the inverter,
See sertling time tast ¢ircuit on page 4. .
NOTE 3: Power supply rejection rario is measured for both supply magnitudes increasing or decreasing simultangously, in accordance with
comman practice.
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PM157

ELECTRICAL CHARACTERISTICS v PM357
These specifications epply for Ta = +25°C, +15V < V< +20V for PM157 and PM257, V, = 15V for FM357, uniess otherwise noted.
Parametor Symbol Tast Conditions Min Typ Max Min Typ Max Units
Input Offset Voltage Vo A = 5O - 3.0 5.0 - 30 10 my
input Offset Gurrent los T, =25°C (Nots 1) - 30 20 - 30 50 | pA
tput Bias Current [ Tj = 25°C (Note 1} - 30 100 - 30 200 | pA
Input Resistance RIN - 1012 - - 1012 - n
Large Signal Wy = t16Y, Vi, = 210V
A, — -
Voltage Gain vo Ry =2KQ 80 2,00 % 00 Vimy
Supply Currént Ig; — 5.0 7.0 — 54 14 ma
Slew Aate SR AyeL =5 Vg = 1BV 30 &0 - - 50 - Wiuser
Gain Bandwidth Product GBW Vg = £16V - 20 - - 20 - MHz
Settling Time 1o 0.01% 15 V= £15V  {Now 2) — 15 - - 15 - nsac
Re=1000,1 =100Hz, v, - t16v] — 15 - - |18 — | v /P2
Input Noise Voltage en
Ry=10081,f =1000Hz, V5 = + 16V ] — 12 - - |1z — | nv Az
f= 100Hz, ¥y = =15V - 003 - - 0.01 - rA S JHz2
input Moise Current in
f=1000Hz, Vg = 115V - 001 - - b.ot - PA /H
input Capacitance Cin - 30 - - 30 - oF
These spacifications apply for £15V < Vg < 20V for PM157 and PM267, V, = £ 15V for PMAS7, -55°C < T4 < +125°C for PMIGT,
-25°C < Tp = +85°C for PM267, 0°C < Tp, < +70°C for PMIST, unless otherwise noted,
Rg = B0, PMIGT7 - - 74 - — - mi
Input Offset Voltage Vos Rg = 504, PM267 - - 85 — - - my
R, = 5052, PM357 - - - - - 13 | mv
Input Offset Voitage Drift TCVg, Rg = 5002 - 590 - - 5.0 - wvifc
Ch in lnput Otfset ATCV v
anae in nput OTse —res R, = 500 - 05 - - | es _ | wvre
Drift with Ve Adjust AV s per my
PMIS?, T; = +125°C - - 20 - — - nA
fnput Offset Current los PM257, T; <+85°C - - 1w - |- — [ na
iNote 1)
PM3GT, Tj < +70°C - - - - - 2.0 | na
PMIST, Ti < +125°C - - - - -
input Bias Current s ] - 50 nA
{Note 1) Ig PM2E7, Tj=+85°C - - 50 - - - | na
PMIEI, T =+470°C - - - - - B3| nA
Large Signal Voltage Gain Ayg Vet 15W, W= 10V, R =2K 0 25 - - 15 - - WVimy
Vg = 218V, R = 10KR2 12 +13 = ez Jit3 - Tv
Output Yoltage Swing Yom L
Vg =+15V, R =2KR £10 +12 - +10 12 - v
+151 +156.%
Input Voltage Ra CMVR Ve = +1BV M - £10 -
P age Range s 120 19 120 v
Common ptode Reiection Raticl CMRR Vom = :CMVR a | 100 - 8a {100 - aB
Power Supply Rejection Ratic | PSRR {Note 3} 85 100 - 80 1100 - dB

Ig and log are measurad at Vop =0,

See settling time test circuit on page 4.

common practice,

NOTE 4: The input hias currents are junction leakage currents which approximately double for evary 10°C incresse in the junction temperature,
T4, Due to limited production test time, the input bias currents measured are correlated to junction temperature. In hormal operation
th_e junetion temperature rises above the ambient temperature as a result of internal power dissipation, Pd. T]- =Ta +9]Awhere eiA
is the thermal resistance from junction ta ambiant, Uze of a heat sink is recommended if input bias current is to bie kept ta a minimum.

NOTE 2: Settling time is defined here for a A, = b connection with Rp = 2K (2. 11 is the time required for the error valtage (the valtage at the
invetting input pin on the amphifier) to settle to within 0.01% of its final value from the time a 2 step input is applied to the inverter,

MOTE 3: Power supply rejection ratic is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with
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PMAST

BASIC CONNECTIONS

INPUT OFFSET VOLTAGE NULLING

NOTE:  For potentiometers with a temperature
coetficient <100ppm/~C, the added
TCW g with nulling is =0 5uV/° Cimv
of adjustment,

SETTLING TIME TEST CIRCWIT

2ri7 0%

O5CILLOSCORE

APPLICATION INFORMATION

INPUT VOLTAGE CONSIDERATIONS

The PM157 JFET input stage can accommodate large input differ-
ential voltages without external clamping a3 [ong as neither input
exceeds the negative powsar supply. An input voitage which is more
nagative than ¥ — can result in a destroyed unit.

If both inputs exceed the negative common mode voltage limit, the
amplifier will be forced to a high positive sutput. if oniy one input
exceeds the negative common made voltage himit, 3 phase reversal
takes plece forcing the output to the corresponding high or low
state. in either of the above conditions, normal operation will returm
when both inputs are returned 1o within the specified common
mode voltages range.

Exceeding the positive commaon-mode limit on a single input will
not change the phase of the output. Howeaver, if both inputs exceed
the limit, the output of the amplifier will be forced to a high state.

POWER SUPPLY CONSIDERATIONS

Power supply polarity reversal can result in a destroyed unit.

DYNAMIC OPERATING CONSIDERATIONS

Asg with most smplifiers, care should be taken with lead drass, com-
ponent placement and supply decoupling in order to ensure
dahility, Far example, resistors from the cutput to an input should
be placed with the body close to the nput 1o minimize “pick-up’
and maximize the frequency of the feedback pole by minimizing
the capacitance from the input 1o ground.

A Feedback pole iz created when the feedback around any armplifier
15 resistive, The parallgl angd cap ca from the input of
the device [usuvally the inverting input] to ac ground set the fre-
quency of the pele, In many instances the fraquency of this pole is
much greater than the expected 3 dB frequency of the closed loop
gain and consequently there is negligible effect on stability margin.
Howeever, if the feedback pole is less than approximatety six times
the expected 3 dB frequency a lead capacitor should be placed from
the gutput ta the input of the op amp, The value of the added
capacitor should be such that the RC time constant of this capacitor
and the rasistance il parallels is greater than or equal to the original
feedback pote time constant,
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EMI4

PM-125

INSTRUMENTATION OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION

The PM726 Series of monaolithic {nstrumentation Operational
Amplifiers provides industry-standard 725 specifications. in

addition,

Precision Monolithics’

exclusive  Silicon-Nitride

“Triple Passivation” process eliminaies “popcorn noise” and
provides maximum reliability and lang term stability of param-
eters for lowest overall system operating cost. For improved
specifications, see the 555725 Series data sheet. For devices
with internal frequency compensation request the OP-05
tnstrumentation and OP-07 Ultra-low Offset Voitage Opera-

tional Amplifigr data sheets.

FEATURES

= Extremely High Voltage Gain. . .. ....... 3M Typ
B Low Offset Voltage and Offset Current

B Low Drift with Temperature

W Low Input Voltage And Current Noise

& High Common Made Rejection. . . .. ... 110db min
w» High Power Supply Rejection.. . . . .. .. 10uv/v max
BB Silicon-Nitride Passivation

B Differential Input Overvoltage Protection

SIMPLIFIED SCHEMATIC

PiN CONNECTIONS AND ORDERING INFORMATION

i

T
T

i

j}

L 2

3

VosTAM 1
NG INPLR 2
MO Iy INFUT T F GuTPUT
] 5 Cowe

TOP VIEW
Weu TAM
- N
TQ-89 (J-Suffix)
L . ORDER: PM-7251
PM-725CJ
MEN-EVERTING 3 A Couis:

uT

ERFOXY B MINIDIP
1P-Sutfix)
ORDER: PM725CP

B wgg TRIM

7 e

14 PIN DIP Y Suffix)
ORDER: PM-7258Y

L}
E3
iy T 3 |11 e TAM PM-725CY
> [LLEL [Nt =11 ¥
Bl L]
bl 1 i m: * 7 ™™™ Mititary Temperature Range Devices
£ e | s With MIL-STD-8B3A
. r " Class B Processing:
) GROER: PM725-883-1
PM725.883 v
ABSOLUTE MAXIMUM RATINGS
CEMPENSATION COMPOINEMNT VALUES
A Cy fAz =
Supply Voltage +22%  Lpad Temperature Range S I L W
tnternal Power Dissipation {Soidering, 0 sec) 300°C ‘0-‘3 10k 5;'* - -
i 1. an 1
i50e notal 500mW Operating Temparature Range B Bt - —
Differential lnput Voltage =5V PM725 -58°C to +125°C; o] [[os [ 2o eeis
Input Voltage Supply Yoltage PM7250 0°Cto +70°C = I
Output Short Circuit . MWOTE: Forthe TC-99{l} package derate at )
Duration indefinite 7.1TmW/*C abave 80°C; for the
Srorage Temperature DIP{Y} package derate at 10.0mw/ &
Rangs - -65°C 1o +150°C “C apove 100°C,

i R 1D s vy
LI = wpratand it cigcithd foml.

COMPENSATION VOLTAGE OFFSET
CIRCUIT NULL CIRCUIT
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PM725

ELECTRICAL CHARACTERISTICS l BM726 I PM726C
These specifications apply for Vo = t16Y, Ty = 25°C. unless otherwise noted.

Paramater Symbol Text Conditions Min Typ Max| Min Typ Max] Units
'""“‘;g:lz‘:: :;':::. ) Vos |Rs<10kn 95 10 05 25 | mv
Input Offset Qurrent los 2.0 20 2.0 35 [nA
Input Bias Current ]: 42 100 42 125) nA

tq =10 Hz 15 15 NV \fHz
Input Moise Valtage en Iy = 100 Hz 9.0 an nV Hz
fo=1kHz 8.0 80 i Hz
fo =10 Hz 1.0 10 Al Hz
Input Moise Current [ fo =100 Hz 0.2 9.3 pAf/H.
g = 1kHz 0.15 0.15 PAS /H2
Input Resistance Rin 156 15 Mz
Input Valtage Range CMVER +138 +14 +13.8 +14 W
Large Signat Valtage Gain Aug AL = 2 k2, Vg = +10V) 1,000,0001 3,000,000 260,000 | 3,000,000 Vi
Commen Mode Bejection Ratio CMRR | Rg = 10k 0 120 a4 120 dB
Powar Supply Rejection Ratio PERR Rg = 10 ki 2.0 10 20 35 uviv
_ R =10k 2 113.5 +12 +13.6 v
Output Voltage Swing Vom RL =2 kD £10 1135 £10 £135 v
Output Resistance Ao 150 150 Q2
Power Consumption Pd 80 106 80 150 | mw
The follawing specificetians apply far Vg = 118V, -85"C < Ta « +126”C for PM725, 0°C < Ta < +70"C for PM725C, unless otherwise noted,
" ot st wim) | Vor | s < 108 s 38y
e v | Toves | mg-om
A o O Y o7y, g - som
Ta = MAX 1.2 20 1.2 35 |na
Input Offset Current [ Ta - MIN e 0 20 50 |nat
Avarage Input Offset Currane Drift | TClg, 35 15Q 10 pASC
Ta=MAX 20 104 126 nA
Input Bias Current g Ta = N P 200 v Y
Ry » 2 k2, T4 = MAX [ 1,000,000 125,000 VIV
Large Signat Vottage Gain Avo Ry =2 ki, Ta = MIN | 250,000 125,000 ViV
Camman Made Rejection Ratio CMRR | Rg= 10k 100 116 daB
Power Supply Rejection Ratio PSRRA Ag = 10 ki 20 20 Y
Cutput Viltage Swing Vo R =2 kit 10 10 v
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FMIJ

COMPENSATED

PM-T41

OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION

The PM741 Series of {nternally Compensated Operational
Amplifiers provides industry-standard 741 specifications. In
addition, Precision Monalithics’ exclusive Silicon-Nitride
“Triple Passivation” process eliminates “‘popcorn noise’” and
provides maximuom reliability and tong term stability of param-
eters for lowest overall system operating cost. For improved
specifications, sge the 535741 Series data sheet. For very high
performance general purpose op amps, refer to the OP.0D2
Series data sheet.

FEATURES

tndustry Standard 741 Specifications
Internal Frequency Compensation
Continuwous Short Circuit Pratection
MiL-5TD-883 Processing Available
Siticon-Nitride Passivation

Low Noise

SCHEMATIC DIAGRAM

PIN CONNECTIONS AND ORDERING INFORMATION

S

CIACLED MUMEERT LORRESFORD
NALANCE [ TO -39 P CONFIGLRATION

.| TOP VIEW

TO9F {(J-Suffixt
INVERTING

INPUT 2
PM741Cl
3 o 5 BALANCE
"O"'m;ﬁf'"s 4 V- (case}
139 l— 14
2 — b— 13
BALANCE 3 — }— 12 14PN DIP (¥-Suffix)
ORDER: PM74Y
INY. INPUT 4 -~ — 11 v+ PRI741CY
NON-INY. § f-mme 180 GUTPLIT
INPUT
Ll - — 3 BALANGE
?-—I -— B

ABSOLUTE MAXIMUM RATINGS

Supply Voltage

PM741 £22V

PM7A41C H1BY
Internal Power Dissipation {Note 1} 500 mW
Differential fnput Voltage =30V
Input VYoltage Supply Voltage
Qutput Short Circuit Duration Indefinite
Storage Temperature Range -B5"C 1o +1507C
Lead Termperature Range {Soldering, 80 sec) 300°C

Operating Temperature Range
PM741 -B5°C to +125°C
eMTAIC 0°C 1o +85°C

Hote 1. Maximum package power dissipation vs ambient
temperature.

MAXIMUM AMBIENT DERATE ABOVE
TEMPERATURE MAIMUM AMEBIENT

PACKAGE TYPE FOR RATING TEMPERATURE
TO-99 () 80°C 7.1 e
DUAL-HN-LINE (¥} 100°¢ 10.0mw/ g
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PM741

ELECTRICAL CHARACTERISTICS
These specifications apply for Ta = 25°C, Vg = 15V
pecitic PPl tor Ta Vs = 218V, PM74 PM741C
unless otherwise specified.
Paramater Symbol Test Conditions Min Max Min Max Units
Input Offset Voltage Vos Rg = 10k - 5.0 - 6.0 my
Input Cffset Current 10s - 200 - 200 nA
Input Bias Current g - 500 - 500 na
Input Resistance Rin 0.3 - 0.3 - sz
Large Signal Ay » 2k
- 25,00 - viv
Vottage Gain Avo Vo =10V 50.000 000 /
Supply Current Ig - 28 - 28 ma
The following specifications apply for -55°C < Ta < +126°C —
4% she A Vg = £15V Vg = 15V
PM741 and 0'C = T = +85° C — PM741C.
Input Offset Voltage Vg Rg = 10k - 6.0 — 75 my
input Otfsat Current 108 - 500 - 300 né
Input Bias Current g - 1.5 - a8 irs
Large Signal Rp =2k
25,000 - 15,000 Wi
Valtage Gain Avo Vo = +10V ’
Curput Voltage Swing Y om R =10k 12 - 12 - W
R = 2k 10 - +10 - W
input Voltage Range CMVR 112 +12 - v
Common Mode Rejection Ratio CMAA Rg = 10k02 i - 70 - e
Power Supply Rejection Ratio FSRR Rg = 10k 7 - 77 dB
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EMIJ PM-141

DUAL COMPENSATED OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION

FEATURES
The PM747 Ssries of Internally Compensated Dual Operational ® Dual PM 747 Internally Compansated Operational
Amplifiers provides industry-standard 747 specifications. In Amplifier

addition, Precision Monalithics” exclusive Silicon-Nitride
“Triple Passivation’” process eliminates “popcorn naise” and
provides maximum reliability and long term stability of param-

m Internal Freg y Comp ion
»

eters for lowest overall system operating cost. For improved & MIL-STD-883 Processing Available
»
]

Continuous Short Circuit Protection

specifications, see the $55747 Series data sheet. For very high Silicon-Nitride Passivation
performance dual op amps, refer o the OP-10 Dual Matched Low Nuoise
Instrumentation QOperational Amplifier data sheet.

PIN CONNECTIONS AND
SCHEMATIC DIAGRAM ORDERING INFORMATION

{1/2 OF CIRCUIT SHOWN) ' TOP VIEW

TO-100 {K-Sutfix)
ORDER: PM747K
PMFATCK

MY I T k] —] hd 1% BALLRGE {4}
e b ‘..z_:[:V‘I__ swsws 14 PIN DIP (Y-Suffix)
) WALAWCE [A]1—] =12 CUTPUT |R] OHDEH: pM?‘?Y

v —] b—1 NG
daLanct ip) o -—— - 1 MI’WY‘III Pm?4?cv
Non-u, (AT 11— e in)
INVANRUT {97 —4 » RALANCL W)
¥% OrF PACKAGE ONLY
ABSOLUTE MAXIMUM RATINGS BALANCING CIRCUIT
Supply Voltage Storage Temperature Range —65° to 150°C
PM747 22 Lesd Temparature Ranga
PM747C 1BV {Sotdering, 60 sec) C300°C
Internal Power Dissipation Oparating Tempearature Range
iSee note) PM747 ~55"C ta +125°C
Metal Can {K} package S00mW PM747C 0°C to +70°C
DIP {¥ | Package BTOmMW
Differential Input Vahage +30¥ NOTE: For the TO-100(K| package derata
tnput Voltage Supply Voltage at 7.1mW/° C above 80°C; for the
Qutput Short Circuit CIPIY} package derate at 10.0mW/
Duration Indefinite °C zbove 100°C. L 4 ‘DIP PACKAGE
it PINOUT
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PM747

ELECTRICAL CHARACTYERISTICS

_E,a_c!" Amg!iﬁer PM747 PM747C
These spacifications apply for Ta = 26°C, Vg = 215V,
unless otherwise noted.
Parameter Symbol Yest Conditions Min Typ Max Min Typ Max Units
Input Offsat Voltage Vos Rg < 10 ki — 1.0 5.0 - 1.0 60 | mv
Input Qffset Current las - 20 200 — 20 200 na
Input Bias Current Iy — ac SO0 — aa 500 nA
Inpui Resistance AN 0.3 2.0 - 0.3 2.0 - M1
Input Capacitanca Cin - 1.4 — — 1.4 — pF
Offset Voltage Adjustment Range — +156 - — +15 - my
Large Signal Voltage Gain Avo Ry » 2 ki, Vo =+10¥ 50 200 - 25 200 - Vimy
Dutput Resistance Ro - s — - 75 - o
Output Short Circuit Current s — i) - — 5 - mA
Supply Current Igy - 1.7 28 - 17 25 | ma
Power Cansumption Po Mgmif W - 50 BS - 50 85 mw
Transient Aespanse | Risetima Wiy *20mV, R =2kt ] - 0.3 - — 02 - usec
{Unity Gain} Cwarshoot CL < 100 pF - 5.0 - — 5.0 - %
Slew Rate AL =2k - 0.7 - - 0.7 - Viusec
Channel Separaticn s - 120 - — 120 — dB
The following spacifications apply for Vg = 215V, -65°C < T
& +H126°C for PM747, 0FC < Ty < +70°G far PM747C, unlass
olherwise noted,
tnput Offset Voltage Vos Rg = 10 kY - 10 €0 - 1.0 75 | mv
tnput Offset Current log Ta = MAX B 76 ) 200 - 7o |00 nA
Ta=MEIN - s 500 - 30 300 nA
Input Bias Current 15 Ta =MAX - 043 0.5 — o.03 05 LA
Ta=MIN - 2.3 15 — 010 2.8 1.8
Input Vaoltage Range CMVR =12 +13 - 12 13 — v
Commaon Mode Rejection Ratic CMRAR Rg < 10 k2 70 g0 - 70 90 - dB
Power Supply Aejection Ratio PSAR Rg = 10 k{3 — 30 150 - 30 150 uv
Large Signal Violtage Gain Ayo Ry » 2kl Vg=210V | 25 - - 15 - - Vimv
) AL = 10k +12 t14 — £12 14 - v
Output Voltage Swing YoM [ plaoka £20 | 3 - £10 |13 - |v
Supply Current Iy Ta=MAX - 15 25 - 1.5 25 mA
Ta =MIN - 240 a3 - 20 33| mA
FPower Consumption o Ta-MAX - 45 s - 45 75 mw
Ta = MIN - &0 100 - 60 100 mw
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FMI]  [PM-1458/1558 |

DUAL COMPENSATED OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION
FEATURES
The PM155B Seriss of Internally Compensated Dual Opera- & Dual PM 741 Internally Compensated Operational
tional Amplifiers provides industry-standard 1558 specifica- Amplifier
tions and pin-for-pin compatibility. in addition, Precision - .
1 Frec Comp
Monolithics exclusive Silicon-Nitride “Triple Passivation” nternal Freq i ’ on
process eliminates “popcorn noise” and provides maximum 8 Low Power Consumption
reliability amd long telrm stability o.f parameters f_mlr 1o_west B Continuous Short Circuit Protection
overall system operating cost, For improved specifications,
refer to the S555747/1568 Dual Internally Compensated W MIL-S5TD-883 Processing Available
Operational Amplifier data shest. For precision dual op amps N e L
Lo Silicon-Nit Passivati
refer to the OP-10 Cual Matched instrumentation Operational il on-Nitride Passivation
Amplifier data sheet.

SCHEMATIC DIAGRAM PIN CONNECTIONS AND ORDERING INFORMATION
11/2 OF CIRCUIT SHOWN) TJOP VIEW
o a9
ave
-l
] GUTPUT (&) | T QUTPUT (B}
-
ol a2
INVERTING WYERTING
. INPUT 2] 2 () B INPUT (B)
o
ar NON-INV. 3 A HON-INV,
INPUT (A) INPUT (B)
a4y
W o He
noZRy L w4 'WuE RT TO-89
| OADER: PM1568
1, PM1458
ABSOLUTE MAXIMUM RATINGS
Supply Voltage Operating Tamperature Aange
FM 1558 £22V
P 1458 +18v FMI55E —55°C ta +125°C
Intarnal Power Dissipation PM 1458 Ciw+70°C
|See note) 500 mwW
Differential Input Voltage + 30V
Input Voltage Supply Voltage
Qutput Short Circuit
Duration Indefinite For the TO-8840) package derate at 7.1 mW/°C above 80°C.
Storage Temperature
Range ~65" to 150°C
Laad Temperature Range
(Soldering, B0 sec) 300°C TO-99(H
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PM1458/1558

ELECTRICAL CHARACTERISTICS
Each Amgplifier
P J— .
I:f::;:::':xi:ﬁ:&pw for Ta = 25°C, Vg = £15Y, PM1558 PM 1458
Parameter Symbol Test Conditiony Min Tyn Max Min Typ . Max Units

Input Gffset Vaitage vgs | Ag<10kR - 1.0 50 | — 2.0 60 | mv
Input Ofisat Current los - 0.03 0.2 - Q.03 0.2 | pA
Input Bias Currant g — 0.2 s - 0.2 0.5 | uA
Input Resistance RN 03 2.0 - 0.3 20 - M
Large Signal Voltage Gain Ayo Ry = 2K, Vo =10V 50 200 - 20 100 - vimy
Dutput Voltage Swing Vom R = 10KD 12 +14 - 112 +14 - v
input Voltage Range CMVR | Vg=:15V 12 13 - £12 13 - v
Comman Mode Rejection Ratia | OMRA | Rg < 10ka 70 20 - 70 90 - | a8
Power Supply Rejectian Ratia PSRR Rg < 10k0} - 30 160 - 30 150 u¥ iy
:oﬂ:.p.“_rﬁt.;'o‘nmmpﬂon both PO Vp=D - 70 160 - 70 170 by
Channel Ssparstion [¥:] — 120 - - 1203 — dB
The following specifications apply for Wy = £18V, -B8°C < Ta
< +125°C for PMIS5E, 0°C < T4 < +70°C for PM 14568,
un_!sss otharwise noteg.
Input Offset Y oltage Vpg Ag < 10k - - 6.0 - - 765 | my
Ynput Offset Current los - — a5 — — 0.3 | A
Input Bias Current Ig — — 1.5 - — 08 | A
Large Signal Voltage Gain Ao A = 2k, Vg = 10V 25 - - 16 - - Wimv
Cutput Voltage Swing VoM R > 2k +10 13 — £10 +13 — v
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PM4136

QUAD 741-TYPE OPERATIONA.I. AMPLIFIER

GENERAL DESCRIPTION

The PM4136 Series provides four 741-type operational
amplifiers i\n a single 14-pin DIF package, pin-compatible
with the RM4136 and RG4136. Each of the four amplifiers
has the proven S55741 Series advantages of low noise, low
drift and exceMent long term stability. Precision Monalithics'
exclusive Silicon-Nitride “Triple Passivation™ process elimi-
nates “popcorn noise” and provides maximum rel iability and
long term stzbility of parameters for lowest overall system
operating cost.

The PM4136 Series is ideal for use in designs raguiring
minimum space and cost while maintaining S85741-type
performance. PMd4138%5 with processing per the require-
ments of MIL 38510/883 are available. For dual-741-type
versions, see the S55747/15568 data sheet.

FEATURES

RM4136/RC4136 Direct Replacements

Low Noise

Silicon-Nitride Passivation

Internal Fr y G

Low Crossover Distortion
Continuous Shart Circuit Protection

Low 1nput Bias Current

Low Input Offset Voltage

QUIVALENT SCHEMATIC

PACKAGE INFORMATION

14 CIRCUIT SHOWN!

5

Fa

-1IN

{+}IN - ?

L.

ORDER: PM4136Y |-66°C 10 +125°C)
PM4136CY {(0°C 10 +70°C)

Military Temperature Range Devices
With MIL-STD-BB3A Class B Processing
ORDER: PM4136883-Y

- INPUT LA} 1| O—] l—O 14 - NeUT (D)
+INPUT (&) 2 0—@ @-{; 13 +INPUT {0]
OUTPUT LA} 3 O— 0 12 QUTPUT (D)
CUTPUT {8} 4 O— -0 11 ve

+INPUT (B) & o— l—O 10 QUTPUT ()
-INFUT (8} & O—] &-—OQHNPUT <y

v- 7 O |0 8 ~INPUT [C}

TOP WIEW
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Ph4136

Supply Yoltage NOTES:
4136 22V . . . o
PMA136C +18Y 1. Rating applies for ambient temperature of +25C;
Internal Ffuwer Dissipation {Note 1) 800 mwW derate linearly at 6.4 mW/°C for ambient temperatures
Differential Input Voltage 30V above +25°C.
Input Voliage {Note 2) +15Y
Qutput Short Circuit Duration {Note 3} Ingefinite 2. For supply voltages less than £15Y, the absolute maxi-
Storage Ternperature Range —65°C 10 +160°C mum input voltage is equal to the supply voltage.
Operating Temperature Range . . 3. Short-circuit may be to ground, one amplifier only.
PM4136 —b& E to+1 2500 ISC = 45 mA (typical).
PM4136C 0Cta+70°C
t ead Temperature Rangs (Soldering, 60 sec) 300°C
These specifications apply for Ty = +25°C and PMA136 213
Vg = 15V unless otherwise specified, PMA136C
Parameaiar Test Conditions Min Typ Max Min Typ Max Units
Input Offset Voltage Rg.< 10kt - 4.5 540 — 05 6.0 my
Input OH3sat Current — 5.0 200 —_ 5.0 200 nd
Input Bias Current —_ 40 500 —_ a0 500 na,
Input Resistance 0.3 5.0 - 0.3 50 —_ M
Large-Signal Voltage Gain R = 2kst
VEUT = +10V 50,000 | 300,000 - 20,000 | 300,000 — viv
Dutput Voltage Swing R = 10 ki2 2 14 —_ 12 +14 —_
AL = 2k =10 13 - 10 =13 — W
Input Vattage Range 12 14 — 112 14 — v
Commen Mode Rejection Ratio Ry < 10ki2 Fi 100 —_ 70 100 — dB
Supply Yoltage Rejection Ratio Rg < 10k — 10 150 - 10 160 VI
Power Consumption No load — 210 340 — 250 340 mi
Transient Response (unity gain Vi = 20mY
Riseti Ry = 2k&2 — 013 - - 0132 - us
isetime €L < 100 oF
Transient Response {unity gain} Vi = 20my «
; Ry = 2k52 - 5.0 — - 5.0 -
Overshéot CL < 100 pF .
Unity Gain Bandwidth — 30 —_ —_ 1o - MHz
Slew Rate {unity gain) A= 2k} —_ 15 —_ —_ 1.0 —_ Wius
Channel Separation =10 kH2
Rg = Tki2 - - - -
open loop 105 105 4B
{Czin - 100) iy 101“:‘2'
as 1 - 105 105 9B
The following spacifications apply for -56°C & Ty = +126°C for PMA136,0°C = Tp™s +70°C for PM4136C, and
VS =+ 15V unless otherwise specified.
{nput Offset Voitage fig < 10Kk — — 6.0 - - 75 my
input Offset Current — —_ &0 - — 300 nA
{nput Bias Current — -_ 1500 — - 800 ad
Large Signal Voltage Gain Ry = 2k%2
vyt = £10V 25,000 - — 15,000 - - ViV
Cutput Voltege Swing R = 2k +10 — — £10 - — v
Ta = High _ 180 kI —_ 180 300 m
Ta=Low —_ 240 400 _ 240 400 mw
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ML

GMP-01

FAST PRECISION COMPARATOR

GENERAL DESCRIPTION

The CWMP-01 is a Fast Precision Woluage
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 A/D converters. The CMP-01 is pin
compatitle to earlier 117, 108, and 710 types. For appli-
cations requiring fower input offset and bias currents, refer to
the CMP- 02 data sheet.

monolithic

FEATURES

W Fast Response Time . ... .. 110 ns typ., 180 ns Max
B High Input Stew Rate . .. ............. 92 vius
B Low Offset Voltage . . . . . 0.3 mV typ., 0.8 mV Max
B Low Offset Current . ... ... 4 nA typ., 25 nA Max
B low OffsetOnft ... ....... 1.0 uv/"C, 30 pASC
B Standard Power Supplias, . ... ... .. 8V to £18Y
8 Guaranteed Operation from Single +5V Supply

B No Pull-up Resistor Required for TTL Drive

B Wired OR Capability

W Fits 199, 108, 710 Sockets

B Easy Offset Mulling. . . .. Singte 2ki2 Potentiometer

™ 'EasytoUse.......... . . . Free from Oscillations

SIMPLIFIED SCHEMATIC

PIN CONNECTIONS AND ORDERING INFORMATION

8 4
TOP VIEW
GROUNG | 7 DUTFUT
HON Y 2 & BALANCE
14 INPUT 2 5 BALANCE
4 u- ICASE)
TO-98 {J-Suffix)
QRDER: CMP-01J
CMP-QIES
CMP-0ICY
| — ]
GROUKD 2 = 13
HOMN-INY, INPUT 3 = 14
INV. INPUT 4 —1 N
COMP, 5 — 1
|CASE) W = £~ B OUTPUT
BALANCE T — BEAMLANLE

14 PIN HERMETIC DIP {¥-Suffix}
ORDER: CMP-DTY
CMP-D1EY
CMP.O1CY

Military Temperature Range Devices
With MIL-5TO-B83A Class B Processing
CMPO1-883.)
CMPO1-8B2-Y

741




CMP-01

ABSOLUTE MAXIMUM RATINGS

Total Supply Voitage, V+to V- 36v Output Sink Current {Continuous Operation) 75 ma
Output to Ground BV to +32V Operating Temperature Range —

Qutput to Negative Supply Voltage 50V CWP-Q1 -B5°C to +125°C
Ground to Negative Supply Voltage oy CWP-O1E, -01C 0°C to +70°C
Positive Supply Voltage to Ground 30V Storage Temperature Range -65°C to +150°C
Positive Supply Voltage to Offset Null Oto 2V Lead Temperature {Saldering, 80 Sec) 300°C
Power Dissipatian {See Note} 500 mW Qutput Shori Circuit Duration — to greund Indefinite
Differential Input Voltage SR AY to V+ 1 min.
Input Voltage (Vg = 215V) +165V

Mote: Maximum package power dissipation ys. ambignt termperature

Maximum Ambient Derate Above Maximum

Package Type Tamperature for Rating Ambient Temperature
TO-99 (4] BO°C 7.1 mW/C
Dual-in-Line.{¥) 100°C 10.0 mw/°C

TYPICAL PERFORMANCE CURVES

RESPONSE TIME FOR 100mv STEP AND VARIOUS INPUT OVERDRIVES RESPONSE TIME VS SOURCE

_ N RESISTANCE
_Q‘E"‘ ’/f’%‘ ; 1 ) Q Ji\l-v 1. ; — 1 :
_g:::__ y Vi , ; B Sl |, § [ il i
Tragme | ’/ {E{ , § (%J &] }Q —(?m ; "lzw il |
717 TV L
i . i AN § 23 1
i n.et : o = EHi=Es
! Ty 2 Wy- BOEL T »
§ i pu =
i 20 Y i I b J‘ )

=20 24 W w
PESROIME TIRE (TRECH SCUNCE MEBIRTAMEE 1ED]

RESPONSE TIME, 10mV STEP, SmV OVERDRIVE, VARIOUS LOADS
RESPONSE TIME TEST CIRCUIT

5 ==3 T s
¢ L ]
[~ T e M e SR P €, ¥125F NCLUDNG PROBE
(D Ty parw voun T H : . H AND NG GAPAC TANCE TTL GATE
Fanieimr 4 p N z TR INVERTER
e=e ] Vet ez | BN : Aot =3
b ) E | Pt d Q i
- a2 G Lok PO 3
[ L= - \
[»
= o o—- \0tO=
S 2
g g
: v
J 2 i 2 " FALL [Vgq +IVERDRIVE
S0 peamomt e vustin w9 " aexvouse e carel T b wiy-CALL  T¥os

L RISE - (¥yy ~TVERDGRIVE]
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CMP-01

ELECTRICAL CHARACTERISTICS ChMP-01
These specifications apply far Vg = 1 18Y, T4 = 26°C unless otherwise noted.
Parametar Symbuol Tast Canditions Min Typ. WMax Linits
Inpur Offset Voltage Yag Ry = Bkii [Note 1] - 0.3 0.8 my
Input Offset Current L (ot 1) - 4 25 nA
Input Bias Curent g — 350 E00 A
Difterential nput Resstance Hin 30 14 BACY
WVaoltage Gain Ay Vo - 04V 10 2.4V 200 500 — VimW
Response Time 8 100mY step, BV guerdrwve
na lnad {na pull-upl - iale] 180 nseg
5k o SV - "o - nseC
TTL fan-out = 4, no pail-up - 110 - miec
BY step Smy overdrive
no boad (no pull-up! 160 - n3eC
Skit o BY - 160 - nsec
TTL fan-gut = 4, 0o pull-up - 160 - niec
Input Slew Rarte - az - Viuser
Input Vgitage Range CMVR 1125 130 )i
Common Mode Rejection Ratio CMRR a4 110 - dB
Power Supply Rajection Ratia PSRA BV 2 oy w18V, -18W = v 50 100 - dB
Pasitive Qutput Voltage Yon Win = AmV, by = 3200A 24 32 - W
Vi = dmV, Ig=0 24 4.8 - W
Saturatign Voltage VoAt Win & -10mMV, lgar = 6.4 m4A, - 03 0.45 W
Vg % —10mV, lgop % 12 mA - 036 0.6 v
Critput Leakage Current V_EAK, Von 2 10mY, Wy = 30V - 0oz 20 wh
Postive Supply Corrent T Vi — Y 3.0 mh |
Megative Supply Current t- - 1.3 2.3 ma
Power Dissipation Fyq Vin - 03 153 il
Offset Vallage Adiustment Range Mulling Par = 2k - -5 mi
These speaifications apply for Wy, = BY, W = OV, Tg = 267C, unless otherwise noted.
Input Ofiset Voltage W g F. = Bkt (Mo 14 - oA 1.5 my
Inpuy Offser Curren lis (Mot 11 = 3 21 na,
Input Bias Current 5 — 50 500 na,
Woltage Gain Sy Wi = 04Y 10 2.4% (Nate 1) — 50 - Wy
Response Time [ 100m step, SmY overdrive
Bkl 1o Y - 150 - nsec
TTL fan-out = 4, 5kil to 5V — 150 — nsee
Input Vaoltage Range CMVYR 1 B35 1.7i38 — W
Saturation Voltage VenT Win ® ~3.9mV, Igink T A mA - 0.3 nag W
Pasitive Supply Current I+ Win %= ~10mW - 23 32 ma
Power Dissipation Pa Ve =~ 10mY - 1.5 16.0 i
The following specifications apply for Ve = £168W, -858°C = Ta = 4128 C, unless otherwise nated.
Input Offsen Voltage Wig Ry = BRI (Note 1) - 05 16 my
W = BV, Vo = OV INate 1} = 06 28 my
Agerage Tnput Offset Waoltage Drifr
Without Externat Trim TCW o Ag = 500 156 - pVITC
With External Trum TCY gen Fg = 5052 1.0 - wWitC
Input Offser Current os 1257 C (Moe 11 - 4 6 nA
= —B5 C Mo 1t - B B0 na
Average input Oftser Currene Drift TGl PETCM T W 4125 C - 12 - DA."‘?C
~BEC Ty w2570 - 35 = e
Input Bias Current g Ta -+125°C - 300 600 na
Ta - -55C - 650 1400 na
Waltage Gain Ay Wy = DAY o 2.4Y 100 500 - Wimy
Respanse Tuime tr HIOMY step, SMY overdrve
Ta = #125°C, no lnad 164} - nsec
Ta = -55 ¢, naloag - %0 - nsec
Input Voltage Range CMVR 120 130 — W
Commaon Mode Rejection Ratio CMAR A8 106 - B
Power Suppty Aejection Ratio PSRR ST W, 8w 18, 18 v S 0V 75 96 — o
Fositive Qutpul Yelage Vo W s Am, | 200u 8 2.4 38 - R
Saturation Volage WeaT Won T =10mY, ey - 0 - 0.20 LX-3 W
Vi & —0my T o = 6.4 mA - 0.32 05 W

MOTE 1: These parameters are specilied a5 the maxoiun values requived to diive the output buetwesn the logic leveds of 6.4Y and 2 4 with g tkil load tied to

+5%,; thuys, these parameters defing an rrrar band which takes into account the worst case effects of woltane gain and input impedance,
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CMe-01

ELECTRICAL CHARACTERISTICE CMP-O1E CMF-C
These specifications apply for Vg = =15V, Ty 25" C unlass otherwise nowad.
Parameter Symbal Test Conditions Min, Typ. Max, Min Tve. Max, Units
Input Offset Voltage Vos Ry = BkIi {Note 1) - G2 0.8 — 04 2B my
Input O fset Currant Loe (Mote 1] — 4 25 = 5 80 L.
Input Bias Qurrent Ig — 350 £a0 — 430 [+ i oA,
Dilferential Input Ressstance Rin a0 14 — 1.0 10 — M
Voitage Gan Ay Vg =04V 10 2.4V 200 500 — 1(H) S04 — Vimy
Response Time i 100mY step, BV overdr ve
no boud (ng puli-up) — no 180 - 110 180 nsec
Bkil to GV - o - - 10 - nsec
TTL fan-out = 4, no pullup - Mo - 110 - nSgc
BY step By averdrive
ng koad [no pul-up) - 160 - - 160 - nsac
Bk to Y - 160 - - 180 - NSeE
TTL fan-gut = 4, no pull-up 160 - - 160 — nseg
Input Siew Rate — 42 — - 92 — W/ pseg
Input Voltage Range CMVER 2128 +130 — 112 5 +13.0 — W
Comman Mode Rejection Rana CMRR 94 117 — 20 10 — dB
Power Supply Agjection Ralio PSRA SY 5 Ve 1BV, -18W = W _ = OV a0 100 — 74 ] - 4B
Positwe Qurput Voltage Vo Win oo 3MV, 1y < B 0uA 2.4 32 - - . - W
Vi - 3MV, 1 = 2600A - . 24 34 - W
Vi © MV 0y O 2.4 43 - 24 ag - v
Sawration Voltage VEaAT W 10V, g, = 0 - 0.18 0.4 — 0.6 0.4 W
Vo = —10MY, lgnk = 6.4 MA - 031 0.45 - 0.3 04s| v
Chutput Leakage Current 1 ILEAK Won = 10mMVY, Vg = 30V - 003 4.0 - 0.05 8.0 1.y
Positive Supply Current I+ Wi f - 10my - 5.6 B0 - 5.6 35 mh
Megative Supply Current - Win ® -10my - 1.3 22 - 1.3 22 maA
Power Dissipanon Pqy Win ¥ -10my - 103 153 - 103 181 iy
QOffser Vollage Adjustment Range Mulling Pot .= 2k - L5 - - -5 m
These speciiicatians apply for Vet = 9Y, We- - W, Tpa = 258"C unless ptherwisg noted,
tput Offset Votrage Vo5 B = BRI (Now 1} - .4 15 - 0.5 15 my
put CHiser Current Ias iNoe 1) - 3 21 - 4 65 nA
input Bias Currant g - 25[) 500 — 3040 720 nd
Wottage Gain Ay Vo ¢ 04V 1w 24V INawe 1} - 50 - - 5{1 - Mimay
Rasponse Trme Iy 100mY step, Smy ouerdrive
Bkit to BV - 150 - - 150 - nser
TTL fan-out = 4, 5kil o 5 - 150 - 160 MsEC
Input Vaktaye Range CMVER 1835 1738 - 18/35 17348 - W
Saturation VYoltage VoaT Vi o —dEmY, Lin © 8A4mMA - 0.3 045 - .3 0.4% W
Posiuve Supply Cusrent I+ Wit - 10mY - 2.2 3.2 2.4 38 ey
Fower Disspation Py Yin - 10my - 115 16.0 - i2.0 19.0 oty
The following specfivations apply tor Vo = 1SV, 0 = Ta = PT07C unless otherwise noted.
Inpot Gfser Voltage Vaos R, = Bkiz (Mo 1} - o4 4 - 05 35 my
Wep = BV, W, = IV [Note 1) 0.5 24 05 4.3 my
Awverage Input Otkser Valtane Drin
Wirhout External Trum TCW oy Ry = 506 - 15 - 18 - Wi e
With Exyernal Trim TCV oen Ry = R0§L 1.0 1.2 = KW C
Tnput Ofiser Current 1ng Tar +70°C iMoe 1) - 4 20 - 5 BO na
Ta =0 Cilote T - 5 a5 - [ 120 na
Avgrage [nput Ollser Current Brile | TGl 25°C ¢ T = 47070 - 12 - iz - Lt
0C=Ty 25C - 36 - 40 - pASE
Input Bias Quirent g Ta -+10C - 330 B0 - 340 Q00 nA
Ta =0'C — AH 450 — 450 1200 nA
woltage Gaon A, Vg - DAV 10 24y 104 500 - 70 500 - Vimy
Fespanwe Time ir 100mY steg, SmY overdrive
Ta - +70 Cone load - 130 - - 130 - nsec
Ta =0 C, noload - 100 - — 100 — [
Inpul Yohage Range CMVR 120 *13.3 20 133 - W
Common Made Beigchion Ratio CMRR a0 108 - BE 108 - a6
Power Supp’y Agiection Rano PSRR BY w Voo 5 18V, 16V = V. _ = OV 77 o] — 70 BE — o8
Posimve Dutput Vaoltage You Mo s Ay, g = 200us 2.4 3z 24 2.2 - W
Suturation Wollage VgaT Vi -10mVY Dgny = 0 - 017 1.4 - 017 .4 5
Wip % - 10my, lgipk = B4 ma — 0.3 05 — (3.31 0.5 W
NOTE 1 These parameters are specificd as the maximum valuss required to drive the outpurl betwssn the logc levels of 0.4% and 2 4% vath a Tkii load nted 1o
+5%; thus, these paramerers delhing an error band which takes ante account the warst case rftects of wnltage gain and mput vnpedance.

7-4




CMP.-01

TYPICAL PERFORMANCE CURVES

INPUT OFFSEY ERROR VS OFFSET VOLTAGE VS. INPUT QFFSET CURRENT
SOURCE RESISTANCE TEMPERATURE VS TEMPERATLURE
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CMP-01

APPLICATION NOTES

Tiwe CMP-01  provedes fast response ies even  wath  smatl creating a hystercsis condition can be wvery effectwve - tee
mput overdrives, to achieve rthis performance reqguires very high gain diagram on poage 6. Matched bypass capacilors acruss the mput
at hugh  frequencies.  The CMP-01 s completely  free  of resistors ako can ehminate the instability,
asollations; howewer, small values of stray capacilance from output and i CS = 0 iJF[ maximum Step size:|
1o mpet when combired with high-source FeSIStances can Cause an minimom overdrive
wnstable condition. . . characteristics are not allecied, ot when the response time will approxiemate the response time for low values
the mnput 15 vathin a few mrcrovolis of the transiton fevel, certain of Ao 11 should e noted thar the affser aulling terminals do not
COngitions  <an creale an oscillalion reghan, The width of s require by passing Tor stability. As with all wadeband circuits, i1 is
nscillarory reguan and the size of source resistance where osoillahions recomimended thar rhe sopplies be bypassed near the socket of the
begin is a strong lunction of the stiay couphng present. The dewice.
falloweng suggestions are offered as a guide rvowards sinimizing the Ty Caraar
canditions far oscillation: matched source resistors, muinimized stray .----—”—---1

1

capacitences  leg. ¢ ground pane between autput and inputh,
capacitive  oulpul  loading ICL], o 3 capacitor from  the
compensation terminal to AC. ground (DIP anly]l, The capa-
citive  loading  technigues will eliminate the oscillations, but
result  in slower response  tire, Positive resistive  feedback

TYPICAL APPLICATIONS

PRECISION, DUAL LIMIT, GO/NO GO TESTER LEVEL DETECTOR WITH
HYSTERESIS (Positive Feadback)

IHPUT G

Wired OR Output is low when
= either limit is exceeded. Ry

Output is high when Hysteresis width = 4V FG_—__1 + Ra
input is within mits,

3I1C LOW COST A/D CONVERTER

la1312n G 543

SUCTESSIVE APPRON IMATION
e
STEAT —o]1a REWSTER

2

| e T
SONVERION .,

UIMPLET
TILCLOCK fNPUT O - — e COMNECT "START TO TONVEHSION
2% mMHl COMPLETE" FOR CONTINUOUS CON-
VERSIONE,

76



EMIJ CMP-02

LOW INPUT CURRENT PRECISION COMPARATOR

GENERAL DESCRIPTION FEATURES
The CMP-_DL? is a monolithic |_DW input  current oorn 8 Low Offset Voltage . . . . . . 0.3 mV typ., 0.8 mV Max
p?rator using an advanced com;:_-at@le NPN-Schott!w_ Barr_ier » Low Offset Current .. .. ... 0.3 nA typ., 3.0 nA Max
Diode process. It features superior input characteristics with B Low Bias Current . .. ..... . 28 nA typ., 50 nA Max
extremely low offset voltage, affset current, bias current and | ue | aw Offset Drift. . .. . e 1.0 uV/°C, 4 pAS L
temperature drift. High common mode and power supply I HighGain . ... o0 vnvnnnn ..., . 200,000 Min
rejection plus good response time contribute to excellent B HighCMRR............. 110 dB typ., 94 dB Min
performance in the most demanding applications. The hal- | @8 High lnput Impedanee . , . . ... . ......... 16 MO
anced offset nulling, large output drive, and wired-or capa- B Fast Response Time. . ...... 190 ns typ., 270 ns Max
pility combinad with internal pull-up maximize application W Standard Power Supplies . . ... ...... 5V to X118V
convenience. The CMWP-0Z is capable of operating over a M Guaranteed Operation from Singie +5V Supply
wide range of supply voltages, including single plus 5 volt B No Pull-up Resistor Required for TTL Drive
supply operation, and is pin-compatible to earlier 111, 106, B Wired-OR Capability
I . ) B Fits 111, 106, 710 Sackets
and 710 types. For applications requiring faster response time, ' /0 . )
please refer to the CMP.01 Fast Precision Comparator = Easy Offset Nulling. . . - . . Single 2K52 Pntentllornleter
B EasytoWUse .............. Free from Oscillatigns
data sheet,
SIMPLIFIED SCHEMATIC PIN CONNECTIONS AND ORDERING INFORMATION
TOP VIEW i
GROLWOD | T OUTPYT
Hat Iy & & BALANCE
INV, INPLT 3 5 BALANCE
4 w=(rask|
“ _ TG99 {)-Suffix}
6 ORDER: CMP-02/
CWMP-O2ED
cia CMP-02C )
FErya ma
it i — hed "
o QROUNG 2 — |— 13
WWPLE ELE]
sua NAN-INY, INPLT 3 — -z
TG . % INv. IHPLT 4 = =11 v
<t : i e L COME, 5 — o
wzd {CASE) ¥ — & —d = QUTFLUT
Az4 BALAMCE T = = B BAL ANCE
o 14 PIN HERMETIC DIP {Y-Suffix)
= ORDER: CMP.Q2Y
CMP-O2EY
CMFO2CY
Mhlitary Termperature Range Dewvices
With MIL-STD-883A Class B Processing
CMPOZ2 883-J
CMPOZ-BB3-Y




CMP-02

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage, V+ to V-
Qutput 1o Ground

Qutput to Negative Supply Vaitage
Ground 1o Negative Supply Voltage
Pasitive Supply Voitage to Ground
Positive Supply Voltage to Offset Null
Power Dissipation {See Note)
Ditferentiat Input Yoltage

Input Voltage (W, = 2 15V)

BY
-BW tp +32V
50V
3ov
oV
Oto2V
500 mW
v
15V

Qutput Sink Current (Continuous Operation) 785 mA
OCperating Temperature Range —
CMP-02

CMP-O2E, -02C
Storage Temperature Range

-55°C 10 +126°C
0°C 10 +70°C
-65°C to +150°C

Lead Temperature {Soldering, 60 Sec} 300°C
Qutput Short Circuit Duration — to ground Indefinite
to V+ 1 min.

Package Type

TO-99 (J)
Dual-in-Line (Y}

Maximum Ambignt
Temperature for Rating

Note: Maximum package power dissipation vs. ambent temperature

80"
100°

Derate Abhove Maximum
Ambient Temperature

C 7.1 mW/°C
C 10.0 MW/ G

TYPICAL PERFORMANCE CURVES
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CMF-02

ELECTRICAL CHARACTERISTICS CMP-OZ
These specificanons apply for Vg = 218, Ta = 26°C unless otherwise noted.
Parameter Symbal Tast Conditions Min Typ. Max_ Unite
Input Offset Voltage Wig F; < 5kl {Nate 1] - Q3 o8 my
Input Offset Vollage Vs Ry < 50K {Note 1} - 03 i3] my
Input OFffset Curfent [ iNote 1] — Q.3 10 ng,
terput Bias Current Ig - 28 50 nf,
Differantial Input Resistance Ain 5.0 16 - Mo
Valtage Gain Ay, Vg = 04V o 2.4V 200 500 Wimy
. Response Time t 100mY step, SmV overdrive
ne Ioad {ng pull-upt - 190 270 nsec
Skl 1o 5V - 190 - nsec
TTL tan-out = 4 no pull-up - 180 - nsac
inpur Slew Rare — 126 — W/ usec
Input Voltage Hange CMYR 125 £13.0 — v
Comman Made Rejection Hato CMAR a4 114 — gl
Power Supply Rejection Ratio PSRR BV £ Wy = 18V, 1BV = Vo = OV i) 100 - de
Pasitive Output Voltage VOH Vin & 3mY, 1 = 320u4 24 32 - v
Vin ® 3mv¥, 15 =0 24 4.8 - W
Baturation Vollage VAT Vin % -10mV¥, Igjn) = 6.4 mA - 0.3 Q.45 W
Win = 10V, lgiqe = 12 mA - .36 K] W
Output Leakage Current 1LEAK Vin 2 10mY, ¥, ~ 30V — 0.0 20 ul
Positve Supnly Current I+ Vip = =10mv - 5.3 8o ma
Megative Supply Current [ Vin £ —10mv - 11 22 ma
Power Dissination Py Vig = —10mv - ag 153 i
Offset Voltage Adjustment Range Mulling Pot 2= 2k} - 5.0 - my
These specifications apply for Vet = 8W, Ve = OV, T, = 267C, unless otherwise noted,
Input Offset Voltage Vs Ry = Bkt (Note 1) - 0.4 15 my
Input OFffset Curcant [ (Nate 1F - 0.26 10 na
Input Bias Current g - 24 45 nd
Valttags Gain Ay Vo = 0.4 ta 2.4V (Nate 1) - 50 - vimy
Rasponse Time tr 100mY s1ep, SmYy overdrive
kit to 5V - 260 - ngec
TTL fan-out = 4, Bk 10 5V - 250 - nsee
Input Yollage Fange CMVR 18/15 1.7/38 — W
| Seturation Voltege YEAT Vip = -35MY, lginr = 6.4 ma Q.30 D.4% W
Positive Supply Current I+ ¥ < -10my - 22 3.0 mA
Fower Dissipation Py Vin = —10mVy - 1.0 156 i
The following speeilications apply for Yo = 16Y, 557C = T = +125°C, untess otherwise noted.
Input Offset Voltage Vs Ry = 6ki2 {Nare 1) - 05 156 my
Vee =BV, Vi =0V (Note 1) - 96 8 lui's
Awvarage Input O1fset Valtaga Dritt
Withaul Externat Trim TCWas Fg = 5O - 15 - wVEC
With External Trim TCWqaen A =806 - 10 - i
Input Qfset Current las Ta = +125°C {Note 1} - 03 40 nA
Ta = -557C iNate 1} - i Y] 120 nA
Average Input Offset Current Drilt TCing 250 = T € H125°C - 20 - A
55°CETa m25°C - a0 - pAC
Input Bias Current Ip Tpa =+125°C — 25 S0 nA
Ta = -BE'C - a5 120 nA
Wollage Gain A, Vo= 04V 1 244 108 500 - Wimy
Hesponse Time T 100mY step, B averdrive
Ta = +1268°C, no losd - 30 - ngec
Ta, = —55°C, no losd - 165 - nggc
Input Voltage Range CMYR =120 +13.0 — W
Common Maode Rejection Aano CMAR ge 106 — 4B
Power Supply Rejection Ratio PERR BY £ Wyp = 18Y, =16V = W = OV 75 95 - dB
Positive Output Vatltage YaH Win =AMy, 1y~ 200us 24 3.4 - W
Saturation Valtage VeaT Vin = -10mMY . bgne =0 - 024 [F] v
Vin %= —10mY_ fgny = 6.4 ma - 0.32 05 W

MOTE t: These parameters are speciliad a5 the maximom vakues raquired 10 drive tha output between the logic levels of 0.4V and 2 4V with a 1k load tied 1o
+5V¥, thus, these parameters define an error band whach takes into account the waorst case effects of vollage wain and input impedanca.
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CMP-02

ELECTRICAL CHARACTERISTICS CMP-D2E CMP-02C
These spacifications apply far Vg = 115V, T 4 = 25°C unless otharwise noted.
Parameter Symhol Test Londitians Min Ty, Max Min. Typ. Max. Unity
Input Oftset Voltage Vs Fs = Bkit (Note T3 - Qa3 08 - 04 23 my
Input Oftset Volage Vos Ay = 502 (Note 1} - a3 09 - 04 30 my
Input Oflser Current las [Nate 1¢ - 4.3 30 - 04 15 nA
Inpyt Bias Current g - 28 4] - a5 100 nA
Difterenpal Input Resistance Rin 5.0 16 — 15 12 - M
Woltage Gan Ay Vg =04V to 24V 200 500 - 100 500 - vimy
Respanse Time T TO0MY step, Bl overdrive
na tead [no pull-up) — 180 270 — 140 270 risec
BRkEL to BV - b0 - - 190 - nEgs
TTL fan-gut * 4, oo pull-up - 180 - - 190 - nsec
Input Slew Rate - 15 - - 15 - Viusec
Input YVoltage Ranga CMVR 125 +13.0 — +125 £330 - W
Cormman Mode Rejection Ratio CMEBR a4 110 — a0 114 — d8
Power Supply Rejection Rano PSRR BV S W =18V, 1BV £V _ =0V &0 160 - 74 a8 - dg
Posiirve Quiput Vaoltage You Win & 3my, L, = 32064 24 52 - - - - v
Vin # 3mV, 15 = 240uA - - - 2.4 2.4 - %
Vip > 3dmy, I;=0 24 48 - 24 48 - v
Baturation Vollage VegaT Vin = —10mY gy =0 - [ 1) 0.4 - 0,16 04 v
Vin € -10mMV, 50k = 6.4 ma - .31 045 - .31 0.4 i
Ourput Leakage Currant ILEAK Vo 2 10mV, Vg = 30V - q.03 4.0 - 0.05 a0 HA
Positive Supply Current 1+ Win = -10my — 55 2.0 — 5.6 B85 ma
NMegative Supply Current t— Vip = —10my - 1.1 22 - 1.2 2.2 mA,
Powar Dissipation Pq Wip & ~10mv — g 153 — 102 161 Y
CHiser Voltage Adjustment Range Nulling Pt = 2451 — 50 - - 5.4 - my
These specifications apply for Wor = BY, Wg— = 0¥, Ta = 25°C unless otherwise noted,
Input Oftset Voltage Vas Ry = 5k (Note 1t - 0.4 16 - 0% 35 my
Input Offset Current lag (Mot 1} — 025 3.0 - .35 14 na,
Inpur Bias Currang I - 24 45 - 30 90 na
Woltage Gain Ay, Vg =04V w 2.4Y {Now 1} - 50 - - 4] — Wimy
Response Tima iy 100mY step, B overdrive
BKIT to B - 250 - - 290 - nsec
TTL tan-out = 4, BkT to 5V - 250 - - 250 - nsec
Input Valtane Fange SRR 18135 | 1.7/38 - 18/35 | 1.7/38 - W
Ssturation Vaoltage VgaT Vip % —3.5mV, lgak = 6.4 ma - 0.2 .45 - 0.3 45| W
Positive Supply Current 1+ Vin = -10mv - 2.2 30 - 2.3 28 ma,
Power CHssipatian Pa Yip = -10mv - 11.0 150 — 115 18.0 vy
The tollowing specibications apply for Vg = 116V, 07 = T4 < +707C unless atherwise noted,
Input Offset Valtage Yas Fg = 5kl {Note 1) - Q.4 14 - 06 18 miy
i Ve = BV, Vg_ = DV (Note 1} - 0.6 2.4 - 06 43 | mv
Avarage [nput Offzer YVohage Dinft
Withaut External Trum TCVas R; =501 - 15 - - 18 - uMITC
Wiih External Trim TEVgsn Rs =500 - 1.0 — - t.2 - Ve
Tnput Qfiser Currane las Ta = +10°C {Note 1) - 03 34 - 04 15 nA
Ta =0'C (Note 1} - 04 6.0 - 133 25 ni
Average Input Offsat Currant Drify | TC1ag LT a+7000 - 20 - - 36 - pASC
Qe Ty w25°C - 4.0 - - 50 - pASC
Input B1as Surrent g Ta = +70°C — 26 50 - 33 100 na
Ta =0%C - 34 80 - 42 160 nA
Voltage Gain Ay Vo =04V 1o 2.4y 100 Y — i) 500 - Vimy
Aesponsa Time t, 10(0mV step, Bmy overdrive
Ta =+70°C, no laad - 225 - - 225 - nsec
Ta =0C, noload - 180 — - 180 — nseq
Tnput Voltage Range CMVR 120 | £13.0 — 12,0 +13.0 - v
Comimon Mode Rejection Ratio CMRA S0 108 — 26 108 — dB
Power Supply Rejection Ratio PSRR SV < Vg % 16V, ~15V £ V_ = 0V 77 og — 0 88 - dB
Positive Dutput Voltage VaH Win = 4mV, lg = 200ua 2.4 4.2 - 24 32 — L
Saturation Valtage VAT Vin S ~10mVY, lsine =@ - 017 04 - Qa7 04 v
) Vin = -10mV¥, igink = 6.4 mA - 030 05 - .31 05 v

NOTE 1 These paramaters ars specified 8¢ the maximum valuas raquired @ driva the output batween tha logic levels of 0.4V and 2.4V with a 1k$2 load tied 1o
+5%; thut, these paramesars define an errgr band which takes into account the worst case effects of voltege gein and input impedence.
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CMP-02

TYPICAL PERFORMANCE CURVES
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CMP-02

APPLICATION NOTES

The CMP-02 provides fast response times even  with  small
Input averdrives; 1a achieve this performance reguires very high gain
a1 high frequencies, The CMP-02 is completely free of
ascHlanions; howewver, 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
conditions can creaté an oscillation regron, The width of this
ascillatory region and the size of spurce resistance where oscillations
begin is & strong tunction of the stray couphng present, The
fohowing suggestions are offered as a guide towards mimimizing the
conditions for gscillation: matched source resistors, mimimized stray
capacitances le.g. a ground plane between outpul and inpull,
capecitive output leading IC, ), or a capaocior from o the
compensaticn terminal to A.C. ground (DIP onlyl. Tha capa-

creating & hysteresis conditon can be wvery effective — see
diagram on page 6. Malched bypass capacitors across the nput
resistors also can eliminate the instability,
and i Cg 3 20 DFI: maximum step s.ize]
MHIMMUM overdrive

the response time witl spproximate (he response time for low values
of Rg. It should be noted that the offser nulling terminals do not
require bypassing For siability, As with 3l wedeband circuits, it is
recommended that the supphes be byvpassed near 1he socket of the
device.

citive toading techniguas will eliminate the oscillations, but
result  in slower response time. Positive resistive feedback
TYPICAL APPLICATIONS

PRECISION, DUAL LIMIT, GO/NG GO TESTER

v, 532V
I Thmb
0

Wired OR Qutput 15 low when
gither limit is exceeded.

Qutput is high when

LEVEL DETECTOR WITH
HYSTERESIS (Positive Feedback}

Vner
RIfTRE

input is within Limits, R4

Hysteresis width = 4V m

PRECISION PHOTODIODE LEVEL DETECTOR

Vg + OBV

Sk

For R; = 25 ML, Ry, = R; = BME2, the output state
changes st a phota diode current {ly ;) of 0.5uA {The
output changes state at threshold current I?\T = Vs+ wherg

2R
Ry =F2 and Ry = R,) 2

Z

TTL FAN-QUT =3
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| MAT-01

ULTRA-MATCHED MONOLITHIC DUAL TRANSISTOR

EXCELLENT LOG CONFORMANCE

GENERAL DESCRIPTION
FEATURES

The MAT-01 series are monglithic uitra-tightly  matched

Tight Vge {VpBE Match). . . . . A0uV Typ, 100V Max
dual MPM transistors, fabricated using an exclusive Silicon ¢ os TYBE

Low TC Vos . . - - - . 0.15uv/°C Typ, 0.5uV/"C Max
Tighthpg Match .. .. ... ... 0.7% Typ, 3.0% Max
HighbfFg ... .. oo 770 Typ, 500 Min

]

Mitricdde "Tripbe-Passivation” process which  provides ex- -

treme stabulity of critical parameters versus bath temperature -

and time, Qutstanding matching characteristics include offset -

voitages of 40uY, temperature drift of Vg of 0.15uV/PC and w Excellent hpg Linearity from 10nA to 10mA

hgg matching of 0.7%. Very high hEg is provided over a six = Highhggatbowlg...... .. 590 Typ @ le = 10nA
[ J
-
__J
]
-

decade range of caollector current, incfuding an exceptional Low Noise Voltage. . . . 0.23uVp-p — 0.1Hz to 10Hz
hpg of 580 @ !, = 10mano amperes! Excellent logarithmic Excellent Lang Term Stability . . 0.2uV/Month, Typ
conformance over a seven decade collector current span i B
suggests applicatien in logfantilog and multiplier/divider cir- High Breakdowns. ... ........ 45V and 60V Min
cuitry. The very fow values of noise voltage and current make Precision Logarithmic Conformance
the MAT-O1 ideal for  usage in critical low-level input
stages while the § pin TO-99 package allows direct replace-

Direct Repiacement for Most Dual Transistars

ment of most previous dual transistors for immediate per- currents also makes the KAT-01  attractive o all tugh
formance improvements. The very high hpp at tow rollector impedance and micropower circuit designs,
ABSOLUTE MAXIMUM RATINGS
MAT-0 MAT-01
MAT.01 NAT-01 AH, GH HOEH
AH.GH H FH Total Power Disgpatian
Collrctor-Base Voltage (BV g n asv GOV Case Temperature 5 40°C (Note 21 1,84 1 8w
Collector-Emitter Voltage {BV gy 45y a0y Arabrent Temperature S:70°C
Collectar-Coliector Voltage EBVCCJ 45Y GOV [Mree 31 BOOmW N %UU"‘W
Emitter-Emitter Yoltage (BW g} a5y G6ov Operating Ambiant Temperature ‘B8 Cto+135 £
Emitrar-Base Valtage (BVgpey (Note 14 =34 By Qperating Juncaon TEmMperatuce -56°Cio +150:C
Callector Current digd 26mA 25mA Storage Temperature B85 Cto 11?0'(3
Emitter Current [Ig) TEMA 25mA Lead Temperature [Soldering, 60 se ) 300°C
mTES . Mote 20 Bating applies o apphcatians using naat sinking to controi
case temperature. Derate linearly al 165 A0 Tor casa Lenngaers-
Mote - Application of reverse hias voltages in escess of raung tures above 40 C.
shawn can resulr in degradacon at hFE anl hFE rmatching charac- N(')h! 3. Rating apulies to applicabions ot using ke sinking: devics
teristics. Do oot attempt 1o measure BVEBO greater than the By in free ar only. Derate lingarly at &2mW5 0 tar ambaent tempera-
rating showen. tures above 70°C. -
PN CONNECTHINS AND ORDERING INFORMATION
TOP VIEW
I .
e 1’{ T Mrlitary Temperature Range Devices
e With MIL-STD-BB3A Class B Processing:
L3 " 1
g7k Eoe, ORDER: MAT-01AH ORDER: MATO1-883-AH
WL VA MAT-01H MATQ1-283-H
e,t\____/zz MAT-01FH MATO1-883-FH
Mote: Substrate is conpected to case. MAT-01GH MATG1-883-GH




MAT-01

ELECTRICAL CHARACTEHRISTICS

Thesa specifications apply for Vep =19V, I =10uA Ty = 28°C, unless atherwise noted,

the substrate {packagel 10 a potential which is lower than either collectar voltage.

MAT-01AH MATD1GH
Paramater Symbal Tast Conditions Min | Typ Max Min Typ Max Units
Breakdown Voltage BVcEQ a5 - — A5 - - v
Qffset Voitage Vg - 0404 a1 — Q.10 050 | mv
Offset Voltage Stabitity
First Month Vs Time {Mote 1) - 20 - - 20 - uV Month
Long Term Vag/Time {Note 2] - 0.2 - — 02 - p¥/Month
Offser Current las — aa 086 - 0.2 3.2 nA
Bias Currant Ig - 13 20 - 18 40 A
Current Gain hEE I = 10nA - | 580 - - 430 -
hEE I = 10uA, 500 [ 770 - 250 | 560 —
hpe Ig = 10ma, — | 8B40 - - 610 -
Current Gain Match Ahpg - Q7 340 - 10 a0 %
atpe 100nA £ Iy = 10mA - 08 - - 1.2 - %
Low Frequency MNoise Voltage Enpp 0.1Hz o 10Hz 023 0.4 - 0.23 o4 HVE-R
Mote 3)
Broadband Noise Voltage EnRMS 1Hz to 10kHz - Q.60 - - 0.60 — uVRMS
Marrowband Noise Voltage en fg = 10Hz {MNote 3} - 70 a0 - 7.0 2.0 nWHz
Density fo = 100Hz (Note 3 - 6.1 76 - 6.1 78 nWiHz
fy = 1000Hz {Note 3) - 60 15 - 60 75 VG Hz
Offset Voltage Change AVgslAVog 0= Veg = 30V - a5 30 - 08 80 FILTIATS
{Hffsat Current Change Algs/aVoE 0= Vep = 30V - 20 15 - 34Q 10 pAMY
Collector-Base Leakage Current| Iggp Vo =30V, g =0 - 15 50 - 25 200 RA
{Note 4]
Callector-Emirter Leakage 1CES veg = 30v, Vg =0 - 50 200 - 80 400 PA
Current iNate 4)
Collector-Collector Leakage oo Voo =30 - 20 200 - 30 400 ph
Current
Collector Saturation Voltage VOEISATI 1B =00mA g =1TmA — 0z 0.20 - G.12 0| v
VEEISATY g = 1A, Ig = 10ma - g - - 0g - W
Gain-Bandwidth Produet fr Vep = 10V g = 10mA — | 48D - - 4580 - MHz
Gutput Capacitance Cob VeE =15V, Ig =0 - 28 - - 28 - pF
Collector-Collector Capacitance| Ceop Voo =9 - as - - 85 — pF
The following specifications apply for Vop = 18V, | = 104, -B&°C =Ta = +128°C, unless othenwise noted.
Offset Voltage Yas - 006 015 - 0.14 Q70| mv
Average Offset Voltage Drift TCV s iNote 31 - 0.15 0.50 - 0.35 138 [AY e
Offsat Current as — 09 80 — 15 15.0 nA
Average Qffset Current Drift TClag (Note 3} - 10 a0 15 150 paoC
Bias Current g — 28 &0 - 26 130 nA
Current Gain hEE 167 | 400 — 77| 300 —
Coliecror-Base Leakage Current|  Iopoy Ta=125C, Vg =30v] — 15 20 - 25 200 nA
Ig = 0 (Note 4}
Collector -Emittar Leakage lces Ta=125C Ve =30V, — 50 300 - ED] 400 nA,
Currént vge =0 (Note 4)
Collector-Collector Leakage Ice Ta = 12570, Voo = 30V — 30 00 - 50 400 nA
Gurrent
NOTES:
Mote 1: Exclude first hour of aperatian to allow for stabilization of external circuitry.
MNote 2:  Parameter describes long 1erm awerage drift trend after first month of operation.
Mote 3 Pararneter is non 100% tested; 90% of all units meet this specification.
MNoie 41 The collector-hase “CEID] and eollector-emitter {1gpo! leakage currents may be reduced by a factor of twe o ten times by connecting




MAT-01

ELECTRICAL CHARACTERISTICS

These specifications apaly far Vg = 15, e = 10pA, T = 25°C, unless othenwise noted.

MAT-01H MAT-01FH
Parameter Symbol Test Conditions Min Tvp Max Min Typ Max Units
Breakdown Yoltage 8VCEQ 60 - - &0 - - v
Offser Voltage Vos — L] 0.3 — 0.10 050 | mv
Offset Voltage Stabiliry
First Month Vo Time {Note 1) - n - - 20 - LY Manth
Lang Term Wgsl Time {Mate 2t - 0.2 - - 02 - 1V Manth
Offset Current las - o1 03 - 02 3.2 nA
Bias Current g - - 15 30 — 18 4g nA
Current Gain hpE Ic = 10nA - | 520 - - 430 -
hee Ig = 10uA 330 | B8O - 250 | 580 -
hgg Ig = 10mA - 740 - - 610 -
Current Gain Match AhpE - 0.7 27 - 14 a0 %
Ahpg 100nA = I = 10mA - a8 - - 12 — %
Low Frequency Moise Valtage Bnp-p 0.1Hz to 10Hz - 0.23 0.4 - 0.23 0.4 wpp
(Note 3)
Broadband Moise Voltage EaRMS 1Hz to 10kH: - oEC | — — 060 - MVRAMS
Marrowiiand Maise Voltage €n fo = 10Hz (Nate 3) - 7.0 9.0 — 7.0 8.0 n\.-'."\.f’Hz
Diensity iy = 100Hz {Note 3 - 6.1 7.6 - 8.1 78 nV i/ Hz
fo = 1T000Hz iNote 3) — 5.0 75 ~ 8.0 5 nVis/Hz
Offsar Voltage Change AV gsfAVop | 0= Vo = 46V - 0.5 30 - 08 8.0 BVIV
Offset Current Change alpsfaVep 0= Vep = 45V - 20 150 - 2.0 0 RAY
Codlector-Base Leakage Current | lpgn Vog =48V, g =0 - 15 50 - 25 200 pA
{Note 4}
Collector-Emitter Leakage IzES Vg =45V, Vg =0 - 50 200 - 90 400 pA
Current (Nate 4)
Collector-Collector Leakage ice Voo =45 - 20 200 — g 400 BA
Current
Collector Saturation Voltage VCEISAT) by = 0.1mA, N = tmA - 012 0.20 - 01z 025 W
VCEISAT) g = 1mA, I = 10mA - 08 — - o8 - W
Gain-Bandwidth Product ¥ Vg = 10V, I = 10mA - 450 - - 450 - MHz
[ Output Capacitance Cob Veg = 16V =D - 28 - - 28 - pF
Collector-Collector Capacitance | Coc Voo =0 - a5 — - BAS - pF
The following specitications apply for Vg = 18V, 1o = 104, 55°C < T = +1257C, unless otherwise noted.
Offser Valtage Vas - Q.06 015 - 014 070 | mv
Average OFfset Voltage Orift TCW o {Nota 3t — 0.8 050 - 0,35 18 uvite
Offset Current las - jrh:] a0 - 15 150 n&
Average Qtfser Current Orift Tl INate 31 — 11 110 - 15 150 pAFC
Bias Current ig - 30 o5 — 36 120 nA
Turrent Gain hEE 105 | 350 - ¥7 ) 300 -
Caollector-Base Leakage Current | Igpg Ta =125°C. Vpg =46V, — 1% 80 - 25 200 na
Ig = 0 [(Mote 4}
Callecior-Emitter Leskage ICES Ta=125°C, Ve =45V | — &0 300 - 90 400 nA
Current VBE =0 (Note 4t
Collector-Collector Leakage Ioe Fa=126"C. Voo =48v | — 0 200 - 50 400 nA
Current
NOTES:
Note 1:  Exclude first hour of operation to allow for stabilization of external circuitry.

Note 2:
MNote 3

Note 4:

Parameter iz not 100% tested; 20% of all units meet this specification.

Parameter describes long term average drift trend after first month of aperation.

the substrate {package) to & potential which is lower than either collector voltage.

The coliector-base (g and collector-emitter {lgapt leakage curreats may be reduced by 2 facror of Two [0 t2n times by connecting
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TYPICAL PERFORMANCE CURVES
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MAT-01

MAT-01 TEST CIRCUITS

MAT-01 MATCHING MEASUREMENT CIRCUIIT

FusTowen T2 aa

MAT-01 NOISE MEASUREMENT CIRCUIT

=

o

l begua r HEi

=l [MUIGE VD1, TAGE CENRITT
(PEA TRLSISTE
ress CURRENT CENSC T
FE- TRENSISTEAR

i T

LOw FAEILTWET Ryl
[\ FENREE Te INPUT

APPLICATION NOTES

Application of reverse hias voltages 10 the emitter-base junctions 1 Excess of ratings {5V may result In degradation of App and hpp
matching characeeristics; circuit designs should be checked to insure that such reverse bias voltages cannot be spplied during transiant

conditions, sueh as at circuit tura-gn and turn-off.

The designer is cautionad that stray thermaoslectric voltages generated by dissimilar metals at the contacts to the Input termanals can prevent
realization of the drift performance indicated. Best operation will be obtained when both input rerminals are manrained ar the same

temperature, praiarrably close to the temperature of the device’s package,

TYPICAL APPLICATIONS

PRECISION OPERATIONAL AMPLIFIERS

ISV
R
[ v
T *
2R Ri
1L ' "
1, 555 74/
ATTTTTTI T
* - %5y

e i

¥ MATCH TC Q%
L f #4% SEE TABLE FOR SPECIFI, DEVICE TYPE
B

MAT=01 AH[MAT ~OF AH [MAT »0I BGH | MAT-0I5H
SSTal 353 T4l 955 74IC [ S85 FM0

[Vop WAX | CBmy | D2TmV | O&GmV | L2mv

[TC¥os MAR| Epw G | v/"C | ZuwWiC | 4avi't

Toa MAX 0.8 CnA 32nA G3%nA

y MAX 2onA H 40na 4n&,

AR WIN_| 2 D000 4000,000] 800,000 | A00, 600
208A Sub ) Zub i
100 Y [*T] [FI=IY+] [[T1) |

PRECISION REFERENCE

VREF

Vper =10V
TCWper #1T0RM T

AL

R may be odjusied fo minimize TCVwyr
Incregzing R, will couse q positive
change in TCWegp

Mede: g of QI will b reducad by
eeratian In Bragkdown mode.

85




MAT-1

CROSS REFERENCE -- MAT-01 TO MONOLITHIC DUAL TRANSISTORS {Ic = 104)
BVYcED Vos TCVgs hEE los TClps
DEVICE MiN MAX MAX MIN MAX A X
vl {mV) UV C) (nA) {pA/C)
MAT-01AH a5 a1 0.5 500 0.6 a0
MAT-01H 50 a1 0.5 330 o8 Lty
MAT-G1FH sd': 0.5 1.8 250 3.2 150
MAT 01GH 45 5 18 250 3.2 150
L1144 45 0.5 20 500 2.0
LM114 45 2.0 10 250 10
LM116A BG 0.5 2.0 250 2.0
tM1156 60 2.0 10 250 i0
AD810 35 3.0 15 100 2.0 600
AD8MT 45 1.5 75 200 10 300
AD812 35 1.0 5.0 400 25 300
ADB13 45 a5 25 200 5 300
AD818 20 1.0 5.0 200 10 300
CROSS REFERENCE — MAT-01 TO 2N TYPES {Ic = 10uA)
BVCED Vas TCVos hEE %hEE Los TChos
DEVICE MIN MAX MaX MIN MATCH MAX MAX
(V| {mV) {uv/C) WA X {nA} {pA/C)
MAT-0IGH 45 0.5 1.8 250 8 3.2 150
2N2639 45 5.0 1] 50 10 20 1000
202640 45 10 20 50 20 40 2000
2N2642 45 5.0 10 100 10 10 500
22643 45 10 20 100 20 20 375
2N2315 45 3.0 10 60 10 17 600
IN2916A 45 2.0 5.0 60 15 26 800
2N2916 45 5.0 10 150 10 7 N.C.
2N2016A 45 20 5.0 150 15 10 300
2N2917 45 10 20 60 20 17 1450
2N2918 45 5.0 20 150 20 7 760
MAT-01FH 60 05 1.8 250 8 3.2 150
2NZ979 60 3.0 10 60 10 i7 600
2N2919A 60 1.5 5.0 60 10 17 500
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.
2M2060A 60 3.0 5.0 25 10 40 N.C.
220608 &0 1.5 5.0 25 10 40 N.C.
Motes: 1. TClgg Max and lgg Max calculated from published data,
2. N.C. = Insufficient published data t¢ calculate,
3. Al of the above are physically interchangeable pin-for-pin with MAT-01 series.
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REF-01

+10V PRECISION VOLTAGE REFERENCE

GENERAL DESCRIPTION

The REF-01 Precision Voliage Feferemce provides a stable
+10% output which can be adjusted over a £3% range with
minimal effect on temperature stability. Single supply opera-
tion over an input voltage range of 12 to 40V, low current
drain of TmA, and excellent temperature stability are achisved
with an improved bandgap design. Low cost, low noise and fow
power make the REF-01 an excellent ¢choice whenever a stable
voltage reference is required, such as in DA and A/D con-
verters, in portable instruments, and in digital voltmeters. Full
military temperature range devices with screening to MIL-
STD-B83A are available.

FEATURES

m Adjustabde 10 Volt Queput . . ... ....... ... +3%
B Excellant Temperaturs Stability. ... .. .. 3ppm/
B LawNoise .. ........00iiviaenaa. 20uvp-p
m LowPower ....... ... ... .. 0.0 15mW
= Wide Input Voltage Range . . .. .. ..... 12 to 40V
B High Load Driving Capability . . . .. ... ... 20maA
B No External Components

B Short Circuit Proof

B MIL-5TD-B33A Screening Available

SIMPLIFIED SCHEMATIC

PIN CONNECTIONS AND ORDERING INFORMATION

Ry

L)

i
anr

&

R

o wzn

Ry
AR
&

_T

TOP VIEW

q
GROUND
(CASE)

TOBS (J-Suffix)

REF-01A)
REF-01J

REF-O1EJ
REF-01HYS
REF-01CJ
REF-01DJ

OROER:

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

ORDER: REFQ1-883-A)
REFOQ1-283-)
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ABSOLUTE MAXIMUM RATINGS

Input Voltage REF-01, A, E, H 40V QOperating Temperature Range
o ]
~ REF0MC,D v REF-O1A, REF-01 -55°C 10 +125°C
Power Dissipation (see note) 500mwW o 70°
. . . . - +
Output Shart Circuit Duration Indefinite REF-01E, REF-D1H, to +70°C
lto ground ar Viy} REF-01D REF-01C,
o < .
Storage Temperature Range -85 Cta +150°C Note: Derate at 7.TmW/"C above B0°C ambient
Lead Temperature (Soldering, 60 sec} 300°C temperature.
ELECTRICAL CHARACTERISTICS
REF-01A REF-O
These specificetions apply for Vg = H5V, Ty = 257 C, unless otherwise noted.
Paramater Symbot Test Conditions Nin Typ Max Min Tvp Max Units
Qutput Voltage Yo I =0mA 497 10.00 10.03 9.95 10.00 10,08 W
Qutput Adjustment Range AVirim |- Bp = 10k52 +30 +3.3 - +30 13.3 %
Qutput Voltage Noise Enp-p D.1Hz to 10Hz - 20 30 - 20 30 uVp-p
{Note 5)
Input Volage Range Vin 12 - L) 12 - 40 W
Lina Ragulation Vi = 13t 33V - 0006 0010 - 0006 2,013 | wiv
{Note 4)
Load Regulation 1, =0t 10ma - {.005 o002 e .06 LIRN (0] TelmA
[fote 4]
Turn-on Settling Time ton To +0.1% of final - 50 - - 5.0 - paec
vilue
Quiescent Current lay Mo Load 10 1.4 - 10 1.4 ma,
Load Current 1N 10 dl - o Fd - mA,
Sink Currant Ig -0.3 -0.5 - -0.3 =05 - maA
Short Cirguit Current lsg V=4 - X - - N - ma
Tha following spacifications apply for Vi = +16W, =587 C = T = +128'C and 1| = OmA,uniess otherwise noted.
COutput Yoliage Change avor WaTa=+70°C - 0.02 0.08 - 007 017 %
with Temperature
(Nages 1 and 24 B e P-E b - .06 015 - 018 0.45 %
Dutput Yoltage TCVg (Note 3} - 3 85 - 10 25 ppm/ ¢
Temperature Coefficient
Change in Vpy Temperature Rp = 10kt - 07 - = - [ K] - pam G /%
Coefficiant with Quiput
Adjustment
bine Regulatian O uTa<+?0"C - 0.007 4012 - 0.007 0612 | %V
Wi = 13 10 33%)
(Mote 4} B3 Tas +128°C - 0.00% 0015 - a.008 D15 | N
Losd Regulation O uTa<+70"C - 0.006 5010 - 0.007 6012 | %/mA
fly =0 to BmAj
{MNote 4) =55 ST A< +126°C - 0,007 012 - e ] a.Mms oimA
NCITE 1: AV ot isdefined as the abselure difference between the maxirmun output vollage and minimum output voltags ovar the spacifred
tergeratuce range expressed as a percentage of 104
¥Max — Ve
VT s memem i X100
or oV
NOTE 2: aVpyt specitication appties trimmed o 10.000% oF untrimmed. N
. . . - . o — avoy O 0'C
NOTE 3¢ TCWg is defined a5 AV T divided by the temparature range: ie., TCV 0 o0 Gy - —-—-—7—6—6—————-—
AVGT -55 10126°C
and. TCV -85 104 25" C) = —— e
ot 180°C
NOTE 4; Line Bnd Load Regulation specifications molude the affecis of sell heating.
NOTE &: Parameter is not 100% 1ested; 90% of unis meet this specification.

8-2
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REF-01 DEFINITIONS

LINE REGULATION OUTPUT VOLTAGE NOISE lenp.p]

The ratic of the change in output vaoltage to the change in line The peak to peak output noise voliage in a specified freguency
voltage producing it. band.

LOAD REGULATION OUTPUT CHANGE WITH TEMPERATURE {AV ]

The ratio of the change in output voliage to the change in load The absplute difference between the maximum output voltage
wurrent praducing it. and the minimum output voltage over the specified temperatura
QUIESCENT CURRENT (Igyl range expressed az a parceryage of 10V

The currant required from the supply to operate the device Vidax = Viin

with no load. avort = T x 100

QUTPUT TURN-ON SETTLING TIME 1y, OUTPUT TEMPERATURE COEFFICIENT ITCV )

The time required for the outpur woltage to reach its final vaiue The ratic of 1he output change with temperature ta tha specified

within a specified error band after application of V. temperature range expressed in ppm/”C.

ELECTRICAL CHARACTERISTICS

| REF-D1E [ REF-D1H 1

These specifications apply for Vi = +16Y, T4 = 25°C, unless otherwise nated.

Parameter Symbol Tast Conditions Min Typ Max Min Typ Wax Units
Cutput VYoltage Vo I = QmA 997 10.00 10.03 225 10.00 1005 v
Qutput Adjustment Range AV erim Rp = 10kst +30 +3.3 - +3.0 3.3 - %
Qutput Voltage Noise enpp 0.3Hz2 w2 10Hz {Note 5) - 20 20 - 20 an uvp-p
Input Yoltage Range Vin 12 - 49 i2 — 40 W
Line Regulation {Note 4 Vin =13 1033V - 0.006 2.010 - 0.006 a4.x0 %Y
Load Regulation (Note 4} =01 10 mA - 0.006 4008 - 0008 4.010 %/mA
Turn-on Settling Time tan To +0.1% of final value - S0 - - %0 - psec
Quiescent Current Iy No Load - 10 14 - 10 14 maA.
Load Current L 10 21 - 10 21 - ma
Sink Current g 0.3 -0E — =02 0.8 - ma
Short Circuit Current lsg Vg=0 - 30 - - el - A

The fotlowing specifications apply for Wy = 15V, 0°C < Ta = +70°C and }_ = 0mA, unless otherwise noted,

Qutput Voltage Change

with Temperature aVoT {Notes 1 and 3} - 0.02 0.06 - o07 017 %
Qurpur Yoltage -
Temperature Coefficient TCVp {Note 3} - 3 8s - 10 25 ppm{°C
Changa n ¥

Ternperature Coefficient Rp = 10ks2 — Q7 - - (L] - pom S %
With Qutput Adjustment

Line Regulation (Note 4} VN =13 to 33V — 0.007 0.012 - 0.007 0.012 %IV
Load Regulation (Mote 4] IL=0ta8ma - 0.006 0,010 - 0.007 0.012 %imA
NOTE 1: AVQT is defined as the absolute difference between the maximum output voltage and the minimum output voltage over the

specified temperature rangs expressed as a percentage of 10V:

AVYoT = W+;me_ X 100
NOTE 2: AVpT specification applies trimmed ta +10.000V or untrimmed.
NOTE 3 TCW gy iz defined as AV T divided by the temperature range; e, TCVp = %‘\é‘%
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-0%

OUTPUT ADJUSTMENT

The REF-C trim terminal can be used 10 adjust the output

T-i-lﬁ\f
2

voltage over 8 10V +300mY range. This feature allows the vm
system designar to trim system errors by setting the reference Vel 1] QUTPUT
to 3 voltage other than 10V, Of coursa, the outpul can atso 0
be =at to exactly 10.000V, or ta 10.240V for hinary REF-0O1}
apptications. 5
. TRIM S 10K
Adjustment of the output does not significantly affect the GRD <
temperature performance of the device. Typically the temper-
atwure coefficient change is 0.7 ppm/°C for 100mV of output 4
adjustmant,
ELECTRICAL CHARACTERISTICS
I REF-01C | REF-01D

These specifications apply for Wy = +15W, Ta = 257¢, unbass atharwisa noted.

Parameter Symbal Test Conditions Min Typ Max Min Typ Max Units
Qutput Voltage Yo I =0mA 9.90 10.00 1010 9850 10.00 10.160 v
Qutput Adjustment Ranga AVierim Fg = 10k 2.7 £33 - 2.0 +3.3 - %
Output Voltage Noise enpp .14z to 1JHz iNote i - 25 35 - 25 - LVpp
input Voliage Range VIN 12 - 30 12 — 0 v
Line Regulatian (Note 4) Wiy = 13 to 30V - ¢.009 015 — 0012 0.04 iV
Load Regulation (Note 4} I =0wBmA - 0.006 0.316 - — - ®iImA
Load Raguwatien {Note 41 IL=Bto 4mA — - - — R.009 003 w®{mA
Turn-on Sattling Time ton To +0.1% of final value - 50 - - 5.0 - e
Cuiescent Current gy No Load - 1.0 1.6 - 1.0 2.0 mA
Load Current Iy, a8 21 - a8 21 - ma
Sink Current Ig 0.2 05 - -0.2 D& - mi
Short Circuit Corrent Isg Va0 — 30 1 - — jels] - mA
The foliowing specifications apply for Wipy = €15V, 070 & Ta = +70°C, unless atherwise noted.
Dutput Voltage Change
with Temparature AVaT iMNates 1 andd 2§ - 0.14 045 — 0.49 - %
Qutput Voltaga -
Temperature Coefficient TV tNote 3) - 20 63 - 70 - ppm/"C
Change in Vo
Temperature Coefficient Ap = 10k — a7 - — 0.7 —- pomni%
With Cutput Adjustment
Line Regulation {Note &) Vg =13 10 30V - 0.011 0.018 - 0020 - WiV
Load Regulation (Note 4) I =0to 5 mA - 0003 0018 - 0.020 - %WimA
NGTE t: AVAT is defined as the ahsolute difference between the maximum outout voltage and tha minimurn cutput voltage over the

speciiied temperature range expressad as 2 percentage of 104
Vmax = VMIN
AV e —— 1
oT 10V X100
NOTE 2 AV T specification applies trimmed to +10.000Y or untrimmed,
AV

NOTE 3 TCV ¢y is defined as AV T divided by the tamparature range; ie., TCVp = ?—d?g—
NOTE 4: Line and Load Regulation specifications include the affacts of self heating.
NOTE &: Parameter is not 100% tested; 90% of units meet this specification.
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REF-01

TYPICAL PERFORMANCE CURVES
OUTPUT WIDEBAND OUTPUT GHANGE DUE LINE REGULATION
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REF-01

TYPICAL APPLICATIONS

D/A CONVERTER REFERENCE

A/O CONVERTER REFERENCE

BT by

* lout
VOLTAGE COMPLIANCE ' ~25V TO+3V

e cu
1.1 p—a
=
5N s =
BLBZ B3 B4 BS BE BT 88 | En o —H
FOS FULL SLALE R B RT3 e -
Pos FULL SCALE-LSE|1 ¢ 1 1 1 1 ¢ & |ssaa0 s o, awesez
141 ZERG SEALE (BRI N R Y I
1=} ZEAD SCALE Bho11 1 or 11| -npan .
WEG FULL SCALEsLSBlG 0 D @ o ¢ © 1 |-2.840 E“o-\"}ﬁsr?"ﬂ—“—j T L et RsiN
MEG FULL SCALE 0000020 0)|-8920 TTLELOC weuT VER NG
+10V AEFERENCE PRECISION CALIBRATION STANDARD
—*1.imA
O+10Y 2
¥IN
r of* '
o REF—01
I 100K
- L GROD 10.000¥
-[ O
—0 - 10V
CUARENT SOURCE CURRENT SINK
>
3SR 1our* B4 ima R Loyt~ %Y ima
L

O -I15v
VOLTAGE COMPLIANCE -3V TO+ 25V
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REF-01

TYPICAL APPLICATIONS

PRECISION CURRENT SOURCE

A current sourca with 25V putput compliance and exceliant +50V
autput  impedance can  he obtained using Lhis circuit, 2
REF-01 @ keeps the line voltage and power dissipation ViN
constant in device @ ; the anly impartant error considera- Vo @
ticn at room temperature i the negative supply rejection of the

ap amp. The typical 3uViV PSRR of the OP-D2E will crears REF-Of
an 8 ppin: change {30V VY ) 28V 10V in output current over
a 25V range; for example, & 10mA current source can be &ERD
built {R = Yk§1} with 300 ML output impedance

(ro - s
8107k 10mA

p
Fd
SR [TRIM FOR

CALIBRATION)

————OVo 0 T 25V

REFERENCE STACK WITH EXCELLENT LINE REGULATION

Threa REF-01's ean be stacked to yisld 10.000, 20.000 and 32 TO 8OV
3G.000V outputs. An adgitional advantage is near-perfect
line regulation of the 10,000 and 20,000 cutput voltages, A
32V to B0V input change produces an autput changs which
15 less than the noise voltage of the devices. A load bypass
resistor [Rg) provides a path for the supply currant {igy] 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 lina voltage can renge from 105 to 130V. How-
ever, care must be taken to ensure that the total load currents
dg not axceed the maximum ussble current (typically 21mAl.

TRIMMED
QuUTPUTS

-0 30.000Y

2
YIN
voft -CHO.000V
REF-(1 &
TRIME 210K 6BKa ]
[ Re
3




REF-02

+5V PRECISION VOLTAGE REFERENCE/THERMOMETER

GENERAL DESCRIPTION

The REF-02 Precision Vottage Reference provides a stable
+5V output which can be adjusted over a 6% range with
minimal effect on temperature stabitity, Single supply opera-
tion owver an input voltage range of 7V to 40V, low current
drain of 1TmA, and excellent temperature stability are achiaved
with an improved bandgap design. Low cost, low noise and
low power make the REF-02 an excellent choice whenever &
stable voltage reference is required, such as in D/A and A/D
converters, in portable instruments, and in digital voltmeters.
The wversatility of the REF-02 is illustrated by its use as a
monolithic thermometer. {See AN-18, “Thermometer Appli-
cations of the REF-02."") For +10V Precision Vottage Refer-
ences see the REF-01 data sheet.

FEATURES

= Temperature Voltage Output . . . . . . .. 2.1 mv°C
B Adjustable 5 VoltOutput . .. ............ 6%
w Excellent Temperature Stability . . .. . .. 3 ppm/°C
m LowNoise .. .................... 10uVpp
m LowPower............ 0 0t 15mW
a Wide lnput Veltage Range . . . ... .. ... 7V 1o 40V
a» High Load Driving Capability . . .......... 20ma,
= No External Components

B Short Circirt Proof

B MIL-STD-8834 Screening Available

SIMPLIFIED SCHEMATIC

PIN CONNECTIONS AND ORDERING INFORMATION

R

L]

NPT

P

e

o'}
WrRLT

TEmR

4
GROUND
CASE

TO-99 {J-Suffix)

REF-DZAJ
REF-02)

REF-02EJ
REF-02HJ
REF-02C)
REF-02D.J

OROER:

tilitary Temperature Range Devices
with MIL-3TD-883A Class B Processing:

CQRDER: REFOZ-BE3-AY
REFDZ-853-J
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REF-02

ABSOLUTE MAXIMUM RATINGS
Input Voltage REF-GZ, &, E, H 40 % Operating Temperature Range
_ RERO0.O 30V REF-02A, REF 02 -55°C to +125°C
Power Dissipation (see note) 500mw F.O2E REF-02H . o
Qutput Short Circuit Duration Indefinite REF-02E, 0 FCro+70°C
P REF-02C, REF-02D
{to ground or Wiy}
Storage Temperature Ranga -65°C to +160°C Mote: Derate at 7.1mW,"C above 80°C ambient
Lead Ternperature [Soldering, 60 sec) 00°C temperature.
ELECTRICAL CHARACTERISTICS
| REF-02A | REF.-02 |
These specifications apply for Wy = +16V, Ty = 25°C, unless othenwise noted.
Paramatar Bymbol Test Conditions Min Typ Max Min Typ Max Units
Output Yoltage Vo [ =0mA 4 985 5000 5,015 4975 5.000 5.02% W
Cuiput Adjustment Range AV [ Rp = 10k 3.0 6.0 - £30 -6.0 - %
Output Yoltage Moise ®np-p 0.1Hz to 10Hz - 10 15 - 10 15 mVpp
{MNote 1)
Input Voltage Range Vin 7 - a0 7 - 40 W
Line Regulation Vi = 8o 33V - 0.006 0.010 - 0.006 0010 1 %'V
(Note 2)
Load Requlation f, =0to 10mA 1.005 0.010 0.006 001G Wiy
{Note 3}
Turn-on Settling Twne ton To 0.1% af final - 5.0 - - 5.0 - usec
value
Quiescent Current Iy Mo Load - 1.0 1.4 - 1.0 14 i
Luad Curcent It 0 21 - 10 21 - A
Sintk Current Is -0.3 -05 - -0.3 05 - ma
Short Circuit Current Isc V=0 - 30 - - 30 - mAa
Termp Voltage Qutpurt W [Note 3t - 630 - - B30 - mb
The following specitications apply for Wy = £15Y, “BEC u Ta = +125°0 and I = OmA, unless orhensise noted.
Qutput Valtage Change AVOT 07 s T s +70°C - 0.02 0.06 - 0.07 017 %
with Temperature
(MNotes 4 and 5) 55" 5T 4 5+125°C - 0.06 015 - 0.18 0.45 b
Output Voltage TCwg (Mot 69 - 3 85 - 0 25 ppmi®C
Temperature Coefficient
Change in ¥y Temperature
Coetiicient with Outpur Ry =10k - 0.7 - - 0.7 - ppm{” C/%
Adjustment
Lime Regulation 0 =T az+70"C - 0.007. G012 - 0.007 0.012 | %V
VN = 8 1o 33V} - -
(Mote 2) ~BETETAR+125°C - 0.009 0.015 — 2009 2.Mm5 | w/v
Load Regulation OFeTa=+70°C - 0.006 0010 - 0.007 0.012 | %/ma
{i; =10 to 8mA}
(Note 2) —BET LT £ +126°C - 0.007 oz - 0003 0.5 | %/ mA
Termp Voltage Qutput TCVT INote 3 - 21 - - 21 - mw ST
Temperature Coefficient
NOTE 1; Parameter is not 100% rested; 90% of units meet this specification.
NOTE 2: Line and Load Repulation specitications include the effacts of se1f heating.
NOTE 3. Limit ¢urrgnt in or cut of pin 3 to 50nA and capacitance an pure 3 to 30pF.
MNOTE 4: AV T 15 dafined as the absalute difference between the maximum output voltage and minimum sutput voltage over the specified
temperature range expressed as a percentage of BY:
VMAX — YMIN
AVAT = ——— X 100
aT Y
NOTE 5: AVOT specification applies trrmmed to 5000V or untrammed. - .
o7 . . . . ANOT O W +70C
NOTE 6: TCV @ is defined as AVQT divided by Lhe temperatyre range; i.e., TCVo 0% 10 70°C) = — %t
and TCV( (-56° to +125"Cp=  AYOT 85 10 vi2s'C
180° ¢

9-b



REF-02

REF-02 DEFINITIONS

LINE REGULATION

The ratip of the change in output voltage to the change in ling
wvoitage producing it.

LOAD AEGULATION

The ratio of the change in output voltage to the change in losd
current producing it,

QUIESCENT CURRENT {igy|

The current required from the supply to operate the device
with Ao load.

OUTPUT TURN-ON SETTLING TIME (t,,)

The time required for the output voltage to reach its final vaive
within a specified error band after application of ¥y

OUTPUT VOLTAGE NDISE {anp.p)
The peak to peak output noise voltage in 3 specified frequency
band,

QUTPUT CHANGE WITH TEMPERATURE (AVgT!

The ahspiute difference between the meximum output voltage

and the minimum sutput weltage over the specified tomparature

range exprassed as a percentage of 5Y:

Vs x-Vmin
5Y

QUTPUT TEMPERATURE COEFFICIENT (TCV gl

‘The ratio of the output change with temperature to the specified

temperature rangs expressed in pprmd” C.

aVor X 100

ELECTRICAL CHARACTERISTICS

REF-02E REF-02H

These spetifications apply for Wy = +15%, T = 35°C, uniass otharwise notad.,

Parameter Symbaol Test Conditions Min Typ Max Min Typ Max Units
Cutput Vaoltage Vo i =0m4& 4.985 5.000 5015 4975 5.000 5.025 W
Cutput Adjustment Range AWyrim | Bp = 10k 3.0 6.0 — 3.0 5.0 -
Qutput Voitage Noise enpp ?;OH‘: :T 10Hz — 140 15 -~ 10 15 wVRp
Input Voltage Range Viy 7 — a0 7 — 40 v
Line Regulation INote 2) VN =8t 33V - 0.006 0.010 - 0.006 0010 %V
Load Regulation (Note 2} =0t 10mA - 0.005 000 - 0.006 0010 | %HimA
Turn-on Settling Time ton To +0.1% of final value - 5.0 - - 5.0 - i
Quiescent Current gy No Load - 10 14 - 10 1.4 mA
Load Current L 10 21 - 10 2 - ma
Sink Current Ig =03 0.5 - =03 -05 - mA
Short Circuit Current Isc Vg=0 - 30 - - 0 - mA,
Temp Yoltage Output VT iMote 3) - 620 - - 530 - my
The follewing specifications apply for Vi = 16V, 0°C & Ta < +26°C and I = (A, unless otherwise noted. :
2;;";‘_:3';:‘::'&"“"‘” avor | iNotes 4 and B) - apz | 006 - 007 | 017 | %
e e s ol IR N N
Change in ¥ Temperature
Cosfficient With Qutput Rp =10kf2 — 0.7 — - 03 - ppmi%
Adjustmant
Line Regulation {Note 2| Vin = 8 te 33V - 0.007 0.g2 - 0007 g0z | oY
Load Regulation {Now 2} I =0toBmA - 0.006 a0 — Q.007 0.012 TaimA

AV T is defined as the absolute diffgrence between the maxirmum cutput voltage and the minimum cutput voltage over the

Avor

NOTE 1 Farameter i$ 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 S0nA and capacitance on pin 3 to 30pF,
NOTE &
specified temperature range expressed as a percentage of SY:
¥max - VM
avgTs —gy—— X100
MNCTE 5: AV T specification applies trimmed to +5.000% or untrimmed.
NOTE 6:

TCV (@ is defined as AV g divided by the temparature range; e, TCV = e




REF-02

OUTPUT ADJUSTMENT

BURN-IN CIRCUIT

The REF-02 trim terminal can be used to adjust the output
valtage over a2 5V :300mV range. This feature allows the
systern designer to trim system errors by setting the reference’
to & voltage othee than 5V, Of course, the output can alse be
set to exactly 5000V, or to 5,12V for binary applications,

Adjustment of the output does not significantly affect the
ternperature performance of the davice, Typicalty the temper-
ature coefficient change is 0.7 ppm/°€ for 100mY of output

adiustrment.

h
o4l ]

p—— OUTPUT

? 18y @ 1257C
2

REF-02

ik

QUTPUT

ELECTRICAL CHARACTERISTICS

REF-02C r REF.020

These specdications apply for Wy = +15¥, Ta = 28°C, unless otherwise noted.

Parameter Symbol Test Conditions Min Typ Max Min Typ Max Linits
Output Voltage Vo L =0mA 4550 5.000 5.080 4.800 §.000 5.100 v
Qutput Adjustment Range AWy By o= 10k81 127 6.0 — +2.0 6.0 —- %
Output Yoltage MNoisa enpp {.1Hr 10 10Hz (Mote 1) - 12 18 - 12 - »VpR
Input Voltage Range Vin 7 -~ 30 7 - 30 v
Line Regutation {Mate 2} Vi =8 w30V — 0.008 0.015 - p.oo 0.04 WY
Load Regulation (Note 2} I, =0t 8mA - 0.005 oos - - - %imA
Load Regulation {Note 2) IL=0tdmA - - - - 0015 0.04 %ima
Turn-gn Sattling Tirme ton To z0.1% of final value - 5.0 - — 5.0 = usec
Quiescent Current gy Mo Load - 1.0 16 - 1.0 20 ma,
Lead Current 'R 8 | - 8 21 - mA
Sink Current Ig -n.2 -08 - ~0.2 =05 - ma,
Short Circuit Current Isg Vg=0 - 30 - an 30 - ma
Temnp Yoltage Cutput VT iNote 3) - B30 - — 630 — miy
The following specifications apply for Wiy = +15W, 0°C < Ta = +70°C and I, = OméA , unless atherwise noted.
::r:;r:l‘lﬁii"a”ge aVgT  INotes 4 and 5i - 0.14 045 - 0.49 - %
?:;Dp:tr;zl(t:(g;oefhcient TCvg {Note &) - 20 65 - i) - ppm/°C
Changs in V5
Temperature Coefficient Fp =10k - 0.7 - - 0.7 - pom%
With Qutput Adjustment
Line Fegulation {Note 2} Vi =8t 30V - aXey B 0018 - o.ma2 - v
Load Regulation {Note 2} IL=0w&mA - 0.002 0018 - 0.8 - %imA
T e ot o | TOVT ot 3 - 21 - - 24 - | mvre
MNOTE 1: Parameter is nat 100% tested; 90% of units meet this specification.
NOTE 2: Ling and Load Regulation specifications include the eifects of self heanng.
NOTE 3 Limit ¢urrent in or out of pin 3 to S0nA and capacitance on pin 3 to 30pf,
NOTE 4: AV T is defined as the absolute difference between the maximum putput voltage and the minimum output voltage over the

specified temperature range expressed as a percentage of 5%
aVQT = mﬂ%ﬁﬂﬂ X 100

NOTE &: aVar specification apphes trimmed to +5 000V or untrimmed.
NOTE &: TCV ¢ is defined as AV T divided by the temperature rangs; ie.. TCVg = ai.—og
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REF-02

TYPICAL PERFORMANCE CURVES

OUTPUT WIDEEAND

QUTPUT CHANGE DUE

LINE REGULATION
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REF-02

TYPICAL APPLICATIONS

PRECISION TEMPERATURE TRANSDUCER WITH REMOTE SENSOR

T +15V

2| }
Vin l
v
vo 6 REF
REF-02 R,
5
TRIM % BOK S
3 Bs
TEMP F—AAA-
GRD 1.5K 16% -
al_

*UP TG 10 FEET OF SHIELDED 4-CONDUCTOR CABLE. -

TYPICAL TEMPERATURE VOLTAGE
OUTPUT V5 TEMPERATURE

RESISTOR VALUES

{REF-024)
- l TCVWouT SLOPE (81 | 10mv/ G 100mv/°C | 10mv /S F
iod e R /— TEMPERATURE -55° 10 55 10 ~67°F to
e / RANGE +126"C +H25°C +I8T°C

_— l QUTPUT VOLTAGE | 055V 1te | -BS5V o 067V 10

£ f RANGE +1,26V +25v" +2.57Y

ol 4 f

H i | ZERC SCALE ovaoe | oveoc | oveoF

g LE]

g Fig (1% resistor} 9.09K0 16K oKD

E, 1o

Fpq 1+ 9% resistor} 1.5K02 1820 121K
530 ’
/ Rpyp (Potentiometar} 2000 50052 20082
an _/ i
R 121% resistor) 51TKD 84 5K 5 B.25K 0
d-"ﬂ_m - 20 a »n an 0 A Rl 17 L1

emeekanE 6 *For 1268"C operation, the op amp output must be able to swing

to +12.8V; increase V) to +18Y from +16V if this iza problem.
FOR THEGRY OF OPERATION AND CALIBRATION PROCEDURE CONSULT APPLICATION NOQTE AN-18, “THERMOMETER
APPLICATIONS OF THE REF-02.

5V REFERENCE +25Y REFEREMCE PRECISION CALIBRATION STANDARD

YREF 5 2




REF-02

TYPICAL APPLICATIONS

CURRENT SQOURCE

+15Y

5.0%
8 lout*—g

+/ma,

VOLTAGE COMPLIANCE - -25y TO+BY

CURRENT SiNK

REFERENCE STACK WITH EXCELLENT LINE REGULATION

Two REF.01's and one REF-02 can be stacked to yield
5000, 15,000 and 25,000V outputs. An additional advantage
is ngar-perfact ling regulation of the 5,000 and 15,000 output
valtages. A 27V to B5Y input chamge produces an output
chanpe which is less than the noise volage of the devicas. A
load bypass resistor (Rg) provides 2 path for the supply
current [lgy! of the 15,000V regulator.

In gensral any number of REF.01's and REF.02's can be
stacked this way. For example, ten devices will yield ten
outputs in § or 10V steps. The line voltage can range from
100 o 130V, However, care must be taken 1o ensure that the
twtal fped currents do not excead the maximum usable
current itypically 21mal,

PRECISION CURRENT SQURCE

A current source with 36V output compliance and excellent
putpu impedance can be obtained using this civcuit. REF-02

keaps the line voltege and power dissipation constant in
device @ ; the only important grror consideration at room
tempegrature ie the negative supply rejection of the ap amp.
The tvpical 2V /Y PSRR af the OP-02E will create a 20 ppm
change {3uW/V ¥ 35V/SV] in outpul current over @ 35Y
range; for example, a SmA current source can ba built
IR = 1k} with 350 Mi2 output impedanes:

28V
Ry =
Az20x107% % Bma

< 5.0V
‘:F! LouT 3 +imA
VOLTAGE COMPLIANCE :- BV TO 25
27 TO 55V
2
N
g l® 25000
REF -Of |
e [ 3 10Ka
GRO
ry
z
L]
N yle 0 15.000V
REF-O1
<
$I0KR
2
Vin g
Yo 0 5,000V
REF-02 |
TRIM 210Kn 68K
Ry
T+50\|"
2
Vin
6
KNGO
REF-0O2
GRD
Py
2
VIN
© o[’
REF-02
GHO R (TRIM FOR
4 CALIBRATION)
Vo0 TO 38V

RC 21075 5EC
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DIGITAL TO ANALOG CONVERTER SELECTION GUIDE

CURRENT QUTPUT INTERNAL REFERENCE — 10 BIT RESOLUTION
TEMP RANGE MA XIMUM MAX FULL
FOR SPECIFICATION NONLINEARITY SCALE TEMPCO
DEVICE °e {%FS) {ppm/°C)

DAC-100ACQ5 —56/+125 +0.05 G0
DAC-100BBOS -55/4+125 0.1 a0
DAC-100CCas -h5/+125 0.2 60
DAC- 1800005 -£5/+125 +0.3 120
DAC-100AAQ1 (Q2) -26/+85 :0.05 15
DAC-100ACO1T {Q2) ~UB/+85 +0.05 60
DAC-100ADQ1T (Q2) ~25/+85 10.05 120
DAC-100BRBQ1 (Q2) -25/+85 0,1 30
DAC-100BCO1 iQ2) -25/+85 +Q.1 60
DAC-100CCQT (Q2} -25/+85 0.2 60
DAC-100DDQ1Y (02} -26;+585 0.3 120
DAC-100ACQ3 (Q4) 0/+70 +0.05 60
DAC-100BCG3 (Q4) 0470 0.1 a0
OAC- 100CCA3 (Q4) 0/+70 0.2 60
DAC-100DD0O3 (Q4} 0/+70 0.3 130

MULTIPLYING CURRENT QUTPUT — 1ZBIT RESOLUTION

OPERATING MAXIMUR MAXIMUM
TEMPERATURE NONLINEARITY GAIN TEMPERATURE
DEVICE RANGE ("C} ITa =25"C) COEFFICIENT
$55562-50-BIN -B5/4125 £1/4 LSB +3ppm/°C
S55562-AD-BIN ~25/+85 +1/2 LSB +3ppm/C
S8S562-KD-BIN 0/+70 +1/2 LSB *3npmiTC

MULTIPLYING CURRENT QUTPUT — 3 DIGIT RESOLUTION

QPERATING MA XIMUM MAX MU
TEMPERATURE NONLINEARITY GAIN TEMPERATURE
DEVICE RANGE (°C) iTa = 25°C) COEFFICIENT
§58662.SD-BCD —B5/+126 £1/10 LS8 +3ppmi“C
$58562-AD-BCD -26/+85 +1/2 LSB 13ppmi“C
$58562-KD-BCD 0/+70 /2 LS8 £3ppm/°C
MULTIPLYING CURRENT OUTPUT 8-BIT RESOLUTION
TEMP RANGE MA XIMUM DUAL HIGH UNIVERSAL
FOR SPECIFICATION NONLINEARITY COMPLIANCE LOGEC
DEVICE el {% FS} OUTPUTS INPUTS
DAC-08AQ _55/+125 0.1 YES YES
DAC-D8Q -55/+125 +0.19 YES YES
DAC-08HQ 0/+70 £0.1 YES YES
DAC-08EQ 04470 +0.19 YES YES
DAC-08CQ 0/+70 +0.39 YES YES
S5$1508A-80 -65/+125 +0.19 NO NO
$551408A-80 0475 40.19 NO NO
S5S1408A-7Q 0/+75 0.39 NO NO
$551408A-60 0/+75 +0.78 NO NO
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MULTIPLYING CURRENT OUTPUT — 2 DIGIT RESOLUTION

TEMP RANGE MaAXIMUW DUAL HIGH UNIVERSAL
FOR SPECIFICATION NONLINEARITY COMPLIANCE LOGIC
DEVICE °e) 1% F8) QUTPUTS INPUTS
DAC-20A0 -55/+125 +1/4 LS8 YE3 YES
DAC-20Q ~56/+125 +1/2 5B YES YES
DAC.20EQ 0/+70 /4 LSB YES YES
DAC-20CQ 0/470 *1/2 L3B YES YES

VOLTAGE OUTPUT INTERNAL REFERENCE

TEMPERATURE
RANGE FOR
RESOLUTION MONOTONICITY NONLINEARITY SPECIFICATION
DEVICE 1BITS} MIN (BITS) MAX {% F§) °c)

DAC-05A 10+5ign 10 0.1 -65/+125
DAC-08A 10 10 0.1 -56/+125
DAC-05E 10+Sign 10 *0.1 0/+70
DAC-06E 10 10 0.1 0/+70
DAC-Q2ACX] 10+Sign 10 0 0/+70
DAGC-02ACX2 10+Sign 10 1 0/+70
DAC-D4ACK2 10 10 0.1 /470
DAC-03ADX1T 10 10 0.1 25
DAC.03ADX2 10 10 0.1 25
DAC-05B 10+5ian 2] 0.2 -55/+125
DAC-06B 10 9 0.2 -55/+125
DAC-DBF 10+5ign 9 0.2 0/+70
DAC-06F 10 9 3.2 0/+70
DAC-02BCX1 10+5ign 9 0.1 0/+70
DAC-02BCX2 10+5ign 9 .1 0/470
DAC-04BCX2 10 9 0.1 0/+70
DAC-03BD X1 10 9 0.0 25
DAC-O3BDX2 10 k] 0.1 25
LAC-O5C 10+Sign 8 0.4 -55/+125
0AC-06C 10 3 0.4 -56/+125
DAC-05G 10+5ign 3 0.4 0/+70
DAC-06G 10 3 0.4 0/+70
DAGC-02CCX1 10+35ign 8 0.2 0/+70
DAC.02CCX2 T10+Sign 3 0.2 0/+70
DAC-04CCK2 10 8 0.2 0/+70
DAC-03CD X1 10 8 0.2 25
DAC-03CDX2 10 8 0.2 25
DAC-01AY 6 G 0.3 -66/+125
DAC-D2BD X1 10+8Sign 7 04 0/+70
DAC-02D0X2 10+5ign 7 0.4 0/+70
DAC-04DD X2 10 7 0.4 Q/+70
DAC-03DDX? 10 7 0.4 25
DAC-03DDX2 10 7 0.4 25
DAC.01Y & 3 .45 -5b5/+125
BAC-01BY [ 6 +0.45 -55/4125
DAC-O1FY 3] 6 +0.45 -56/+125
DAC-O1CY 6 6 +0.45 0/+70
DAC.0IRY 8 G +0.45 0/+70
DAC.01DY B 8 t0.8 0/+70
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EMIY DAC-01

6 BIT MONOLITHIC D/A CONVERTER

GENERAL DESCRIPTION FEATURES
The DAC-01 is a complete monolithic 6-bit digital-to-analog
converter, incarporating current steering logic, current sources, F 3 Settling Ti ”
diffused resistor ladder network, precision voltage reference - ast e usec Settling Time {Max)
and fast summing op amp on one chip. Monoiithic construc- &  Complete .. .. Includes Reference, Ladder, Op Amp
tion provides small size, light weight, low power consumption B Low Power Consumption .. ...... 250 mW {Max)}
and very high reliability. Wide power supply range, three = 6BitResolution ............. 7BitAccuracy
?Iutp.lu‘tlvoitage optilcms, altn:l three inphut rj‘ode options assur_e » 30utputOptions ........... +10V, £6V, 10V

exibility for 2 wide variety of 3D[{|IC31I0|‘I$. A se\rerl!t'l'll bit @  Standard Power Suppliss . . . . . . . .. 12V 1o 18V
may also be added for greater resoilution. The DAC.01 s ideal ®  _55°/4125°C or 0°/70°C & iLabl
for CRT deflection circuits, serve positioning controls, digitally or X _a"ges Available
programmed power supplies and pulse gensrators, modem and = TTL, DTL Compatible Lagic Levels
telephone system digitizing and demodulation circuits, digital = Models With MIL-STD-882A Class B
filters, and 6-bit A/D converters. Introduced in 1970, the Processing Available From Stock
DAC-0O is still the fastest, Iowest power, most acourate &-bit m Low Cost
complete monolithic DAC ever made.

SIMPLIFIED SCHEMATIC

e QUG TAL LOGIC I *U'Sﬁ ¥+ SUM NODE SCALE FACTOR
MEE L5e
—
leg > 638 15500
-;lj -_-lj -:[_T h_}j _I-lj hihlj m g g
- ANMALDG
e |) . GITROT
< .~
b A A
FULL SCALE TRIM W= BIFOLAR # UNIFO AR GROUND

PIN CONNECTIONS AND ORDERING INFORMATION

TR VIEW '_——V_
14 FULL SCALE TRIM ORDER: DACO1Y  DACOICY
M3B Al | — — = DAC-01BY DAC-01HY
A2 2— 13 V- DACOIFY DACAO1DY
A3 3—] — 12 BIPOLARFUNIPOL AR
A4 54— — i1 SUM NODE Military Temperaturs Range Davices
A5 5 L 10 SCALE FACTOR With MIL-STD-8834 Class B Processing:
LSE AG 6— F—9 GROUND ORDER: DACO1883-Y
Y T — [—8& ANALOG OUTPUT DACO1-883-BY

DACOT-883-FY

14 PIN HERMTIC DIP (Y-Suffix)
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DAC-01

ABSOLUTE MAXIMUM RATINGS

Qperating Temperature
DAC01, DAC-01B, DAC-01F
CAC-01C, DAC-0H, DAC-01D
W+ Supply Voltage to Ground
V- Supply Voltage to Ground

-85°C to +125°C
0°C 1o +70°C
0to +18v

0to -18V

NOTE 1: Rating applies up to ambient temperatures
of 100°C. For temperatures above 100°C,
derate lingarly at TOmW/°C.

Logic Input to Ground

Internal Power Dissipation {Motg 1)
Storage Temperature

Lead Soldering Temperature

Output Short Circuit Duratian {Note 2)

-0.7 1o +8V
500 mw

—85°C to +150°C
300°C {60 sec)
Indefinite

NOTE 2. Short circuit may be to around or either
supply. Fating applies 1o +125°C case tem.
perature or +75°C ambient temperature,

BASIC CIRCWHT CONNECTIONS

SUPPLY SEQUENCING
PROTECTION AND
FULL SCALE
ADIUSTMENT TECHNIOUE

ADDITION OF 7TH aIT

GPTIONAL ZERO SCALE OR
BIPOLAR OFFSET ADJUSTMENT

100k

2,70

[LEAE )

ANALOG
3 4 § E QUTPUT

=15V
+5Y +I5V
[Le o] 34]
[LEIE-] NG 148
INGIAB
Ve INGIa8
Dac-01 E] INA148
14 1% 9 |2
F.5 soon  V-[ INg14g [GND. wsgo—— 4 1 |
ADJ, O—]
T-8IT o
L CIGITAL
= INPUT
-15v

L58 o———

APPLICATIONS INFORMATION

INPUT CODES—Tha DAC-D1 utilizes standard complementary
tinaty coding for unipolar mede aperation {all inputs high produces
zero output voltagel. Complementary offset binary ibipoalar] mode
operation may be implementad By shorting pin 11 to pin 12 {3l
inputs high produces negative full scale output voltagel. One’s com-
plemant coding may be implemanted by shorting pin 11 to pin 12
and inverting the MSE before entering pin 1 {all other bits are not
inverted), Twe's camplemant coding may be implemanted by short
ing pin 11 to pin 12, inverting the M3E before entering pin 1, and
injecting spproximately SuA into pin 17 lwhich is at ground poten-
tial} by using the “‘zerc scale or bipolar offset adjustment™ circuit.

POWER SUPPLIEE—Care should be taken to insure that positive
voltages are not applied to the logic inputs for more than approxi-
mately 300ms before the W+ supply is applied, Jt 13 also important
that V- not be removed during operation, The additian af three
clamping diodes {see fig. above! is recommended where random
supply sequences may be encountered. Powar supplies should be
bypassed near the package with a Q.1 uF disk capacitor. Chip users
should connect the substrate to V-,

FULL SCALE ADJUST~A 50042 pot from pin 14 to ¥— can be
used to adjust the full scale output voitage to exactly 10 volts in
unipotar mode or 10 to 20 volts p-p in bipolar mode, If ne pot is
used, tie pin 14 to V-

SCALE FACTOR—For +10 volt or 25 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 11, but
this will seriousty degrade the fuil scale temperature coafficient due
to the mismatch betaeen the +1150 ppmi® C tempen of the diffused
resistars and the pot tempoo,

CAPACIT\VE LOARS—When driving capacitive iocads greater than
50 pF in Unipolar mode or 30 pF in Bipolar mode a 100 pF
capacitor may be placed from pin 11 o ground far added stability,

LOWER RESOLUTION APPLICATIONS—When less than 6 bits of
rasalution is required, tie off unused bits to 3 voltage level greater
than +2.1 volts. The +5 volt [0gic supply is usually convenient.
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DaAC-01

ELECTRICAL CHARACTERISTICS
These specifications apply for Vg = £15V and over the rated operating temperature range urless otherwise noted.
Paramatsr Dac01 DAC-O18 DACOIF DACOIC DAC-O1H DAC1D Units
Qutput Options Unipolar Unipolar Unigolar Unipolar Unipolar Uniparar
Bipolar Bipolar Bipolar Bipolar
Temperature Range ~55/+126 —BE/+125 —55{+125 G/+70 /470 /470 T c
Nanlinearity 25°C — Max +0.40 +0,4Q +0G.40 +0.40 +0.40 *0.78 %FS
Nonlinsarity Over Temperature — ffax (.45 +045 *0.A5 045 +0.45 «0.78 WFS
Full Scale Tempco — Max +80 +120 B0 +160 160 =160 ppm/“C
Unipolar Zero Scale Output i 25 40 25 40 50 my
Voltage — Max iNote 1, 2t
These specifications apply for all DAC-01 grades, Vg = £ 15V and over the rated operating temparature range unless othenwise noted.
Paramater Conditions Min Tye Max thits
Unipalar Full Scale 2K 5L load, lagic < 0.5V, short pin 13 to pin 14, +10.00 - +11.75 Volts
Cutput Voltage (Nate 3) Short pin 12 to Ground and pin 10 to pin 11,
Bipolar Qutput Voltage (Now 3) 2K § Load, Short pin 11 to pin 12
+5 Vol Range Short pin 13 to pin 14, Short gin 10 to pin 11,
VEst Logic Inputs < 0.6V +4.93 - +5.94 olts
VE5_ Logic Inputs = 2.1V —-5.94 - -4.83 Voits
+10 Volt Range Open pin 10
VESe Logic Inputs = 0.5 +0.86 - +11.89 Volts
VES_ Logic Inputs 3 2.1V -11.88 - J9.88 Voits
Bipolar Ofiset Woltage {Note 11 +5 Volt Rarge - x40 +70 my
12 1l VEg+ =1 VEg_IT +10 Yolt Ranga — +30 *140 my
Resolution — - ] hits
Logic Input 0" — - 05 Volts
Logic Input "1™ 21 - - Volts
Logic Input Current, Each Input — 2.2 -] o
Powrer Supply Sensitivity 12V 2 Vg € 218V Vpg= 100V — +0.01 1015 WGV
Power Consumption - 200 280 mwW
Sattling Time to +1/2 LSB 21V = logic level = 0.8V Tpa = 25°C. - 15 3 usec
NOTES:
1. Zeroseale or bipolar offset voltage can be trimmed to 2ero volts or 1o the exact gng's or twa’s complement condition with an external resistor
nejwork to pin 11,
2. Logic input voltage = 2.1 volts,
3. Full scale is adjustable to precisely 10 volts for unipaiar operation ahd 10 volt or 20 voit p-p bipalar operation with an external 500 ohm
potentiametar from pin 14 to V-, .
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M) DAC-02

10 BIT PLUS SIGN MONOLITHIC D/A CONVERTER

GENERAL DESCRIPTION

. FEATURES
The DAC-02 is a complete 10 bit plus sign O/A converter on a
single 82 x 148 mil monolithic chip, All elements of a complate = Complete ...... Includes Reference and Op Amp
sign/magnitude DAC are included—precision voltage reference,
current steering logic, current sources, R-2R resistor natwork, ® Compact .......... Single 18 Pin DIP Package
logic controlled polarity switch and high speed internally com- B Bipolar Qutput .. ... ... Sign/Magnitude Ceding
pgnsated Ol;ItDI.It op amp. Monotonicity guaranteed over the B Monotonicity Guaranteed
0°C to +70° C ternperaiure range is achieved by the untrimmed
diffused R-2R resistor ladder network. The buffered reference ® Nonlinearity .............c000enn +1 LSB
input is capable of tracking over a wide range of voitages, B Fast ............. .. .. 1.5 usec Settling Time
increasing application flexibility. The wide power supply - Stable ......... Full Scale Tempco 60 bpmf’c
range, low power consumption, choice of full scale output
voltages and sign/magnitude coding assure utility in a wide " Low Power Consumption ......... 300 mW Max
range of applications including CRT displays, tata acquisition & TTL, DTL, CMO3 Compatible lnputs
systerns, A/D converters, servo positianing controls, and voice = Reliable ... .... 100% Burnad-in 72 Hrs @ +1 250'0
and music digitizing and reconstruction systems. -

SIMPLIFIED SCHEMATIC AND PIN CONMNECTION DIAGRAM

f DIGITAL LOGK INFUTS

waalt  mrle w3 etls aerv|s ar|e erlr mrls wrle
REFERENG N T 2 3 [ 3 0 i 0 g
auTRUT
REFERENCE @ ]
Jis
INPUT X

TLEITAL il
GROUND

o) T outRT
|al 12
ANALDG GROUND V-
ORDERING INFORMATION
MODEL MONDTONICITY FS TEMPCO TEMP RANGE PACKAGE
DAC-02 ACXT lor X2)° 10 BITS 60 ppm/°C MAX L i HERMETIC 18 PiN [P
DAG-02Z BGXT (or X2} aBITS 60 ppm/f”C MAX o+ C HERMETIC 18 PIN DIF
DAC-02 CCXY {or X2)* 8 BITS 60 ppmd©C MAX [P HERMETIC 18 PIMN DIP
DACAO2 DDX1 {or X2)* 7 RITS 150 pprad” G MAX, o 707G HERMETIC 18 PIN DIP

*Buffix X1 indicates 10V out; suffix X2 indicates 8V out.
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DAC-02

ABSOLUTE MAXIMUM RATINGS

Operating Temperature Range
Storage Temperature Range

W+ Supply to Analog Ground

V- Supply to Analog Ground
Analog Ground 1o Digital Ground
Logic Inputs to Digital Ground

0°C to +70°C
-65°C to +150°C
0 to +18V

Q1w —18V

Q1o *0.5V

-5Y 1o (V4 — .7V

Iniernal Reference Output Current
Reference Input Yoltage

Internal Power Dissipation

Lead Soldering Temperature
Output Short Circuit Duration

300uLA
D10 +10V
500 mW

300°C 160 sec)

Indefinite

{Short circuit may be to ground or either supply.

ELECTRICAL CHARACTERISTICS

These specifications apply for Ve = £15Y and over the 0°C to +70°C temperature range, unless otherwise specified,

GRADES AC, BC, CC GRADE DD
Pararnater Candition Min Typ Max Min Typ Max Units
Resolutian Bipolar Qutput 11 11 11 1 11 11 bits
Uripolar Output 10 10 10 0 10 10 bits
Monotanicity 0°C e 70°C
{See Wots 1) Grade AL 19 — — bits
Grarle BC ] - - hits
Grade CC 8 - - hits
Grade DD 7 — — bits
0°C to 70°C
Monlinearity Grade AC - - 0.1 %
1See Mote 1) Grade BC - - #0.1 %
Grade CC - - =02 %
Grade DD — — 0.4 %
Settiing Time To +1/2 LSE, 10 Vol Step — 1.5 - - 18 - Msec
Full Scate Tempco Total, Internal Reference Connacted — — +60 - — +150 ppmf°C
Full Scale Tempco External Reference — 230 - - 30 - ppm/~C
Raferance laput Bigs Current — 100 - - 100 - nA
Heference Input Impadance - 200 — — 200 - Mo
Reference Input Slew Hate - 1.5 - — 1.5 — W /usac
Reference Qutput Voltape — 6.7 — — 8.7 — W
Zero Seale Dffset Sign Bit High, All Other Logic Inputs Low = 5 +30 - *5 140 uid
Zoro Scale Symmetry X2 Models {5V Full Scale} — £1 25 - t1 15 my
X1 Models {x10% Full Scale) — +1 *5 — £1 10 o
Full Scale Bipolar Symmetry | (See Definitions) {See Note 2} - =30 +60 — +30 180 my
Power Supply Sensitivily Ve = =12V 1o 118V - +0.615 +0.085 — D015 0.3 % VES/V
Power Dissipatinn lpytT =0 - 225 300 - 225 350 m
Logic Input Currant Each Input, -BV to {V, — TV - 1 - - 1 — 7y
Logic Input 0" s - .43 - — 08 | v
Lagic Input "1 2.0 — — 20 - = v
Full Scale Qutput Yoltaga (See Note 20
10 Volt Models VEgs (Sign Bit High} +10.0 - +11.6 | +100 — +115 | V¥
VEg- (Sign Bit Low] =115 - =150 |-115 - =100 W
+b Volt Models VFg+ iSign Bit High) +5.00 - +5.76| +5.00 - +BIS| vV
VEg— 1Sign Bit Low!) -5.75 - -500f 575 - -5.00] v

NCGTE t: This parametar is 100% tested at 0°C, +26"C and +70" C,

MCOTE 2: Thesa specificatians apply for X1 {+10%) models; for X2 {+5V) modals, divide specifications shown by 2.

NOTE 3: Reference Qutput terminal connected directly to Reference laput terminal, R = 2KQ, all lagic inprts = 2.0 V.
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DAC-02

DEFINITION OF SPECIFICATIONS*

BIPOLAR FULL SCALE SYMMETRY

The magnitude of the difference between |VEgyl and
Weg |

LOGIC O’ .

The {low} logic input voltage necessary to hold z bit QFF.
LOGIC ‘1"

The (high} logic input voltage necessary to hold a hit ON.
SIGN/MAGNITUDE CODING

The input logic coding used by the DAC-02. The polarity
of the output voltage is determined by the logic ievel of the
Sign Bit; the magnitude of the cutput voltage is determined
by the binarily-weighted logic inputs.

ZERO SCALE OFFSET
The output voltage [Vzgy) 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 (Vg ~Vyg )

OPERATING INSTRUCTIONS

FULL SCALE ADJUSTMENT—Full Scale output voltage may be
trirnmed by wse of 2 potentiomaeter and series resistor as shown;
however, best results will be obtained ifa low tempco resisior
if used or if pot and resistor tempeos match, Alternatively, a singla
pot of 2 79K may be used.,

REFERENCE OUTPUT—Faor best results, Reference Qutput current
showld not exceed 100pA,

USE WITH EXTERNAL REFERENCES—Positive-palarity external
reference voltages referred (o Analog Ground may be applied 10 the
Reference Input terminal to improve full scale tempco, to provide
tracking o ather systern elements, or to sleve a number of DAC-02's
to the Reference Qutput of any one of them.

REFERENCE WNPUT BYPASS—Lowest noise and fastast settling
cperation wi! be obtained by bypasong the Reference |nput to
Analog Ground with a 0.01uF disk capacitor.

VARIABLE REFERENCES—OQperation a$ a two-quadrant rmulti-
plying DAC is achigved by applying an analog input varying between
0 and +10% 1o the Reference Input terminel, The DAC cutpul is
then the scaled product of this valtage and the digital inpul. 2BY
output models (X2} must be used if Refarence Input voltages will
exceed +6.7V in order to prevent saturation of the output amplifier.

LOWER RESCLUTION APPLICATIONS--For apgplications not
requiring full 10 bit resalution, unused logic inrputs should be tied to
ground.

UNIFOLAR OPERATION=Oporation as a 10 bit straight binary
canvertar may be wmplemented by permanently tying the Sign Bit
to +8Y {for positive Full Scale outputl or 1o ground (for negative
Fuil Scale output],

POWER SUPPLIES-The DAC.02 will operate withwn spacifications
for power supplies ranging from 212V 1o 218BY. Power supplies
should be bypassed near the package with & 0.1¢F disk capacitor.
Chip users should connect the substrate to V—,

CAPACITIVE LOADING—The output operational amplifiar pro-
vides stahle operation with capacitive loads up ta 100pF.

FULL SCALE ADJUSTMENT CIRCLIT

DISITAL INFUTS

JISB LEB SIGH BT w4
REF&I}_IE:‘C'_E T ] T I i ] I T ] ] T
FULL $mn 0
SCALE TO CURNEWT
ADAIET ANALOG
POF® 5 FREFEREMCE @) SOURCE DRIVER QUTRUT
J NPT
> E2h 0" Dage 02
LW T
r d
aNaLOG#
BROUNG l J
D TAL GROUNE -

POSITIVE SIGN/MAGNITUDRE CODING TABLE

BIGN

BIT M5B LSB
+ FULL SCALE 1 1111+t 1 111
+ "HALF" 3CALE 1 1000000000
ZERO SCALE i+} 1 00000000 00D
ZERO SCALE {-} 3 00000000 O0Q
- "HALF" SCALE o) 1092000000 0
~FULL 5CALE 0 111 111 1111

GROUNDING—{ar optimum nofse rgjection, separate digital and
analog grounds have been brought out. Best results will be obtained
if these grounds are connected together at ane point only, pre-
ferably near the DAC.02 package, so that the Isrge digital currents
da not flow through the analog ground path,

¥SEE SECTION 13 FOR COMPLETE D/A CONVERTER
DEFINITIONS
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DAC-03

8 & 10 BIT LOW COST MONOLITHIC D/A CONVERTER

GENERAL DESCRIPTION
FEATURES
The DAC-03 is a complete 10 bit low cost D/A converter on a
single 82 x 1 3. mil I’I'IDI"IOlllhIIC: chip. All elements of a com ®  Monotonicity Guaranteed
plete DAC are included--precision voltage reference, current
steering logic, current sources, R-2R resistor network and high = Low Cost
speed internally compensated output op amp. The untrimmed ® Complete ....... Includes Reference and Op Amp
diffused 8-ZR resistor ladder network achieves monotonic B Compast ........... Single 18 Pin DIP Package
opera_tion over a wide tempefature range. The buffered refer- [ Y 1.5 sec Settling Time
\_ence m_put is CT-pal:-le offt}rac_lgl_rla.g: ove-lr_: w:df!drange of voltagels, » Swable .......... Full Scale Tempeo 60 ppm/°C
5 c . 1 .
Inereasing - appiication exibiity € wite power supply = Standard Power Supplies ......... £12V to £18V
range, low power consumption and choice of full scale output Low P o i 350 mW M
voltages assure utility in a wide range of applications including - ow Fower Lonsimption o m ax
CRT displays, data acquisition systems, A/D converters, and = TTL, DTL, CMOS Compatible Inputs
servo positioning controls. For bipolar DAC's refer to the ® 5V and 10V Models Available
DAC-02 and CAC-04 data sheets.
SIMPLIFIED SCHEMATIC AND PIN CONNECTION DIAGRAM
COMNECT
r DIGITAL LOGIC NPT —————————————————— SSYHDEJFY VT.
N HSB‘: BT 22 18 : BT : T : &l: BIT : BT : BGT: BIT IIA:C: ~ T
TPUT “_"FI@ i
ﬁEFElEHCE 1
WPUT
1
oo " N O I O I O
]
Hllllillljljlilil 1
i @\:\ ; £ B At
13 T [H]
ANALDG GROLND e
ORDERING INFORMATION
MODEL MONOTONICITY TEMP RANGE FS TEMPCO PACKAGE
DAC-03 ADXT {or X2)° 10 BITS 0°{+70° C B0 ppm/ C TYP 18 PIN DIP
DAC-03 BO X lor X2t 9 BITS 047070 60 ppm/SC TYP 18 PIN DIP
DAC03 COX1 lor X21* 8 BITS 07 4709 80 ppm/"C TYP 18 PIN DiP
DAC-D3 DOX1 (or X2)° 7BITS 0° 14707 C B0 ppmf°C TYP 18 PIN DIP
*Suffix X1 indicates +10V output; suffix X2 indicates +5Y output.
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DAC-03

ABSOLUTE MAXIMUM RATINGS

Operating Temperature Range
Storage Temperature Range

V+ Supply to Analog Ground

V- Supply to Analog Ground
Anatog Ground to Digital Graund
Logic Inputs to Digital Ground

0° 1o +70°C Internal Reference Output Current 300uA
-65°C to +160°C Reference Input Voltage 0 to +10V
010 +H18Y Internal Power Dissipation 500 mW
0to-18V Lezd Soldering Temperature 300°C (60 sec)
010 0.5V Cutput Short Cireuit Duration Indefinite

~5V to [V — 7V) {Shart circuit may be to ground or gither supply.)

ELECTRICAL CHARACTERISTICS

These specifications apply for Vg = 215V and Ta = 25°C unless othenwise specified,

Paramatar Condition Min Typ Max Units
Resalution 10 10 10 bits
Grade AD 10 - - bits
Monotonicit Grade BO g - — bits
v Grade CD 8 - - birs
Gradg DD 7 - - hits
Grade AD — - 0.1 %
’ . Grade BD - - +0.1 %
Nonlinearity Grade CD - - 02 %
Grade DD - —. 2.4 %
Settling Time To £1/2 LSE, 10 Vai Step - 1.5 - Hsec
Full Scale Tempeo Total, Internai Referance Connected - 0 - ppm/®C
Fuli Scals Tempco Extarnal Reference - +40 - ppm/°C
Reference Input Bias Currant — 1Q0 - na
Referance Input Impaedance - 200 - M
Refarance input Slew Rate - 15 — Vipser
Reference Output Voltege - a7 — W
Zero Scele Offset - £1.0 E3 14 my
Power Supply Sensitivity Vg = 212V to 18V - + 015 0. % VEg/V
Power Dissipation gyt =0 - 225 350 mi
Logic input Currant {Each Input, =BV 10 (VL — .7V} - 1 — rey
Logic Input “D" - - 08 v
Logic Input 1" 20 - - v
Full Scale Cutput Voltage
10 Velt Models (X71) {See Note} +10.0 - +11.6 W
& Volt Models { X2} +5.00 — +5.75 v

NOTE: Reference Cutput terminal connected diractly to Refsrance Input terminal ang pin 18, R = 2K{2, all logic inputs = 2.0V,

10-10




DAC-02

DEF'N'T'ON OF SPEC' F'CATIONS SEE SECTION 13 FOR COMPLETE D/A CONVERTER

DEFINITIONS

LOGIC 0~

The {tow} logic input voltage necessary to hold a bit OFF. ZERO SCALE OFFSET

LOGIC 1" The output voltage (Vg produced by a zero scale input
The (high) iogic input voltage necessary to hold a bit ON. code {000000K)000}

APPLICATION NOTES

FULL SCALE ADJUSTMEMT—Full Scale output voltage may be FULL-SCALE ADJUSTMENT CIRCUIT
trimmed by use of a potentiometer ang serigs resistor ds shown;

however, best results will be obtaired if 2 Tow tempeo resistor is

used or if pot and resistor (empcos match. Alternatively, a singla

pot of » 76K may be used.

REFERENCE OUTPUT=Far bast rasults, Reference Qutput gurrent J‘;“—m”“ HPUTE v
shguld not exceed 100uA, T i T ] I '[ ] I ] I [
nerssENE : [

F“U:-E 10w T CURREMT aniL08
USE WITH EXTERNAL REFERENCES—Positive-polarity external LI @E“ peen outhrt
refarence voltages raferred to Analog Ground may be applied to the i is Dac-03
Reference Input terminal to imprbve full scale tempeo, 10 provide P
tracking to other system elements, or to slave a number of DAC-03's GRGUND J
1o the Reference Qutput of any one of them, =

QIGITAL GROUND we

REFERENCE INPUT BYPASS—Lowest noise and fastest settling
operation will be cbtained by bypassing the Reference Input ta
Anatog Graund with a 0.010F disk capacitor.

GROUNDING—for optimurn noise rejection, separate digital and
analog grounds have been brought out, Best resuits witl be obtained
if thesa grounds are connected together at one point only, preferabby
near the DACO3Z package, so that large digital currents do not flow
through the analog ground path.

LOWER RESOLUTION APPLICATIONS—For applications not
vequiring full 10 bit resolution, unused [ogc inputs shauld be tied
ta ground.

POWER SUPPLIES=The DAC-03 will apeiate within specifications

for power supples ranging from 12V tw +18V. Power supplies

should be bypassed near the package with a 01eF disk capacitor, CAPACITIVE LOADING-the cutput cperational amplifier pro-
Chip users shouid connact the substrate to V- vides stable operation with capacitive loads up to 100pF,

INTERFACING WITH CMOS LOGIC

The DAC-03's fogic input stages require about 1uA and are vt V=
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
LMOS logic and D/A converter must use the same positive
power supply.

wOLTARE

baC-03 SUTPUT

LOGHE NPT IHPUTS 5 ¥ + LESS .7 YOLTS

¥ INai48,
In this special case, a diode should be placed in series with the
CMOS driving device’s Vpp lead as shown in Figure 1. The Vg DTS
diode limits Vpp to V+ less .7 volt—since the output from the CHMas DRIVING
CMOS device cannot exceed this value, the DAC maximum Vag
input valtage rule is satisfied. Summarizing: in all applications, _i_
the DAC-03 requires sither no interfacing compaonents, or at -
most a single inexpensive dioke for full CMOS compatibility.

FIGURE 3
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| DAC-04]

TWO'S COMPLEMENT 10 BIT D/A CONVERTER

GENERAL DESCRIPTION FEATURES

The DAC-D4 is a complete 10 bit Two's Complement D/A

Converter on a single 82 x 148 mil mongclithic chip. All els-

ments of a complate bipolar output Twa's Complement DAC m Complete . ...... Inciudes Reference and Op Amp
arg included—precision \r;ltage reference, current steering ® Compact ............ Single 18 Pin DIP Package
fogie, current sources, R-2R resistor network, bipolar offset .

S X . = Bipolar Out i i
circuit and high speed internally compensated output op amp. Ipolar put Two's Complement Co@lllg
Monotanicity guaranteed over the entire 0° to+70° Ctempera- W Monotonicity Guarantsed
ture range is achieved using an untrimmed diffused R-2R B Neonlipearity ... ... ...... .. .... ., .11LSB
resistor network. The buffered reference input is capabie of B OFast .« oo e 1.5 psec Settling Time
tracking over a wide range of voltages, increasing application

i + +
fiexibitity. The user may also easity implement QOne's Com- W Standard Power Supplies ......... X12Vto 218V
plement, Straight QOffset Binary, or unipolar operation. The 8 Low Power Consumption .. ......... 300 mW Max
112V to £18Y power supply range, low power consumption = TTL, CMOS Compatible Inputs
TTL and CMOS compatibility, choice of full scale output . a
valtages and adaptable logic coding capability assure utility in W Reliable . ... .....100% Burned-in 72 Hrs @ +125°C
awide range of applications.

SIMPLIFIED SCHEMATIC AND PIN CONNECTION DIAGRAM

e ~—— QGITAL LOGIC INPUTS ey [
SIGN BT |1 AT |2 2T |2 BT |4 T8 Y )& BT |7 T8 aT | § HIT | K] ilwml}iel'ﬁ
] [ ) 4 & 8 T a ] (3] B 13

FEFERENCE {1
LUTPUT

HGITAL | 111
GREUND

AMALCEG
14] TUTPUT
13 )
AMRAL G GROLND l W
ORDERING INFORMATION
MODEL oUTPUT MONOTONICITY FS TEMPCO TEMP ARANGE FACKAGE
DAC-04ACX2 5y 10 BITS 90 ppmy” C MAX o+ 18 #IN HERMETIC CIP
DAC-O04BCX2 1B 9 BITS 90 ppm/”C MAX o° 14707 C 18 PIN HERMETIC DIP
BAC-Q4CCK2 By 8 BITS 00 ppm/~C MAX 0°+70° C 18 PIN HERMETIC GIP
DAC-DADOX2 5y TBITS 150 ppmi~C MAX 0°H+70°C i3 PIN HERMETIC DIP
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DAC-04

ABSOLUTE MAXIMUM RATINGS

Operating Temperature Range 0° 1o +70°C Internal Reference Qutput Current 300 uA
Storage Temperature Range -65°C to +150°C Reference Input Voltage 0to +10V
V+ Supply to Analog Ground Q1o +iBY Internal Power Dissipation 500 mW
W= Supply to Analog Ground Qw-18Y l.ead Soldering Temperature 300°C (60 sech
Analog Ground to Digital Ground 0 to £0.6V Output Short Circuit Duration Indefinite

Logig Inputs to Digital Ground -BW to (V4 — .7V} {Short circuit may be to ground or gither supply.}

ELECTRICAL CHARACTERISTICS

These specifications apply for Vg 2 15V and over the 0°C to +70° C temperature range, unless otherwise specifivd,

GRADES AC, BC, CC GRADE DD
Parameatar Condition Min Typ Max | Min Typ Max Units
Resolution 10 10 10 10 10 10 bits
Manotonicity Qa0 +70°C
{See Note 1) Grade AC 10 - - bits
Grade BC 4 - — bits
Grade CC g - - bits
Grade DD ¥ - - bits
a"C to +70°C
Nonlinearity Grade AC - +4 %
{See Mote 1) Grade BC - - 0. %
Gracle CC - - 102 £
Grade DD - - 4| %
Settling Time To =1/2 L5B, 10 Volt Step - 15 - - 25 - KEEC
Full Scale Ternpco Tokal, 1nternal Rafarence Connaected - 45 a0 - Bl 160 ppm® G
Full Scale Tempco Zero Drift External Refarence Applied - 30 - - 50 — pran G
Aeference Input Bias Current — 100 - - 100 — nA
Referance lnput Impedance - 200 - - 200 - Mo
Reference input Stew Rate - 1.5 - - 1.5 — W se
Reference Cutput Yaoltage - 67 - - 5.7 - W
Unipolar Zero Scale Cutput Yoltage | Short Pin 18 ta ground (See Note 21 - 150 - 5.0 — my
Bipaler Offset Voltage Short Pins. 15 gnd 18 to Pin 17 {See Nute 34| -5.0 - -0.1} -850 - -0.1] ™ Range
Power SUupRty Sensitivity Vg~ £12V to 18V - +0Q.018 +0.1 - 1018 - By
Pawer Dissipation Wogr=0 - 235 Jelale) - 300 350 aty]
Logic baput Current Each input, -5V ta (V+ — .7V} - 14Q - - 1.0 — i
Legic Input Q" - - ag - - [iX: BT
Logic Input "1" 20 - — 20 - -
Full Scale Output Range Short Pin 15 to Pin 17 (See MNowe 4) 10 - 115 | 19 - 16| Vv

NOTE 1:  This parameter 15 100% tasted at 0°C, +25°C and +70°C

NOTE 2: May be operated in 0 to +1QY Unipolar mode by shorting Pin 18 to ground.

NOTE 3:  Bipolar Offset Voltage is immalbe 10 exact Two's or Ona's Complement condition with the circuit shown on the next page.
NOTE 4. Full Scale Qutput Voltage is trimrable to exast desired ourput range of 10% weth the circuit shosyn an the next page.
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DAC-04

DEFINITION OF SPECIFICATIONS

BIPOLAR OFFSET VOLTAGE 1/2(IVEg4l—IVpg |}
The maximum error dug to asymmetry around zero output
expressed as a percentage of Full Scale Qutput Range.

FULL SCALE OUTPUT RANGE

The peak-to-peak voltage swing of the converter's output,
i.e. [Veg4lHVFS-1| for bipolar operation, and {VF5-Vzg!
for unipolar operation,

NEGATIVE 8IPOLAR FULL SCALE OUTPUT VOLTAGE

(VEs-)
The output voltage for 1006000001 input code for Twa’s

SEE SECTION 13 FOR COMPLETE D/A CONVERTER
DEFINITHONS

Complement coding, ar the output voltage for 1000000000
input code for One's Complement coding.

POSITIVE BIFOLAR FULL SCALE OUTPUT VOLTAGE
(VEg+
The output for 0111111111 input code.

UNIPGLAR FULL SCALE QUTPUT VOLTAGE (Vggl
The (positive) output voltage for 0111111111 input code.

UNIPOLAR ZERO SCALE QUTPUT VOLTAGE {Vzg)
The output voltage for 1000000000 input code.

OPERATING INSTRUCTIONS

ADMUSTING FOR TWO'S COMPLEMENT CODING

1. Connect Full Scale Adjust and Bipolar Adjust Circuitry as shown

in figure,
2. Turn all bits off {Vpg_—LSBI— 10000 00000
3. Adjust Bipolar Fot for Vg, —LSB at output ... —5B0028Y
4, Turnallbits on iWEgy ) - 017111113711
& Adjust Full Scale Pot far desired VEgy value . +5.0000v
6

Check Zera Scale Reading Wz — 0000000400

If this reading is outside desired W zg range, readjust Bipalar Pot
till the output reads 0.0000 V.

TWO'S COMPLEMENT CODING TABLE

INPUT IDEAL

MSE LSB OUTPUT

VEg+ 11111 11 +5.000v
Ves+—LSE 0 1 1 11 11110 +4.030V
+1 LSB 0000000001 +0.010V
Zero D ODO00DDO0O0 0 O 0.000V
-1 Lse AR TS T TR TR U N S B -0.010v
VEg_+LSB 1 0 0 0 0D 0 0 0 1D -4.990v
Ve 1 0DDDOOD0 O ! -5,000V

ADJUSTING FOR ONE'S COMPLEMENT CODING

1. Connect Full Scale Adjust end Bipelar Adjust Circuitry as shown
in above Figura,

2, Turnallbus off (Veg 1 — 1000000000
3. Adjust Bipolar Pot for VEg_atouviput ... ... L -5.0000v
4 Turnallbitson (VEg — 01111111141

5. Adjust Fuil Scale Pot for desired Vg, value . . ., . +5.0000%
ONE'S COMPLEMENT CODING TABLE

INPUT IDEAL

MSE LSB OUTPUT
VEg+ 01111 11111 +5,000%
Ves+—LSB 0 1 1 1 1 111 10 +4.990V
+{] 00 0Q0CO0OQ0CO0OGCGO +0.005Y
-0 1111111111 -0.008v
Wpg-+LSB 1 0 0 0 D D D O O 1 —4,990Y
VEg_ 1000000000 -5.000V

FULL SCALE OUTPUT RANGE AND
BIPOLAR QOFFSET ADJUSTMENT CIRCLNT

—— e NGITAL INPUTS
0u 1 8] v

T6 CLMRENT
IURCE DRWER
ann g
1 ‘ ouTRUT
Dol -d
N O A G CER L B
] ™ out i a0

et

BIFRILAG FFEET
ABIUET MO

mrrE APFLICATIGN WDTES FOR DETHILE
TIE TO GACAIRG FOR LINIRDL LR DEERAT IDN

GELCIR LOW TG

WNOTE that wwo zero states will siraddle {£1/2 LSB) the true zero.
Therefore the [PAC will have symmetricat outputs for both positive
and negative full scale,

EXTERMNAL ADJUSTMENT NETWORK—Full Scale Qutput Range
and Bipolar Offset may be adjusted by using the circuit shown in
the figure above. Best results wili be obtained when low tempeo
pots and resistars 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 outpui states are relabeled. To
converty the QAC-04 to Straight Offset Binary code operation,
simply place a logic inverter in series with the M5B input {Fin 1)
and imyert the M5B value shown in steps 2, snd 4 of the One's
Compigment adjustmant procadure shown above.

STRAIGHT OFFSET BINARY CODING TABLE

INFUT {DEAL

MSE LSB QUTPUT
VEge 11 1 1 1 1 1 1 1% 1 +5.000V
Vege—1LSB 1 1 7 1 1 1 1 11 +4,990V
+1/2 LSB 19 000C00O0CGDO0 +0.005Y
Zero
-1/2Ls8 gt 11117111 =0.008V
VEs—HILSB Q0 ¢ 00 OO0 0001 =4.290v
Veg. o000 dao 0000 —-5.000v

REFERENCE OUTPUT—For bast results, Reference Qutput current
should not excesd 100pA.
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DAC-04

OPERATING INSTRUCTIONS - CONT'D

USE WITH EXTERNAL REFERENCES—Positive-polarity extarnal
reference voltages referred to Analog Ground may be appiied 1o the
Reference Input terminal to improve full scale tempco, to provide
tracking ta other systern elements, or to siave & number of DAC-04's
1o the Reference Cutput of any one of them,

POWER SUPPLIES-The DAC-04 will operate within specifications
far power supplies ranging from £12V to =183V, Power supplies
should be bypassed near the package with a 0.1uF disk capacitor,
Chip users should connect the substrate (o V-,

GROUNDING—for optimum noise rejection, separate digital and
analog grounds have been brought out. Best resuits will be obtained
if these grounds are connactad tegether at one point only, preferably
at the DAC)4 package, so that large digital currents do not flow
thraugh the analog ground path.

CAPACITIVE LOADING—the output operational amplifier pro-
vides stable operation with capacitive loads up to 100pF,

REFEAEMNCE INPUT BYPASS—Lowast noise and fastest settling
operation wiil be obtained by bypassing the Reference Input 1o
Analog Ground with a 0.01uF disk capacitor,

VARIABLE REFERENCES—Operation as a twoquadrant muylti-
piying DAC is achieved by applying an analog input varying between
& and +10V 1o the Reference 'nput terminal, The DAC autpul is
than the scaled product of this voltage and the digital input. A
reference input of B.27V will preduce approximately nominal
Qutput range,

LOWER RESOLUTION APPLICATIONS—For applications not
requiring fuil 10 bit resalution, unused logic Inputs should be tied 1o
ground.

UNIPQLAR DPERATION—COgperation as a 10V positive output
10 bit converter may be implemented by permanently tying pin 18
to ground.
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DAC-05

11 BIT DIGITAL TO ANALOG CONVERTER

GENERAL DESCRIPTION

The DAC-05 is a complete, monelithie, Sign Plus 10 Biy DAC
with a voltage output. A precision voltage reference, a logic-
controlled polarity switch, and a high speed {1.5 psec settling
time] output op amp are ingluded. Monotonicity, non-
linearity, power consumption, and full scale temperature
coefficient are guaranteed over the tull operaiing temperature
range, Reliability is enhanced by a monolithic design, 100%
burn-in, and a hermetic DIP package. Six low cost 0°/70°C
and six ~556%/+125°C models are available plus six modets with
MI_-STD-8E3A Class B processing.

{10 BITS PLUS SIGN)

FEATURES

m Complets ... __.... Includes Reference and Op Amp
& Bipolar Qutput . ........... Sign/Magnitude Coding
w Fast .. .................. 1.5 usec Settling Time

= Monotonicity and Nonlinearity Guaranteed

W Reliable . . ......... 100% Burned-in 72 Hrs @+125°C
.- 350 mW Max
....... Single 18 Min Hermetic DIP Paclage

® Low Power Consumption ... .. .. .
m Compact
B Choice of Qutput Ranges . . . . ... ...... 5V or 210V

= Models with MIL-STD-883A Class B
Processing Available From Stock

SIMPLIFEED SCHEMATIC

PIN CONNECTIONS

IGITAL thPUTS
s
A R e m MW op R B

SRS & & Ak

W
BIT 1 M3E 1 —]81 s |l—12 saneTneuT 1= POBITIVE
gr: z.—{mr RO |— 17 REFERENCE OUTFUT
RT3 3—1B2 v+ | o-—~ 16 POSITIVE POWER SUPFLY
EITd 44— B3 Al | — 18 BREFERENCE INFUT
BITS & —- |BS EQ - 14 ANALOGOUTPUT
BTG 6— @8 Al 17 ANALOG GROUND
BIT? 7---— 87 ¥- —— 12 MEGATIVE POWER SURPLY
Bt &#—Ba DG —— 1t NGITAL GROUND
EBIT3 o —po BIR}—-—10 BIT 10 L58
TOP VIEW
18 PIN HERMETIC DUAL-IN-LINE
[X-Suffie)

ORDERING INFORMATION

MODEL MONOTONICITY TEMP RANGE
DAC-O5AXT {ar 21 I0EBITS -55°14125°¢
DAC-05BX1 (o7 21 9 BITS -55°/+125°C
DAC-05CX1 (or 2) 3 BITS 65 /+125°C
DAC-O5EX1 {or 2} 10 BITS 0 +70°C
DACOSFXT [or 2} 9 BITS o i+70°C
DAGCO5GXT {or 2) 8 BITS 0 +70°C

NOTE: Use suffix X1 for £ 10% output or suffix X2 for 5% output.

Military Temperature Range Devices
with MIL-STD-8834A Class B Processing:

MGDEL MONOTONICITY
DAC 05883-AX1 {or 2} 10 BITS
DAC 05883-BX1 lor 2} 9 BITS
CAC 05-883-CX1 {or 21 B BITS
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DAC-05

ABSOLUTE MAXIMUM RATINGS

Operating Tempserature Range

DAC-05AB.C
OAC-05EF.G
Storage Temperature Range
W+ Supply to Analog Ground
W-Supply to Analog Ground

-B6°C to +126°C
0°C to +70°C
-65°C 1o +150°C
0to +18V

Oto -18V

Analog Ground to Digital Ground
Logic Inputs to Digital Ground

internal Reference Qutput Current

Reference Input Valtage
Internal Power Dissipation

Lead Soldering Temperature

Qutput Short Circuit Duration
{Shart circuit may be to graund or either supply.

D1to 0.6V

~BV 10 {V, - .7V
300uA

Q1o +10V

500 mW

300°C {60 secl
Indefinite

ELECTRICAL CHARACTERISTICS — MILITARY GRADES

These specifications apply for Vg = £15V and T, = -66”C to +125° C unless otherwise specified.

DAC-08 A DAC-058 DAC-05C
Pararnater Symbol Conditions Min |Typ [Max |[Min |Typ |Max [Min (jTyp |Max [Units
Resalution Including Sign 11 11 11 11 11 11 11 11 11 |bits
Monotonicity 1o - - 9 - - g - —  |bizs
Nonlinearity NL. T, =0°Cro+70°C - j- o1 |- |~ |2~ |~ [:04 [xFs
T, 7 -55'Cto +125°¢C — = 02| - | - ]3| - | - |wo5 [wFs
Full Scale Termpco TCVFS Internal Reference Connected - 30 [e] - 4% 80 - g0 (120 |JopmSC
Enternal Reference Connected - 30 - - 10 - — 30 - pom e
Full Scale Qutput Yoltage Vegy Sign Bit High (Nate 1} 1000 — [+ s|«100 — |+n15+100l — [+n15]Y
{x1 Sutfix) Veg | $1an Bit Low (Note 1) -115; — |-100]-1158] — |-100[-115] - [-00(v
Full Scale Qutput Yoltage Vigs Sign Bit High (Moe 1} 45,00 — |45.75(+65.00| - 5.751+5.00]) -~ .78 v
(X2 Suffix} Vpg. | Sign Bit Low (Note 1) 575 _ |-5.00]-675] — | 500|675 — | 500V
Zerp Scale Offsar VFS+ TA o A5 - 10| 50 | - 101 50 - 10 | 50 jmv
leilgg‘i:r?:.g:\;] TA = -B5°C to +125°C - 2.0 10 - 20 10 - 20 10 |mv
Zero Scale Symmetry Mot 2) - +40 | 10 - ~40 )10 — 4.0 |10 |my
X1 Suffix) .
Zero Scale Symmetry {Mote 2} — 20|50 - 20150 — 2.0 (450 |jmYy
(X2 Suffixl
Fuil Scale Bipolar Symmetry TA = +26°C {Note 3) — 10 | =80 ~ [*10 {50 — |£10 [ 50 |mV
113 Suffix) T, = -85°Cto +125°C — |e20 [e70 [ = [z20 [+70 | - {:20 {:70 [mv
Ful' Scale Bipolar Symmigtry TA = +25°C (Note 3} - 50 | 258 — |50 35 — |50 [+26 |mv
1%2 Suffix} T o = -55°C ro +125°C — =10 [135 | — |10 |36 | — [110 |35 |mv
Settling Time T, To = % LSB, 10V Change - 15 - — 15 — - 15 - fta:1d
Meference Input Slew Rate - 15 - — 15 - - 15 - Wixsec
Reference Input Bias Current - |1 | - - [0 ] - — || — [nA
Reference Input Impedance - 200 - - 200 - — | 200 - | M
Reference Cutput Vollage - 87y — - 67| ~ - B7| — |V
Logic Input Current ‘IN Each Input, =BV to (V4 ~ TV} - +1.01 210 — 1,01 =10 — 10 | 10 |uA
Logic Input 07" VIL - - 0% - - a8 - - 08 |V
Lagic Input 17 VIH 20 - - 2.0 - - 20| - - W
Power Supply Sensitwity TA = +25°C - (002,008 - 002005 | — (002005 %VFS!V
Wg =12V w0 218V) T, = -B5°C 10 +125°C - Joos] 04 ] ~ fo0s] e ] — Jogs| 01 [wvegv
Fower Dissipation Tu= +25°¢ — | 200 | 300 — 200 | 200 — | 200 | 300 |mw
gy =0 T, - 55°C to +126°C — [zs0 [0 | ~ |zs0 | 30 | — |25C |30 |mW

MOTE 1: Referance Qutput terminal connected directly to Reference Input terminal, RL = 2K4, all logic inputs = 2.0 V.,

NOTE 2: Zero Scale Symmetry is the change in the cutput vohtage produced by switching the Sign Bit with 3t logic bits low WZS‘* —VZS B

MOTE 3: Full Scale Bipolar Symmetry is the magnitude of the difference between 'VFS+| and IVFS_I.
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DAC-0B

CONNECTION INFORMATION

FULL SCALE ADJUSTMENT - Full Scale output voltage may be trimmed by
of & potentiometer and serias resistor as shown; however, best results will ba ohtained
if & low tempeo resistor is used or if pot and resistor tempcos match, Alternatively, a
single potof = 79K may be used,
REFEREMNCE INPUT BYPASS - Lowest noise and fastest settling operation wiil
obtained by hypassing the Reference Input to Analog Ground with a 1) Q1uF disk capacitor.
GROUNDING - For optimum noise rejection, ssparate digital and analog grounds have

peen brought out. Best results will be obtained if these grounds are connected together

at one point only, preferably near the DAC-05 package, sothatthe large digital currents
do nat flow through the analog ground path.

use

be

FULL SCALE ADJUSTMENT CIRCWUHT

e DIGITAL MPLTS

weges L]

L3B DN

L]

g

=

REFEMEWCE
INBUT
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ELECTRICAL CHARACTERISTICS— COMMERCIAL GRADES

These specifications apply for Vg =15V and Ta~ 0°C to +70" € unless otherwise spacified.

DAC-05E CDAC-06F BAC-05G
Parameter Symbal Conditions Min |Typ [Max |[Min |Typ | Max Min |Typ | Max |Units

Resolution Including Sign 11 11 11 11 i1 11 11 11 11 [bits
Monotonicity 10 - - ] - - a8 = —  |bits
Montinearity ML To™ +26°C - — =201 | - - |=02] - — | 0.4 |%F%

TA =8¢ 1o 7070 - — #2| - — D3| — - 056 | %FS
Full Scale Tempco Tt:.‘\-":5 Internal Reference Connected - 45 [100 - 45 [ 100 — 45 | 100 [ppmiC
Note 4} External Referance Connected - kit - — 30 - - kil — ppmi°C
Full Scale Dutput Yoltage VFS+ sign Bit High {MNote 11 +10.0f - +11.5/+100] = +11.56+10.0| - +16IY
131 Suttin Ves_ | Sian Bit Low (Note 1) -5l — {-wof-11s| — |-100fs] - | -100(v
Full Scale Output Voltage VFS+ Sign Bit High (Mate 1} +500 — . 75|+500| — | HBIBM00] — | #6575V
(X2 Buifix} Ves_  |Sian Bit Low (Note 1) 575| - |-500]875] - |[-B00fs.7s] — | 5.00]V
Zerq Scale Offset VZS*’ T.R =25°C. - 10| 5.0 | — 18] 5.0 - 1.0 5.0 |m¥
ﬁilggti:::f:v; , T,-0Ct 70°C = |20l 10 | = |28] © [ = | 20| 10 [mv
Zero Scale Symmetry {iNowe 2) — (=40 | £10 - 401210 — +40] £10 Imy
{x1 SuHix)
Zoro Scale Symmetry (Nate 21 — +20 |60 | — 20| 80| — |£2.0] 5.0 |mv
(%2 Suffix}
Full Scale Bipolar Symmetry Ty = +26°C (Nate 3} — |+t0 | 50 — [#10 | 50 — (£10 1 50 Im¥
(X1 Sutfix) T, =0°Cto +10°C — Jsao [s70 | — [e20 [ 270 | — 20| 270 [mv
Full Scale Bipelar Symmetry TA = 425°C [Mote 3} — 150|285 — |58 125 — | 50| £25 [mV¥
{X2 Sutfix) T,-0Cta+/0°C — [+10 |38 | — |+10 | 238 | — |:i0] -36 |mVv
Settling Time To £ % LSB, 10V Change - 18] — - 15| — - 15 —  |usec
Reference Input Slew Rate - 15| — - 15 — = 15| — | WVhseco
Reference Input Bias Current - 100 — - 100 - - g ~ na
Reference Input Impedance — (200 - — (200 - — (200 - Miz
Reference Output Woltage - 67| — - 67 - - 67| - W
Logit Input Current IIN Each Input, -BY 1o {v+ - 7V} - +1.0 | 10 — +1.01 +10 - 10| +10 |ua
Logic Input 0" V“_ — - 08t — — 08| - - 08 |v
Logic Input 3" UIH 2.0 — - 204 — - 20( — - W
Power Supply Sensitivity TA = +25°C - 002 005 - Q.02 | G.05 - 0.02| 0.08 %VFSN'
Vg =212V to 518V} T, -0Cw+70°C — Joos| o1 — [oos| o1 ] - [00s[ o |wv .~
Power Dissipation TA =+25°C —  |200 | 300 — |200 | 300 _ 200. 300 | mw
Uoyr =0 T, =0Cto+70°C < l28D 386 | — |280 | 460 | — | 250 | 360 | mw
NOTE 1: Reference Quiput terminal connected directly to Reference Input terminal, ] = 2K51 2l logic inpuls = 2.0 V.
NOTE 2: Zero Scale Symmetry is the change in the output voltage produced by switching the Sign Bit with all logic bits tlaw (Voo Voo I
MOTE 3: Full Scale Bipalar Symmetry 15 the magnitude of the difference between IVF5+I and IVFS_I.
MOTE 4: Parametar is not 100% tested; 90% of units mest this specification.
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DAC-DS

APPLICATIONS INFORMATION

LOWER RESOLUTION APPLICATIONS - For applications not
requiring full 10 bit resolution, unused lagic inputs should be tied
1o ground,

UNIPOLAR OPERATION - Qperation as a 10 bit straight binary
converter may be implemented by permanently tying the Sign Bit
ta +5v {For positive Full Scale ourput) or to ground {for negative
Full Scale cutput).

PFOWER SUPPLIES - The DAC-05 will operate within specifications
for power supplies ranging from :12V 10 £18Y. Power supplies
should be bypassed near the package with a 0.1uF disk capacitor.

CAPACITIVE LOADING - The cutput operational amplifier pro-
vides stable operatian with capacitive [oads up 1o S00pF.

REFERENLE OUTPUT - For best results, Reference Qutput cur-
rent should not exceed 100uA,

USE WITH EXTERNAL REFERENCES - Positive-polarity external
reference woltages referred 1o Analog Ground may be applied to the
Reference Input terminal to improve Tull scale tempoo, 1O provide
tracking (o other system glements, or to slave a3 rnumber of
DAC-08s to the Reference Qutput of any ore of them,

SIGN PLUS MAGNITUDE CODING TABLE

SIGN 8IT MSB LEB
+ FULL SCALE 1 T 11111 1t 111
+ "HALF" SCALE i 1000 00000 CO0
ZERQ SCALE {+} 1 00000 GCO0OO0CO0OD
ZERQ SCALE 1-} Q Q00000000 C0
- "HALF" SCALE a9 100000 0OCGD0OO0
-FULL SCALE ] 1t 1 1 1 11 1111
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DAC-06

TWO'S COMPLEMENT 10 BIT D/A CONVERTER

GENERAL DESCRIPTION

The DAC-06 is a complete, monolithic, Twe's Complement
10 Bit DAC with a voltage output, A precision voltage refer-
ence, R-2R resistor network, bipolar offset circuit, and g high
speed (1.8 usec settling timel output op amp are included.
Monotonicity, nonlinearity, power consumpticn, and full scale
ternparature coefficiant are guaranteed over the full operating
ternperature range. Reliability is enhanced by a monolithic
design, 100% burn-in, and a hermetic DIP package. Three low
cost 0°/70° C and three -65° /+126° C models are available plus
three models with MIL-STD-B834 Class B processing.

FEATURES

m Complete ......Includes Reference and Op Amp
& Bipolar Qutput . . . .. Two's Complernent Coding
- Fast ................ 1.5 ysec Settling Time
B Monotonicity and Nonlinearity Guaranteed

= HReliable , .. ... 100% Burned-in 72 Hrs @ +125°C
W Low Power Consumption . ........350 mW Max
= Compact .. .. Single 18 Pin Hermetic DIP Package
= Models with MIL-STD-883A Class B Processing

Available From Stock

SIMPLIFIED SCHEMATIC

PIN CONNECTIONS

é(»:.trn
Chinatan

S
SIGN BIT1 1— —| 81 ga |—1& BIFQLAR ADIUST
BITZ 2 —— B2 AO —— 17 AEFERENCE DUTPUT
EBIT3 3— 83 vwe - 18 POSITIVE POWER SUFPLY
BITd 4 —Ea Rl }-—-15 HREFERENCE INPUT
8lTs 5 - (BB EQ [—— 14 ANALOG QUTPUT
RITE &—|BE AG — 13 ANALOG GROUND
B} 7 —B7 V- 12 NEGATIVE POWER SUPPLY
BITA & - —EE (211 |—-_ 1 GIGITAL GROUND
EIT® 99— B3 RO W BIT 10 LR
TOF VIEW

18 PIN HERMETIC DUAL-IN-LINE
{X-Buffix)

ORDERING INFORMATION

MODEL MONOTONICITY TEMP RANGE
DAC-08AX A0 BITS =557 [+126°C
DACOBBX 9BITS -55°1+126°C
BAC-OBCX BEITS -£5°1+125°C
DAG-OBEX 10BITS [gaslvidsl
DACDBFX 9 BITS 0 H70°C
DACLBGX 8 BITS 0°/+70°C

Military Temperatire Range Devices
with MIL-STD3B3A Class B Processing:

MODEL MONOTONICITY
DACOBSE3-AX 10 BITS
DACOB-882-BX g BITS
DACOES23-CX B BITS
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OAC-06

ABSOLUTE MAXIMUM RATINGS

Operating Temperature Range

DAC-06A, B, C -55°C 1o +125°C
DAC.DSE, F, G 0°Cto +70°C
Storage Temperature Range -65°C to +160°C
V+ Supply 1o Analog Ground O1to +18Y
V- Supply to Analog Ground Oto -18V
Analog Ground to Digital Ground 0o 0.5

Logic Inputs to Digital Graund -5V 1o [V, - V)

Internal Reference Quitput Current 300LA
Reference Input Voltage 0 to +10V
Bipolar Offset Input Voltage 0 to +10v
Internal Power Dissipation 500 mwW
Lead Soldering Temperature 300°C {60 sec)
Output Short Circuit Duration Indefinite

[Shart circuit may be to ground or either supply.}

DAC-06 DEFINITIONS

FULL SCALE OUTPUT RANGE—The peak-topedk voltage swing
of the corverwr's output, i, (VEg++HIVeg-| for hipolar operation,
and |V E5-Vzg) for unipolar operation.

POSITIVE BIPOLAR FULL SCALE OUTPUT VOLTAGE IVEgl—
The output for 0111111111 input code.

MNEGATIVE BAPOLAR FULL SCALE QOUTPUT VOLTAGE(Vgg I—
The output voltage for 1000000007 input code for Two's Comple-
meant ¢oding, or the output voltage for 1000000000 input code for
One's Complemnent coding.

UNIPOLAR FULL SCALE OUTPUT VOLTAGE (VEgl—The (posi-
tivel gutput voltage for 01111711111 input code.

UNIPOLAR ZERO SCALE DUTPUT VOLTAGE (Vzg)— The output
voltage For 1000000000 input code.

BIPOLAR OFFSET VOLTAGE 1/2W pg4 HVEg-11—The maximurm
arrgr due 1o asymmetry arcund zers output expressed as a percent-
age of Full Scale Qutput Range. (This is adjustable to zero—see
Adjustment Frocedures on the last page.)

LEAST SIGNIFICANT B4T ILSBI—The smallest incremental cutput
change obtainable, which is ideally equal to the full scale output
range divided by -t . where n = number of hits of resolution,

MOST SIGNIFICANT BIT (MSBI—The largest incremental oulput
change obtainable by switching a single logic input, ideally squal to
the ideal LS8 multipfied by 21 where n = number af hirs aof
resolution. In Twa's and One’s Complemeant Converters this MSB is
imveried with respect 1o the other {kinary) bits and is used as 3 sign
bit; this feature iz incorporated into the DAC-06 design.

MONOTONICITY ~Having gach Successive outhut state greater than
or equal 1o the preceding ane when the DAC is sequenced through
all sugeessiva states fram Vpg_ 1o Vegt.

FULL SCALE TEMPERATURE COEFFICSENT—Change in absalute
full scale output renge in ppm between 25°C and either temperature
extreme divided by the corrésponding change in temperature,

POWER SUPPLY SENSITIVITY—The ratio of the percentage change
in full scale output range to the change in the supply vollage pro-
duging it.

ELECTRICAL CHARACTERISTICS — MILITARY GRADES

These specifications apply for VS =*15V and TA= -55°C to +125°C unless otherwise specified.

BAC-0GA DAC-08B OAC-06C
Paramater Symbaol Conditions Min | Typ | Max ; Min | Typ | Max | Min | Typ | Max | Units

Resclution 10 iQ 10 10 10 i w0 o 10 | bits
Mengtonicity 10 -~ - g - - 8 - - bits
Monlingarity ML Ty o°Cto 70°C 1] - - 02 - - 04l - — | %FsSR

TA = -B5°C to +125"C a2y -~ - 03] - - 05| — — | %FSR
Full Scale Tempen TCV g { Internal Reference Connected - 30 60 - 45 a| — 60 [ 120 | ppm/°C

External Reference Connected - 3¢ - — 30 - — 30 — t ppmfC
Full §cale Qutput Range FSA I[:zfe_::- NFS+’ 10 3 s 0 3 S _ nslv
gg:zlear';irc;xlzguﬁrt Vag Ta= +25jC — | 10| 50 — | 18 | 5.0 — 110 {50 [ mVy

‘I'A=—55‘Cto+125"c - |20 10 - 120 10 -} 20 10 | mv
o Otfset Valtoge BV g Vg 0 20| - |-61|-50] - | 01| 80| — | -01] ursn
Sertling Time tg To =% LSB, 10 Valt Step - |15 — - 118 — - 115 — | uec
Reference Input Siew Rate — 15 — — 15 —- —- 15 - Vipsee
Reference Input Bias Current — 100 - - 100 — - 100 - na
Reference Input fmpedance — 200 - - 200 - - 200 - BALY
Reference Qutput Yoitage - | 87 - - | 67 - — | 87 - | ¥
Logic Input Current IIN Each Input, 5% o {V+— V) — 1.0 10 - +10[ =10 - 1.0 10| pA
Lagic Input 0" Vi = — | o8 - — | 08 — - |oB | v
Legic Input 1" VIH 2.0 - — |20 - — |20 — - v
Power Supply Sensitivity TA = +26°C — | 0.02( 005] -- ! 0o02| 008 ~ | 002 D06 BFSHY
fVg = =12V to 218V T, - 55°Cto+125°C —VToos[01 | — o[ on | — | 005]01 | %Fsiv
Powver Dissipation TA =425 — | 200 200 — | 200 | 200 — | 200 | 300 | mw
Moyr =@ T =55 Cto 250 — e[ 0| - |20 Wo| — | 2506 | 350 | mw

NOTE 1: Reference output terminal connected 10 Reference Input terminal and to Bipolar Adjust termunal with R, = 2K.0.
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DAC-06

CONNECTION INFORMATION
EXTERNAL ADJUSTMENTS - Full Scale Range and Bipolar
Symmetry may be adjusted using the connections shown with tha
procadures an the next page. f———— DIBITAL INPUT§ ————————n,
SIGN B1T LSE W
REFERENCE INPUT BYPASS - Lowest noise and fastest settling IMBEB!
operation witl be ohrained by bypassing the Reference Input and |
2| 3 4 5] s 7| 8 3 10 15
the Bipolar Offset Adjust inpurs with 001uF disc capacitors
connected to Analog Ground, s;ﬁﬂccténg::\‘rgn
GROUNDING - For optimum naise rejection, separate digital and @ ANALOG
znalog grounds have been brought out. Best results will be obtained -‘ CUTPUT
if these grounds are connected together at one peint only, prefer- 14
ably at the DAC-06 package, so that large digital currents do not 3
flow through the analog ground path. LY
REFERENCE OUTPUT - For best results, Referance Qutput ANA |13 REF 1= REF 11T BIRlE oialn 2
current should not exceed 100uA. GND IN ouT ADS GND
USE WITH EXTERNAL REFERENCES - Positive-polarity exter- *
nal reference voltages referred to Analag Ground may be applied to 20k
the Reference Input terminal to improve full scale tempco, to
. ) FULL SCALE BIPCLAR OFFSET
provide tracking to ather systern slements, or to slave a nmber of ADJUET POT* ABJUST POT
DAC-D8's to the Referance Qutpur of any one of them,
UNIFI’OLAR OPERATION - Dperation as a 10V positive gutput BORO® LOW T.C.
10 bit convertar may be irnplemented by permanently tying pin 18 =
o graund,
LOWER RESOLUTION AFPLICATIONS - For applications not
requiring full 10 bit resolution, unused legic inputs should be tied NOTE: Feor unipglar oparation, amit the Bipolar offset adjustment
to ground. potentiometer,
ELECTRICAL CHARACTERISTICS - COMMERCIAL GRADES
These specifications apply for Vg =16V and T, = 0°C to 70°C unless otherwise specified.
DAC-0GE DAC-06F DAC-06G
Paramater Symbol Conditions Min | Tye (Max | Min [ Typ [ Max | Min | Typ | Max | Units
Resolution 10 1o 10 1G 0 1Q 10 1Q 10 | bits
Manctonicity 10 - - 9 - - 8 - — | tits
Monlinearity ML TA = 426°C o1 - - 02| — - 04l — - | ®FSR
TA =0°C to 470°C 2| - - 031 - - 05| - — | %F5R
Full Scale Tempeo TCVFS Internal Refarence Connected - 48 | 100 - 45 { 100 - 46 1 100 { ppm/C
{Note 2} External Reference Connected - 30 | - - | - - 30 ~ | epm{°C
Full Scale Output Hange F5H v |+ 1
Fs- TFSY 1w ) - [ns| o] - |ns| 1w} - 18|y
{Note 1}
Unipodar Zero Beale Qutput Vo T, =+26°C - ig] 50| - 10| 50 - 0] S0 my
WVoltage {Pin 18 w0 Pin 11} a
TA =0°C 1o +70°C - 201 10 - 20 10 — 20| 10 [ my
Bipolar Offset Voltage bAIRY B
FS+ RS- — - — E _
{Pin 15 1o 18 and 17) £0 -0 | 50 0.1 | 5.0 0.1 | %F5R
Settling Time g To £ LSB, 10 Volt Step - 15| - - 151 — - 15 — | usec
Reference Input Slew Rate — 15| — — 1.5 - — 15| — Viusec
Raference Input Bias Current - 100 - - |10 - — | 100 — I nA
Reference input {mpedance — (200 | - — |200 | — — 1200} — | M
Refarence Quiput Voltage - 67 | — - 67| — - 67 — W
Logic In_put Current ‘IN Each Input, -5V to (V+— TV - 1.0 [£10 — 1.0 +10Q - +1.0| £ 10| wA
Lagic Input 0" VL - — 08| -~ — og| - — 08| v
Legic Input 1" VIH 20| - - 200 - - 20| - - | ¥
Power Supply Sensitivity Tp = +26°C — (002 (006 | - (002|005 —~ [002| 0.05| %F3/V
W =12V to 1BV}
3 TA =0°C to +70°C — {005 @1 ~ Q05 Q| — |008| 03] %FS/V
Powver DHssipation TA = 428°C — 200 300 — 1200 | 300 — | 200 | 300 ; mW
{1 =0l
ouT T, = 07Cto+70°C — ]250 |30 | — [ 260 [ 360 | — |250 | 350 | mw
NOTE 1: Reference Dutput terminal connected to Reference Input terminal and to Bipolar Adjust terminal with RL = 2K5L.
NOTE 2: Parameter is not 100% tasted; 30% of units meet this specification.
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DAC-0&

 ADJUSTMENT PROCEDURES

ADJUSTING FOR TWO'S COMPLEMENT CODING

1. Turn all bits off 1VFS_-LSBi — 1000000000

2. Adjust Bipolar Pot for VFS_—LSB at output
for +BY operation adjust to -5.0098Y.

F—D0i11111111

3. Turnall bits on {VFS+

4, Adjust Full 3cale Pot For desired VFS"’ value ... ..o e
for 5% operation adjust output fo +5 0000V,

§. Check Zero Scale Reading {VZS} —qQQ00000000
If this reading is outside desired VZS range, readjust Bipokar Pot
1ill the output reads 0.0000 v,

TWO'S COMPLEMENT CODING TABLE

INPUT

IDEAL

MSB LSE  OUTPUT
Vess 04 11113 4B000V
Vg, — LS8 04 1 1 1 11 1 10  +4990V
+1 158 09000000001 000V
zero 0000000000 0.000v
-1 L8 LI T T T T N N T NS B X 11419
Vpg tLSB 1000 0010 -4990V
Vg, 1 0 0001 5000V

IMPLEMENTING STRAIGHT OFFSET BINARY CODING -—
Straight Offset Binary coding is axactly the same as One"s Comple-
ment cading except that the most significant bit occurs in true,
rather than inverted form and the output states are relabeled. To
convery the DAC06 o Straight Qffset Binary code oppera-
tion, 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
Qne's Complement adjustrment procedurs,

ADJUSTING FOR ONE'S COMPLEMENT CODING
1. Turn all bits off (VFS_] — 100000090040

2. Adjust Bipolar Pot for VFS- at output
for 8Y gperation adjust to -5.0000% .

3. Turnallhilson[VFs+l—01 11111 1 11

4. Adjust Full Scale Pot for desired W value ,
for =BV operation adjust autput to +5.0000v,

QONE'S COMPLEMENT CODMNG TABLE

INFUT fDEAL

MSE LsSB OUTPUT

YESy o1 11111110 +5.000V
Vpgy— LSB 01111111 1t10 +4. 930V
+0 000000090 +0.005Y
-0 T 1131111 11 -0006v
Vg +LSE 100G0C000O0O0I1 -4.980v
Veg. 1000600000 TC0 -6.000v

MOTE that 1wo zero states will straddie {+% LS8} the true zero.
Therefore the DAC will give syrmmetrical outputs for both positive
and negative full scale.

STRAIGHT GFFSET BINARY CODING TABLE

TNPFLUIT IDEAL
MSB L5 CUTPUT
W FS+ LI T I O B IO B B | +5.000v
Vieg— 1L56 11+t 1111 310 +4.990V
+% LSB 1000 0G600O0CC0CGQ +H1.005Y
Zerg
- % L5B Ot 1t 111111 -0.005V
Vpg t1 LS8 i} [ o t] 1 -4.930v
VFS— a] 0 000 -5 000y

10-23




U

DAC-08]

8 BIT HIGH SPEED MULTIPLYING D/A CONVERTER

GENERAL OESCRIPTION

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 low power consumption. Monotonic
multiplying performance is attained aver a wide 40 to 1
reference current range, Matching 1o within 1 LS8 between
reference and full scale currents eliminates the need for full
scale trimming in most applications. Direct interface to ail
popular logic families with full noise immunity is provided by
the high swing, adjustable thresheld logic inputs.

High voitage compliance dual complementary current outputs
are provided, increasing versatility and enabling differential
operation 1o effectively double the peak-to-peak output swing.
In many apalications, the cutputs can be directly converted to
voltage without the need for an external op amp.

All DAC-08 series models guarantee full 8 bit monctonicity,
and nonlinearities as tight as 10,1%over the entire operating
ternperature range are available. Device performance is essen:
tially unchanged over the 4.6Y to 218V power supply range,
with 33 mW power consumption attainable at 5V supptlies.

UNIVERSAL DIGITAL LOGIC INTERFACE
FEATURES

W Fast Settling Owiput Current . . . ... ... ... ... 85 nsec
BB Full Scale Current Prematched to £1 LSB

& Direct Interface to TTL, CMOS, ECL, HTL, PMOS

B Monlinearity to £0.1% Max Over Temp Range

M High Output Impedance and Compliance . . -1V to +18V
B Differential Current Qutputs

B Wide Range Multiplying Capability . . . . 1 MHz Bandwidth

W Low FSCurrentDrift. .. .............. +10ppm/°C
= Wide Powey Supply Range . . .. ........ +4.8V to 18V
W Low Power Consumption . ........... 33 mW @ 15V
'- Low Cost

The compact size and low power consumption make the
DAC-08 attractive for portable and militaryfaerospace applica-
tions; devices processed toMIL-STD-883A, Level B are available.

DALC-08 appiications include 8 bit, 1 usec A/D  converters,
seryo-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.

EQUIVALENT CIRCUIT

s L
m ar L L By Bt [:id nn

SR D A A A R
S

cnsar | |
SWITCMTS ‘fl

-———

oac 98

FIGURE 1

ORDERING INFORMATION AND PIN CONNECTION
THRESHOLD CONTROL 1 & COMPENSATION
TouTt2 15 ¥REF -}
W— 3 14 VREF (4
oyt 4 13 v+
MSB 81 5 12 BE LSB
B2 & ner
B3T [l 13
BAB 9 BS
e TOP VIEW
4t 16 PIN HERMETIC DUAL-IN-LINE
1Q-Buffix)

MODEL TEMP RANGE NONLINEARITY
DACDBAG BE°H 2R +0.1%
DAC-080 -5E°/+125°C £5.19%
DAC-DBHO otirnec +0,1%
DAC-DBEQ [l 20.19%
DACOECO [t +0,39%

Military Temperature Ranga Devices
With MIL-STD-B83A Class B Process'ng:
ORDER: DAC-08-883-AQ

DAC-08-883-0
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DAC-0OB

ABSOLUTE MAXIMUM RATIMNGS

{Ta = 26°C unless otherwise noted. )

Operating Temperature
DAC-0BAL, Q
GAC-DBEQ, CO,HQ

Storage Temperature

-55"C 10 +125°C
0°C to +70°C
—657C ta +180°C
500 mwW
10mW/°C

300°C 60 sec)

Power Dissipation
Derate above 100°C

Lead Soldering Tempearature

Vi Supply to ¥V~ Supply 36V
Logic Inputs V- 10 V- plus 36V
Vie V—to V+
Analog Current Qutputs See Fig. 12
Reference Inputs (W4, Vi5} W=to W+
Reference Input Differential Voltage (V4 to Vgl *1BY
Reference fnput Current (114} 5.0mA

TYPICAL PERFORMANCE PHOTOGRAPHS

FIGURE 2
TRUE AND COMPLEMENTARY OQUTPUT OPERATION

D ma - laoT

2.0 mh - e [ OUT

00000000 Htnm

FYGURE 3
FULL SCALE SETTLING TIME

alt s swiiched ON

24%-~
LAGIC
INFUT

04 V- o
QUTPLT  -1/2L5B_
SETTLING

+1/2 L5B -

S0 nsee Adivision

SETTLING TIME FIXTURE OF FIGURE 29
lpg = 2mA R *1K R
/2 LSB = 4ph

FIGURE 4
LSB SWITCHING

Z.4 ¥~ 3

BIT 8
LOGIC INPUT

50 nsec Adivision

FIGURE b
FAST PULSED REFERENCE OPERATION

200 nsec/dinision
S5Ee FIGURE 27
Reg= 2004
RL=100n

Ce=0
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DAC-0B

ELECTRICAL CHARACTERISTICS

These specifications apply for Vg = 16V, iger = 2.0 mA, T = —55°C to +125°C unless otherwise spacified. Quiput
characteristics refer to both lgyt and lgyr.

DAC-08A DAC-08
Paramatar Symbnl Conditigns Min Typ Max Min Typ Max Units
Resolution 8 B & 8 8 8 bits
Maonatonicity 8 8 8 8 8 8 bits
Nonlinearity Tp =-55°C to +125°C — — 201 — — +0.19] % FS
Settling Time 1 To %188, all bits - 85 135 - 85 135 nsec
switched QN or OFF
Tg = 25°C
Propagation Delay L tPHL | Ta =25°C
Each bit - i) &0 - 35 60 nsec
All hits switched - 35 a0 - 35 €0 nsec
Full Scale Tempco TClgg — =10 +50 - £10 +50 ppmi©C
O t Voltage C Ii v Fuil scale current chenge —10 - +18 —10 - +18 Yalt
utput Voltage Compliance oc <% LEB alts
RouT > 20 Megohm typ.
Full Scale Current [[3-¥1 VREF = 10,000V 1.984 1992 2.000 194 199 2,04 ma
Ryg . Rqg= 5000k 51
Tp =260
Full Scale Symmetry IFss IEs4 - IF32 - +0.5 40 - 10 8.0 i
Zern Scale Current 175 — 0.1 1.0 — Q.2 2.0 HA
Qutput Current Range IFSRH W— =60V Q 20 21 i} 2.0 21 ma
V- = 7.0V o -18V a 20 4.2 o] 20 4.2 ma
Logic Input Levels
Logic "0 VL _ - - 08 - — Q.8 Valts
Logic 1" VK vie =ov 2.0 - - 20 - - Volts
Logic Input Current Vg =ov
Logic 0" L Vi = —10V to +0.8Y - -20 -10 - 2.0 10 HA
Logic 17 HH VN = 2.0V 1w 1BV - 0,002 10 - 0.002 10 HA
Logic Input Swing Vg W—=-15V 10 - +18 -10 — +18 Volts
Legic Threshold Range VTHR Vg e 15V -10 - +135 =10 - +135{ Volts
Reference Biag Current 15 - -1.0 -3.0 - -1.0 -3.0 A,
Reference Inpur Slew Rate ol /dt See Figs. 5, 27 4.0 8.0 - 4.0 5.0 - mA e
Power Supply Sensitivity PSSIEge V+ =45V o0 18Y - +0.0003] 0.0% - +0.0003 | 0.1 %
PSSIpg_ Y— =15V 10 18V - +0,002 0. - £0.002 0,01 %%
IRgfF = 1.0 mA
Power Supply Current Vg = 5, Igpp = 1.0mA
I+ - 2.3 38 — 2.3 38 ma
- - -43 -58 — -4.3 -58 mA
Vg =45V, —18V,
\REF ~ 2.0 mA
I+ - 24 38 - 24 3.8 ma
- - -65.4 -78 - -64 -18 ma
Vg = t18Y, Iggp = 20 mA
1+ - 258 ag — 25 38 mA
- - -85 -7.8 - -65 -78 mA
Power Dissipation PD +5Y, 'HEF =1.0mA - 33 48 - 33 43 myy
+BY 1BV, Igep = 20 mA - 108 136 — 108 136 mw
GV, Igeg = 2.0 mA - 135 174 - 135 174 mw
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DAC-03

ELECTRICAL CHARACTERISTICS

These specifications apply for Vg = =15V, Igpp = 2.0 mA, Ta = 0°C to 70°C unless otherwise specified, Quiput characteristics refer to bath

louT and 150
DAC-G8H DAC-03E BAC-DSC
Parameter Symbol Conditions Min Tvp Max Min Typ Max Min Typ Max Enits
Resclution £ 8 8 8 8 8 2 B 8 bits
Monatonicity 8 8 # 8 B 8 ] bits
Monlinearity Ta = 0°C to 70°C - - =01 - - +0.18 - - 0,39 % FS
Settling Time ts To % LSE, all bits - as 135 - 85 150 - 35 150 nse;
switched ON or OFF
Ta = 25°C
Fropegation Delay
Each bit PLH Ta = 235°C - 35 60 - ] =] - 35 €0 nsgc
Al bits switched oy - 35 60 - 3B €0 - 35 60 nsec
Full Scale Tempea |TCIpg - j+10 J3:30) — |+ 50 — |10 20 ppmi©C
Qutput Voltage Voo Full scale current -10 — +1B ~10 - +15 =10 - +18 Volts
Compliance change < % LS8
RouT > 20 Megohm
wp.
Full Seate Current |IEga Vrere = 10000V 1924 1992 | 2.000 194 192 204 1.94 198 2.04 mé
R14, Rig = 5.000k 2
Ta =25°C
Fuli Scale = k54 — IFs2 — 0.5 14,0 - 10 +B.0 - 20 =16 WA
Symmetry
Zero Scale Curremt |1zg - 0.1 1.0 - 0.z 20 - Q2 40 [1Y.%
Qutput Currant SESR V- =-50V |43 20 21 ] 20 2.1 o] 20 21 mA
Range Ve = =70V to -1BY 1} 20 42 1} 20 4.2 4] 2.0 4.2 i
Logic Input Levels
Logic 0 AT Vi =0v - - 0g - - 0B - - 08 Volts
Logic 1" Wiy 2.0 - - 2.0 - - 20 - - Valts
Liagic Input Current Vi =0V
Logic “0" h Wiy = 10V to +).8YV - -2.0 -10 - 20 -10 - 20 -10 wi
Logic “1"" [IT%] Yy = 2.0V 10 1BY - 0.002 10 - 0.002 0 - 0.002 10 re.s
Logic input Swing (Vg V- = -15V -10 — +18 -10 - +i8 -10 — +18 Vaolts
Logic Threshold VTHR | Ve = +1BY ~10 — +13%5 |-10 - +135 | -10 - +13.5 Volts
Range
Reference Bias 115 — -1.0 -3.0 - -1.0 -3.0 - -1.0 -3.0 A
Current
Reference nput difdr See Figs. 8, 27 4.0 a0 — 4.0 8.0 - 4.0 g0 - mad
Slew Rote HSEC
Power Supply PS5IEgy| W+ = 45V to 1BV — | =00003 =001 — 20,0003 0010 —  |:0.0003) 001 %%
Sensitivity PSSIEg.| V-~ 4.5V to =18V - |+0002 | -001| — lipgoz| 2001] - [-0002| £001 | %%
Iggp = 1.0 mA
Power Supply Vg = 15V,
Current I+ IREF = 1.0 maA - 3 38 - 23 3B - 23 38 mA
1- - -4.3 58 - -4.3 -58 — 4.3 -58 mA
Vg = +BV, =16V
I+ IgeF = 2.0 mA - 24 38 - 24 38 - 2.4 38 mh
- - -G.4 =78 - 5.4 -1.8 — -6.4 -78 mé
Wg =215V
I+ ireF =20 maA — 25 38 - 25 28 - 25 KRS mi
- — —£.8 -8 - -6.5 -78 - 65 -8 1l
Pawer Dissipation |Pp 5W, IRpF = 1.0 mA - 33 48 - 33 43 - 33 48 m
5V, -5V Igpp=20
i -~ |08 136 — 1103 1368 ~ | 108 136 m
+18Y, iggp = 2.0 mA — |13 174 - 135 174 — (135 174 miy
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Dac-08

TYP{CAL PERFORMANCE CURVES
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DAC-08

TYPICAL PERFORMANCE CURVES
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BASIC CONNECTIONS

FIGURE 18
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DAC-08

BASIC CONNECTIONS

FIGURE 24
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DAC-08

APPLICATIONS INFORMATION

REFERENCE AMPLIFIER SETUP

The DAC-DB is a muitiplying 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 OmA. The full scale output current
is a linear function of the reference current and is given by:

| 258 w3 wh | |
ES = — rer where Iger = h14.
s 256

In positive reference applications (Fig. 181, an external
pasitive reference voltage forces current through Rygq into the
Vrerw terminal {pin 14) of the reference amplifier. Alter-
natively, a negative reference may be apphied 10 VRgry o at
pin 15 (Fig. 20); reference current flows from graund through
R1s into VReFis) 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 equat
to and tracks the voltage at pin 15 due to the high gain of the
internal reference amplifier. Ryg (nominally equal 1o RByg) is
used to cancel bias current errors; Ryg may be eliminated with
only a minor increasg in error.

Bipolar references may be accomodated by offsetting Vrep or
pin 15 as shown in Fig. 28. The negative common mode range
of the reference amplifier is given by: Vem- = V- plus
{tger X 1 KL} plus 2.6V, The positive common mode range is
W+ less 1.5V,

When a DC reference is used, a reference bypass capacitor is
recommended. A B0V TTL Iogic supply is not recommended
as a reference . If a reguiated power supply is used a5 areference,
Ry4 should be split into two resistors with the junction
bypassed to ground with a 0.1 gF capacitor,

For most applications, a 1000V reference is recommended for
optimum full scale temperature coefficient perfarmance. This
will minimize the contributions of reference amplifier Vg
and TCWVgpg. For most applications the tight relationship
between lgep and Ipg will eliminate the need for trimming
lper. If required, full scale trimming may be accomplished
by adjusting the value of R4, or by using a potentiomeater for
Rys. An improved method of full scale trimming which
eliminates potentiometer T.C. effects in shown in Fig. 19.

Using Tower values of reference current reduces negative power
supply current and increases reference amplifier negative com-
man 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 0.0 pF capacitor is recommended, For variable reference
applications, see section entitled *'Reference Amplifier Com-
pensation for Muitiplying Applications.”

MULTIPLYING OPERATION

The DAC-08 provides excelient muftiplying performance
with an extremely linear relationship between lpg and Iger
over a range of 4 mA to 4 uA, Monotonic operation is main-
tained over a typical range of Iggp from 100 1A to 4.0mA;
consult factory for devices selected for monotonic operation
over wider |reF ranges.

REFERENCE AMPLIFIER COMPENSATION FOR
MULTIPLYING APPLICATIONS

AC reference applications will reguire the reference amplifier
o be compensated using a capacitor from pin 16 10 V—, The
value of this capacitor depends on the impedance presented to
pin 14: far Rqq values of 1.0, 2.6 and 5.0K$2, minimum values
of C; are 15, 37, and 75 pF. Larger values of Ryg4 require
proportionately increased values of C for proper phase margin.

For fastest response 1o a pulse, low values of R4 enabling
small C. values should be used. If pin 14 is driven by a high
impedanse such 35 a transistor current source, none of the
above wvalues will suffice and the amplifier must be heavily
compensated which will decrease overall bandwidth and slew
rate. For Rqgq = 1 K{ and C = 15 pF, the reference amplifier
siews at 4 mA/usec enabling a transition from lgep = 0 to
Iger = 2 mA in 50Q nsec,

COperation with pulse inputs to the reference amplifier may be
accomodated by an ahernate compensation scheme shown in
Fig. 27. This technique provides lowest full scale transition
times, An internal clamp allows guick recovery of the reference
amplifier from a cutoff (lgge = 0} condition. Full scale
transition (0 to 2mA) oocurs in 120 nsec when the equivalent
impedance at pin 14 is 200 £ and C_ = 0. This vieids a
reference slew rate of 16 mA/usec which is reletively indepen-
dent of Ry, and Wy, values.

LOGIC INPUTS

The DAC-08 design incorporates a unique logic input
circuit which enables direct interface to ali popular logic
families and provides maximum ngise immunity, This feature
is made possible by the large input swing capability, 21tA logic
input current and completely adfustable fogic threshold
voltage. For W— = —18¥, the logic inputs may swing between
—i0V and H18Y. This enables direct interface with +15V
CMOS logic, even when the DACO8 is powsered from a
+5% supply. Minimum input logic swing nd minimum logic
threshold voltage are given by: V— plus {{ggr X 1K) plus
2.6%. The logic threshold may be adjusted over a wide range
by placing an appropriate valtage at the logic threshold contro!
pin {pin 1, V). Fig. 11 shows the relationship hetween Vi ¢
and V1 over the temperature range, with Vg nominally 1.4
above V| ¢. For TTL and DTL interface, simply ground pin 1.
When interfacing ECL., an lger = 1mA is recommended. For
interfacing other logic farmilies, see Fig. 26. For general setup.
of the logic controf circuit, it should be noted that pin 1 will
source 100 uA typical; external circuitry should be designed to
accommodate this current.

Fastest settling times are obtained when pin 1 sees a low
impedance. If pin 1 is connected 1o a 1 K& divider, for
example, it should be bypassed to ground hy a0.014F capacitor.
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APPLICATIONS INFORMATION

ANALOG OUTPUT CURRENTS

Both true and complemented outpuit sink currents are provided,
where lg + 1o = lgg. Current appears at the “true” output
when a 1" is applied to each logic input. As the binary count
ingraases, the sink current at pin 4 increases proportionally, in
the fashion of a “positive logic’™” /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. & decreasing logic court increases G
as in a negative or inverted logic DfA converter. Both outputs
may be used sirmultanecusly. 'f one of the ocutputs i5 not
required it must still be connected (o ground or 1o a peoint
capable of sourcing lgg; do not leave an unused output pin
apen,

Bath outputs have an extremely wide veltage compliance
enabling fast direct current-to-voltage conversion through 2
resistor tied to ground or other voltage source. Positive
compliance is 36V above V— and is independent of the positive
supply. Negative compliance is given by V= plus {Iggp X1 K<)
plus 2.5V,

The dual outputs enable double the usual peak-to-peak ioad
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 transftormers.

POWER SUPPLIES

The DAC-OB operates over a wide range of power supply
voltages from a total supply of 9V to 36Y. When operating at
supplies of £8Y or less, Igge < 1 mA is recommended. Low
reference current gperation decreases power cansumption and
increases negative compliance, reference amplifier negative
common mode range, negative logic input range, and negative
logic threshold range; consult the various figures for guidance.
For example, operation at —4.5V with lges = 2 mA is not
recommended because negative output compliance would be
reduced to near 2ero. Operation from lower supplies is possible,
however at least 8V total must be applisd to insure turn-on
of the internal bias network.

Symmetrical supplies are not required, as the DACOS is
guite insensitive to variations in supply voltage, Battery
operation is feasible as no ground connection is required:
however, an artificial ground may te oseful to insure logic
swings, etc. remain between acceptable lirmits.

Power consumption may be calculated as follows:

Py = {14} {v+) + {14} {V-} + 12 |gep) (V). A useful feature
of the DAC-08 design is that supply currentlis constant
and independent of input logic states; this is useful in crypto-
graphic applications and further servés 1o reduce the size of
the power supply bypass capacitors.

TEMPERATURE PERFORMANCE

The nonlinearity and monotoricity  specifications of the
DAC-08 are guaranteed to apply over the entire rated operating
temperature range, Full scale output current drify is tight,
typicaily =10 ppm/°C, with zero scale oputput current and
drift essentially negligible compared to 1/2 LSB.

Full scale cutput drift performance will be best with +10.0V
references as Yoz and TCVipg of the reference amplifier will
be very small compared to 10.0V. The temperature coefficient
ot the reference resistor Ry should match and track that of
the output resistor for minimum  overall full scale drift.
Settling times of the DAC-0B decrease approximately
10% a1 —55°C; at +125°C an increase of about 15% is typical.

SETTLING TIME

The [DAC-D8 is, capable of extremely fast settling tirmes,
typically 89nsec at fgpp= 2.0mA. Judicious circuit design and
careful board layout must be employed to obtain full perfor-
mance potential during testing and application. The |ogic
switch design enables propagation delays of only 35 nsec for
each of the 8 bits. Settling time to within 1/2 LSB of the
LS8 is therefore 35 nsec, with sach progressively larger bit
taking successively longer. The MSB settles in 85 nsec, thus
determining the overall settling time of 85 nseq. Settling to
G-t accuracy requires about 65 to 70 nsec. The output
capacitance  of the DAC-08 including the package is
approximately 15 pF, therefore the outpuet RC time constant
dominates settling time if R > 50082,

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. Settiing time also remains essentially
constant for lgge values down to 1.0mA, with gradual increases
for lower 1gee values, The principal advantage of higher |gep
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 uA, therefore a 1 Kil 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 KL load
with less than SpF of parasitic capacitance at the measurement
node. At Igee 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 Q1111111
to 10000000 provides an accurate indicator of settling time.
This cede change does not reguire the rormal 6.2 time
comstants to settle to within 20.2% of the final value, and thus
setthing times may be observed at lower values of lpgg.

DAC-08 swatching transients or “glitches” are very low
and may be further reduced by small capacitive loads at the
gutput at a minor sacrifice in settling time.

Fastest operation can be obtzined by using short leads,
minimizing output capacitance and load resistor values, and by
adequate bypassing at the supply, reference and V| ¢ terminals.
Supplies do not require farge electrolytic bypass capacitors as
the supply current drain is indgpendent of input logic states;
0.1 MF capacitors at the supply pins provide full transient
protection.
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DAC-20

2 DIGIT BCD HIGH SPEED MULTIPLYING DAC

GENERAL DESCRIPTION

The DAC-20 series af 2 digit BCD mondolithic multiplying
Digital-to-Analog Converters provide very high speed perfor-
mance coupled with low tost and outstanding applications
flexibility,

Advanced circuit design* achieves 85 nsec settling times with
very low “glitch™ and at low power consumption. Monotonic
multiplying performance is attained over a wide 40 to i
reference current range. Matching 1o within 1 LSB between
reference and full scale currents eliminates the nesd for full
scale trimming in most zpplications. Direct interface to alt
popular fogic farmilies with full noise immunity is provided by
the high swing, adjustable threshold logic inputs.

Duzl complementary current outputs with -10V to +18V
voltage compliance enable resistive terrnination, a voltage
output without an external ap amp.

All DAC-20 series models guarantee full 2 digit monotonicity,
and nonlinearities as tight as % LSB aver the entire operating
tesmperature range are avaiiable. Nonlinearity is unchanged over
the 4.5V to 218V power supply range, with 37VmW power
consumption attainable at 36V supplies.

UNIVERSAL DIGITAL LOGIC INTERFACE

FEATURES

B Fast Settling Qutput Current . . . . . ... ... ... 85 nsac
BB Full Scale Current Prematched to +1 LSB

® Direct Interface to TTL, CMOS, ECL, HTL, PROS

B Nonlinearity toe £% LSB Max Over Temp Range

B High Output Impedance and Complianee . . -10V to +18V
m Complementary Current Qutputs

= Wide Range Multiplying Capability . . . . 1 MHz Bandwidth
m Low FS Current Drift ................ t10ppm/C
m» Wide Power Supply Range . . . . . Cee e 248V to X188V
= Low Power Consumption ............ 37mW @ bV
m Low Cost

The compact size and low power consumption make the
DAC-20 attractive for portable and military/aerospace appli-
cations; devices processed to MIL-STD-BB3A, Level B, are
available.

DAC-20 applications include A/D converters, audio attenu-
ators, analog meter drivers, programmable power supplies,
high speed modems and other applications where low cost,
high speed and complete input/output versatility are required.

EQUIVALENT CIRCUIT

ORDERING INFORMATION AND PIN CONNECTION

THRESHOLO CONTROL | % COMPENSATION
fogt 2 15 VREF (<)
V-3 14 VREF 1+}
TouT 4 A'E
MSE BI 5 12 88 L5B
B26 it 87
B37 0BG
B48 2 B5
Tt TOP VIEW
16 PIN HERMETIC DUAL-IN-LINE
(Q-Buffix]
MODEL TEMP RANGE NONLINEARITY
DAC-2040 -55" /+126°C 1% LSB
DAC-200 SBET GG % LSE
DAC-20EQ 0% f70°C 1% LS8
DAC-2000 Qe 1% LSB

Military Temperatore Range Devices
With MIL-STD-8E3A Class B Processing:
ORDER: RAC20-883-A0

DAC20-883-Q
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DAC-20

ABSOLUTE MAXHIMUM RATINGS T 5 = 25°C unless atherwise notad)

Cperating Temperature Range
DAC-20A0, 0
DAC-20EQ, CQ

Storage Temperature Range

Bower Dissipation
Derate above 100°C

Lead Soldering Temperature

BE°Cto +125°C
0°C 1o +70°C
-85°C to H160°C
500w
10mWw/°c

300°C (B0 sec)

W+ Supply to V- Supply 36V
Lagic Inputs V- to V- plus 36V
Vi V- to W+
Reference Inputs (V4. Vi) Veto W+
Referance Input Differential Voltage (V410 V) 118V
Reference Inpur Current {194} 5.0mA

ELECTRICAL CHARACTERISTICS

These specifications apply for ¥g < =18V, IggF = 20 mA, Ta = -55°G 10 +125°C for DAC20A and DAC-20, T4 = 0°C to +70°C for DAC-20E

and DAC-20C, untess atherwise specified. Quiput characteristics reter o bath lgyT and iQyT.

DAC-20A, DAC-20E

DAC-20, DAC-20C

Paramater Eymbol Conditions Min Typ Max Min Typ Max Units
Aesolution BCD 0 to 99 seps 2 2 2 2 2 2 digits
Monotanicity BCD 99 steps 2 2 2 2 2 2 digits
Nanlinearity NL Fs= 1007 1001 - — | 4 — — 112 | LSB
Settling Time 15 To +¥%L58 (+0.5% F&) - &5 135 - 26 150 nsec

ali bits switched ON or
OFF. Ta = 25°C
Fropagation Delay tPLH. Ta= 26°C
Each bit tPHL - 35 &0 - 35 60 ngec
Al bits switched — 25 G - 35 [=\] TSEC
Full Scale Tempco TCIgsg - £10 =50 - £10 30 ppm}!"
Output Voltage Vo Fuli scale current change -10 +18§ -10 - +18 Valts
Comptiance <WLSR (< 0.5% FS)
Aoyt = 20 Megohm typ.
IREF = 1.0mA
Full Scals Corrent IEsa NREE O s ssl el zoo[ w9zl TR 208 A
(Digital input 10071 1001} T %0
Zero Scale Current Izs - G.t 25 -~ 02 5.0 1A
Qutput Current Range IFsa V= 5.0V 5} 2.0 22 0 20 22 mA,
Ve = 7.0V 10 18V J¢] 20 4.2 0 2.0 4.2 mA
Logic Input Levels
Lagic 0" Vi Vig=0v - -~ 08 - - 08 | Volts
Logic 1" ViH 20 - - 20 - — Valts
Logic input Current Vg =0V
Logic 0" TN Vi = -10V 1o +0.8V - -2.0 410 - -2.0 10 J7r.y
Leogic 17 L™ VN = 20V e 18V — 0.002 +10 -~ 0002 10 A
Logic input Swing Vg, V- =15V -10 — +18 10 - +18 Volts
Logic Threshold Range VTHRA Vg =1:15Y -10 - +135 =10 — +13.5 Vaolts
Reference Bias Current I4g - -1.0 =30 - -1.0 30 Jry.y
Reference Input Slaw di/dt 40 80 - 10 50 - mAS
Rate oL
Power Supply Sensitivity | PSSIpgy V4 =486V to 13V — =0.0003 003 - 00003 003 %%
PSSIEg. V-= 4510 -18Y - =0.002 +0.02 - 0,002 003 %%
iper = 1.0mA
Power Supply Current Vg =5V, IREF = 1.0 mA
|+ - 23 38 - 2.3 38 ma
1- - -50 -6.5 — -5.0 5.5 ma
Vg = 216V IREF =20 mA
I+ - 25 38 - 25 18 mA
- — -7.8 21 — ~7.8 -G.1 A
Fower Dissipation Po Ve = :BY, Iggg = 10 mA - 37 62 - 37 52 mw
Vs =:15¥, IRgp=2.0mA |~ 152 194 - 152 194 i
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BASIC OUTPUT CONNECTIONS

With complementary current outputs, the DAC-20 may be
usad with either positive true or negative true {complemsn-
tary} logic, Current appears at the “true’’ output [[U} when a
"1 is applied to a logic input. As the BCD-coded input
increases, the sink current at pin 4 increases proportionately,
in the fashion of a 'positive logic” D/A converter., When a
“Q" is applied to a logic input, that current is turned off at
pin 4 and on at pin 2 {E} which is used for negative true or
"negative logic™ D/& convertars.

The unused output must be connected to ground or some
voltage source capable of sourcing .65 times ‘REF' A detailed
discussion of reference input cperation begins on the next
paga.

Both outputs have an extremely wide voltage compliance
enabling fast direct current-to-voltage conversion through 3
resistor tied to ground or other wvoltage source. Positive
compliance is 36V above V- and is independent of the positive
supply. Megative compliance is given by V- plus “REF
X8008Y) plus 2.5V,

POSITIVE VOLTAGE OUTPUT

POSITIVE THUE LOGIC INPUTS

Mﬂ?w i tSDW

s e

—
‘REF

I LY.1313

LELTAH

MNEGATIVE TRUE LOGIC JNPUTS

"

Dag-x

= v+ - Cg Egy
‘t_{ |._.J
0.0 uF -l- O
[T JIT I 15
NORMALIZED | DHGITAL INPUT . E NORMALIZED | DIGITAL INPUT — €

INPUT MsD | LsD o 0 INPUT MSD | LSD o o

0 oono | oooo 0 0 0 11 1141 ) 0
10 0001 | 0000 § 0.20mA +1.07 10 110 | 1111 ¢ p20ma | +1.0v
20 0070 | 0000 | 0.40maA +2.0V 20 1901 | 131§ o4emAa | 20V
30 0011 | 0000 | 0.60mA +3.0V 30 100 | 1191 | 0.60mA +3.0V
a0 0100 | 000¢ | 0.80ma +4.0V a0 7011 | 11%1 | 0.80mA 4.0V
80 1000 | 0000 | 1.60ma +8.0v 80 o1 1" 160mA | +B.OV
99 {FS) 1001 #001 | 1.98ma 9.9y 99 {FS} 0110 | 0110 | 198ma | +o.9v

NEGATIVE VOLTAGE OUTPUT
FOSITIVE TAUE LOGIC INPYTS NEGATIVE TAUDE LOGIC INPUTS
FMSD— /-uLSO\ JFMSD\ r-lwx‘
D oo \ o DD £n O 0aD Q0 C) [
s M3e ILow H] ngy WS Lin oW 21
—0 -
]
=15V =15y
p—0 EpHIGH 2D 0, e i
% S00KS! = 5O
{J - )
ISy S5y 1454 1By
DIGITAL INPUT —
CIGITAL INPUT NORMALIZED 1 E
NORMALIZED | E NPUT weo | 50 a o
INPUT MSD 150 ° o
o 1111 1111 o 0
) 00
00 (- 6ooo 9 0 10 1110 | 1111 | 0.20mA 10V
0 00 | 0000 | 020ma “tov
20 1t 1111 | 0.40ma 20V
20 0010 | 0600 | 0.40ma 20V

20 0011 | 0000 | o.coma Rov 30 100 | 4111 | 0.60mA -30V
a0 0100 | oooe | 0goma | —a0v - - :::: '1"22'“: -4.av
80 1000 | osoe | 1.60ma | sov VL oite | oonie | Taam Sov
29 (FS}) 1001 | 1001 | 198ma | -9ev 99 1F8 Ama | o8V
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REFERENCE OPERATION

POSITIVE

TREF

—#  ggpltl £
Ve @—AAS— O] 12
FRer
1R1a paC-20
\«'RFFH
15
= R‘s 16 13

conp Ew
o1,.r nt,FI

= FOR FIXED REFERENCE, TTL
CPERATION, TYPICAL WALUES

o iREF B8 ARE:

F$" Fpgr 100 VREF - HI0.000W
RpgF - 5.0B0KE:

Yo v iy < bgpr 188 Fis ~Fper

FOR ALL LOGIG Cg ~O0OLF

INPLIT STATES FE - 1001 100

NEGATIVE
=MD — -
i ?z ? ? T
1
nEF Vagrt § 7 8 8
hC ]
RRer
IR 34} Dag -2
VRepl
—vggro—-*'\.f\.f\;———o— 15
R15 w 1

n

B

g

o

i T_Qn_._.
k=)

HE H
3

4

FOMt FIXED REFEREMCE, TTL
OPERATION, TYPICAL vALLES
ARE-

\eg - UREF , 99

F5° Rpep | WE VpEF * -19.000%
Fppp * 5.000K:

lgt iy = tgEp ¥ 145 Rz = Fper

FOR ALL LOGIC Gg 7 ROLF

INPUT STATES F§ = 1001 W01

REFERENCE AMPLIFIER SETUP

The DAC-20 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:
IFg = 99/100 X Iref where Igep = 144

In positive reference applications an  external positive
reference voltage forces current through R4 into the VRep(+)
terminal [pin 14} of tha reference amplifier. Alternatively, a
negative reference may be applied to VREpR(-! at pin 15;
reference current flows from ground through Rqg4 into
VRreptt] as in the positive reference case. This negative
reference connection has the advantage of a very high
impedance presented at pin 15. The voltage at pin 14 is egua!
to and tracks the voliage at pin 15 due o the high gain of the
internal reference amplifier. R15 {mominatly equal to RM:I is
used to cancel bias current errors and may be eliminated with

only a minor incredse in arror.
When a DC reference is used, a reference bypass capacitor is

recommended. A 5OV TTL logic supply is not recommended
as a reference, If a regulated power supply is used as a
reference, Rq4 should be split into two resistors with the
junction bypassed to ground with a O.1pF capacitor.

For most applications, a +10.0V reference such as the PMI
REF-01 is recommended for optimum full scale temperature
coefficient perfarmance. This will minimize the contributians
of reference amplifier VDS and TCVO . For most applications
the tight relationship betwesn lRE andg IFs will eliminate the
need for trimming | - 1f reguired, full scale wimming may
be accomplished by adjusting the value of R14.

The reference amplifier must be compensated by using a
capacitor from pin 16 to V-, For fixed reference operation,
a 0,01 pF capacitor is recommended. Far variable referance
applications, see section entitled “Multiplying Operation.”

TYPICAL REFERENCE PERFORMANCE CURVES

AEFERENCE AMP COMMON MODE RANGE
IDIGITAL INPUT 10017 1001)

Ta - o 1 1 rgha
B - .| +4——
ra -— —
T er-law wer By Y
geo — —— -
H AER: Zme
&
AR I RN
£ |
FNENN —
B - [
lagE
an .....'.7.. b— — agFimh
1
. f
o T H T twgrrD2ma —
I ! I 1 .
Lt - T
Sz -0 -B -6 4 -2 9 & B 40 o o g L

Wiy, REFFREMCE ’oumn nouc WELTAGE [apils]

NOTE: Positive comandn rmode rangs is always (V+)-1.5V;
RAgSLiVE COMMOn mode Fange is V= pI”S(IREF X
BOOLL plus 2.5V,

FULL SCALE CURRENT V5. REFERENCE CURRENT
IDIGITAL INPUT 1007 1001)

1
Byt T 16 T mge LiMitE FOR
2° Toun 10 T mg e 15
a0
o Lo i— T
! 1
s .
T . :
L | '
Y
) LIMT FOR
2 PR vy
n i
= T / b
[ S — - 1 JVOP SRS SN NSRRI AN
i
i i
“a ] 2.0 10 5 50

Jug . WEFERERCE TUARENT imat

NOTE: The recorminended rgnge for operetion with a DG
refarence currant is +0.2mA 1o +4.0ma,
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LOGIC INPUT OPERATION AND INTERFACING

¥LC

TTL, DTL
VIne 14V
CMOS, HTL, NMOS
DAC-20 Ve

20KQ2 :
g 2N3304
Vg = Ve + 1.4 Y 2N3204
+15Y CMOS, HTL, HNIL 14
VIHEHT6V 20K£2 —oTOPINT
+15y Vie
R3Z400uA
DAKL L 3
- _— l_. -

6.2 KD I O.1xF

LOGIC THRESHOLD CONTROL

The DAC-20 design incorporates a unigue logic input circuit
which enabies direct interface to all popular logic families and
provides maximum naise immunity. This feature is made
possible by the targe input swing capability, ZuA 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 CMQS$ togic,
even when the DAC-20 is powered from a +BY supply.
Minimum inbut logic swing and minimum logic threshold
voltage are given by: V- plus {IREF X 800fi} plus 2.5V.
The logic threshold may be adjusted over a wide range by
placing an appropriate voltage at the logic threshold control
pin {pin 1, VLC}'

The logic input threshold is 1.4Y above VLC‘ For TTL and
DTL interface, simply ground pin 1. When interfacing ECL,
an IREF = 1 m& is recommended. Far interfacing other logic
families, see the figure above. Pin 1 will source 100uA
typically, so the external circuitry must be designed to
actommodate this current.

Fastest settling times are obtained when pin 1 sees a low
impedance, Tf pin 1 is connected to a 1 K& divider, for
example, it should be bypassed to ground by a O.0IuF
capacitor,

TYPICAL PERFORMANCE CURVES

LOGIC INPUT CURRENT VS, INPUT VOLTAGE

URFENT 1ua:

LOG NPT

i

1

T
B I %
I_.J -] [ i
P | J [
Sz - -Po ED -40 -20 O L0 AD &0 BG W 12 M s IR
LOGIC INPYT WOLTAGE luoitsl

Vo~V . V5 TEMPERATURE

T LC
2 T
" .
t e RPN SN WS [ (SR PN S S
. h‘\"\
% 12 = ~y
; 1 ""'h_._h
3
roa
(=2
QA — -t
B o -
=50 50 WG »150

TEMPLRATURE '
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MULTIPLYING OPERATION

ACCOMODATING BIPOLAR REFERENCES PULSED REFERENCE OPERATION
o — *Yrer
o
Dag L CPTIDNAL RESISTOR
< FOR OFFSET INPUTS
r s 2’ Prer
L A 1
Ipp  PEAK NEGATIVE SWHING OF Iy
FIGURF & .3 —I L—-
TYPICAL VALKIES.
. e - 5K H,
Ve - v Ty = 1Y ’
PrEs
D420
WO AR
Fan DAy 15
Y p Ry ADPTIONALK Frer * Aig
HIGH THFLFT
IMPECHAMNCE

*pgp MUST BE ABOVE PEAK POSHIVE SYING OF ¥y

FIGLRE €&

The DAC-20 provides excellent multiplying perfarmance with
an extremely linear relationship between If5 and IREF over a
range of 4 mA to 4 A, Monotonic operation is maintained
over a typical range of IREF from 100 tA 1o 4.0 mA; consuli
factory for devices selected for monotonic operation over
wider IREF ranges.

Bipalar references may be zccomodated by offsetting VREF
or pin 15. The negative common mode range of the reference
amplifier is given by: Vop- = V- plus (IREF X 80082 plus
2.5V, The positive common mode range is V+ less 1.5V,

AC reference applications will require the reference amplifier
to be compensated using a capacitor from pin 18 to V-. The
value of this capacitor depends on the impedance presented to
pin 14: for R4 values of 1.0, 2.6 and 5.0KEL, minimum values
of Cg are 18, 37, and 75 pF. Larger values of Ryg require
proportionately increased values of Cg for proper phase
margin.

For fastest response to a pulse, {ow values of R4 enabling
small Cpr values should be used. If pin 14 is driven by 3 high
impedance such as a transistor current source, none aof the
above values will suffice and the amplitier must be heavily
compensated which will decrease overall bandwidth and slew
rate. For Rq4 = 1 K& and Cg = 15 pF, the reference amplifier
slews at 4 mA/usec enabling 2 transition from IRgF = 0 to
'REF = 2 mA in 500 nsec.

Operation with pulse inputs to the reference amplifier may be
accomodated by the alternate compensation scheme shown
above. This technigue provides lowest full scale transition
times. An internal clamp  allows guick recovery of the
reference amplifier from a cutoff (IREF = 0) condition. Full
scale transition {0 to 2 mA} occurs in 120 nsec when the
equivalent impedance at pin 14 is 20082 and Cc = 0. This
yields a reference slew rate of 16 mA/usec which is relatively
independent of BN and Vi values.

TYPICAL PERFORMANRCE CURVES

REFERENCE INPUT FREQUENCY RESPONSE
{DIGITAL INPUT 1001 1001}

T

. - —f—ft- H
2 4

- !

g o g \ +

:- ;

3 B W L L LT _L_\___i_ \

¥ s ¥0da

:j L AL 3300 ek |

3o NN
et \
.., -,- A
. | ¢

! 0. 2d

&n )
FACTULNCY iMuli

CUMVE | Loevdpf, Wiy 12 O p-g CENTERED AT #0O Yy Ero | kel
CURVE & C¢itbgr, vy = SGmva-n CENTERED 8T #2000, WEL. Wi

QUTPUT CURRENT V5. OUTPUT VOLTAGE
{QUTPUT VOLTAGE COMPLIANCE)
IDIGITAL YNPUT 1001 3001)

T T

Ta' Tun 10 T mos

PRT T8 - B

md

GUTPUT LURKENT Ima)

[ Imee-

[Rek T 0.2mA |

]

FEEIE

[

U-M -2 -1 -8k -4 e G 2 A

outPur VOLTAGT Drpilsl

[H
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DAC-20

POWER SUPPLY CONSIDERATIONS

The DAC-20 operates over a wide range of power supply
voltanes from a total supply of 9V to 36Y. When operating at
supplies of &Y or less, IREF = 1 mA is recommended. Low
reference current operation decreases power cansumption and
increases negative compliance, reference amplifier negative
common mode range, negative logic input range, and negative
logic threshold range; consult the various figures for guidance.
For example, operation at -4.5V with IRgF = 2 mA is nat
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-an of the internal bias network.

Symmetrical suppliss are nat required, as the DAGC-20 is quite
insensitive to variations in supply volitage. Battery operation
is feasible as no ground connection is required: however, an
artificial ground may be useful to insure logic swings, ete.
remain bhetween acceptable limits.

Power consumption may be calculated as follows:

Py = 041 IVH) + (14} (V=) +{ZIREF) (V-] A useful feature
of the DAC-20 design s that supply current is constant
ard independent of input logic states; this reduces the size of
the power suptly bypass capacitors.

TYPICAL PERFORMANCE CURVES

POWER SUPPLY CURRENT V5. V+

E
o

ALL BITS "HIGH" OF “LOW"

_‘

2
i
'
i
|
L

o
&

URAENT |mé|
f
!

— et — — —_—

-
t
1
1

FOWEA SUAPLY

ol
=)

o g0 40 [y i [ 2

[
W+, PORITIVE POWER SUPFLT ivaci

POWER SUPPLY CURRENT VS, V-

@
o

T T T T T
BITS MAY BE "HIGH DM LW l

| =
T

&

E- WITH Iggp 1 2mA

)
¥

i
&

4 4 -
1= WITH I gge ' Imh
P

T

1-#1TH g & 2mi

-
._\\_r_}_” ||

-
]

o

POWER SUPPLY CURRENT (midl

w
!

o

o 20 -4t &0 a4 -1 e L e
¥ - NEGATIVE POWER SUPPLY dvdcl

OUTPUT VOLTAGE COMPLIANCE VS. TEMPERATURE

HE

+B8

SHADED AREA IMOLCATES i RMISS:
LT WL TASE

+a4.0 T

6LE
FOR 5 . [REF & 7 X

OUTFUT WALTAGE Lrir]

T o 50 +100 1
TEMPEAATURE 1*Ch

POWER SUPPLY CURRENT V5. TEMPERATURE

(X4

T T T T | T
l ALL RITS "HiGe!" OF ‘L0w® Y | |
ral— 'I I — - g [P A Tt
W erEy (S

5 &0 = L - -4 —
£ , Tpee +2.0mt !
g s r
T !
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2
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& f — [ S
= WA Ry .
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2o 1 1
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DAC-20

APPLICATIONS INFORMATION

TEMPERATURE PERFORMANCE

The nonlingarity and mongtonicity specifications of the
DAC-20 are guaranteed to apply over the entire rated
operating temperature range. Full scale output current drift is
tight, typically 10 ppm/"C, with zero scale cutput current
and drift essentially negligible compared ta % LSB.

Full scale output drift performance will be best with +10.0V
references as W5 and TCV (S of the reference amplifier will
be very small compared to 10.0V. The temperature coefficient
of the reference resistor R4 should match and track that of
the output resistar for minimum overall full scale drift,
Settling times of the DAC-20 decrease approximately 10% at
-BB"C; at +125°C an increase of about 15% is typical,

SETTLING TIME OPTIMIZATION

The DAC-20 is capable of extremely fast settling times,
typically 85 nsec at Igep = 2.0 mA. Judicious circuit design
and careful board layout rmust be employed to obtain full
performance potential during testing and application. The
output capacitance of the DAC 20 including the package is
approximately 15 pF, therefore the gutput RC time constant
dominates settling time if Ry > 60082,

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 Vi ¢ terminals.
Supplies do not require large electrotytic bypass capacitors
as the supply current drain is independent of input logic
states; 0.1 pF capacitors at the supply pins provide full
transient protection.
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@ DAC-100

8 & 10 BIT DIGITAL-TO-ANALOG CONVERTER

GENERAL DESCRIPTION

FEATLURES
The DAC-100 is a complete 10 bit resolution Digital-to-
Anglog converter constructed on two monolithic chips in a B Complete. . .. ..ii e Internal Reference
single 16-pin DIP or 24-pin flatpack. Featuring exceltent non- = Flexible .. .0 to ZmA Dutput
1 ity ws. t . i
inearity wi. temperature performance, the DAC Iﬂﬂ_lnc!udes a m Fast Settling. . . . 225nsec (8 Bits), 375nsec (10 Bits)
low tempco voltage reference, 10 current source/switches and . o
a high stability thin-film RB-2R ladder netwerk. Maximum B Stable............ aTempo:s A *150”"'; © Max
application flexibility is provided by the fast current output = 0°C/+70°C, —25°C/+85°C, -55° C/+125°C Models
and by matched bipolar offset and feedback resistors which Available

are included for use with an external op amp for voltage out-
put applications. Although zll units have 10-bit resclution, a
wide choice of nonlinearity and tempco options is provided te
allow price/performance optimization.

TTL and DTL Compatible Logic lop

Wide Supply Range . . . .. ........ 6V to 18V
8 and 10 Bit Versions Availalie

MIL-STD-883A Class B Processing Models Available
Low Cast Q3, Q4 Series

The smali size, wide operating temperature range, low powser

consumption and high refiability construction make the displays, programmable power supplies, analog meter move-
DAC-100 ideal for aerospace applications. Other applications ment drivers, waveform generators and high speed Analtogto-
include use in servo-positioning systems, X-Y plotters, CRT Digital converters,

SIMPLIFIED SCHEMATIC AND FIN CONNECTIONS — 16 LEAD HERMETIC DIP
r HIITAL L 04T #ePUTY v
[ 5
1] Tz Llidt] HT |4 L Tid [ KT [v [ Ladid L o ] L&
r 1 T —F T _F
i [5lsizlslslxizixialsi’”’"m
*For 10V or BV Operation e L. N I | L. L. . _- o
Ryg = 488k {Package .
Q1,03,05) ot 1
For 5V or +2.6Y Operation, L[*—'I
Ryg = 2.44kst (Package
02, 04 or Q&) [
BLALE - - ;- " - - »
o 1
" I 12ha
1] 3
-l.' O Series "
. Swnplified Schematic s
TOP VIEW
L L ] da T 4
T 5 l——-l Mt
Wy 14 % 16 PIN HERMETIC wre s— 0 2ttt 24 PIN HERMETIC
- 18 ri scnat DUAL-IN-LINE - i FLATPACK
B . 1Q-5uttix) - e (N-Suffix)
nry ¥ - r—f f—1a mt:
wra s It w3 Mo 2= Rbadited
ey i e v —] [
ater aT : T Iy
:.:&—I L——«s e
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DAC-100

GENERAL INFORMATION

FULL SCALE TEST CIRCUIT

1. The DAC-100 series are digitai-to-analog current con-
verters; voltage outputs are implemented by wusing an
external operational amplifier with the internalty-provided
feedback resistor. For clarity and convenience, most speeifi-
cations will reference full scale output voltage rather than
full scale cutput cwrrent, assuming an “ideal”™ ap amp has
been utilized for conversion (See test circuit at right).

2. The logie coding used for driving the DAC-100 should be
complamentary binary or offset complementary binary to
abtain unipolar and bipolar analog outputs, respactively.

3. As shown in the ordering information below, the
DAC-100 series provides a wide variety of worst-case non-
Hnearity and full-scale tempeo combination options, Afl
devices have 10 bits of resolution; the nonlinearity options
of £0.06%, £0.1%, £0.2% and +0.3% guarantee manotenic
operation for resolutions of 10, 9, 8, and 7 bits respectively.
When less than the full 10 bits are utilized, the unused lagic
inputs must be connected to a “high” logic level £>2.1 V).

DEFINITION:

Full Scale Terpco is defined @3 the change in ocutput
woltage measured in the gircuit above and is expressed in ppm between
25°C and either temperature extreme divided by the corresponding
temperaiure change,

NOTE: Since Rg precisely tracks the internal R-2R ladder network
over temperature, the absolute lpg Tempeo of £120ppmS°C s
cancelled by Rgwhen the output voltage is used as in the above circuit

ORDERING INFORMATION

ORDER NUWBER:

NONLINEARITY F.5. TEMPCO
A +0.05% MAX A 15 ppm/°C MAX [
B =0.1% MAX* B 30 ppm/°C MAX " N
c +0.2% MAX c 60 ppm/°C MAX
D +0.3% MAX D 120 ppm/” C MAX

*NOTE: For DAC-100 BBOS and DAC-100 BBOS only; nonlinearity is +0.1% over ~257¢ ta +855C and +0.12% ovar -55°C 1o +125°C.
Full Scale Tempeo is 30 ppm/” C over -26°C to +85° C and 40 pam/° G over -55°C to +125°C,

DACI00 X X X

. TEMP AANGE
PACKAGE AND OUTPUT VOLTAGE
16 Pin HERMETIC DUAL-IN-LINE
24 Pin HERMET!IC FLATPACK

as shown below

COMBINATION AVAILABILITY CHART (Temperaturs Range/Packaga Option Suffix)

Model ;:g ; E:i: 8;235‘&";:‘5“% -26°1+85°C 0°}+70°C
10V 5V 10V sV 10v 5V 10V BV
15y 2.5V 1BV £25V 5V 12,6V BV +2 5V

DAC-100AA - - NO a1 Q2 - -
DAC-100AB - - NO a a2 - -
DAC-100AC Qs Q6 N9 a az a3 Q4
DAC-100BB as Qs N9 at Q2 - -
DAC-100BC a5 06 NG a1 a2 Q3 Q4
DAC-HIOCE as Qs Ng Qt az Q3 Qs
DAC-100DD - - NG 1 az a3 04
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DAC-100

ABSOLUTE MAXIMUM RATINGS

V+ Supply to V- Supply
W+ Supply to Output

V- Supply to Qutput
Logic tnputs to Qutput
Power Dissipation [Note 1}

NOTES:

0 to +36V
Gio +18Y
0to -18V
-1V ta +6V
500OmwW

1. Rating applies to ambient temperature of 100°C. Above
100°C, derate at 10mW/"C,

DOperating Temperature Range
03, 04
All others

Storage Temperaturea Range
¢ and N Packages

Lead Temperature (Soldering)
Q and N Packages

0°C to +70°C
-55°C 1o +125°C

-66°C to +150°C

+300°C (60 sec)

ELECTRICAL CHARACTERISTICS

These specitications apply for ¥, = 115V, -25°C = Ta = +86°C for 1, Q2, and N9 devices, 0°C < Tp = +70°C; for G2 and Q4,
-B5°C 5 Tp = +125°C for 05 and Q6 devices, unless otherwise specified. {See EBQS, Q6 note on previous page under Ordering information.)

Parameter Canditions Min Typ Max Units
Resoluticn 10 10 10 bits
Monlinearity “A™ aption {1 % LSB —10 bits) - - * 0056 % Vg

{For nonlinearity/tempca "B aption (115 LSB —9 bits) — - T o % leg
combinations, see “C" option {£% LSE —8 bits} - - * 92 % Igg
Availability chert.) D" option (% LSE ~8 bits) - - *o3 % eg
Futt Scale Tempen A" aption - - + 15 ppmi T
iSee Full Scale "B’ aption - - + 30 ppmiC
Test Circuit, ) “CT option — - 2 64 pme°C
0" option _ _ +120 opm/°C
Settling Time to +0.05% FS — - 3 ns
Ta=26°C 10 £0.1% F§ - - 300 ns
to +0.2% F§ - - 225 ns
ta 4% FS - - 150 ns
to +0.9%FS - - 140 ns
Full Sgale Qutput Voltege Connect FS Adjust to V-
ILimits guarantee adjustabiity
te exact 10.0 (5.0 V with & 10V Models (Q1, Q3, 05, NG 10 - 1.1 v
20012 | Trimpot Pibatween £V Models (Q2, 4, Q6}
ES Adjuct sog Vo g Vi = 6.0V 8 - 5.55 v
Zero Scale Cutput Voltags ViN = 29V — — 0.013 % FS
Logic Inputs Measured with respect to output pin
High 2.1 - - v
Low - - Q.7 v
Logic Input Current, Vi = 0o +6Y - - 53 A
Each input
Logic Input Resistance Vi = 0 to +6V - 3 - ME2
Legic Input Capacitance - z _ pF
Qutput Resistance - 500 - 2
Output Capacitance — 13 - pF
Applied Power Supplies:
Ve Linearity within specification +6& - +18 W
Ve Linearity within specification -6 - —18 v
Power Supply Sensitivity Vo =1BV 10 213V - - +0.10 % par volt
Power Consumption
Q3, 04 models V= A LAY - 200 300 W
=+ _
All gther models ::‘ _ ;.'6;:, 80 100 mw
[ — 200 250 my
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oAC-100

BASIC CONNECTIONS
FDLAR L
OFFSET Ve
A
v+ S Lsa Yaee BAV LOW 1L

VOLTAGE OUTPYT
TYFICAL SETTLING THIE
FOR W2 STALE CHANSE
LIR:TY 14

Ry (R, = Ayl

*Ry W 4Bk FOR ?’ 15
10V MOPELS 101,0%,030T), 2000
FULL SCALE 2,400 FOR
ADMET R‘a-v H:IIIZL! 122.04.08)
4 FULL SCALE AGJUST
v
BASIC UNWPOLAR VOLTAGE OUTPUT CIRCUIT BASIC BIPOLAR VOLTAGE OUTPUT CIRCUAT
why 8y
A BT INPUT +5 NS48 A48 +3

NUSED LOGHG
= | NPUTE TIEQ

e Rl R Rl

a-2mb lout
DAC-100 £
[N
Fl
SCALE ADAPST
ATIE TD W= IF ADJUAT NOT REGUIRE D)
-15%
REDUCED RESDLUTION APPLICATION POWER SUPPLY SEQUENCE PROTECTION CARCUIT
APPLICATIONS INFORMATION
FULL SCALE QUTPUT ADJUSTMENT — The output current of BIPOLAR OPERATMON — The DAC-100 may be converted to
the DAC-100 may be reduced 1o produce an exact 10000 {5.000} bipolar operation by injecting » hatf-scele current into the cutput;
wolt autput by connecting a 2008 adjustable resistanca batween this is accomplished by connecting the internal bipolar resistor to a
the Full Scale Adjust pin and V—. Adjustment should be made +B6.4 volt reference, Trimming of the zero output may be facibtated
with an input of all "zerces,™ by plecing a 5002 adjustable resistance in series with the +5.4 volts,

LOWER RESOLUTION APPLICATIONS — The DAC-100 may.
pe used in applications reguiring less than 10 bits of resolution. Al
unused logic inputs must be Lied o the bigh logic tor proper
operation. “Floating™ ogic inputs can cause impvoper operation,

POWER SUPPLY SEOUENCING — IMPORTANT — Octasional
garly DAC-T00 devicas may suffer temporary malfunction and
possible parmanent darmage if voitage is present at the logic inputs
before the W+ supply is available. & simple protection cirguit may

LOGIC CODING — The DAC-100 uses complemantary or in- be implemernted by using two silicon dicdes to clamp the W+
verted binary logic coding, 1.6, an all “'zeroes” input produces a tull terming} to the logic supply. DAC-100 davices "f’i'h d‘_“e_ codes D_i
scale output, while an all "ones” input produces a zero scale output. 7647 and |ater. -nourporatg design cﬁanges which elllmmlats .th's
Each laster significant bit's waight is one-hslf the previous morel effect and require ro special precautions or protective circuitry.

significant bit's vatue, High Iggic input level turns the bit "off," low
Ingic input feyvel turns the bit “on.”

LDGIC COMPATIBILITY — The input logic lgvels are directly VOLTAGE AT OUTPUT PIN — The DAC-100 iz designed to be
compatible with DTL and TTL logic and may also be used with operated with the voltage at the output pin held very close to zero
CMOS loaic powered from a single +5 volt supply. volts. Input logic threshold levels are directly affected by autput pin
voltage changes; voltage swings at the output may cause foss of
NCNLIMEARITY (NLY. The maximum dewation from an deal linearity due ta impropar swiching of bits, Large voltage swings
straight |ine drawn befween the end poinis, expressed as a percem may cause permanent damage and should be avaided. Proper
of Full Scale Range {FSR) or given in terms of L5SE value. The eno operation can be obtained with output voltages held within 20.7
points are zero scale autput 1o full scale guiput for unipolar opera. volts; a pair of back-to-pack silicon dicdes tied from the output
tion and rminus full scale 10 pasitive full scale lor bipalar gperation, ‘ground is a cpnvenient way of clamping the output 1o this limit.
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DAC-100

SIMPLIFIED SCHEMATIC AND PIN CONNECTIONS — 24 LEAD FLATPACK

HEITAL LODIE IWPUTS

=I5y

EXTERNAL REFERENCE CONNECTION

° [
|.1]) : | Tl : . 1d : -1 d C} v By s mTlT WTE 8 | 1ixL] LAd [
v 8 1 1 I 1 1 1 | ANALDE
‘!JI 3& T} 4,0 TJ'& L‘Jé TJ:!: é:/!& ]}S EJE' e
AL I AR 24 Lead
L Akl TAMKD [ A0) FLATPACK
_l_”_rk“”*-n af m (M9-Suffix}
¢
TYPICAL APPLICATIONS
"=V > Yner
"B My cREF
VREF CHP-0Z
Yin ot
Anciag Mgt
oslY

1KY DAGC~00 WODEL 3

DIGITALLY PROGRAMMED LEVEL DETECTOR

v
woyops fEREY ;
[T} ot [XT] .:fags\
v—é@ OP-0l b—o
2000 % >
28300

9 TO 1 CURRENT ™
DIMGER

BINARY.CODED-DECIMAL D/A CONVERSION

*{CAN BE EXFANDED TG 3 OIGITS BY ADDITION OF A THIRD DACHOD AND 8% TOH
LURRENT DIYIDER)

M2297992781

02ma ¥

Vour = N THy

ANALOG SUM OF TWQO DIGITAL NUMBERS
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DAC-100

INTERFACING WITH CMOS LOGIC

The DAC-100 requires anly about tuA of input current into
each logic stage. This enables use with CMOS inputs asiong 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

Far simplicity, only one of the ten identical input cirduits 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 10 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 Q4 in the “off” condition. For the “on™ condition
Wy =.7 volts), Q3 is "off“—all of the bit-weighted current,
I, flows from the analog cutput through Q4 and ultimately to
V- Ia the “off” condition {VWy = 2.1 voits), Q3 is "on”, Qb is
hack bDiased, and the bit-weighted current is sourced from the
positive power supply instead of the analog output.

If ¥y is too high, Q4's emitter-base junction will experiance
reversg breakdown and a fault condition will oceur. Equation
1 describes this condition:

1}BV|H =Vgpet VBE2 + VBE3 + BVEBJI z= 7.7 volis

Using this relationship, Tt can be seen that @ conservative input
voltage limit would be around 6.5 volts. When the 6.5V input
limit iz observed, DAC-100 operation with CMOS inputs is
easily achigved.

+6 VOLT POWER SUPPLY OPERATION

This is the most convenient method of interfacing the
DAC-100 with CMOS Jogic. At *6 volts, DAC-100 power
dissipation is only 80mW, which is very smal} considering the
inclusion of a complete internal reference. Mo interfacing
components are required with 5% power supplies, and the
CMOS logic and DAC.100 can use the same +§ volt power
supply. In this application the device is directly CMOS com-
patibie.

HIGH LEVEL CMOS INTERFACING

The block diagram below iHustrates a convenient method
for interfacing CMOS input levels between 6.5 volts and 15
volts with DAC-100. Inexpensive and readily available CMOS
hex buffer/converiers step down the high-level inputs to TTL
levels that cannot exceed B volts—clearly satisfying the input
stage voltage rule.

In addition to level shifting, buffer/convertars provide input
coding  flexibility since they are available as inverting
{CO4048A) or noninverting {CD4050A) devices. This gives
the user a choice between negative-true and positive-trug
binaty coding and aliows the same basic DAC-100-t0-CMOS
interfacing method to be used in either type of application.

Since buffer/converter power consumption is very low, the
required +5 valts can be provided by a simple regulator or even
a resistive divider in sorne applications. In a multi-DAG system,
one central, inexpensive 3-terminal 1C 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.” ’

Vi

ANALOY
DQUTPUT

Mg o IERD
twaned Vi T
MAXINUM

04
=7 YOLTS
o2

"ON" CONDITION
oNLY

BIT-WEIGHTED
128k D :1() CURRENT
SOURCE

DAC—100 LOGIC INPUT STAGE

+&TO FIBY
=]
ouT IN
5 VOLT 210%
REGULATOR
v ANALOG
-5 TO -8V QUTPUT

i Dac100
1B LOGIC INPUTS

e
LEVEL
SHIFTING
COTVERTERS
FIGH LEVEL COMY
cMOS 2 EACH oW L
NPLTS [COAQ 43R
OR
040504

ml

BLOCK DIAGRAM — CMOS TO DAC-100 INTERFACE
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99962

12 BIT MULTIPLYING D/A CONVERTER

GENERAL DESCRIPTION

The 335562 is a 12-bit maonolithic multiplving Digitai-to-
Analog converter consisting of a reference current amplifier,
an R-2R ladder network, range and offset scaling resistors, and
12 high speed current switches. Improvemeants over the AD562
include faster settling time, lowear power dissipation, graater
negative power supply range, and wider voltage compliance.
The 555962 is directly interchangeable with the ADBE2.

The S58662 uses a unique trimming mathod, selective shorting
of zener diodes by avalanche rrigration, to achieve 13 bit
agccurgcy rather than laser trimming. Reliability of this trim-
ming method has been proven in several other PMI products
with over 3 years of religbility hisiory. The 588562 is recom-
mended for 12 bit accuracy D/A applications where single chip
reliability, small size arnd low cost are primary considerations.

FEATURES

Single Chip Monolithic Construction®
Binary and BCD Modeis

Nondinearity to 1/4 L.SB (Max)
Improved Settling Time .. .......
Fits AD562 Socket Directly
Guaranteed Monotonicity

High Speed Multiplying Capabitity
TTL and CMOS Logic input Compatibility
Low Power Consumption

Low Cost

MIL-STD-883A Level B Models Available

1.5 psec (Max)

For improved specifications and greater applications flexibil-
ity, see the DAC-12 High Speed Multiplying D/A Converter
data sheet.

EQUIVALENT CIRCIMNT

PIN CONNECTIONS

MSB

o o

L8R

BX B4 B5 BE BF 86 29 BINB11BIZ

2? 24?23? 22? 21? 20? 19? 13? n? 16? 15? m? 13?

Vi Ol 74 —0RIT 1 (M5B}

A
Voo W W
w ] Vipo—i 2 23 —O8iT 2
LOGIC INPUT swm:u DRIVEHS Vippt-lo— 3 22 }—OBIT 3
o 4 VREF —= 1| T : 1 REF SUM JUNC TIONG— 4 21 —OBIT 4
| | \ : VRep*Io— & 20 —ORIT %
1 1 \ V-O— & 14 f—CEIt
1DA5K L | 1 3 ! - E
! \ BIP OFF “R" INO— 7 18 |—oeT
o | 1 BIP OFF "R OUTO— B 17 —oriTg
| 4: J; g 4]_; g 6 g L LOUT O 8 16 —oeIT 9
| 12 0% SPANC— 11 15 —oRrIT 10
REF AMP - (g o '
i ;-.L«JJFTF::st 20V SPANG— 11 14 —OBIT 11
) 1173 SHOWN] GROUNDG— 12 13 F-~-ORIT 12 1L58)
[ TOF-VIEW
9_%“!{ 24-PiN HERMETIC DUAL IN-LINE
7 i -Suffin
3 —<
o VEp O

ORDERING INFORMATION

MODEL NUMBER ADI MODEL NO. TEMP RANGE
B558562-30-BIN ADBE2SD/BEIN ~557 f+125°C
$55662-833-BIN ADSH250/BIN/882 -55°/+126°C
558662-80-AC0 ADBE2SIHECD 557 /+1256°C
S55662-883-BCO ACB62SD/BECD/E8B2 -55°/+125°C
558562-A0-BIN ADEE2AD/BIN -2B°485°C
SE5562-AD-BCD ADEGZAD/BCD -25°/+85°C
555462-KD-BIN ALBEZKD/BIN O f+rO"C
5585682-K0-BCD ADSE2KD/BCD 0"

Military Temperature Range Devices
With MIL-STD-8B34A Class 8 Pracessing:

ORDER: $SS562-883-BIN
$55662-883-BCD

*PATENTS APPLAED FOR
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588662

ABSOLUTE MAXIMUM RATINGS
Operating Temperature Range Positive Power Supply (Vi) IEV- VEE
558662-SD -B5°C to +126°C  Negative Power Supply {VEE) V- Ve
8S5562-AD -25°C to +85°C Voo to VEg 38v
885562-KD 0°C 1o +70°C Logic Inputs VEg to Vg + 38V
Storage Temperature Range -65°C to +160°C Summing Junction {Pin 4} Ve to Vep
Power Dissipation 500mw CMOS/TTL Threshold (Pin 2} VEg 1o Ve
Derate above 1006°C 10mwW,C loyT tPin 9 +18 1o ~12V
Lead Soldering Temperature 300°C {60 sec) Span Resistars 36V
ELECTRI.AL CHARACTERISTICS
These specifications apply for Vg = +15V, VREF = +10.0000V, T = +25°C, unless otherwise specified.
55566250 588562AD 55566260
Paramatar Symbol Conditions Min Typ Max Min Typ Max Min Typ Max | Units
Resolution [Binary Modals} Ta = Full 12 12 12 12 12 12 12 12 12 | Bits
Monotenicity IBinary Ta = Full 12 - — 12 - — 12 — - gits
Models}
Nonlinearity {Binary Modeis}| NL — — +1/4 — - £1/2 — — 1142 | LSB
Resalution (BCD Models) Ta = Full 3 3 3 3 3 3 3 3 3 Tigits
Manotonicity (BCD Models) T, = Fuil (989 3 - - 3 - - 3 — - Digits
Steps)
MNonlinearity IBCD Modelst | NL — - 1010 - — £1/2 - — 1142 | LSB
Settling Time tg To +1/2 LSA, Al - - 15 - - 15 - - 1.5 | psec
bits OGN or OFF,
current into short
cirewit,
Major Carry Switching To 90% complate - 200 - - 200 - — 200 — nseg
Trangient
Veoltage Moise (Al bits ON} | Ey, 0.1Hz 1a 10Hz - 30 - - 30 - - 30 - LYP-p
Output Voltage Compliance | Vg -25 - +14 -25 - +10 2.5 - +10 W
Qutput Current Range Unipalar {Qta — 10 - — =14 - - 110 - %
—2mAl
Bipolar {=1mA to - 14 - - +1D - - £1Q - £
*1mA]
Cutput Resistanca — 20 - - 20 - - 20 - mMo
Dutput Capacitance - 30 - - 30 -- -- 30 — pF
Zero Scale Current 75 All bits OFF — — om - —- oo - — 0.0 %FS
Logic inputs —TTL, Ve = | Vg ljpg = 10008 (Maxi] 2.0 — - 20 - - 20) — - v
+8V, Pin 2 Open Cireuit VIL | in=-100uatMaxt | — - 08 | - ~ 08 | — — 08|V
Logic laguts —CMOS, ViH | i = 100nA (Max) | 70 = - 70 [ 70 = = [ wmvee
;-3:;:1"00 SIBBV.PIn Py = ~1005A Max | — - an =z — | =0 - . 30 [ % Vec
Reference Voltage input ZIN 20K 51 IMominalt - 10 - - 10 - - 0 - %
VYRR Range {Nominalt 1} - 10 [} - £1q a - =10 W
External Adjustment Range {See foHowing - +0.2% — — 025 — - 075 = %
page)
Power Supply Range Vi W= 10mA (Tyml | 4758 — 15.8 178 - 163 475 — K
W I===15mA[Typ) |[-16.5 — -135 |-165 — -135 ~185| - =136 |V
Power Supply Sensitivity V+ = 45Y - e | - - 10 | - = 10| ppmrSivh
of Gain v+ = 16V — — 10 [ — — 10 | .- — 10| ppmFSi%
Y- =18V - - 20 - -1 2.0 --I.___._..._u.._ — 2.0 ppmFSi%
The foliowing specitications apply for Vg = 15V, VRgr = +10.0000v, ~85°C < T4 « +125°C for S8586250, -26°C = T =5 +85°C for
SSS662AD, 0°C = T € +70°C for S55562K D, unless otherwise specified,
Zero Scale Temperature TCzg | Leakage Current — — 20 - — 1.0 — — 1.0 | ppmf S
Coefficiant e
Bipolar Offset Temperature - — 4.0 - - 40 - - 4.0 | ppmF3
Coefticiant re
Gain Temperature Excludes Vg gF - - 30 - - 30 - - 30| ppmF§
Coefficient o
Differantial Nonlinearity - 2.0 - - 2.0 — — 2.0 .- ppmFs
Tarwerature Coefticiant e
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555662

MULTIPLYING ELECTRICAL CHARACTERISTICS AT Ty, = +25°C (ALL MODELS)

Paramater Descriptian Typ Linits
Eluadrants Two-quadrant: Dipolar operatian is achieved using the digital inputs only, — —
Reference Voltage Unipolar, Digital input multiplies reference voltage. 0 to+10 W
Accuracy 10 bits for reduced reference valtage of +1V, +0.05 %FS
Referancs Feedthrough {Unipolar Mode) All bits QFF, 0 to +10V (pp) sinewave frequency Tor 1/2 LSB {ppl 20 KHz
feadthraugh.
Qutput Slew Rate Al bits ON, 10V step change in reference voltage. 1.0 mAfusec
Qutput Setthng Time All bits ON, 10V step change in reference voltage, to +0.01% FS. 5.0 usec
FReference Amplifier Bandwidth Closed ivop, smalh signak. 1.0 MHz

ADJUSTMENT PROCEDURES AND TABLE

BIPOLAR OFFSET

With all bits OFF, adjust B1 until op amp output is —2.5V on
2.8V range, 5.0V on 50V range, or —10.0V on +10.0¥ range.
UNIPOLAR OFFSET

With ail bus OF F, adjust R4 until op amp output is 0V. R1 and the
cannection trom pin 2 to pin 9 are not required.,

BIFQOLAR BCD GAIN

Turn bits 2 and 4 ON, Turn bits 1, 3, 5 through 12 OFF. Adjust R2
until op amp output is OV,

EBIFOLAR BINARY GAIN

Turn bit 1 (MSB) ON, Turn bits 2 through 12 OFF. Adjust R2
until sutput is OV,

UMNIPOLAR BCO GAIN

Turn bits 1, 4,6, 8,9, 12 ON (Code 1007 1001 1001, BCD 2991,
Adjust R2 until ep amp cutput is +4.895Y for 0 te +5.0Y range, or
+9.890V for O to +10.0V range.

UNIPOLAR BINARY GAIN

Turn all bits ON. Adjust R2 until op amp output is +&.3988V for
0O te +5.0V range, or +3 3976V for 0 to + 300V range.

R1 BIPCLAR OFFSET ADUUST
10042
NOTES: 1.

FOR TTL AND DTL 'NPUTS, CONNECT +5¥ TO PIN 1;
2. FOR LOW VOLTAGE CMOS, CONNECT +5V TO PIN 1, SHORT PIN 2 TO PIN 1,
3. FOR HIGH VOLTAGE CMOS, CONNECT +15% TO PIN 1; SHORT PIN 2 TO PIN 1.

| OQFFSET ADJUST

RANGE OF AMP CONNECTIONS QOFFSET ADJUST
-2.5V ta +2.5V Qut 1o Pin 10 Fin 11 toFin9 F1 as below
-5.0V to +5.0V Qut 1 Pin 10 N.C.to Pin 11 R1 as below
=100V to +10.0V Qut to Pin 11 N.C. to Pin 10 R 1 25 helow
Gto +50V Out to Pin 10 Fin 11 to Fin 9 4 a5 below
@ to +10.0V Dut to Pin 10 NC. toFin 11 R4 as below
BV TO MSE
S18Y 415 B1 BZ B3 B4 65 E6 B? BE BY BADEB11BIZ
aT 1?— 2? 24?23? 22? 21? 2n? 1§ 13?1?? 15? 15? 14? 1:5) "
v- v owee | [ T T T [T [T 1 ] —O-———— - =
REF AME |_ LOGIC INPUT SWITCH DRIVERS |
SUMMING | T |
REF ——= I T | 10
JUNETIONO-=— I I I i 0 |
GAIN : l l | :
ADd.
B RZ _[19.95K% : | | : {o 2 :
r 1001: i L | I .' !
I (L I | ]
. AT I TR SR TR SR YT
| ' L~ [ [ L _ ¢y CURRENT ouTRUT
| REF. SWITCHES
! o3 g 1172 SHOWN)
+15Y B R
| k\ I 2012
|
| 9.95&1:{
| 3 7o -15% 415V
| VEE | UNIPOLAR
!
Lo

FiN 2 MAY EBE GROUNDED OR LEFT OPEN.
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$331508A/1408A

8 BIT MULTIPLYING D/A CONVERTER

GENERAL DESCRIPTION

The S5S51508A/1408A are B bit monolithic multiplying
Crigital-to-Analog Converters consisting of a reference cur-
rent arnplifier, an B-2R ladder, and eight high speed current
switchas. For many applications, only a reference resistor
and reference volitage need be added. Improvements in
design and processing technigues provide faster settling
times combined with lower power consumption while
retaining direct interchangesability with MC1508/1408 de-
viges.

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
atways 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 mA would
result from a reference input eurrent of 2.0mA.

The 5551508A/1408A is useful in a wide variety of applica-
ttons, including waveform synthesizers, digitally program-
mable gain and attenuation blacks, CRT character gener-
ation, audio digitizing and decoding, stepping motor drives,
programmable power supplies and in puilding Tracking and
Successive Approximation Analog-to-Digitai Converters,

FEATURES

B  Improved Direct Replacement For MC1508/MC1408
= 0.19% Nonlinearity Max Over Temperature Range
B Improved Settling Time. .. . ...... 250 nsec, Typ.
&8 |Improved Power Consumption . . . . . 157 mW, Typ.
m Compatible With TTL, CMOS Logic

B Standard Supply Voltages +5.0V and -5.0V to -15V
W Output Voltage Swing . . ....... HEL5V to 5.0V

W High Speed Multiplying Input 4.0 mA/usec

For significantly improved speed and applications flex-
ibility the wuser’s attention is directed to the DAC-08
8bit High Speed Multiplying D/A Converter data sheet. For
D/A converters which include precision voltage references
on the chip please refer to the DAC-02, DAC-04 and
DAC-100 data sheets.

SIMPLIFIED SCHEMATIC

PIN CONNECTIONS AND ORDERING INFORMATION

TOP VIEW
NS
e s RANGE CONTROL 1 — — 16 COMPEN
‘f 'f ‘i }‘ 'f ‘f ‘T’ ‘T’ GND 2= —15 VREF (-}
VEE 3~ — 14 VREF (+)
FENGE -—
LonIRoLy CURRENT SWITCHES L fa 4— 13 Vi
MSB Al 5— — 12 AB LSH
IBEEEBEN ] A2 6 — 11 AT
A3 7— — 1046
A-ZR LADDER AW CIRCUIT 1D Ad BE— — 9 AS
o 1) } 1 16 PIN HERMETIC DUAL-IN-LINE
; — a-Sutfix)
< MODE(, TEMP RANGE ~ RELATIVE ACCURACY
Yo 71| REFERENCE wPM curmenT | COMPEN 5851508A-80 ~5EB/4125°C 1+ 0.18%
Somen e 1 Eu L 5551408480 01+787C * 9%
L SS51408A-7Q 0i+75°C £ 0.39%
5S51408A-B0 0i+78°C t 0.78%

Military Temperature Range Devices
With MIL-STD-8B3A Class B Process'ng:

ORDER: S551508A-883-8Q
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S551508A./1408A

MAXIMUM RATINGS (T, = +25°C unless otherwise noted.)

Rating Symbol Value Units
Power Supply Voltage Vee 5.5 Vdc
VEE -165 Vdec
Digita! Input Voltage Vg thru Vg +5.5.0 Vdc
Applied Output Voltage Vo +0.5-52 Vde
Reference Current 14 5.0 mA
Reference Amplifier Inputs VM, Vis VCC- VEE WVde
Power Dissipation (Package Lirmitation| Po
Ceramic Package 10040 m
Derate above Ty = +26°C 6.7 ™/ C
Operating Temperature Range Ta,
SS51508A8 -55 to +126 °C
§851408A 0to +75 °C
Storage Ternperature Range TS—‘E 65 to +150 °C
ELECTRICAL CHARACTERISTICS Vg =450 Wde, VEE = -15 Vdc, \:18; =20 mA, 555160BAB: Ta = B0 10 +126°C,
55514084 TA =0°C to +75° C urless olherwise noted, All gigital inputs at hiph fogic level. )
Paramater Conditions Symbnl Min Typ Max Units
Relative Accuragy (Ervor relative to full scale 4q, E
r
855160848, S551408A-8 - - +0.19 % IFS
5551408A-7 - - +6.39 % IFS
5851408A-6 - — +0.78 % IFS
Settling Time to within 1/2 LSB lincludes tp) yi Ta = +25°Ch tg — 250 — ng
Propagation Cialay Time Ta = +25°C tPLHAPHL - 30 100 ng
Cutput Full Seale Current Drife TCly - +20 - PPI/C
Digital Input Logic Levels (MSB}
High Level, Logic ™1™ Vim 240 - - Vde
Low Level, Lagic "0 ViL - - 0.8 Wdeo
Digital Input Current {MSE} High Leval, ¥ = 5.0V ™ - Q 0.04 mi
Low Level, VIL =D.BY he - -0.4 -0.8 ma
Refarence (nput Bias Current (Fin 15} s — -1.0 -3.0 -8
Qutput Current Range Vgg = -5.0V lor o 20 21 iy
Veg = —6.0to -16V 0 20 42 mA
Output Current Vigf = 2000V, R14 = 10020 o 19 199 21 mé
Qutput Current 1o min} — 1] 4.0 uA
LA hits low)
Qutput Yoltage Compliance Lot = Yma
{E, < 0.19% at T = +25°C} Vep = -5 Vo - - -08,405 | Vdc
Vg below -10V - - 50,405 | vde
Reference Current Slew Rate SRI a4 — 4.0 - mA s
Qutpt Currant Power Supply Sensitivity PSSl - o5 2.7 pAN
Power Supply Current (AN bits low) e - +9 +14 mA
g - -75 -13 mA
Power Supply Veoltage Range Ty = +25°C) Veoor +4.5 +5.0 +5.5 Vde
VEER —4.5 -15 -165 Wda
Power Dissipation Pa
All bits low -
VEp = -5.0 Vde — a2 138 )
VEE =-15 Vdec - 187 265 iy
All bits high
Veg = 8.0 Vdc - 0 - mi
Veg = -18 Ve - 132 - v
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S5S51508A/1408A

APPLICATIONS
RELATIVE ACCURACY TEST CIRCLIT TRANSIENT RESPONSE AND SETTLING
o] TIME TEST CIRCWHT
et —
. é‘f:ﬂa TG 410 ¥ Oul Ryt OnF
- X I} +0y
CONVERTER “__‘
o A3
il ] !A‘::?:::m - 1]
. Rar 3 . +2.0 Ve
o—{an .
s Mo
VW
v T i5 L BInF
v fEF & i
g | 55150841 10 Qi I
W * ml—' s SES1A084 2 | = :. =
- AfW e W) =
o " GP-n ) | o] A, = —
n L 1t 15
gm M it} °_I2
k]
< = 150F -Lcogzsnr
T
3t e 93
cchimten .: smsows |4 O_I'L
T SR IA0AR J- L1
n — —= — =
o 4o YEE
$1]
¥ #p FOR SETTLING TIME MEASUREMENT.
{ALL BITS SWITCHED LOW TO HIGH}
USE WITH NEGATIVE Vg USE WITH POSITIVE Vpgee
Vee Yee
;l! ¥13
5 5 R ER1S
Al Aln—] A4
Azt azoS] —-o—dvb—-c” 1) Vngr 0
fAred FEred 15 A
) 3 1 =
A4 SS51508A Aace=—d SS515084 =
75 | B5siecna o | 555M4cea |,
ELl- Aso—) “L
agol s’ ioﬁ;_._w__]_
n 1 16 o WS L
ATO— B To— =
12 12
a5c—
Apo=y c e
3 ! SEE TEXT FOR vaLUES 2 SEE TEXT FOR VALUES
[ oF e OF C
]
Vep Vee

USE WITH CURRENT—-TO-VOLTAGE . CON\.“ERi’ING OPF AMP

Yo Vaer 2 2.0 Viie

R4 = f{Gal0hd
Ry =5.0k8
M5B Ala

—O—VB—‘.V-U THEQRE TICAL v
Ad

i AL A2 A3 A4 AD A6 AT A
1 Yo% Rva ‘"U‘[?' C TS 'sa’lzs'ess]

o] 5551508a ADJUST Vagp R14 OR Ry 5O THAT Vo WITH ALL DIGITAL
55514084 IPUTS AT HIGH LEVEL |5 EQUAL TO 9,961 YOLTS,

A&
24 R i I
AT Yo' iy FTRSTT] '256}
“s ov| 221 asery
Lt | L
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5SS16508A/1408A

GENERAL INFORMATION AND APPLICATION NOTES

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides & voltage at pin 14 for con-
verting 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 suppiies the fuli current (14, 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 1o eliminate R1% with only a small
sacrifice in accuracy and temperature drift.

The compensation capagitor value must be increased with
increases in K14 10 maintain proper phase margin; for R14
values of 1.0, 2.5 and 5.0 kilohms, minimum capagitor valuss
are 15, 37, and 75 pF. The capacitor may be tied to either
Vg or ground, but using Veg increases negative supply
rejection.

A negative reference voltage may be used if A14 is grounded
and the reference voltage is applied to A15 as shown. A high
input impedance is the main advantage of this method. Com-
pensation involves a capacitor to Vee on pin 16, using the
values of the previous paragraph. The negative reference voltage
must be at teast 4.0-volts shove the Vg supply. Bipolar input
signals may be handled by connecting R14 to a positive ref-
erence voltage equal to the peak positive input level at pin 15.

When a dc reference voltage is used, capacitive bypass to
ground is recommended. The 5.0V logic supply is not recom-
mended as a reference voltage. If a well regulated 5.0V supply
which drives logic is to he used as the reference, R14 should
be decoupled by connecting it to +5.0V through another
resistor and biypassing the junction of the two resistors with
0.1 uF to ground. Far reference voltages greater than 5.0V, a
clamp dicde is recommended between pin 14 and ground.

If pin 14 is driven by a high impedance such as a transistor
current source, nane 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
voits when VEg = =5V due 10 the current switching methods
empioyed in the SSS1508A-8.

The negative output voltage compliance of the SSS1508A-8 is
extended to ~5.0V voits where the negative supply voltage is
more negative than —10 volts. Using a full scale current of
1.992 mA and load resistor of 2.6 Kilghms between pin 4 and
ground will yield a voltage output of 256 levels between O and
-4 980 volts. Fleating pin 1 does not affect the converter speed
or power dissipation, However, the value of the load resistor
determines the switching time due to increased voltage swing.
Values of R up to 500 ohms da not significantly affect per-
formance but a 2.5-kilohm ioad increases “worst casa'’ settling
time to 1.2 ps lwhen all bits are switched on). Refer to the
subsequent text section on Settling Time for more details on
outpui loading.

QUTPUT CURRENT RANGE

The output current maximum rating of 4.2 m& may be used
only for negative supply voltages more negative than -7.0
volts, due 1o the increased voltage drap across the resistors in
the reference current amplifier.

ACCURACY

Absalute accuracy is the measure of each output current level
with respect to its intended value, and is dependent upon
relative accuracy and full scale current drift. Relative accuracy
is the measure of each output current level as a fraction of the
full scale current. The relative accuracy of the SS51508A-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 cusrent. However, the
SSS1508A-8 has a very low full scale current drift with
temperature,

The SSS150BA-B/S551408A Series is guaranteed accurate 1o
within +1/2 LSB at a full scale output current of 1.992 mA,
This coresponds to a reference amplifier output current drive
to the ladder network of 2.0 mA, with the loss of one LSB
{8.0 pA) which is the ladder remainder shunted to ground. The
input current to pin 14 has a guaranteed value of between 1.9
and 2.1 mA, allowing some mismatch in the NPN current
source pair. The accuracy test circuit is shown on page 3. The
12-bit canverter is calibrated for a full scale outpui current of
1.992 mA, This is an optional step since the S5515084-8
accuracy is essentially the same between 1.5 and 2.5 mA. Then
the S5551508A-8 circuits” full scale current is trimmed 1o the
same value with R14 50 that a zero value appears at the error
amplifier output. The counter is activated and the error band
may be displayed on an oscilloscope, detected by comparators,
or stored in a peak detecter.

Two 8-bit D-to-A converters may not be used to construct a
16-bit accuracy D-to-A converter. 16-bit accuracy implies a
total error of £1/2 of one part in 65, 536, or 0.00076%,
which is much more accurate than the *0.19% specification
provided by the S551508A-8.

MULTIPLYING ACCURACY

The 5551508A-8 may be used in the multiplying mode with
eight-hit accuracy when the reference current is varied over a
range of 256:1. If the reference current in the multiplying
mode ranges from 16 uA to 4.0 mA, the additional error con-
tributions are less than 1.8 pA. This is well within eight-bit
accuracy when referred to full scale.

A monotonic converter is one which supplies an increase in
current for gach increment in the binary word, Typically, the
SS51608A-B is manotonic for all values of reference current
above 0.5 mA. The recommended range for aperation with a
dc reference current is 9.5 to 4.0 mA.

SETTLING TIME

Tha “worst case'’ switching condition occurs when all hits are
switched “‘on”, which corresponds 1o 2 low-to-high transition
for all bits. This time is typically 250 ns for settling ta within
+1/2 LSB, for 8-bit accuracy, and 200 ns to 1/2 LSB for 7 and
6-bit accuracy. The twm off is typically under T0Q ns. Thase
times apply when R < 500 ohms and Cg = 26 pF.

The slowast single switch is the least significant bit. In applica-
tions whara the D-to-A converter fupctions in a positive-going
ramp mode, the “worst case” switching condition does not
aceur, and a settling time of less than 250 ns may be realized.

Extra care must be taken in beard layout since this is usually
the dominant factor in satisfactory test resutts when measuring
settling time. Short leads, 100 uF suppty bypassing for low
frequencies, and minimum scope lead length are all mandatory.
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PRODUCT
DAC-76
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D/A CONVERTERS — COMPANDING

TITLE
compac™ Companding D/A Converter



M

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 Qutputs: BV to +18V Compliance
Tight Full Scale Tolerance Eliminates Calibration
Low Full Scale Drift Over Temperature

Conforms With Bell System 1-2656 Companding Law
Multiplying Reference Inputs

Low Power Consumption and Low Cost

Ideal for PCM, Audio, and 8 Bit 4P Applications
Cutputs Multiplexed for Time Shared Applications

®
COMDAC™ COMPANDING D/A CONVERTER

GENERAL DESCRIPTION

The DAC-76 monclithic COMDAC™ D/A Converter provides
the dynamic range of a sign + 12-bit DAC in a sign + 7-bit
format. & companding {compression/expansion} transfer
function is implemented by using three bits to select one of
eight binarity-related chords {or segments) and four hits to
select one of sixteen linearly-related steps within each chord.
Accuracy is assured by specifying chord end point values,
chord nonlinearity, and monatonicity over the full operating
temperature range.

DAC-76

MONOLITHIC LOGARITHMIC DAC

Wes TR

ANALOG
OUTPUT

COMDALC ™M
TAANEFER
CHARALTERISTIC

DIGITAL INPUT

The 8-bit format with a sign + 72dB dynamic range is espe-
cially useful in control systems using 8-bit microprocessors,
RaM's and ROM's. Low distortion multiplying capability and
conformance with the Bell System p-256 logarithmic taw for
PCM transmission make the DAC-76 ideal for use in audio
applications, Other applications include servo contrals, stress
and vibration analysis, digital recording and speech synthesis.
Additional applications are listed on the last page.

EQUIVALENT CIRCUIT ORDERING INFORMATION AND PIN CONNECTIONS
ENCODE/DECODE SELECT t - ENCODE 1 — g’ﬂ el — 1R POSITIVE POWER SLPPL v
SILN BIT INPUIT. 1 = POSITIVE 27— A ngl-1 p— 17 MCODE DUT  ETD 58 - 00
3TEP CRORD MOST SIGMIFICANT CHOKD BT mpUT 3 - R Inoé+l f— 16 DECODE GUT- E1t 58 -0y
INPUTS INPUTS
BT B& BS 64 B} 82 &l SECTHND CHORE BIT FWRIIT 4 — B2 Iggf-! ==+ ¥3 ENCDOE QUT. €:DRE- W)
QT ‘T ?? ‘T EET ‘T 3}’ LEAST SIGHIFICANT CHORD BIT PlT 5 —] B3 Igel f— %8 ENCODE BT /656 - 11
QST SIGMIFICANT STEP BIT INPUT & —1 B3 V- — 13 NEGATIVE POWER SUPPL Y
CURRENT CUTPUT Dai +— SECOMD STEP@IT INPFUT T—] WRi-t — 17 MEGETIVE REFERENCE INPUT
THIRD STER &1T INFUT * —{6a Yol p— 1 FOSITIVE HEFERENCE INPUTY
LEAET SIGMIFILANT STEP BAY INPUT 3 —4 bt VLC '— o THRERHOLD CONTROL
1 DEL TOP VIEW
pPOENEOnE 18 PIN HERMETIC DUAL-IN-LINE (X-§uffix}
srep peeane MODEL TEMP RANGE ACCURACY
DAC-76BX —65”/+125°C +1/2 STEP
DAL-TEX =557 {+125°C +1 5TER
7 3 DAC-76EX 0TI e =1/2 STEP
v e DAC-760K IR o] =1 5TEF
Military Temperature Range Devices
with MIL-5TD-B23A Class B Pracessing
DACTE-883-BX
DACTE-883-X
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DAC-76

COMPANDING PRINGIPLES

BACKGROUND

Companding or signal compression and signal expansion is
widely used. In FM broadeasting companding is performed
by de-emphasis and pre-emphasis. In analog systems com-
panding is performed by log and antilog ampiifiers. Bot in
data conversion and transmission, companding has bzen
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 hits, the
standard format .of microprocessors, RAM's, ROM's and
registers, telecommunications companding systems achieve
very low signal-to-guantizing distortion over a 40dB range
of spesch amplitudes by using the Beil System u-255
logarithmic companding law.

BELL (255 LOGARITHMIC CHARACTERISTIC

The output of the DAC-?8 is an approximatian to the
H-255 faw which can be expressed as:
Y = QB In {1+ ux} where:

X = Normalized input signal level of the compressor
{encoder), V', /V o with values from —1 to +1,

¥ = Output signal level of the encoder
po= 266

This law is implemented by the DAC-76 with an eight chard
ior segment} piecewise linear approxirmation for each
polarity with sixteen linear steps in each chord. A dynamic
range of 72dB in beth polarities is achieved with 8 bit
coding.

TRANSFER CHARACTERISTICS

ENCODE TRANSFER CHARACTERISTIC
{A/D CONVERSION)

CHGITAL
DUTEUT (4}

ANALDG

NPT t—p " = AHALGG

INPUIT (#)

DG The
QUTPYT | -3

The systerm transfer characteristics above result when the
DAC-76 is used for signal compression (A/D conversion)
and for signal expansion {D/A conversion}. As one would
expect, when the curves are superimposed their average is a
straight line hecause compression and expansion must be
egual and opposite.

Both transfer characteristics show outputs divided into 8
chords in bath polarities with 16 equal steps in each chord.
MNote that gach chord endpoint is approximateiy 6dB down
from the nexi higher chord's endpoint and that the chord
slopes are binarily-related.

DECODE TRANSFER CHARACTERISTIC
{D/A CONVERSION)

AN ALTH
OUTEUT 41

LIGITAL
INEYT ()

L BIGITAL
MPUT 14

ANALOG
TUTFUT (-]

The table below relates step size in each chord to other
commonly-encountered measurements ared 1o 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 1/2 step change
between the maximum code in each chord and the minimum
coxde in the next chord to smooth the chord transitions and
ta conform with existing telecormmunication specifications,

The following three pages contain electrical specifications,
the DC test circuit, tables of idea! chard endpoint currents
for hoth encode and decode modes, and parameter
definitions.

STEP SI1ZE SUMMARY TABLE DECODE OQUTPUT (SIGN BIT EXCLUDED)

STEP Si2E STEP S1ZE AS RESOLUTION
STEP St2E STEP SIZE STEP SIZE IN dB AT A % OF READING & ACCURACY
NORMALIZED IN A WITH AS A % OF CHORD AT CHORD OF EQUIVALENT
CHORD TO FULL SCALE 2007.75 uA F.5. FULL SCALE ENOPOINTS ENDPOINTS BINARY DAC
0 2 05 0.025% 0.60 6.67% SIGN + 12 BITS
1 1.0 Q.05% 0.38 4.30% SIGN + 11 BITS
2 20 0% 0.32 3.65% SIGN + 10 BITS
3 16 4.0 0.2% 0.3 3.40% SIGN + 5 BITS
4 32 3.0 0.4% .29 3.28% S5IGN + BBITS
] 64 16 0.8% .28 323% SIGN + 7 BITS
G 128 32 1.6% G.28 3.20% SIGN + G BITS
7 256 64 3.2% 0.28 3.19% SIGN + 5 BITS
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DAC-76

ELECTRICAL CHARACTERISTICS
These speafications apply for \.-’S = =15V, IF{EF =978 uA, -55°C = TA % +1267C, und for all 4 autputs unbess othenwise specifiad.
Meorg. Ina companding DAC the term LSEB is not used because the step size withan gach chord 1§ different. For exarmple, in the first chord
around zero [CO] step size w8 0.5 wi, while in the last chord nea Tull scate iC?l step size is B9 uA,
DAC-76B DAC-76
Parametar Symbod Conditions Min Typ Max Min Typ | Max Units
Rezol
paalutian 8 chards with 16 e128 | 128 | o128 | v128 | 128128 | Swees
steps gach
[y namic Range 20 log “?,'IS'IIIO,‘I] 72 72 72 72 2 12 dB
honotonicity Sign Bit + or — 1728 - - 123 - — Steps
Chord Endpoint Error ralative 1o aleal
_ — 1 — — |-
Avcaragy vaiues at IFS = 2007.75un 2 Step
- hi
Step MNonfineaicy Step error within - - +1/2 - ~ =1 Step
chard
Encode Current Adehitional Qurut i . . .
| 1/4 if 3/4 &
Encode/Decode = 1 8 12 58 ! 2 f tep
Settling Time 1 To within £1/2 step - 500 — - 500 - e
Full Scale Dreift A IFS Full Temperature Range - 11/20 11/4 - L1142 Step
Output Voitage Compliance VOC Fulk scala current change
= 12 step -5 - +18 -b - +18 Walis
Full Seale Current Devistwn | 1rglDb WREE = 10000 Ta=25"C| - - =12 - - |2 Step
from ideal iSee Tables) 1pglEl Ri1=1894 ki1 - - 172 - - 1A Step
R1Z2 20k
1 | JY Y [}
Full Scale Sy mmetry {OH? IO! i Decode or Encode Par _ -1/40 +1/8 _ v1020]| 1174 Step
Errar
Zern Scale Current 7z Measured at Selectad
Dutput with 00O GGGO - 14490 1/4 - 12,0 172 Step
Inpaur
[risable Currant i Leakage of output -
HS _ _ ) a
isailad by E/Cand 3B 50 sa 5 | 50 "
Qutput Current Range IFSR ] 20 432 n 20| 42 ma
Logre Input Levels Vg OV
Logic 0™ VL - - 0g - - | BB Volts
Logic 1" ViH 20 - - 20 - - Volts
Logic Input Current FI Wy = -5 to +18Y - - 40 - - | 40 A
Logic Input Swing Vg Wo = —1bY -b - +18 =5 — |+i8 Walls
Reteronce Bias Current Iiz - -10 -4.0 - —1.0f-4.0 LA
Reference input Slew Rate diidt - 0.2% -- 0.75 - mApsec
Powrer Supply Sensitivity - a i, ) 12 117201 +1/2 5
Ower Supply Range (Refer PSSIFS+ Vi=4.5 tw 18Y, V- 15Y - t1y LR - * t1f, 1ep
. PEStFg- V-=-108viie-18v . W+=10v | — 110 112 - =10 142 Step
tn Characieristic Curves)
Power Supply Current I+ Wg=+BW, 15V, ipg=2.0mA -- 27 4.0 - 27 140 mé
- - -B.7 ~8.8 - -6.7 (-8.8 mA
Fower Supply Current 1+ Vg = +15V, Ipg =2.0 mA - 2.7 4.0 - 2.7 40 ma
- - -6.7 -8.8 - -6.7 |-8.8 mé
Fower Dissipation Fn Vg tBV ~15V.[pg=2.0mA - 114 i52 - 114 | 152 vy
Vg=#18Y lpg=2.0mA - 141 192 = 141 | 192 vy
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DAC-7G

ELECTRICAL CHARACTERISTICS

These spec:fications apghy for \-"S =415V, 1

REF

=528 4, 0°C = Ty = +70°C, and tor ail 4 outputs unless otheowise specifiad,

Hote: In @ companding DAC the term L3815 nat used because the step size within gach chord w different. For exampie, in the first ¢hord
aroungd 2ero ‘CO, step size is 0.5 A while in the last chord near full scate 1(:?1 step size 15 64 g A,

DAC.76E DAC-76C
Farametar Symhbol Conditions Min Tye Max Min Typ | Max Units
Resatution 8 ehords with 15 1128 | 1128 128 | 2128 | 1128 | 128 Bteps
steps each
Dynamic Range 20 toy “?,15”0_1’ 72 72 72 72 72 72 d8
MonRotonieiny Sign Bin + ar - 128 - 128 Steps
Chaord Endpamnt Error relative 10 ideal ,
— — 1/ — — &1 t
Accuracy valugs a7 'FS = 2007 75,4 12 Step
. Step error wit han 1 _ .
Steg Noalinearity chard - - 112 =1 Step
Encade Current Additianal QDutput :
i ! ; i/4 1/ 34 5t
Encode/Decode = 1 S 12 58 2 Be
Setthng Time tg Towithin £1/2 step &0 - 500 - nses
Full Scale Drift A IFS Futl Temperature Range - +1/20 IATE] - 110100142 Step
Output Voltage Compliance VOC Full scale cucrent change
= 12 step -5 - ~18 -5 - +H1E Volts
Full Scale Current Deviation | IpgiD) VREE = 10.000V Tp=25"C| — - 1142 - a1 Step
from ldeai {See Tables) IpgiEY R11 = 1894 kiz - - £142 - - q=t S1eR
Hi1Z - 20 k1
Full ] i+1=1 (=
ull Seale Symmetry tgltl-lgi=1 | Decode ar Encode Paw _ £ 1740 e _ 1020|2174 Step
Error
Zero Scale Current l7g Measured at Selected
Cutput with 000 QOO0 - 1440 114 - 1200 12 Step
lewgrut
Digabibe Current | Leakane ot outpul
DIs 5.0 0 - 50 | 50 L)
disabledd by E/Danid 58 5 "
Chatput Current Range IFSR 4] 20 4.2 Q 201 42 ma
Logic Input Levels Vip =0V
Logic 0" LT - - 0.8 - - | 038 Yalig
Logic 17" Wiy 2.0 20 - Valts
Logie input Currgnt fin Ving = -5 o +18Y - - 40 - - | 40 A
Logic Inpur Swing Vi V- = —1bY -5 - +18 -5 — | +18 Volts
Reference Bias Currant lyo - -1.0 -4.0 - -1.0]-4.0 uA
Reference Input Slew Rate b fedt - 0.25% - - 0.25 — mékfusec
P Supply & wit
D‘x‘f;u:s& Vﬁﬂ:;:‘}:;f“er PESiEg: Vi 45 1 1BV.V-=-15Y - ] siz0 | -1z — | «1i20|+1/2 | Swep
-z - - — 1) + — +1/ 1
16 Characteristic Curvest PSSIFs. V-=-108V1t0-18Y,V+ - 16V +1/10 £1/2 +110( 1,2 Step
Power Supply Current 1+ Ve - 45V, 1BV iEg=20ma | — 2.7 4.0 - 27 4.0 mé,
I-- - -6.7 5.8 - -6.7 |-88 mi,
Power Supply Current 1+ Vg =15V, Ipg =20 mA - 2.7 4.0 - 2.7 4.0 ma
I— -6.7 -3.8 - -6.7 [-B8 mi
Power [hssipation Pp Vg=tBV,« 18V Ipg-2.0mA 114 152 - 114 |52 v
V5 =116V Ipg-2.0mA - 141 192 - 141 |17 W
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DAC-78

ABSOLUTE MAXIMUM RATINGS

V+ Supply to V- Supply 36V Operating Temperature

V¢ Swing V- plus BV to V+ DAC-768, DAC-76 ~B5°C 10 +125°C
Analog Current Cutputs V- plus 8V to V- plus 36V DAC-76E, DAC-76C 0°C ro +70°C
Reference Inputs V- to W Storage Temperature -85°C to +180°C
Reference Input Differential Yoltage +18Y Power Dissipation SO0mMW
Reference lnput Current 1.25 mA Derate above 100°C 1MW C
Logic lnputs W- plus BY to V- plus 36W Lead Soldering Temperature 300°C {60 sect

OUTPUT CURRENT DC TEST CIRCLET

LINE SELECTION TABLE
+ vpgr DIGITAL INPYTS TEST ENCODE/ | SIGN OUTPUT
o Lo N GROUP | DECCDE BIT MEASUREMENT
|E.9R4Kﬂ
e o 1 1 1 lge t+1 [EgieA1)
DEVICE
22|y ) UNDER TEST 2 1 0 loe -t ] (Egp/R2)
20ns 3 o 1 lop i4) | (Ego/R31
5 8] 4 O ¢l oo -t 1Ego/F4)
+ & &
= -tV elsv

MOTE: —Accuraey i5 specified in the test crowt using the
tatyles below 10 be within the specified propartion of a steg

at the maximum value in each chord, Monotonic operation is
o FI7RZrEIRAZIRD quarantesd Tor all input codes.

¥ VREF 15 AGUSTED REFURE TESTING EACH DEVICE
T PACY |DE IGEAL FULL SCALE DUTPUT CUARENT. H‘i

CONDENSED CURRENT OQUTPUT TABLES

IDEAL DECODE QUTPUT CURRENT iN MICROAMPS AT CHORD ENDPOINTS

CHORD O 1 2 3 4 6 i3 7

STEP 000 001 210 0114 100 1m 110 1
[y 0000 0 £.20 24.75 5775 123,75 255.75 519.75 1047.75
15 111 75 23.25 54.75 17,75 24375 495.75 99875 | 2007.75

SYEF SI1ZE Q.50 i 2 4 8 16 32 64

IDEAL ENCCDE QUTPUT CURRENT IN MICROAMPS AT CHORD ENDPOINTS

CHAORD 1] 1 2 3 4 ] ] ?

STEP 00g (L)) o1 11 100 101t 110 111
0 a0 .25 B.75 2575 £9.75 127.75 283.75 53675 | 107375
15 111 7.7% 2375 55.75% 112.75 247,75 50375 M5 75 | 2030.75

STEP SIZE .50 1 2 4 a 16 32 64

SPECIFICATION PARAMETER DEFINITIONS

STEP NONLINEARITY: Step size dewiation from ideal CHORDS: Groups of linearly-related steps in the transfer

within a chord. function. Also known as segmeants.

ENCODE CURRENT: The difference between lgg {+} and CHORD ENDPOINTS: The maximum code in each chord.

tani+) or the difference between lgei-} and lgp [+ at any Used to specity accuracy.

code. STEPS: Incremants in each chord which dwide it into 16

FULL SCALE DRIFT: The change in output current over agual lavels.

the full gperating temperature with Vrge = 10.000V, OUTPUT LEVEL NOTATION: Each output current level

R11 = 18.94K L1 and R12 = 20K 1L may he designated by the code Ig s where € = chord
number and 5 = step number. For example, lg g = zera

FULL SCALE SYMMETRY ERROR: The difference be- scale current; Iy 1 = first step from zero: lp 15 = endpoint

tween lpp - and lgp (+] ot the ditference between logi{-) of fiest chard 1Cy¥; 1y 45 = fult scale current,

and lpg (+} at full scaie output.
DYNAMIC RANGE: Ratio of the largest output {Iy 45)

OUTPUT VOLTAGE COMPLLANCE: The maximum out to the smallest output excluding Zero {lg 1) expressed in
put voltage swing at any current level which causes <21/2 dBE. This can be measured peak or peak-to-peak with the
step change in output current. same rasult.




DAC-76

BASIC ENCODE OPERATION {COMPRESSING A/D CONVERSION}

BASIC ENCODE CONNECTIONS

15 ARALOG |HEYT

INFUTS ]

ANALOT [0
01 Tas,
CONVE RS IO
Lo IE

oisITeL
AUTRUTE

-f—-—-o [
£
B
[,
:t -— O}SYED
F' TS

r—O

AL -
4 S

m
BI4Ea
IFREF}

ENCODDE DECISION LEVELS

Compressing A/D conversion with the DAC-76 requires a com-
paratar, an  exciusive-or gate, and 3 suUCcessive approXimanon
reqster—ehe usual elements in any sign-plus-magnitudes A/ con-
verter. Howover, a compressing ADC has one significant difference
from regular A D converters,

n a conventional [limeart converter, the $tep stze is @ constant
pereentage of full seale, but in a comprassing A/D converter, the
step size increases as the ocutput changes from zero scabe to full
scabe. The standard 1/2 step bias used in conventional ADIC's to keep
guantizing error below 2 1/2 sten carmor be gasily furmished by the
user of a compressing ADC, Far this reason, the DAC hasa 152 step
greater output in the encode mode than :t has in the decode mode,
This may he seen clearly by comparing the normalized encode and
decode outiput tables at any cade point,

ENCOGING SEQUENCE

An encoding sequence begins with the Sign Bit comparison and
decisign. During this rime the comparator is a polarity detecior

ENCODE TRANSFER CHARACTERISTIC
14/0 CONVERSION}

DIGITAL
OUTPUT {#)

ANALGG

INPUT {~) T T T

INPUT (+}

DIGITAL
BUTPUT {—}

only. The Encode/Decade (E/DN input is held at a logic 0,
Therefere, no current flows into the encode outputs, and the com-
parator is effectively disconnected hom the DAC. Once the input
polarity has been determined, the E/D input is changed to a logic
“1' allowing currant to flow inta Iggei+] or Iggi—! depending upon
the Sign Bit Answer,

For positive inputs, current Flows into 1ggi+) through R1, and the
camparatonr's output will be entered as tho answer for each successive
decision, Far negative inputs, current flows into 1ggl-t through
R2 developing & negative voltage which is compared with the analog
input. An exclusive-or gate inverts the comparator's output during
negative fnialy to maintain the praper logic coding, all ones for full
scalg and all zeros tor zero scale. (A more complete schematic is
shown in the applications section,)

The bits are converted with a suctessive removal technigue, starting
with a decision at the code 0171 1111 and 1urning off bits sequantially
untib ail gecisions have bern made. Successive removal is necessary
because the 1/2 step encode decision level current is drawn from the
sum noda, rather than sourced into it,

NORMALIZED ENCODE LEVEL (SIGN BIT EXCLUDED} 1pg= 2(2% (54171 185

C = chotd no. 10 through 71
% = stap no. {0 through 15|

CHORD o 4 2 3 a 5 8 7
STEP 000 o1 0i0 ot1 100 107 110 111
o 0000 1 5 103 229 511 1055 2143 4319
1 0001 3 9 11 255 543 1118 2271 4575
2 0010 5 43 119 271 576 1183 2393 2831
3 0011 7 a7 127 287 807 1247 2627 5087
a 0100 9 51 135 203 639 1311 2655 5343
5 0101 1 56 143 319 671 1375 2783 5599
6 otto 13 59 151 235 703 1439 2011 5855
7 0171 15 63 159 251 735 1503 3039 8111
8 1000 17 &7 167 367 767 1567 3167 6367
) 1901 19 7 175 383 799 1831 32085 6623
10 1010 21 75 183 399 831 1595 3423 6379
1 1011 23 79 191 418 263 1759 3551 7135
12 1100 5 83 199 am 895 1823 3679 7391
13 1101 27 87 207 a7 927 1887 3807 7647
14 119 79 a1 215 463 989 1961 2935 7803
15 11 M 95 223 479 991 2015 4063 8159
STEP SIZE 2 2 8 16 32 64 128 256




DAC-76

BASIC DECODE OPERATICN (EXPANDING D/A CONVERSION)

DECODE TRANSFER CHARACTERISTIC
ID/A CONVERSION]

ANAL QG
QUTPUT [+}
b

DIGITAL DIGITAL
iNFUT {—) =2 1 OF INPUT )
= -
& |-
-
ANALOG
QUTPUT (-]

DECODE OPERATION

/A conversion with the DAC-76 may be iilustrated by using an
aperational amphiier connected 1o the decode outputs as a balanced
Ipad. The decods maode of operation is selected by applying a logic
"0 to the Encode/Decode wnput. This enables the |gp outputs,
dissbles the Ipp outputs, and allows I+l or lppl-] o be
selected by the Sign Bit input, When the Sign Bit input i3 high, a
logic 1", ail of the output current flows into lgpi+l forcing a
positive voltage at the operational amplifier's putput, When the Sign
Bit inpul is low, a logic 07, all of the output current flows into
lggi— through R2 forcing a negative woltage ocutput. Since the
Sign Bit only steers current inta Igpl+t ar 1gpf-1, the output will
always be symmetrical, limited only by the matching of R1 and RZ,

NORMALIZED TABLES

The encode and decode tables may be used 1o calculate deal autput
currem at any code point, For example, in docode moda at 13,7

BASIC DECODE CONNECTIONS

IDEAL VALUES:
IREF~52ban
[F52 2007 Thad

en | se [e1 [ezfes|melms[es [er] &
FOS FULL SCRLE o 1 ll 1 1 1 1 'I 1 1 1 S.odw
|1 ZERD SCALE 41 STRF | v dofelo|o oo | amw
I+1 ZERG SCALE a 1 lefelaln,aflala| av
| TERL SEALE o o cojolo|alalo]|a] w
1 ZERG SCALE «HETER | 0 a | elelol|e afal|1]|-nma
MEG FLULL SCALE o a ;a1 ema

1011 D111 fimd 343, 34378031 times Ipg of 2007.75uA equals
85, 75us. Alternatively, use the condensed current tables and add up
the number of steps.

BASIC REFERENCE CONSIDERATIONS

Full scale output current is ideally 2007 75u:4 whan the reference
current is G28uA in the decade mode. In the encode mode it is
2033, 75 A because the additional 1/2 step adds 32ph ta the
output. A percentane change in bgep caused by changes in VRep
or RRgF will produce the same percentage change in autput currant,

The large step size at full scale allows the use of inexpensive refer-
enges in many applications, In same situations VReg may even be
the positive power supply. For example, with W+ = 15V, RRgF =
15V /528uA or 2B.AK . When using a power supply as a reference,
R1Y should be two resistors, R114 and R11B, and the juncton
should be bypassed to ground to provide decoupding,

NORMALIZED DECODE OUTPUT {51GN BIT EXCLUDED)

C = chord no. [0 through 7}

= c —-
bes = 2027 SHBSI 1651 o . (0 through 15)

CHORD 0 1 2 3 4 5 6 7

STEP ooo 001 010 013 100 101 110 171
o Q000 o 33 99 231 495 1023 2079 4191
1 0001 2 37 107 247 527 1087 2207 2447
2 0010 4 41 115 263 559 1151 2335 4703
3 0011 [ 45 123 279 531 1215 2463 4959
4 0100 8 49 13 295 623 1279 7561 5215
5 0101 10 53 139 an 655 1343 2719 5471
6 0110 12 57 147 327 887 1407 2847 5727
7 o111 14 81 158 343 719 1471 2075 5983
8 1000 18 65 163 389 751 1536 3102 6223
3 1001 18 69 174 378 783 1599 3z 6496
10 1010 20 73 179 391 818 1663 3369 8751
11 1011 22 77 187 407 8a7 1727 3487 7007
12 1100 24 81 195 423 879 1791 3618 7253
13 1o 2% a5 203 439 o 1855 3743 7519
14 1110 28 89 214 455 943 1919 3871 7775
15 1111 30 93 219 471 975 1983 3999 5031
STEP SIZE 2 4 P 18 32 64 128 256
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DAC-76

REFERENCE AMPLIFIER OPERATION

POSITIVE REFERENCE OPERATION

REF-0i
+10V

DIGITAL INPUTS

NOTE 1 / ~
LT 7wl 4474 a8 83
ALLF T 18,94k BY B& A5 B4 B3IE2 B 58 E£/5
= toTAL D Encone
{RREF] Il_ll VR (4} +— ., DUTPUTS
REF .
noTEZ TC . DAC- 76
] VR © necone
Rtz QUTPUTS
2uro = \l"‘
13] [C
= =16 +15 Y =
lgEe “REF CECODE QUTPUTS EWCODE QUTPUTS
. RREF IDEAL VALLES: IBEAL VALUES:

[REF =528, 4
1Fpg = 2007 Thaut
NOTE 1 RECOMMENDED WHEN Wy, 15 W+ R THE LOGIC POWER SURPLY.

NOTE 2 FINS 10 4ND 12 ARE EQUAL IN VOLTAGE  Vpg, ¥5 IMPRESSED
ACAOSS R1T IR,

IREF *S26 uh

weel

iFs - 2039.75,.4

NEGATIVE REFERENCE OPERATION

DIGITAL INPUTS

18.94 kg
EMCOCE
{RreF) =it 15 4~ o QUTPUTS
—
NOTE — becooe
OUTPUTS
R1Z ¥— W+
20Ka 13& |al &
=
REF —1my BV 4
— ) -
|HEF=_( E) GECODE QUTPUTS ENCODE OUTFUTS
RREF IDEAL VALUES: IDEAL VALUES:

IREF = 528,44
1Fg = 2007.75.4

IgeF 1526 A
I1Fg = 8039, 75,4

NOFE T PING 11 AND 17 BRE EQUAL IN VOLTAGE  Vieo 15 IMPRESSED
ACROSS Ri1 (g

REFERENCE AMPLIFIER SETUP

The DAC-76 is a multiplying D/A converter in which the
output current is the product of the normalized digital
input and the input reference current. The reference current
may be fixed or may vary from nearly zero to +1.0maA, The
full scale gutput current is a linear function of the reference
current and is given for all four outputs in the figures above.

. In positive reference applications an external positive refer-

ence voltage forces current through R11 into the Vg {+)
terminal {pin 11} of the reference amplifier. Alternatively,
a negative reference may be applied 1o Vg{-} at pin 12;
reference current flows from ground through R11 inta
VRi+, a5 in the positive reference case. This negative
reference connection has the advantage of a very high
impedance presented at gin 12, The voliage at pin 11 is
equal 1o and tracks the voltage at pin 12 due to the high
gain of the internal reference amplifier. R12 {neminally
equal to B11] is used to cancel bias current errors and may
be efiminated with only a minar increase in ecror,

REFERENCE RECOMMENDATIONS

For most applications a +10.0% refarence, such as the PMI
REF-01, is recommended for optimum full scale tempera-
ture coefficient performance. {This also minimizes the
contributions of reference amplifier Vgg and TCVgg.} For
most applications the tight relationship hetween Iggp and
Ipg eliminates the need for trimming lpep, but if desired,
full scale trimming may be accornplished by selecting R11
oF by using a potentiometer for R11.

Using lower values of reference current reduces negative
power supply current and increases reference amplifier
negative common mode range. While the recommended
operating range of DC reference currents 15 D.1mA to
1.0mA, maonatonic operation is maintained over an even
wider range allowing the DAC-78 to be used in many
multiplying appircations. For variable reference applica-
tions, see section entitied “"Multiplying Cperation.”

TYPICAL PERFORMANCE CURVES

OQUTPUT FULL SCALE CURRENT VS,
REFERENCE INPUT CURRENT

50

Tar T8 T

AL &L BITS HIGH" .-l

-3l

[Fg, 2JTPUT CURRENT Ima)

o3
Iner, FEFERENCE CURAEHT [mA)

REFERENCE AMPLIFIER INPUT COMMON MODE RANGE

T T T
Ta*Tman "o Tmax |
2.8 i r—
24 [
a
E Wz -1y W Gy
k2o —
il [REF *O5mA
E
26— —1— - — — —
e
=
2
£z
= i
[REF=0.2%ma
] o)
I
0.4 |J —_1 —
o — ; ' A . ;
-1 -2 1o -6 -4 =2 g 2 4 & 8 W M 14 K 15

REFERENCE COMMON MOBE VOLTAGE &7 vREr PIN {eais]
NOTE: POSITIVE COMMON MOOE FANGE 1S ALWAYS (vel- 13 v




DAC-768

TRUE CURRENT QUTPUT OPERATION

RESISTIVE QUTPUT CONNECTIONS
REF-
+ 10

REF-(
+5Y

DIGITAL INFUTS

I CUTPUT VOLTAGE Ly MEGATIVE GUTPUT VOLTAGE
TAMPL A -
NEUT CODEi TR “1 vt DIFF LIANCE Ve t-!
t 1
: i
R B i VoS | 1 0ma | 2.0ma | 4.0ma
1101111 | 5 a A )
1110111 G0zl A on ] v |—zov |—zov | oav
11 000 0000 | +10.00 |
| —1EV |-58y | -50v | -dav
1 -5a0 - -
[GRERRERY 500 ' -5 00 Tav | aav | sy | 5av
LARACRRRN '1]02||r500 —am3
01000 0000 | o |BODLRDO| 0 MIKIMUM NESATIVE COMPLIANCE
00 000 (000 | P lsonlmon| @ Wbt MO = IV o120 - 18RI + B4y
v b W50 (002 | +498
[RARRREL f +5.00 [-500 | +1¢

BALANCED LOAD CONNECTIONS

REF-O1 DIGITAL INPUT3

41y
R11 5‘?537?5&) 5?4?3? 2?‘? ”
1w.94ka < [67 DA 65 Ba A3 B2 BY 55 E/D M
{RaefFl
! wR 1+
RE DAC-T&
VR -]

20Ka = hiad
134) 1%

-5y FIBY

TYRICAL BALANCED LOADS

* TRANSFORMER = DAC REFERENCE INFUT
= TRANSDHICER + BRIDGE
* EARPHONE = 0P AMP
= SAMPLE AND HOLD * CAT
& CURRENT mypLT FILTER » SERWO
* TRAMSHISSION LINE
MNOTE:  THE 5UM OF THE COMMON MODE

VOLTAGE AND THE MFFERENTIAL
VOLTAGE ACROSS THE LOAD
SHOULD BE WITHIN THE -BY TO +1BY
OUTPUT wOLTAGE COMPLIANCE
SPECIFICATION

The DAC-76 bas true current outputs with wide voltage
compliance enabling fast drive of a variety of single-ended
and balanced loads, Pasitive voltage compliance is +18Y,
and negative voltage compliance is -5.0V with Igge =
52BuA and V- = -15V. Negative voltage compliance for
other values of Igpe and V- may be calculated using the
tabla above. Typical connections, both single-ended and
differential, are shown in the figure above with output
voltage tables. Note the differential sign-plus-maanitude
redationship between B and *"C". The differential output
voltage is independent of the +5.00 nominal voltage source
as long as the Ve (-1 minimum values are observed.

High common mode output range is possible due to the
wide output voltage compliznce and allows use with trans-
formers or other balanced loads, The terminating impe-
dances may be located g 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-hald™ process which is a function of Vgeg,
Rpgp. 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-
anece, current output DAG,

TYPICAL PERFORMANCE CURVES

QUTPUT CURRENT V5. OUTPUT VOLTAGE
{OUTPUT VOLTAGE COMPLIANCE)

Ta:"minw T mpa

| | - o8y
28 } -7 = —
24 ——
E LREFO.5mE
i [
5 20 T T
i ] 1
% i
s + - - —'—
|
d |
a L2 - 1 TREF=0.25ma
3 )
[o:] l - =
0.4 —_— fr—

P 10 8 E %20 & & & F w1z W oW

AUTPUT WOLTAGE Ivoltsh

OUTPUT VOLTAGE COMPLIANCE V5. TEMPERATURE

20
+E
Hz2
3
= R0
-
g . L
% e &3;5?%_?)&0:%:1(3‘& 85
R BT RET h T
2 e
£ a
)
-
—4
e -
-l2

a5 +100 130
TEMPERATYRE L)

118



DAC-76

MULTIPLYING OPERATION

LOW INPUT IMPEDANCE CONNECTION

REF—1
+i0v @3
"RgE
"n
I R
VI e () "
™
P
REE" iy * Fnpe
%a - Alaer

HIGH INPUT IMPEDANCE CONNECTION

QIGITAL MRLTE

e o TREF Ve
T
W age

LOGARITHMIC DIGITAL GAIN CONTROL

ATPERuATOR
* aapcugnn
arssre

Crarets,
srepct i

o cauun
eyt

1m0

wer

aanrn .
ot

HGTE 1 LOW DISTORTION QUFHUTE 2#E FPROVIDED GVER A 774JA RAKGE
MOTEZ UF TOM CHANNELS OF DUTPUT MAY BE SELECTED BY €0 OND
58 LOGIE INPLITS.

REFERENCE AMPLIFIER DY¥NAMIC TEST CIRCUIT

TYPICAL PERFORMANCE CURVES

REFERENCE AMPLIFIER TOTAL HARMONIC
DISTOATION VS, FREQUENCY
{80 KHz FILTER}

1 i

L Vame seanay ]

[~ e e I
tos WOEULATR

N
N
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g I

H [

H

Faml- |- }HH 4 | L

]

H
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| Ll '
W whoone ne wnooin 18 a1 W e o
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FHESUEmCY

NOTE | Twl |5 WEGALY INDESENDRAT 0F LOGIC NFUT CGGE -

NUTE 2 SIMILAR HLSULYS ARE LIGIRINED FLIR B HIGH IMPUE I UART | GENNEL T
LSSk FIN 6T A% A uT

WOTE 3. TRCREASE (ETOR 1G4 AP0 T Sokey 15 BUE A0 5LEM RATT LIMITIHG
VibIGH DETEAM INES LaPGE $ILMAY BANDGNDTH  FOR AN INFUT BF
-2 %0 PEAK 1254 MODULQTAON: {LENDWIDTH 15 MKk

RELAFIVE OLTRLT Bt

REFERENCE AMPLIFIER INPUT
FREQUENCY HESPONSE
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1 5 : 4 +
[ i
q W ALL e
16 My rar
173, WOl ATIC,
.__H.... - r
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H | i
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1
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e 0 sM TF 28 50 W S Mm@ 1a FD
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FRESuEnCY
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DAC-76

LOGIC INPUT AND POWER SUPPLY CONSIDERATIONS

INTERFACING CIRCUIT FOR
ECL, CMOS. HTL, & NMOS LOGIC INPUTS

Eis Lwan 1L U

iy
-’.

HOTE Y
NOTE2

SET THE WOLTADE &° T0BE AT THE NFAERED LONGIC LT SWITCHITAG THIHSHE T
S0 LDAABLE AANGE OF LOGH, THAS SHON D 15 TIMERLL Y 5% (21T 5w min ey
OPF AATING THL 05 6 M 15 SURFLIES.

LOGIC INFUTS

The DAC-76 may be interfaced with other-than-TTL logic by
placing Vi ci{pia 10} at a potential which is 1.4V below the desired
lagic inpui switching threshald, However, this vollage source must
be capable of sourcing and sinking a changing current at pin 10,

The negative voitage at the logic inputs must be hmated to +10W
with respect to V- {pin 13],

POWER SUPPLIES

As shown in the corves below, power Supphy current drain s
refatively independent of voltage and temperature and complately
independent of the logic input states,

When operating with V- between —158% and =11V, autpul negatwe
voltage compltance, Vgel-l, reference input amplhifier common
mode voftage range, and logic mput negative voltage range are
reguced by an amount equivalent ta the drftarcnce between —16V
and the V- supply in use, Operation with ¥+ between +5Y and
+H1EY affects VW g and the reference amplifier camman mode
positive voltage range 1in the same manner,

TYPICAL PERFORMANCE CURVES

BIT TRANSFER CHARACTERISTICS

LOGIC {NPUT CURRENT VS, INPUT
VOLTAGE AND LOGIC INPUT RANGE

& T 1 T T i
! _._l; e R B SR T ! 4 =1+ T ]I T
o — + - —— + L \
| | . T T
- ; 1
o
LRes 0 5 mb E [ B1 s .3md i
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o I 14 1 ]
r 1 | z |
2 i L ! |
P : i 1
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2 { e ; 255
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L W M- oy ! i N e —+——f——f =4
I {1 |
SI2 -0 -BO-RG-8C -Z0 4 20 40 B3 &0 10 M % 1B a L
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k4 FUT T
MOTE AL TS ARL EL LY SKATE LT WRTH L1 55 AR 12 500 0k ad LOGIE (WPUT VOLTAGE feoiist
SPITEHING POINT 5 3HICH 0RE GUOPAKTEED TN LIE NETWEEM 30w aflx HOTE 1Ll IMPLIT &) 3E RAMGE 15 INCEPENDEMT UF (L POSITIVE POVEH
v SWER THE NPEN AT UG TEMIERATURE RANCE RUFALY WD L IN3UT S PASY SPINL SHOVE THE SUHFLY
POWER SUPPLY CURRENTS V5. POWER SUPPLY CURRENTS ¥8, TEMPERATURE
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DAC-76

DETAILED ENCODE CONNECTIONS

£3% ARALEG WFUT I s
L2a
& hi (el
e
e | Ete— T
WU \ u
oo &seAwL pATA OUT
SLCEESSE Y
prcir Al ENTaF COAY. L
FT LY P —
s i
1)
Laf TFUTS
B CHE
15, B, [ A
-1 .._o‘l.:num ey NOTES:
o I COMMECT END OF CONY TO STaRT FOR

CONTIRLUIGLS OREHATIOM.

STERBITS J—
| "*—'———3; 2 FOR NON CONTINUGUS OPEAATION, HOLD START
H } Lo FOR OME CLOCK CYCLE CONVERSIONS

| : BEGINOM THE NE®T LW TO HIGH TRARSITION
FEEEN AIF THE CLOCK AFTER STAART GOES HIGH.

1 B2 B B A3 E 4 CONVEHEION |3 COMPLETED N9 CLOCK

LYLLES
Ll
DAC-TE
L) T H
17N Ipoi-1
- N Vi i
L 11 18] 10|
= - el
TRANSCEIVING CONVERTER — TWO WAY DATA TRANSMISSION
™0
SRMPLE SANPLE
ANRLOG AT o AN LOG
O—- ano Ly - Y el S Y
INPYT LD HENCODE DECOpE| — CUTRIT
pacTs DIGITAL DIGITAL BAC T8
INTERFACH INTERFACE
DATABUT.
SERIAL DR
SAMPLE SAMPLE
ANALOG 0 PARALLEL AT
ano M f— | —1  ane
QUTPUT e IDECODE encone] HeILE
TRANSCEIVING CONVERTER TRAMSTEIVING COMVERTER
SERIAL DATA TRANSCEIVING CONVERTER
{4/2 OF SYSTEM SHOWN )
& "‘%’.
LW AAECEIVE e LLOCK STERT
SR CommAnD
1w 'RECEIVE |
- M
s o ftre paT
Lo — "
Ll
Fir T =
WFFLAERTIAL | KT
THPUTS
SUCCESE IVE
AFERE W AT z __
REFIZTLN RS DENCAFCT L
aMZA0D
| NOTES
1 COMPLEMENTARY SENDIRECEIVE DOMMANDS ARE
RECWMAED FORA THE TWi ENDS.
2 BTART MUST RE HELD LOW FOA QNE CLOCK CYCLE
T BEGIN A SENG O RECEIVE TYCLE,
3. THE SAR 15 USED AS & SERIAL IN/PARALLEL DUT
. RFGISTER 1N THE AECEIVE MODE.
L ol ol i oo 4, CLOCI AND START MAY BE CONNECTED IN
£ 616z B2 B4 B 85 87 N FARALLEL AT B0TH ENDS.
- - - — 5. CONVERSION 15 COMPLETED IN 9 CLOCK CYCLES.
04c-TE e & RECEIVE DUTPUT IS AVAILABLE FOR ONE FULL
HEEERIMTIL G wuneriof CLOCK CVELE
CUGAENT e _1Nppl-l
AUl T o KL v wc 20ma
RECEIL SuTuT 13] 8] 10
*
=By IS
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TYPICAL SIGNAL TO QUANTIZING DISTORTION CURVES

SIGNAL TO QUANTIZING CHETORTION VS, INPUT LEVEL
{3 kHz FLAT FILTER!}

aof— 7. -3
vy e WY

SIGNAL 10 UANEIZING DISTOATON 1481

-6 Bl -GG 50 45 o1 B N - oM -1 - o B

INPUT LEWER 198!

NOTE DdB 15 35Y +308 15 5.0 OK FULL SCALE CODE (111 110

Nowe Duanuning distornon 13 the differenge between the gnginal signal and 1he processed signal e, after enceding end decoding]

SIGNAL TO QUANTIZING DISTORTION VS INPUT LEVEL
IC-MESSAGE WEIGHTING FILTER & BELL SPEC)

“r—
l ] [ l l
LREY
wp—
Wy - W g e | !
% |

T

BFLL LTSy STEM SPECIFICATION

. v
/|

4

SIGHEL T4 UON T IZING LISTARTION Bl

T A T T JETUNET Y
NPT LEVEL I8
NOTES:
1. 0B 15 36Y 348 15 -S.0% QR FLILL SCALE CODE 1111111
7 CMESSAGE WEIGHTING FEILTER PROVIDES A FAEQUENCY RERPONSE
CHARACTERISTIC WHICH SIMUILATES THE FEACEIVED RESPONSE OF THE
HULAN EAR T TELEFHONE NOISE.

SIGNAL TO QGUANTIZING DISTORTION TEST CIRCUIT
BLOCK DIAGRAM

LIPEN FOR NOISE FEST
CLOSE FOR SIGNAL TEST

k7

1
HPIEETA samP 1
Ao resr Lo MDLE DAC T8 BT Dac76 ] 1 eris waTEH NT;?STE':,
ANALYZER HoLo A LATEH D& LEIT‘I?::S FILTER ANALYZER
MOTER:

1. ZkHe SAMPLING CONTATIONG 62 S50t SAMPLE PERHID, 62 5mnc & D CONVERTION TIME
2 AUQM TEST ANALYZER CONTAINS & © MESEAGE FILTER AND A 2 kH; FLAT FILTER

OUTPUT COMPLIANCE EXTENSION CONNECTIONS

+10¥ RANGE ENCOOE/DECODE CONNECTIONS

I T

+
o
cnE Rt

" ey

% cumseanaron

COMPLIANCE EXTENSION USING
AL COUPLED QUTPUT

Lo
ANLLOG
auTpuT
15w

YREF
TREF " Foer

IDERL YVALIKES:
IpEF =52804
Lrg s 2007 than
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EXTENSION TO SIGN PLUS 78dB DYNAMIC RANGE

EXTEMDED RANGE CONNECTIONS

SUMMARY TABLE FOR
3 CHORD 8ITS ANG

& STEP BITS
DIGITAL INFUTS
STEF CHORD
RE-- SELECT SELECT a1
10 T T 3 2.5kD CHORD STEP RQNGE STEP RANGE
18.3a% wal | Al | mvi | v
RRAEF]
l_-'—E“ vy il 1ot o it
RE DAC-TE =
e Aoy 0 25| to 0625 tomg
9"’? top -t 17 +— P 775 0,
20K3 - T
me___ 1%1 la\é: |?§f B.26 Q.021
= 15w 1AW L 1 0b to 128 to
L VEEF D&l WALUES: = 23.75 0.059
REF " RRsF IREFASEba G
[pg =022 75u4 24.75 0.082
2 1.0 ta 25 o
8575 0139
57.7% 0144
3 2.0 8] 5.0 i)
119.7% 0.298
12375 0.309
4 4.0 w 10 1o
EXTENDED RANGE OPERATION 24775 .519
When used as a /A conwverter andy, the DAC-76 range may be 256.75 0.63%
extended from sign + 72dB to sign + 78dB by using the encode 5 8.0 @ 20 o
output current to ingert. additwonal levals halfway between gach S03.7% 1.269
step. By cannecting lapi+) ta lggi+t and igpi-! to 1ggt-), the 51976 1,299
E/E logic input functions as a fifth step bit input, Full scale positive ! i}
fop 6 16 10 40 to
naw becomes 1 111 11111, full scale negative is 0 111 11111, Each 1016.75 2539
chord is divided into 32 steps instead of the former 16 steps, . :
effectively increasing dynamic range by 8dB, 1047.75% 2,618
7 32 ta 80 w
The accompanying table summarizes the new chord and step char- 203975 5.095
acteristics obtained in the extanded connection shown above.
ADDITIONAL DECODE QUTPUT TABLES
IDEAL DECODE QUTPUT CURRENT IN MICROAMPS ISIGN BIT EXCLUDED)
CHORD ¢ 1 z 3 4 5 ] 7
STEP jilv 1] o0 o010 on 100 1 110 111
o Q000 Q 8.25 2495 57.756 12375 25575 51895 1047.75
1 0001 G5 925 28.76 81.75 131.7% TS £61.75 111178
2 om0 i 10.25 2875 B5.75 139.7% 87T 58375 117575
3 o011 1.5 11.25 .75 B69.75 147.7% 303.75 6i9.75 123975
4 0100 2 12.25 3275 7378 156.75 31875 84775 1303.75
5 Q01 25 12.26 3475 7735 163.75 33675 67975 1367.75
& 0110 3 14.25 J6 75 B81.75 171.75 351.75 1175 1431.75
7 o1 36 18.2% B75 B5.75 179.75 367.75 74375 1495.75
& 1000 4 16.25 40.78 88.75 187.78 38375 77756 1559.75
] 001 a5 17.25 42,78 9378 195.75 399.15 807.75 1623.7%
10 1010 ] 18.25 44 78 a1i¥s 20378 415.75 83975 1687.76
H 1011 5.5 18.25 46.75 101,738 211.75 431.7% 87175 176178
12 100 6 2025 48.75 105.75 218758 447,75 90375 181875
13 1101 6.5 2115 50.75 109.7% 22315 463.75 935.7% 1878.75
14 1110 7 2225 5275 31375 2356.75 478,75 967,75 1942.75
15 1111 75 2325 54 75 117.75 24375 495 75 2999.74% 2007.75%
STEP SIZE .50 1 2 4 8 15 a2 B4
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CHORD $I1ZE SUMMARY TABLE DECODE QUTPUT {SIGN BIT EXCLUDED!}

CHORD ENDPOINTS CHORD ENDPOINTS CHORD ENDPOINTS CHORD ENDPCOINTS
CHORD NORMALIZED IN A WITH AS & PERCENT IN dB COWN
TO FULL SCALE 2007.75uA F.8. OF FULL SCALE FROM FULL SCALE
a 30 75 .37 -43.56
1 g3 23,25 1.16% -38.73
2 19 54,75 2.73% -31.29
3 47 117.75 5.86% ~24.63
Fl 975 243,75 12.1% -18.32
5 1983 49575 24.7% -12.15
8 3999 999,75 49 85 ~6.06
7 3031 200775 1004 o
DECODE OUTPUT EXPRESSED IN DB DOWN FROM FULL SCALE (SIGN BIT EXCLUDED]
CHORE o 1 2 3 4 5 6 7
STEP 000 00 [30] o0 100 101 110 in
o ooon - -47.73 -38.18 -30.82 -24.30 -17.90 -11.74 -5.65
1 [elay] ~T207 -46.73 -37.51 =30.24 -2366 -17.37 =11.22 -513
2 o010 -66.05 -45,34 -236.28 -39.70 -23.16 -16.87 -i0.73 -4.65
3 00 -6G2.53 -45,03 -36.30 -20.18 ~22 66 —16 40 1027 -4.19
4 00 -60.03 -44.29 -35.75 -28.70 2331 -15.96 -9.83 -375
5 o101 -58,10 -43.61 -35.24 -28.24 -21.77 -15.53 -9 43 -3.33
6 o110 ~65.61 -42.98 -34.75 -27.80 -21.36 ~15.13 -9.41 -2.84
7 o111 -65.17 -42.39 -34.29 -27.39 -20.96 -14.74 -2.63 -2.56
8 1000 ~54.0% ~41.84 -33.85 ~26.99 -20.58 —-12,37 825 219
9 1001 -52.99 -41.32 -23.44 -26.61 -20.22 —1402 -7.491 -1.84
10 1o -52.07 -40.83 -33.04 -26.25 -19.87 -13.68 -757 -1.51
11 10114 -61.25 ~40.37 -32.66 ~26.90 -19.54 -13.35 7.2 -1.18
12 1100 -50,49 -3.92 -32.29 -25 67 -19.22 -13.03 -593 -0.87
13 1101 -49.80 -39.51 -21.95 -26.25 18 -12.72 -6.63 -0.57
14 1110 -49.15 -39.11 -21.61 -24.94 -18.61 -12.43 -6.34 -0.28
1% i -43,55 -38.73 -31.20 -24.63 -18.32 -12.15 ~6.06 0
DECODE OUTPUT EXPRESSED IN PERCENT OF FULL SCALE {SIGN BIT EXCLUDED}
CHORO 0 1 2 3 4 5 [ 7
STEP agn an t10 011 100 101 170 111
o aooa 0 0411 1.23 288 6.16 127 259 522
1 ono1 0.025 0.461 1.33 208 656 13.5 275 56,4
2 aa10 0.050 0.511 1.42 3.27 696 14.3 29.1 58.6
3 o1 0075 0.560 1.62 3.47 7.36 151 0.7 61.7
4 o100 0.100 0.610 1.52 3.67 7.78 159 22.3 64.9
5 ol 0.125 0.660 1.73 387 8.16 15.7 139 68,1
6 0110 0,149 0710 1.23 407 8E6 17.5 w5 71.3
7 o1 0.174 0.760 193 427 895 183 7.0 745
8 1000 0.199 0.809 2.02 a.a7 9,35 191 3.5 77.7
o 1001 0.224 0.859 2.13 467 a.75 194 40.2 509
10 1010 0,249 0.500 223 a.a7 0.1 20.7 ETR:] 84.1
1 1011 0274 0.959 2.33 5.07 105 215 42.4 87.2
12 1100 0.299 1.0 243 527 0.9 22.3 25.0 30.4
13 101 0.324 1.06 253 5.47 11.3 231 46.6 a3.6
14 1110 0.349 111 263 567 11.7 239 482 956.3
15 111 0.374 116 273 586 121 24.7 493 100
STEP SIZE 0025 0.050 0199 0.199 0.398 0.797 1.59 319
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DAC-76

APPLICATIONS

The DAC-76 is ideal in applications which reguire a wide AUDIO
dynamic range and can be characterized by an accuracy
specification based on percent of reading rather than per-
cent of full scale. The nonlingar characteristic is also useful

Music Distribution

Bigital Becording

Constant dB Attenuator

Analog Muitiploxer
Digitally-Contretled Gain

Voice Synthesis and ldentification
Wariable Speed Recording and Playback
Reverberation and Special Effects

it control systems when a decreasing slope or a constant
rate of change {constant second devivative) is needed as a
system approaches Zera level or g given set poing.

INSTRUMENTATION AND CONTROL

Data Acquisition -- Data Transceiver

) ADDITIONAL CIRCWIT APPLICATIONS
Micropracessar Interface

PCR Data Recording — Biolugical, Automaotive, Aviation Logarithimic Attenuator

Function Generatinn Four Quadrant Multiplier

PCM Telemetry Line Driver

Serve Contrals - Phase Locked Loop and Set Point Controls uB Meter

Transducer Interface — Seismic, Strain Gauge Analog or Digital Compressor and Expander

Four Channel Multiplexer

TELECOMMUNICATIONS

Telephony — PCM Codec
Two-Way Radio

Intercom Systems

Radar Systems

Secure Vorce Communicatians
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ol
EMI; = MUX-88

®

PROTECTED 8 CHANNEL B1-FET ANALOG MULTIPLEXER

GENERAL DESCRIPTION
FEATURES
The MUX-B8 is a monolithic 3 channel analog multiplexer
which connects a single output to 1 of the & analog inputs = Pin Compatible With DG508, Hi-508A, LF11508
depending upon the state of a 3-bit binary address. Discon- ®® .AFET Switches Rather Than CMOS
nection of the output is provided by a logical 0" at the BB Mo Static Discharge Blow-out Problem
enable input, thereby providing a package select function. = No SCR Latch-up Problems
Fabrizated with Precision Monolithics” high performance BI- B Analog Inputs Overvoltage Protected 220V Beyond
FET technology, this device features overvoltage protection Normal Ratings
that is fail safe with power loss, while offering low, constant w» Fail Safe With Pawer Loss
“ON’’ resistance. Performance advantages include low leakage = Low “ON” Resistance . ............ 2200 TYP
CLfrrents _and fast seij‘tlm_g tirne v.vlth Iovlv crosstalk to satisfy a & Low Output Leakage Current . . . ... 106nA MAX
wide variety of applications. This multiplexer does not suffer . . .
from latch-up or static charge blow-out problems associated ® Digital Inputs Compatible With TTL and CMOS
with similar CMOS parts. The digital inputs are designed to m» No Puilup Resistars Required To Insure
operate from both TTL and CMOS levels while always provid- Break-Before-Make Action With TTL Inputs
ing a definite break-before-make action without the need for
extarnal puliup resistors.

FUNCTIQNAL DIAGRAM AND TRUTH TABLE PI CONNECTIONS AND ORDERING INFORMATION
ENABLE A2 Al Ag
o 0 o o
a0 11— -/ 15 A1
1 OF 8 DECODE | — ENABLE 2-—] - 15 AZ
T T T T T T T T
by vy 0 GND Vo 3— L 14 GND
2T 4T 4 1; 4T &T & 51 4— —13 V+
-
. —t ‘ I 52 5— L— 1z 55
531 6— — 11 36
00 00 0 O <.L c[> $4 7 — 1o s7
DRAIN S8 57 S6 1
S5 84 83 &2 § DRAIN 8—— 9 3
o TOP WEW
Az A Ag En
! CHANNEL 16 PIN HERMETIC DUAL-IN-LINE
x| x| x|t NONE {C-Su i
L]l L]|H 1
Lyt HH 2 MODEL TEMP RANGE
L H| L] H 3
L|H| H! H a MUX-BBAG ~B5°C TO +125°C
T T T 5 MUX-BEBC _B5°C TO +125°C
H|l L| H| # 6 MUX-BEEC -25°C TO +85°C
ul o wl ol n 7 MUX-83FQ _25°C TO +85°C
H| w| Bl n 8
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MUX-88

ABSOLUTE MAXIMUM RATINGS  {T 5 = 26°C unless otherwise noted)
Operating Temperature Range, MUX-BBAQ, BQ  -56°C to +1268°C Max Junction Temperature 160°C
Opecating Temperature Range, MUXS8EQ, FQ  -25"C to +86°C V+ Supply to V= Supply 36V
Storage Temperature Range -65°C to +150°C V+ Supply to Ground 18v.
Powsr Dissipation S00mW Logic input Voitage -4¥ ta ¥+ Supply
Derate above 100°C 10/ C Analog Input Vaoltage V- Supply —20V to V+ Supply +15Y
Lead Soldering Temperature 300°C 160 sech Max Current Through Any Pin Z5mA
ELECTRICAL CHARACTERISTICS
These specifications apply for W+ = 16V, ¥~ = 15V and T 4 = 25" C unless otherwise specified,
MUX-BBA MUX-888
Parameter Symbol . Conditjons Min Typ Max | Min Typ Max Units
“{IN'" Resistance R Yy =0V, Ig = 100xA - 220 260 - 300 370 LT
ARQN With Applied Voltage aRoN =10V £ Vg % 10V, Ig = 100uA - - 16| - - 40) %
R Match Between Switches R Match | v 2 0V, Ig = 100uA - 8.0 20 - 118 0| n
Source Current (Switch "QFF") | I5i0FF) Vg 5 11V, v = =11V (Note 1) - 0.0 o1 — 0.0 0.1 nA
Crain Current {Switch “GFF™) IgiOFF) ¥g = 1V, Vg = =11V {Note 1} - 0.t 1.0 - 01 1.0] na
Leakage Current {Switch "ON" [ IgoN) Vp = 11V (Note 1) - 01 104 = 0.1 1.0] nA
Digitaf “‘1°" Input Yoltage VINH 20 - - 20 — - Yolts
Digital “*0" input Yoltage Vi - - a8 - — 08| WVolts
Digital *0" Input Current T Vg =07V — 1.0 10 - 1.0 19 HA
Dligital “0"" Enable Current HNLIEN) VEN =07V - 40 10 - 4.0 1¢ HA,
Digital Input Capatitance Cpig — 3.0 — — 340 — pF
Switching Time TRAN Figure 1 (Mote 2) - 10 13 - 15 21 psec
Qutput Settling Time Iy 10V step 10 025% — 29 - - 29 = MHILC
Break-Before-Make Delay LR Figure 3 - 08 - - 1.0 - usec
Enable Delay "ON" IMIENT Figure 2 — 1.0 - - 1.2 - usec
Enable Delay “"OFF'" OFF(EN) Frgure 2 - Q.2 - - a2 - H5EC
“OFF* hsolstion SOOEF {Note 3) — | 80 — — |80 = dB
Crasstalk cT {Nate 37 - | -80 - - | -80 - dB
Source Capacitance CSIOFF) Switch "QFFY, Vg =0V, - 25 - - 25 - pF
Vp =0V
Orain Capacitance Crioer) Switch “"OFF", Vg = 0V, - 12 - - +2 - of
Vg = 0V
Input to Output Capacitance CDSIOFF] Switch "OFF”, Vg =0V, - 02 - - a2 - pF
Vi = 0V
Positive Supply Current - W =15V - 10 2 - 6.0 8.0 mA
1A Digital Inputs Grounded} W+ = By — 80 — — 5D - mA
Megative Supply Current - Y- = 15y - 30 RE:] - 20 30F mA
{411 Digital Inputs Grounded) Vo = ~BY _ 25 - ~ 18 - ma
These specifications apply for W+ = 18V, V- = 15V and ~55°C = T 4 = +125°C untess otherwise specified.
“ON" Resistance Ron Ve =0V g = 100uA - - 370 - - 430 §
ARGy With Applied Voltage aRon -10V = Vg = 10V, Ig = 100uA - - zal — [ - 60| %
R Match Between Switches Ry Match | Vi =0V, Ig = 100u4 - 10 30 — 16 45 £
Source Cur.rent {Switch "QFF") IstOFE) Vg =11V, vp = -11v — 10 - - 10 nA
[Note 2}
Draie Current {Switch "OFF) IDIOFE) Vg =11V, Vp = -1V - - 100 - - 100 aA
{Note 2} %
Leakage Current {Switch "ON") | nionN} Vo =11V (Note 2} ~ - 100 - - 100 nA,
Digital 1" Input Vultage VINH 20 - - 20 - - Volts
Bigeral 07" Input Yoltage ViNL - - 08 - - 08| Volts
Digital 0" Input Current Iy VN =07V - - 20 - - 20 i)
Dhgital 0" Enable Current HNLIEN] VEN " 0.7V — — 20 - — 20 ;.m
Pasitive Supply Current 1+ All Digital Inputs Graunded - - 15 - - 11 ma
Negative Supply Current - &ll Digital Inputs Grounded - - 5.0 - - 40| mA
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ELECTRICAL CHARACTERISTICS NOTES

NOTE 1: Conditions applied to leakape 513 insure worst case leakages. Exceeding 11 an the analog input may cause an “"OFF” channel ta
turn O

MNOTE 2: Lots are sample tested to this parameter. The measurement condtions of FIGURE 1 insure worst case transition time.

NOTE 3: "OFF" isatatian i3 measured with all saitches “OFF” and driving a source. Grosstalk is measured with B = 1K, £ = 7pF ¥, = 3V
RMS, F = 100 kHz.

ELECTRICAL CHARACTERISTICS

These specificatwons apply for W+ = 15V, V—= 15V and Ty = 26" C unless otharwise specified.
MUX-BBE MUX-B8F
Parameter Symbol Conditions Min Tvyp Max Min Typ Max Units
"M Resistance Ron Vo =0V, 1g = 100pA — 220 260 - 300 310 n
ARg With Applied Voitage ARon =10V = Vo= 10V, 1g = 1004 - - 16 - - 4.0 | %
Ropy Match Between Switches Ron Match | Vg =0V, 1g = 100us - BO 20 - 15 30 n
Saurce Current (Switch "OFF" I510FF) Vg = 11V, W = —11Y {Note 1) — o.M 0.1 — 0.01 01 [ nA
Drain Currgnt 1Swatch “OFF") I0iaEF) Vg = 11V, Vg = =11V {Note 1) — Qi 10 — 0.1 10 nA
Leakage Current [Swtch “QN"} Ioiomn) Vo = 11V (Note 1} - 0.1 1.0 - B 1.0 | na
Digatal 1" Input Valtage Vipe 20 - - 2.0 - - Wolts
Cogitat 07 Ingut Valtage VinL - - 03 - - 0.8 | valts
Digital 0" Input Current LTS Wy =07V - [RY 0 - 10 10 e
Digital "'0°" Enable Current HNLIEM) WEN =07V - 4.0 10 - 40 140 1A
Crigital Inpon Capacitancy Chin — 30 — — 30 = pF
Switching Time TYRAN Figure 1 {MNate 2| — 1.0 13 - 15 21 | usec
Qutpur Setthng Time T 10% step to D25% - 24 - - 29 — psen
Break-Before-Make Dalay LY Figure 3 - 08 - - 10 - wser
Enahlie Delay QMW" VONEME Figure 2 - 1.0 - - 1.2 - il
Enatle Delay "OFF" WIFFIEN} Figure 2 - 0.2 - - 0.2 - MIRT
“OFFET lsglation ISO0ER {Mote 31 — =80 - - -80 — de
Crosstalk cT {Nate 3t - | -20 - - |80 - uB
Source Capacitance CSIOFF} Swatch "OFF” Vg = 0V, - 2.5 - - 25 - pF
Vo =0V
Drain Capacitance COiOEF) Switeh "OFF", Wg = OV, - 12 - - 12 - pF
) v - O
Tnput to Qutput Capacitance CDSIOFEF} Switch “OFF" Vg =0V, - 0.2 - - 032 - pF
W =0V
Positive Supply Current ' Wt = 18Y [[4] 12 - &0 80| ma
1A11 Digital Inputs Groundedt P 1Y — 80 - - 5.0 — ma
Magative Supply Current - W= -15% - 30 38 - 20 30 ) mAa
TAll Digral frpoets Grounded ! Vo = By _ 25 _ - 18 _ mA
These specifications appiy for W1 = 16%, W- = 156V and -25°C = T = HE'C unless atherwige specified.
VN Resistance Ran Vo - OV, Ig = 100uA - - 370 - - 480 2
SRgn With Applied Voltage ARQN —10V =V £ 10V, [g = 1000A - - 24| - | - 60 | %
RAgn Match Botween Switches Ao Match | o - 0V, 15 = 100uA - 10 30 - 15 45 n
Source Current {Switch “QFF"} 1510FF} Vg = 11V, Vg = =11V - - 10 - - 10 nA
iMote 2t
Dravn Current {Switch “QFFE} ID{OEFR) Ve = 11w, vp =-11V - - 160 - - 100 na,
(Mo 2) .
Leakage Current (Swatch “ON'"} st Vo =11V (Note 2y - - 100 - - 100 na
Dugital “17 Inpul Voltage VINH 20 - - 20 - - Volts
Digital "0 input Voltage VINL - - 08| - - 08 | Volts
Ehgital 07 bnput Current ML Wiy =07V - - 20 - - 20 A
Enigital 0" Enable Current HMLIEM) Ve =07V . - 20 - - 20 vy
Fositive Supply Qurrent 1+ Alt Digital trputs Grounded - — 15 - - 11 ma
Megative Supply Current - Al Digital deputs Grounded - - 50 - - 40 { mA




MUX-B8

A.C. TEST CIRCUITS AND PERFORMANCE CHARACTERISTICS

FIGURE 1 FIGURE 2
INPUT ¥ — INPUT 3V ——,
ORIVE _/_\__ DRIVE _/_\_ o 18¥
oy ov
2v o—len
J— Al f
—{ A0 LOGIC 10 oF
mpu‘r@ s »
LOGIG . T
INPUT so 1 hdal == = =
I —=| = ONgy

Your
W, '
Vs1 Xosvss Ouﬂ’“

TRANSITION TIME ENABLE TIME

o] i tTRAN =i h-tOFFgy
FIGURE 3 FIGURE 4
“ON” RESISTANCE CHARACTERISTICS
Ta=25°C
w00
w B
-
500 | Sh—t+
)
| s
LOGIC ¢ Ry = ~52 L 268
z ON = 7,
INPUT @ £ war /
= 0 | -______--‘-“-.ﬁuxan

BREAK-BEFORE-MAKE e s 5.z 11 7 3 a5 &

DELAY INPUT :W:]_J_L pr—
DRIVE 9
o

"APPLICATIONS INFORMATION

These -analog multiplexers emblov ion-implanted JFET's in a switch configuration designed to assure break-befors-make
action. The turn-off time is much faster than tha rn-on time 10 guarantes this feature over the full operating temperature
and input voltage range. Fabricated with BI-FET processing rather than CMQS, special handling is not necessary to prevent
damage to this multiplexer. Because the digital inputs only require a 2.0V logic 1" input level, power-consuming pullup
resistors are not required for TTL compatibility to insure break-before-make switching as is most often the case with CMOS
multiplexers. The digital inputs utilize FNP input transistors where input current is maximum at the logic 0 level and drops
to that of a reverse-biased diode {about .1 A} as the input voltage is raised above ~1.4V.

The “ON" resistance, Rpopy, of the analog switches is constant over the wide input voltage range of =15V to +11V with
YguppLy = T15V. Input voltages up 1o $20% beyond this normal input range are permissible with device power on. Input
voltages of up to +11¥ and lower than -15Y are allowable with device power off. Higher input voltage is tolerable provided
that some foren of current limiting is employed {such as that of an op-amp output stage} to avoid exceeding junction tempera-
ture and power dissipation requirements. For normal operation, however, positive input voltages should be restricted to 11V
tor 4% less than the positive supply) otherwise leakage currents will increase and a normally "OFF™ switch may be falsely
turned “ON’". Although the outpui voltage will be erroneous, damage 1o the muttiplexer will not result because the switch
“ON’" resistance greatly increases and the Ipgg of the JFET protects the switch (Figure 4}. When operating with negative
input volitages, current through an “ON’ switch must be externally limited to prevent the voltage drop across the switch from
exceeding —0.4% source to drain. This is not a problem generally, for in most applications the multiplexer cutput will be con-
nected 1o a high impedance load.
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OPERATIONAL AMPLIFIER DEFINITIONS

AVERAGE BIAS CURRENT DRIFT {TCig)

The eatio of the change in the bias current to the change in
ternperature praducing it,

AVERAGE OFFSET CURRENT DRIFT {TClgl}

The ratio of the change in the offset current to the change
in temperature preducing it.

AVERAGE OFFSET VOLTAGE DRIFT {TCVs}

The ratio of the change in the offset voltage to the change
in temperature producing it.

AVERAGE OFFSET VOLTAGE DRIFT WITH
EXTERNAL TRIMMING (TCVen!

The ratio of the chiange in the offset voliage to the change
in temperature preducing 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 {Rjncm)

The ratio of the input voltage range to the change in input
bias current over this range.

INPUT BiAS CURRENT (ig}

The average of the currents into the two input terminals
when the output is at zero volis with no load.

INPUT NOISE CURRENT linp.pl

The peak to peak noise current in 2 specified frequency
band.

INPUT NOISE CURRENT DENSITY lip)

Tha rms noise current in 2 1Hz band surrounding a specified
value of frequency.

INPUT NOISE VOLTAGE (e“p.pl

The peak to peak noise voltage in a specified frequency
band.

INPUT NOISE VOLTAGE DENSITY feg)

The rms noise voltage in a THz band surrounding a specified
value of frequency.

INPUT OFFSET CURRENT {l g}

The difference hetween the currents into the two input
terminals when the output is at zero valts with no toad.

INPUT OFFSET VOLTAGE Vgl

The voltage which must be appiied between the input
terminals 1o cbtain zere output veltage with no lead,
INPUT VOLTAGE RANGE {CMVRI

The range of common-mode voltage on the input terminals
for which the common-mode rejection specifications apply.
INPUT RESISTANCE (Rjn}

The ratio of the smali-signal change in input voltage to the
change in input current at either input terminal with the
ather grounded.

LARGE SIGNAL VOLTAGE GAIN {Ayg)

The ratio of the change in output voltage {over a specified
range) to the change in input voltage producing it
MAXIMUM QUTPUT VOLTAGE SWING (Vgm)

The peak output voltage that can be obtained without
clipping.

OPEN LOOP OUTPUT RESISTANCE {Rg}

The small signal driving point resistance of the output
terminat with respect to ground at a specified quiescent dc
output voltage and current,

POWER DISSIPATION (Pg)
The total power dissipated in the amplifier with the cutput
at zero voits and no load.

POWER SUPPLY REJECTION RATIO (PSRR)
The inverse ratio of the change in input offset voitage to
the change in power supply voltage producing it.

SLEW RATE (SR}

The ratio of a changa in output voltage to the miniraum
time reguired to effect this change under large-signal drive
conditions. Slew rate may be specified separately for
positive and negative-going changes.

SUPPLY CURRENT {igy)

The current required from the power supply to operate the
amplifier with no load and the putput at zero volts.

UNITY GAIN CLOSED LOOP BANDWIDTH {Bw]

The frequency at which the magnitude of the small signal
voltage gain of the amplifier, operated closed-foop as a
unity-gain follower, is 3dB below unity.

MATCHING OPERATIONAL AMPLIFIER DEFINITIONS

INPUT OFFSET VOLTAGE MATCH (AVqe). The differ-
ence between the offset voltages of side A and side 8;
(Vosa — Vosal.

COMMON MODE REJECTION RATIO MATCH {ACMRRI.
The difference between the commen-mode rejection ratios
texpresied in volt/volt) of side & and side B. ACMRR in
db = ~20 logyp (ACMRR in vaolt/vaitl,

COMPARATOR DEFINITIONS

COMMON MODE REJECTION RATIO (CMRR)
The ratio of the input voltage range 1o the maximum change
in input offset voltage over this range.

DIFFERENTIAL INPUT RESISTANCE (Rin}
The resistance tooking inte either input terminal with the
othar grounded.
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DIFFERENTIAL INPUT VOLTAGE
The range of voltage between the input terminals for which
aperation within specifications is assured.

INPUT BIAS CURRENT {ig)
The average of the two input currents, with the inputs tied
together.



INPUT OFFSET CURRENT (ips}
The difference in the currents into the two input terminals
when the cutput 15 within a specified voltage range.

INPUT OFFSET VOLTAGE (Vg
The voltage between the input terminals when the output
is within a specified voltage range.

INPUT SLEW RATE

The maximum rate of change in differential and/for common-
mode input voitage which the input stage can follow. The
cormparator'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 VOLTAGE RANGE (CMVR)
The range of common mode yoltage on the input terminals
for which operation within specifications is assured.

OUTPUT LEAKAGE CURRENT (I gax)

The current into the output terminal with a given output
voltage and input drive equal to or greater than a specifiad
value.

OFFSET VOLTAGE ADJUSTMENT RANGE
The change in offset voitage that can be abtained by adjust-
ing a specified external nulling potentiometer.

OUTPUT SINK CURRENT {lgink!
The rmaximum negative current that can be delivered by the
comparator.

OVERDRIVE

Ths input step voltage of specified size drives the com-
parator fram some initial input voltage to an input level
just barely in excess of that reguired to bring the cutput
from its high or low state to the logic threshold voltage.
This excess is defined as the voltage overdrive,

POSITIVE DUTPUT VOLTAGE (VpRH)
The high output voltage level with a given load and input
drive equal to or greater than a specified value.

POWER SUPPLY REJECTION RATIO (PSRRI
The ratio of the maximum change in input offset voltage to
the specified change in power sUpply voitage.

RESPONSE TIME (t,)

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
al the putput of the comparator at which the loading logic
gireditry changes its digital state, or, as 1.4% when the
ioading logic circuitry is not used,

SATURATION VOLTAGE (VgaT)
The low putput voitage level with a given sink current and
imnput drive less than or equal to a specified valua.

SUPPLY CURRENTS

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 (Ay]
The ratic of the change in output voltage {over s specified
range) to the change in input veltage producing it.

MATCHED TRANSISTOR PAIR DEFINITIONS

AVERAGE OFFSET CURRENT DRIFT (TCigg)
The ratio of the change in lg; to the change in temperature
producing it,

AVERAGE OFFSET VOLTAGE DRIFT (TCV )

The ratio of the change in Vg to the change in temperature
producing it.

BIAS CURRENT (Ig}

The average of the base currents at a specified collector
voltage and current.

BROADBAND NOISE VOLTAGE (enaMs)

The root-meansgquare noise voltage referred to the input in
a specified bandwidth at a specified collector voltage and
current.

CURRENT GAIN MATCH (Ahpg)
The difference in hpg between the transistors at a specified
voltage and current, expressed as a percentage of the lower
of the two hFE's.

FE hFEq

hFEy

X 100
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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 woltage and
current.

NOISE VOLTAGE DENSITY {en)

The rms noise voltage referred to the input in a THz band
surrounding a specified frequency, measured at a specified
collector voltage and current.

OFFSET CURRENT (155)
The difference between the base currents at a specified
collector volage and turrent.

OFFSET CURRENT CHANGE {Algs/AVeE)
The ratio of the change in offset current to the change in
collector-base voltage producing it.

OFFSET VOLTAGE (Vgg)
The difference between the base-emitter voltages Wbe1 -
Vheg! at a specified collector voltage and current,



VOLTAGE REFERENCE DEFINITIONS

LINE REGULATION
The ratic of the change in cutput voltage to the change in
line voltage producing it including the effects of self heating.

LOAD REGULATION

The ratic of the change in gutput voltage to the change in
Inad current producing it including the effects of self heat-
ing.

OQUTPUT CHANGE WITH TEMPERATURE {AVQT!

The absolute difference between the maximum output
voltage and the minimum gutput veltage over the specified
temperature range expressed as a percentage of the typical
output voltage,

VMAX - VMIN

V@ (Typical) X 100

AVQT =

OUTPUT TEMPERATURE COEFFICIENT (TCVp}
The ratio of the output change with temperature to the
specitied temperature range expressed in ppm/ C. For

example: TCV () is defined a5 AV (T divided by the temper-
ature range; i.e.,
AVQT 07 to +70°C
=] e ————
TCV (0" to +70°Cl= 0°C
AVQT -56 to +125°C
180°¢C

and TCVQ{-56" 10 +125°C) =

OUTPUT TURN-ON SETTLING TIME (tgq)
The time required for the output voltage to reach its final
value within & specified error band after application of V.

OUTPUT VOLTAGE NOISE (enp.p}
The pesk to peak output noise voltage in a specified fra-
quency band.

QUIESCENT CURRENT (lgy}
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 3 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 pringiple which
provides fast settling and reduced switching transients. 0/A Converters are classified according to the type of analog autput

range i.e. bipolar or unipolar (See Figures below):

UNIPOLAR D/A CONVERTERS

BIPOLAR D/A CONVERTERS

FFSA m — e e e ————y +Fsg.1l————
./
IDEAL ANALOG OUTPUT /. %,
/_ 7/ ANALOG 7.

GAIN ERAOR
eyt #\ / GAINERROR aureuT / *7  moratesthe
QUTPUT . IROTATES THE *y LINE}

s S LINE} e
L ]
i V o 7/
« 7 ZERD
RESOLUTION OR A ¢
LEAST /. DIGITAL INPUT £s
/ SIGNIFICANT Va4 DIGITAL
. 7 ‘ BIT {LSB! .
/ /el IDEAL ANALOG DUTPUT
L J
Sos s | ANALOG ERROR LSB*_/"‘
/. TOLERANCE * s 7 ANALOG ERROR
. Ve * TOLERANCE
/ Sl
OFFsET [ + ./ _FSR ~=
ERROR DIGITAL
{SHIFTS THE LINE} INPUT FS DIGITAL o

DISCUSSION OF ERRORS

Transfer accuracy in @ D/A Converter is generally determined by measuring deviation of the actual aralog output 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 arror. Nonadjustable D/A Converter errors include nonlinearity, differential nenlinearity, zero-scale symmetry,
zero and full-scale temperature drift coefficients and power-supply sensitivity. The most meaningfu! nenadjustable error term
in a D/A Converter is NONLINEARITY. The next most important nonadjustzble errar terms are full-scale drift and
differential-nonfinearity. A D/A Converter that has a specified maximum nonlinearity of £1/2 LSB over temperature will alse
be guaranteed 10 be monotonic. PMI specifies maxirmum nonlinearity over temperature for every D/A Converter (except the
0AL-03} to assure the designer of precision perfarmance for the most demanding applications.
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D/A CONVERTER DEFINITIONS - CONT'D

DIGITAL-TO-ANALOG CONVERTER
A gircuit for converting a digital codg word into discrete analog guantities according to a prescribed relationship.

LEAST SIGNIFICANT BIT {LSB}
The smallest incremental analog output change obtainable and is egual 1o the full scale output range divided by 2"'“, where
n = number of bits.
FSR
B = oo

LB~ o
MOST SIGNIFICANT BIT {MSB)
The largest incremental analog output change obtainable by switching a single logic bit input. 1t is ideally egual to:

o5 = (2(11—1})
MSE = F5R _(2n1_1

whete n = number of bits.

FULL SCALE RANGE (FSR)
The output analog signal span expressed in units of voitage or current.

ZEROD SCALE OFFSET ERROR {ZS)
The measured analog output when the digital input code corresponds to an analeg value of zero. Usually expressed as a per-
centage of nominal Full Scale Range but also expressed in ppm, LS8, or given in units of current or voltage.

ZEROQ SCALE SYMMETRY ERROR
For a Sign-Magnitude D/A converter, zero scale symmetry is the change in the analog ocutput produced by switching the sign

hit with a zerp code input 1o the magnitude bits. This quantity is expressed in units of current, voltage, or in fractions of an
LSB.

RESOLUTION
The number of states {27} that the cutput 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 ideat straight line drawn between the end paints, expressed as a percent of Full Scale Range
{FSR} or given in terms of L5SB value. The end points are zero scale output to full scate output for unipolar operation and
minus full scale to positive full scale for bipolar operation.

DIFFERENTIAL NONLINEARITY {DNL)
The maximum deviation of the analog autput 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 codesis 11 1/2 LSB or
1/2 to 3/2 LSK.

MONOTONICITY
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 cutput Full Scale Range and the ideal Full Scale Range expressed as a gercent of Full Scale
Range or in terms of LS8 value,

SETTLING TIME

The elapsed time for the analog output to reach its Tinal value within a specified error band after the corrasponding digital
input code has been changed. Usually specified for a Full Scaie Range change and measured from the 50% point of the logic
input change to the time the output reaches final value within the specified error band.

GLITCH
A switching transient appearing in the cutput during a code transition. Is value is expressed in'valts or current and time dura-
tion at the base,
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D/A CONVERTER DEFINITIONS - CONT'D

RELATIVE ACCURALCY
Another term for nonlinearity.

POWER SUPPLY SENSITIVITY

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 26°C value and either temperature extreme divided by the corresponding
change in temperature and is expressed in ppm/°C.

MISCELLANEOUS TEMPERATURE COEFFICIENTS

Although nonlinearity and differential nonlinearity should be specified as a worst case error over temperature, some rmanufac.
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 temperature extreme divided by the corresponding change in temperature and expressed in ppm of FSR/°C.

OUTPUT VOLTAGE COMPLIANCE
The voltage range over which the current cutput of g digital-to-analog converter meets the specified error limits. If the error

timit is not specified, the voltage range is not a true compliance specification but merely a range over which the converter
wilf be functional.

D/A CONVERTERS BY OUTPUT TYPE

CURRENT OUTPUT D/A CONVERTERS
The output of the converter is & true digitally controlled current source or sink which has a high output impedance and 2
voltage compliance within which the converter meets the specified error limits.

RESISTIVE OUTPUT D/A CONVERTER

The cutput of the converter is a current, but has a low output resistance (typically 1-20 K chm).and nearly zero ouiput 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.
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Monolithic Chips

GENERAL DESCRIPTION

FEATURES
The superior performance of most Precision Monolithics W Highest Yields. . ... ... 25°C Parameters Guaranteed
products is available to the hybrid microcircuit designer. All B Highest Performance. . .. ... ... Tight specifications
chips are 100% electrically tested for all guaranteed DC M Highest Reliability —Exclusive “Triple Passivation” Process
parameters at 25°C and are 100% visually inspected to MIL- B Wide Temperature Range Operations

STD-883 wvisua! cnteria. Each chip s protected with our B Excellent Die Attach. . .Thick Gold or Standard Backing

“Triple Passivation” Process incorporating an advanced  Silicon B 100% Visually Inspected to MIL-STD-883 Criteria
Nitride ion barrier plus a thick glass coating over the metalli-

 Tight Distributions .. ... . . Precision Process Control
zation. Chips are packageld in waflfle‘pack carriers with an = Carefully Packaged .. ... .. No Loss During Shipment
anti-static shield and cush|oninlg strip .placenfi ower the alctli\.re = Guaranteed Dimensions . . .. .. oo ... ... +72 mils
surface to assure extra protection during shipment. Precision )
Monolithics chips provide the highest performance available W Guaranteed Pad Size.................... 4 mils

coupied with lowast averall finished costs.

TRIPLE PASSIVATION

Tripte Passivation is a three-step process which provides superior reliability and protection for all Precision Monalithics integrated
circuits. First, a speciaily treated thermal silicon dioxide fayer is grown. This protects the junctions and also attracts any residual
ionie impurities to the top surface of the oxide, whare they are held fixed. Next, a layer of silicon nitride i5 applied to prevem
the entry of any potential contamination or impurities. The third ep is the thick giass overcoat layer which leaves only the
bonding pads exposed. This “glassivation” protects the chip from damage during assembly and is especiatly important in minimizing
vield loss during shipment and assembly of chips for hybrid circuits.

EMITTER BASE COLLECTOR

PRECISION MONOLITHICS
TRIPLE PASSIVATEDTM
INTEGRATED CIRCUIT PROCESS

20 o,

1 SLECON DIOXIDE
2.SILCON NITRIDE SILICON
brm———— 3 GLA&55 QVERLOAT ALLMINUM

QUALITY ASSURANCE

Precision Monolithics believes that guality and reliability must be built into the product; no amount of testing can replace these
inherent properties. For this reason, all devices are fabricated and processed to MIL-5TD-B83 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 15 provided by normal production testing of packaged devices.

ORDERING INFORMATION

All PMI chips are available with gither plain backing or, at extra cost, 1-micron thick eutectic-honded gold backing. Electrical
performance is specified at 25°C for all products in the data sheet section of this catalog, Visual inspection criteria is as listed betow:

KUAXKK ~ XAX - XX

L BACKING SUFFIX:  C=PLAIN, €G = GOLD
MODEL TYPE VISUAL CRITERIA: A= MIL-STD-883A METHOD 2010.2 TEST CONDITION A
B = MIL-STD-883A METHOD 2010.2 TEST CONDITION B
C= PMI'C” VISUAL, PMI SPECIFICATION NO. A0018 BASED ON

MIL-5TD-883 METHOD 2010 I1SSUED 1 MAY 1268,
ELECTRICAL GRADE:

N = TOP, G = MIDDLE, GR = LOWEST

For price and delivery information or quotations for special devices, contact the nearest PMI sales office or representative listed
in the back of this catalog.
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MECHANICAL INFORMATION

Dimensions
Al dimensions are nominal and ia mils (10°3 inches). Die

thickness is nominally 10 mils £1 mil. Toterance on die dim
ensions is £ 3 mils.

Metallization

Aluminum metallization with a nominal thickness of 10,000
angstroms is standard for all devices.

Bonding Pads

Minimurm bonding pad size is 4.0 mils X 4.0 mils for all
devices.

ASSEMBLY PROCEDURES

TESTING
Wisual Inspection

All chips are 100% visually inspected to the applicable visual
criteria per M1L-5TD-883.

Devices with visual inspection to test condition A, MIL-5TD-
883A Method 2010.2 are available on special order only,

Electrical Testing

All dice are 100% tested ta the DC specifications listed in the
data sheet section of this catalog. Sample assembly and testing
in standard packages to specified LTPD of units from
customer’s dice lot are available at extra cost.

Proper shipping and storage, die attachment, and bonding are required 1o take advantage of the full performance built into PMI
devices. PM| provides this information but cannot assume responsibility for technology and interface problems in applying chips,
nor guarantee results in using the suggasted progessing methods; this information is for user assistance only and is to be used at

the user’s own discretion,

STORAGE

Assembly begins with storage, because chips which are metat-
lized with aluminum will slowly oxidize if exposed to air. This
action is very slow, but eventually a thin layer of aluminum
cxide will form on the bonding pads. To keep oxidation to a
minimum, PMI chips are stored in a temperature and humidity
controfled nitrogen atmosphere at the factory until shipment;
they arg never stored at any other point in the sales and
distribution chain.

Qxidation is a mare serious problem with thermal compression
gold ball bonding than it is with ultrgsonic gluminum wire
bonding. Wtrasonic aluminum wire bonding can penatrate a
thicker layer of aluminum oxide than gold ball bonding. If
thermal compression gold ball bonding is used, the devices
should be honded within a few 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 5 provided by the waffle-pack
carrier and its antistatic shield and cushioning strip. In addition
the waftle pack is vacuum-sealed in a polyethylene bag.

EUTECTIC DIE ATTACHMENT CONDITIONS

The die-attach area of the package should be gold plated.
Whila preforms are not generally raquired, they may be neces-
sary in some cases depending on die size and the thickness of
the packanye's gold plating. If reguired, preforms of approxi-
mately 0.65 or 0.820 mm diameter with a compesition 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
temperature of 420°C % 10°C during the die-attach operation.
Inert gas protection, nitrogen with a flow of approximately
30 Viters/howr, is also recommended,

EUTECTIC DME ATTACHMENT PROCEDURE

For ease of handling in die attachment, dice should first be
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transferred from their waffle packs to flat glass or metal plates.
Allow the package 1o soak a sufficient time to acquire z
uniform temparature. [Where necessary place a preform on the
mounting surface.}

Using suitable tweezers, carefully pick up the die from the
supply plate, arient 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 compieting
the die-attach operation remove the package from the heater
hock.

The die should be level and flar 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
ke wsed, specifically designed for die-attach use. Manufacturer's
instructions should be carefully followed. While PMI uses
eutectic dig-attach exclusively, conductive epoxy die-attach
can be used, although this technigue s not as well-established,

ULTRASONIC ALUMINUM WIRE BONDING

PMI 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 manufacturer of the
specific bonding equipment used should be carefully followed.
A suitable wire for ultrasonic banding is Aluminum-Sificon
alloy 9971, Diameter 0017, elongation 0.5 - 2% tensile
strength 14 - 16g; but zgain, specific instrustions/recormmenda-
tions related to the bonding equipment used shouid be
observed. An aversge bond pull strength of & - Bg, and a
minimum limit of 2g should be maintained to assure mechanical
bond quality,

UNUSED PADS
All pads marked with {+' are not to be bonded to by user.

These pads are wused by the factory for testing or adjusting
{zener zap) electrical parameters.



ASSEMBLY SPECIFICATION AQ018A
DIE INSPECTION — TEST INSPECTION C

OBJECTIVE

The purpose of this specification is to check the workmanship of monclithic microcircuits, {Procured as individual dice) to
detect and eliminate die with defects which could lead to device failures in normal application.

POLICY

2.1 All die will be wafer probed at +256°C 10 ensure meeting electrical performance paramaters.

2.2 When Test Condition C for visual inspection is specified, die shall be 100% inspected in accordance with the following
procedure,

PROCEDURE

3.1 Each die shall be examined in a suitable sequence of observations and at the specified magnification to determing com-
pliance with the reguirements of the applicable procurement document and the criteria of the specified test condition.
The order in which criteria are presented is not a required order of examination, Inspection shall be performed perpen-
dicular to the die surface with the device under illumination normal to the dic surface.

32 It a specified visual inspection requirernent is in conflict with circuit design topology or construction which has been
documented in the detaill specification or design documentation and approved by the qualifying activity, the latter shafl
prevatl. All references herein to silicon oxide or oxide shall also apply to silicon nitride or any other underlying passiva-
tion or material used in fabricating monolithic microcircuits. Wherever the criteria of “0.1 mil of oxide or metal” is
used, 2 discernible line shall satisfy this requirement. After visual inspection, devices shall be stored in & dry, dust free,
positive-prassure, inert, controlled envirgnmeant.

3.3 Test Condition C visual examination shall he conducted on all menglithic microcircuits. The order of examination

required in 3.3.1 through 3.3.5 may be varied at the discretion of the inspector. The inspection shall be performed
within the range of 76X to 150X, unless otherwise spacitied.

3.3.1 Metallization

Mo die shall be acceptable that exhibits the following defects in the operating metallization:

3.3.1.1 Scratches, missing metallization

No scratches shall be acceptable in the interconnecting metallization which reduce the width of the con-
ducting stripe by three-fourths or more of the minimum design width, provided the scratch exposes
silicon oxide at any point along its length. Scratches, exposing siticon oxide, cocurring in metallization
contact cut areas shall not be acceptable if they leave three-fourths or more of the contact area isolated
from the metallization. Scratches, exposing oxide and occurring on metallization bonding pads shal! not
be acceptable if they accur in such a manner as to isalate three-fourths or more of the bond arsa from
the metallization. Missing metallization reducing the width by three-fourths of its narrowest designed
width shall be cause for rejection.

CONTACT CUTS REJECT ISOLATES MORE
THAN 34 OF CONTACT CUT AREA

ISOLATION RING

TOOTHER
CIRCUIT ELEMENTS

ACCERT: DOES NOT REJECT:
FEDUCE WIDTH BY REDUCES
34 OR MORE WILTH MORE
THAN 3:4

—- ACCEPT: DODES NOT REDRICE
WIDTH MORE THAN 34

ACCERT: DOES NOT ISOLATE REJECT: ISOLATES MORE THAN
MORE THAN 3/4 OF BOND AREA 3/4 OF THE BOND AREA
FIGURE 1
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3.3.1.2 Matallization adherence

Any metallization lifting, peeling, or blistering that results in less than 1/4 of the minimum design width
remaining undisturbed.

3.3.1.3 Bridged metallization

Reject all material on which silicon oxide is not visible between metallization stripes. Such reductions
may be caused by smears, photolithographic defects or conductive foreign material [see fiqures 2 & 3).

ACCEPT:  SILICON OXIDE

VISIBLE
m \ \.
!
/ 1 |
METALLIZATION REJECT: SILICON DAIDE SILICON
NOT VISIBLE OXIDE
FIGURE 2

3.3.2 Foreign Material

Unattached metallic, abrasive or conductive material on the surface of the die shall not be acceptahle. Attached
metalhic or conductive material shall not be acceptable on the surface of the die if siticon oxide is not visible
between the particle and any adjacent metallization. A particle shall be considered attached if it cannot be
rermaved by a nitrogen blow (20 psi}, Conductive foreign material attached to the top surface of the overcoat shatl
be acceptable. This inspection will be conducted at low magnification [30X-60X).

REJECT: SILICON OXIDE 15 NOT
VISIBLE BETWEEN THE
FOREIGM PARTICLE AND
EITHER METALLIZATION
STRP.

AQUE PARTICLE

ACCEPT: SILICON OKIDE
WISIBELE BETWEEN
AT LEAST ONE STRIF
ANG THE PARTICLE

FIGURE 3

3.3.3 Scribing and die defects
No device shall be acceptable that exhibits:

fal  Less than 0.1 mil of passivation visible between operating metaflization or bond periphery and edge of the
die.

NOTE: Criteria of 3.3.3{al can be excluded for peripheral metallization including bonding pads where the
matallization is at the same potential as the die.

i) A chipaut in the active circuit area.

lc}  Any crack in the active circuit area or a crack that exceeds 5.0 mils in length {see figure 4}.

14-4



{db  Any crack that comes closer than 0.1 mil to any cperating metatlization or other active circuit area on the
die (see figure 4}.

le) A crack, that exceeds 1.0 mi! in length, inside the scribe grid or scribe ling that points toward operating
metallization or functional circuit elements {see figure 4}.

if}  Any attached piece of an adjacent die protruding more than .003'" {3 mils) from the edae of the die.
REJECT- CRACK 1.0 Mt INSIDE SCRIBE

REJECT  CRACK 0.1 MIL SEPARATION LINE AND POINTS TOWARD
i FROM OPERATING METALLIZATION OPERATING METALLIZATION

3 e h

5

1.0 MIL
ACCERT: CRACK - 1.0 MIL
] L IMEIOE SCRIBE
] LINE
Y |
1

|.- SCRIBE GRID
QR SCRIBE LINC

2l

B

REJECT: CRAGHK N

REJECT: CRACK :>6.0 MIL

ACTIVE tH LEMGTH
CIACUIT AREA

SCRIBING AND DIE DEFECTS
FIGURE 4

3.3.4 Overcoat

Overceoat is defined as a dielectric layer (glassivation] applied after metallization. No device shall be considered
acceptable which exhibits any overcoat void which bridges any two operating circuit metallization areas or any
operating circuit metallization to bare sificon. No device shall be acceptable that has glassivation covering more
than 50% of any active bonding pad.

3.3.5 Probing

All bonding pads shall be inspected for evidence of probing. Any die having any active unprobed bonding pads
shall be rejected.

3.3.6 Dimensions

The length and width dimensions of the chip shall be inspected and must be within 003" of the catalog
dimensions,
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CMP-01

FAST PRECISION COMPARATOR

ABSOLUTE MAXIMUM RATINGS

CHIP LAYOUT AND DIMENSIONS

Ty = +25°C)

na load {no putl-up)

Junetion Temperature {Tj) ~-65°C to +150°C 66 MiLS
Total Supply Voltage, W+ to V- BV Inv Non Iny
Output to Ground -5V to +32V Input  inpul
Output to Negative Supply Vaoitage a0V
Ground to Megative Supply Voliage 30V
Paositive Supply Voltage to Ground 30w
Positive Supply Woltage to Offset Null 0to2y 41miLs
Output Sink Current (Continuous Operation) 75 mA Y+
Differentiat tnput Voitage LAY [ ] -
Input Voltage {V; = £16V) 115y 7
Qutput Short Circuit Duration — to ground Indefinite Nuli Nult Out
oY+ 1 min.
ELECTRICAL SPECIFICATIONS AT 26°C CMFPOT-N | CMPO1-G
These specifications apply for Vg = + 16 uniess otherwise noted.
Parameter Bymbol Test Conditions Min Max Min Max Units
Input OHfset Voltage Yos Ag = G kit - 0g - 28 mY
input Offset Current Ing - 25 - 80 nA,
lnput Bias Current g - =114 - 900 nA
Differential Input Resistance Rin 30 - 10 - Mo
Input Voltage Range CMVR 1125 - 1125 - v
Common Mode Rejection Ratio CMRR Yom = :CMYR a4 - a0 - dB
Power Supply Rejection Ratio PSRR BV = Vg + 1BV 80 - 74 - dB
—18V = Vg — <0V
Positwe Output Voltage Vod Vi &= 3mV, Ig = 320pA 24 — - - W
Yip 3 3MV, Iy = 24004 - - 24 - v
Saturation Voltage VAT leink = 6.4 mA - .45 - 0.45 ¥
Qutput Leakage Curreng I eak Win & 10mV. Vg = 30V - 4.0 - 80 A
Positive Supply Current 1+ Yip = =10mv - 80 - B mh,
Megative Supply Current i= Wi = =10my - 22 - 22 ma,
Power Consurmptian Py Vin = —10mV - 153 - 161 W
These specifications apply for Wg+ = 5W and Vg~ = OV unless otherwise nored.
Input Otfset Waltage Vs Ry = B kil — 1.5 - 35 my
Input Offset Current Igs - 21 - B5 nA
TYPICAL ELECTRICAL CHARACTERISTICS (Vg = £15V) CMPO1-M CMPO1-G
Parameter Symbol Test Conditions Typical Typical Units
Averaga Input QOffset Vaoltage Drift TCV s Rg = &0 15 1.8 wviC
Average {nput Offsat Current Drift TClys 35 a0 pASC
Response Time e 100y step, SV overdrive 50 %0 nsee
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CMP-02

LOW INPUT CURRENT PRECISION COMPARATOR

ABSOLUTE MAXIMUM RATINGS

CHIP LAYOUT AND DIMENSIONS

Jdunction Temperature (T} ~65°C 1o +150°C —
Total Supply Yoltage, W+ to V-~ 36V | Inv Non iy |
Output to Ground -5V to +32V input  Input
Qutput 1o Negative Supply Voltage 50V
Ground to Megative Supply Voltage 30V
Positive Supply Voltage to Ground 30V
Positive Supply Voltage to Offset Nuii G to 2V
Output Sink Current {Continuous Qperation} 75 mA
Ditferential input Voltage EA DAY
{nput Yoltage {Vg = £15V) +15¥
Output Short Circuit Duration — 1o ground Indefinite Mol Null Out
to W+ T min.
ELECTRICAL SPECIFICATIONS AT 25°C CMPO2-N CMP02-G
These specifications apply for Vg = + 16V unless otherwise noted.
Farameter Symbo! Test Conditions Min Max Wiin Max Units
Input Dffset WVoltage Vos Rg = 5 kit - 0.8 - 28 my
Rg = 50 k& - 0.8 ~ 30 mv
Input Offset Current los - 3.0 - 15 na
Input Bias Current g — 50 — 100 na
Ditferential Input Resistance Rin 5.0 - 15 - ile]
Input Voltage Range CMVE 125 - +12.5 - W
Common Mode Rejection Ratio CMRR Vom = :CMVYR 94 - 90 - dB
Power Supply Rejection Ratia PSRR BV = Vg+ <18V 80 - 74 — de
—18Y < Vg — <0V
Pasitive Qurput Vaoltage Yoau Vip = 3mV, 1, = 320p4 24 - - - W
Vin = 3mV. g = 24004 - - 2.4 - v
Saturation Voltage VgaAT Igink = 6.4 mA - 045 - ¢ .45 Y
Crutput Leakage Currant ILEAK Vo 3 10my, v, = 30 - 40 - 50 WA
Positive Supply Current I+ Vin = -10mV — BO - BS ma
Negative Supply Current 1= Vin = —10my — 22 - 22 mA
Powrer Consurmption Po Vin = -10mY - 153 -- 161 iy
These specifications apply for Vg+ = W and Vg= = (W unless otherwise noted.
Irput Offset Voltage Vas Ag < B ki - 15 - 15 my’
Input Qffset Current tas — 3.0 - 14 na
TYPICAL ELECTRICAL CHARACTERISTICS (Vg = £15V] CMPG2Z-N CMPO2-G
Parameter Symbol Tea Conditions Typical Typical Units
Aversge |nput OFfset Voltage Drift TCV Rg =500 15 18 wVIC
Average lnput Offset Current Drift TClgs 40 50 pASC
Respanse Time 1y 100m Y step, SmV overdrive 160 160 nsee
{Ta = +25°C) ng load ino pull-up)




DAC-01

6 BITMONOLITHIC D/A CONVERTER

ABSOLUTE MAXIMUM RATINGS CHIP LAYOUT AND DIMENSIONS
Junction Temperature {Tj} -657C to +150°C = o e *
W+ Supply Yoltage 1o Ground 0te +18V e [ :
| ] | ] |
V- Supply Voltage to Ground 01t -18V Trm : SN Y Austoy
Logic Input to Ground -0.7 to +8V e Vo e hems o e et
Qutput Short Cireuit Duration Indefinite 51
MILE
o : I L . - vt
MOTE: Short circuit may be to ground or either supply. "se Bua B4 BED  HiE
Rating applies to +1 50°C chip temperature. acz / ™ ™ LSB\
- R L | 1LY |
ELECTRICAL SPECIFICATIONS AT 25°C DACOT-N DACD1-GR
BIPOLAR AND UNIPOLAR
UNIPOLAR ONLY
Parameter Symbaol Test Conditions Min Max Min Max Units
Manlinearity Vg = +15V - +0.4 - 0.4 %
Internal Reference Voltage VMCR Vg = 16V ) 5.65 6.78 64 62
Zera Seale Voltage Vzs Vg = £15¥ — = 021 - + 035 v
ELECTRICAL SPECIFICATIONS AT 25°C IN COMMON TO ALL GRADES
These specifications apply tor Vg = £15Y unless otherwise noted,
Parameter Test Conditians Min Max Units
Uripalar Full Scale Qutput 2K load, logic < 0.0V, shart ¥- to Full Scale Trim, Unipolar/ 10.00 11.75 v
WVoltage (Al Models) Bipolar to Ground, and Scale Factor to Sum MNode.
Bipalar Quiput Voltage 2K 51 Load, Shart Sum Mode to Unipolar/Bipolar.
5 Volt Range (Excent Short ¥— ta Full Scale Trim and Scale Factor to Sum Node,
VEs+ DACOL-GR! Logic Inputs = OV +4.93 +6.94 v
VFs- Logic Inputs = 3.0V -5394 -4.93 v
=10 Vot Range {Except Open Scale Factor
VES+ DAC-01-GR) Logic Inputs = 0¥ +9.78 +1189 v
YES- Logic Inputs = 3.0V -11.39 218 v
Bipalar (Miset Vaoltage t5 Valt Range - +70 my
L2 ¥Egs 1-) VeSS 10 Volt Range - 140 my
Resolution & 3 bits
Lagic Input “0" - 05 v
Logic tnput 1" 21 - v
Logic nput Current, Each tpput VN =121V - +80 ey
Power Suppty Fejection “P2W £ Vg < 1BV VEg = 100 W — 0.15 WFS/N
Pewyer Comsumption No Load - 250 iy
TYPICAL ELECTRICAL CHARACTERISTICS DACO1-N DACD1-G OACOt-GR
Parameter Symhbol Test Conditions Typical Typical Typical Units
Setthing Tirne ts To11/2 LSB 15 15 15 e
Fuill Scale Tempeo TCVrsg Vg =115V 60 20 o] pom/°C
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DAC-02

10 BIT PLUS SIGN D/A CONVERTER

ABSOLUTE MAXIMUM RATINGS CHIP LAYOUT AND DIMENSIONS
Junction Temperature {Ti} -65°C 10 +160°C n— L b s |
— -
W+ Supply to Analog Ground Oto +18Y m WEEES a By - : T
b W | - !
Y- Supply to Analog Ground 0to -18V ] B"Gn.'. :"’all\ﬁans “wra Bu3 b al
Analog Ground to Digital Ground O to 0.5V I.\B" " S e i
B 11
Logic Inputs to Digital Ground =BV to (V4 ~ TV} B en i
LB
Internal Reference Output Current 300 pA " Pagta N T
el NIt et 4
Reference Input Voltage Oto +10V ¢ s e LR ‘s
. . . . Esule BN, SN we
Output Short Cireuit Duration Indefinite v L‘uonl:; [T " \\\.
{Short cireuit may be to ground or either supply.) s . iy
ELECTRICAL SPECIFICATIONS AT 25°C DACO2-N DACC2-G DACO2-GR
These specifications apply for Vg =~ £15% and +10VW Full Scale Jutput unless otharwise noted.

Parameter Test Conditions Min Max Min Max Min Max Units
Resclution Biwpolar Qutput 13 13 13 13 13 13 bnts
Bits 11 and 12
not normally used Unipolar Quiput 12 12 12 12 12 12 bty
Mongtanicity a - g - 7 - bts
Nanfinearity — 0 — )2 - 0.4 % FS
Zero Scate (ffset Sign Bit High, Al Other - +10 - +10 - =10 my

Inputs Low
Zer Suale Symmetry 13V Full Sgate — +5.0 - 50 - +10 mi
Full Scale Bipolar Symmetry +10% Full Scale - 160 — 60 - 30 mYy
Power Supply Rejection Vg =+12V to =18V - Q.05 - Q.05 - a. % VgV
Power Dissipation - igur =0 - 300 - 300 - 50 PN
Logic Input 07" - 08 - 0.8 - 0a W
Logic Input 17" 20 — 2.0 - 20 - W
Full Scale Durpur Vahiage WEgy {5ign Bit High) 10 115 10 15 10 1B W
Ves. (Sian Bit Low) -115 _10 -115 -0 1156 0 v
TYPICAL ELECTRICAL CHARACTERISTICS DACOZ-N DACD2-G DACOZ.GR
These specifications apply for Vg = 15 and +10V Full Scale Qutput unless otherwise noted,
Parameter Symbol Test Conditians Typical Typica! Typical Units
Full Scale Tempeo TCVryg tnternal Reference G0 60 90 ppmd G
Seutling Time tg Ta £1/2 LSB 15 15 15 wsec
Tp=267C) 10 Voht Step
Logic Input Current Ta = 25°¢ 10 14 1.0 I

MOTE: Vaoltage Output Range programmatile by cannecting SF1010W) to Analog Qutput for 10 volt range. Jumper from SF2I8Y] 1o Analog
Qutput sets device to 5 volt range,




DAC-04

TWO'S COMPLEMENT 10 BIT D/A CONVERTER

ABSOLUTE MAXIMUM RATINGS CHIPF LAYOUT AND DIMENSIONS
Junction Temperature (Tj) -65°C to +150°C i MM —— — — —— — - —-—-|
W+ Supoly to Analog Ground D to +18Y . URGRE_ ., r ] |
V-Supply 10 Analog Ground 0to -18Y Tama R s 4 o
BB B 6
Analag Ground to Digital Ground 0 1o 0.5V B P
Logic Inputs to Digital Ground -6V to (Va4 — .7V} \af"' ne -
Internal Referance Output Current 300uA = o At | ks
Reference Input Voitage 0to +10V \2'“';;1 . e |
Qutput Short Circuit Duration Indefinite puiog o g o
{Short circuit may be to ground or either supply) I Braund Fa T AN
' aSisEm [ ] Yoo e Wy
ELECTRICAL SPECIFICATIONS AT 25°C DACDE-N J DACO4-G J DACDA-GR I
These specifications apply for Vg = BV Full Scale Quitput unless otherwise nated,
Parameter Test Conditions Min Max Min Max Min Max Units
Resolution Bipolar Cutput 12 12 12 12 12 12 bits
Monotonicity 2 - 8 - 7 - hits
Nonlinearity - =1 - 0.2 —- 3.4 % F5
Bipolar Offset Voltage Short Reference Input to -5.0 0.1 50 01 50 01 %
Reference Quiput and Bipolar range
Adjust
Power Supply Rejection Vg =12V to 18V - 01 - 01 - — WV SV
Pawer Dissipation louT =0 - 200 - 300 - 350 iy
Logic Input "0 - ja )3 - 08 - 0.8 1
Logic Input 1" 20 - 20 - 240 - v
Full Scale Qutput Voltage Short Reference Input 1o 1040 s 10.0 1ns 100 115 v
Reference Qutput
TYPICAL ELECTRICAL CHARACTERISTICS DALCDA-N DACO4-G DACO4-GR
These specifications apply for Vg = +16Y and +8Y Ful! Scale Output unless otherwise noted.
Farameter Symbolt Test Conditions Typical Typical Typical Units
Full Scale Tempoo TCVEs Internal Reference =] 60 a0 ppmi’C
Sertling Time (T = 25°Ch tg Fo +1L5B 15 15 18 HIEC
10 Volt Step
Logic Input Current Ta = 25°C 1.0 10 1.0 b

NOTE: Seze CAC02 note

14-10




DAC-08
8 BIT HIGH SPEED MULTIPLYING D/A CONVERTER

ABSCLUTE MAXIMUM RATINGS CHIP LAYOUT AND DIMENSIONS
Junction Temperature (Tj) -£5°Cto +150°C o —————— A5 #5 e -
+ _ .
W ._(.;U|l'll[.1|\( to V- Supply 38V T EIEEEEEN _I
\I.;oguc nputs V- 1o V—\pflus 36v .\ 47 86 46 B Ry B ..__. |
-1 + 3 sE
LC oV B e BHM:::: | |
Reference Inputs V-to v+ S
Raference Input Differential Voltage 18V gt
Reference Input Current 5.0mA. AR e
= i,, omge. 1 i
| L]
ELECTRICAL SPECIFICATIONS AT 25°C DACD8-N DACO8-G DACCS-GR
These specifications apply for Vg = $15V and Iggp = 2.0 mA ualess otherwise specified, Output characteristics refer to both [gyT and igyT-
Farameter Symbal Test Conditions Min Max Min Max Min Max Units
Resalution 8 8 8 8 8 3 bits
Monatonicity 8 8 8 8 8 8 bits
Honlinearity - 0.1 - (.19 — +0.39 % FS
Qutput Volitage Compliance Voo Full scate current -0 +18 -14 +18 10 +18 W
change <% LSB
Full Scale Current TFg4 VREF - 10.000V 194 204 1.94 2.04 1.94 2.04 ma
Rqg. Ryg = 5.000ks?
Full Seale Symmelry =T - 8.0 - 8.0 - +16 A
Zero Scale Current 125 - 20 - 40 - 40 nA
Qutput Current Range [F=fy=] V-=-50V 0 21 0 2.1 0 21 ma
) V- =-7.0¥ to -1BY Q 42 0 4.2 0 a2 ma
Logic 0" Input Lewvel VL - a8 - 048 — 08 W
Logic 1" Input Level YIH 2.0 - 20 — 20 — W
Logic Input Current Vig=0v
Logic 0" TR Vi = =10V to +(.BY — 10 — +10. ~ =10 ub
Logiec 1" 1 Vi = 2.0V 1o 18V - =10 - 10 - +10 I
Logic Input Swing Vis V- .16y -1 +18 =10 +18 -10 +18 v
Reference Bias Current [F1 - -3.0 - -3.0 - -3.0 uA
Fower Supply Sensitivity PSSIEg: Vi = A58V 10 1BY - 0. - 0.01 - o.M %1%
PFS8lpsg. V= 45V 10 -18Y - 0., - 001 e 001 %%
IRep = 1.0mA
Fower Supply Current 1+ Vg 218y - kY] — 38 - 38 ma
i- IREF £20mA - -78 - 78 -~ -8 A
Fower Dissipation Pr Vg = -1BV — 1748 - 174 ~ 174 i
Igep = 20 ma
TYPICAL ELECTRICAL CHARACTERISTICS [ DAC-0BM ] OAC-68G DAC-08GH
These specifications apply for Vg = £ 15V and |gepF = 2.0 mA unless otherwise specified. Chstput characteristics refer to both 1ot and 1gpT,
Paramater Symbal Tast Canditions Typical Typical Typical Units
Reference {nput Stew Rate di/dt a0 a0 8.0 mAfesec
Propagation Delay oL, tpHL| Ta = 25°C, Any bt 35 35 35 nseg
Setthng Twne iy Ta 24 LSE, all bits 100 100 100 nsec
switched OM ar OFF,
Ta=258"C
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DAC-20

2 DIGIT BCD HIGH SPEED MULTIPLYING DAC

ABSOLUTE MAXIMUM RATINGS

CHIP LAYOUT AND DIMENSIONS

~85°C to +160°C |

e BN — ]

dunction Temperature (T; .
V+ Supply to V- Supply BV NELEEEEER"
Lagic Inputs V- to V- Plus 36V NI Yy
VLC V_ t(‘} V+ . B4 (LB Mf’::ac’/.
Reference Inputs V- to W+ s " ‘o
) . ) A 57
Reference input Differential Voltage +18V s - o § i
. v .
Reference Input Current 5.0mA -/ e Fc :o..t Nc\ \
4 -m =0
ELECTRICAL SPECIFICATIONS AT 26°C DAC-20-N DAC-20-G
These specifications apply for Vg = 15V and IggF = 2.0 mA unless otherwise specified. Output characteristics refer to both lgyT and lgyT.
Paramuter Symbal Tast Conditions Min Max Min Max Units
Resalution BCD O vo 99 steps 2 2 2 2 Digits
Monotonicity BCD 29 steps 2 2 2 Digits
Nanlinearity NL FS5 = 1001 1001 - 174 - 1172 LSB
Output Voltage Compliance | Yoo Full scale current changs ~t0 +18 =14 +18 v
<1/2 LSB
Full Scale Current [=F1 VREF = 10,000V 198 2.00 1.92 204 mA
R14. A5 = 5000k
Zero Seale Current Izg — 25 — 50 HA
Cutput Current Range IEsR V=50V 1] 21 [ 2. ma
V== -7.0¥ 1o -18Y 0 4.2 o 4.2 mhA
Logic "0 Input Level VL ’ - a.e — a8 W
Logic 1" Input Levef VIH 2.0 - 20 - v
Logic input Currant Vg =0V
Logic 0" i Vi = -10V 1o +0.8Y - £10 - £10 uA
Logic “1” iy Vi = 20V to 18V - +10 - +10 uA
Lagic fnput Swing Wig V== =15y =10 +18 -10 +18 v
Reference Bias Current 'T - -3.0 - =-3.0 uh
Power Supply Sensitivity PSSIES: V4 = 45V 10 18V - +0.03 - +0.03 %I%.
PSSIES.. Ve = ~4.5V to —18V - +0.03 - +0.03 %1%
1RE_F = 1.0ma
Power Supply Current 1+ Vg =18V - 38 - 38 ma
1= IREF = Z0 mA - -78° - -7.B ma
Power {hssipation o Vg = :1BY — 194 — 194 miy
IREF = 20 mA
TYPICAL ELECTRICAL CHARACTERISTICS BAC-20-N BAC-20-G
These specifications apply for Vg = 15V and Jgep = 2.0 mA unlkess otherwise specified. Output characteristics refer to both louT and IgyT.
Paramatar Symbol Toit Conditions Typical Typical Units
Reference Input Slew Rate difdt 8.0 840 mAusac
Propagation Delay tPLH. 1PHL | Ta = 25°C, Any bit 5 is nsee
Sertling Time tg To x1/2 L88, al bits switchad 100 100 nsec
ON or OFF, Ta = 25°C
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1408A

8 BIT HIGH SPEED MULTIPLYING D/A CONVERTER

ABSbLUTE MAXIMUM RATINGS

CHIP LAYOUT AND DIMENSIONS 5

-65°C 10 +150°C

dunction Temperature {Tjl -9
W+ Supply +5.5%
V- Supply -16.6V
Logic Inputs 0 to +B.5Y
Applied Output Voltage {Vg) 0.5V 10 -5.2V -
Reference Inputs V- to W+ "
Refarence fnput Current 5.0mA
NOTE: No range control required. 4

ELECTRICAL SPECIFICATIONS AT 25°C 1408A-G
These specifications apply for V4 =5W, V- = —10V, Igge = 2.0mA unless otherwise specified.
Paramater Symbol Test Conditions Min Max Units
Resolution g 8 bits
Manatonicity 8 3 hits
MNaonlinearity — .19 % F5
Output Voltage Compliancea Voe Full seale current changs V- =BV 0.6 5 v
<% LS8 Vbelow-10Y -5.0 & hd
Full $cale Current =] VREF = 2.000V, Ryg, Rqg = 1.000k53 1.9 2.1 mA
Zero Scale Current Izg {All bits low) - 4.0 uh
Qutput Currant Range 133 Ve o= 5 OV - 21 ma,
V- = -6.0 1w -15Y - 432 mi
Logic 0" Input Level YiL - 0g v
Logic 1" Input Level VIH 2.0 - W
Logic Input Current
Logic Q" I Low Level, V| =08V — 10 oA
Loygic 1" Iy High Level, ¥ |y = 5.0V - 10 uA
Reference Bias Current P13 - -3.0 el
Qutput Current Power Supply Sensitivity PSSIg. - 27 RN
Power Supply Current Al bits low} I+ - +14 mA
1- - =13 m
Power Supply Valtage Range V+ (Rt +4.5 +55 mb
V- iR} -456 -16.5 mA
Power Dissipation (Al bits low} P V- = 5.0V - 1356 i
V- = 215V - 265 vy
TYPICAL ELECTRICAL CHARACTERISTICS 1408A-G

Qutput characteristics refer to IgyT only.

Thase specifications apply fur V+ = 4BV, V- = -15V, V| ¢ and TgJT cornected to ground, and 1R = 2.0mA,

unless otherwise specified,

Parameter Symbol Tast Conditions Typical Units
Referance 1nput Slew Rate difdt 4.0 mA [ uses
Propagatian Delay TPLH tPHL T = 25°C. Any bit a0 nsec
Settling Time tg Tar £ %L3B, all bits switched ON or 250 nsec
OFF, Ty = 268°C
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DAC-100
8 & 10 BITTWO-CHIP D/A CONVERTER
DAI-01 10 BITD/A CURRENT SOURCE WITH REFERENCE

A COMPLETE 10 BIT D/A CONVERTER EQUIVALENT TO THE DAC-100 SERIES IS
COMPRISED OF ONE DAI-O1 PLUS ONE DAR-01 SERIES CHIP

ABSOLUTE MAXIMUM RATINGS CHIP LAYOUT AND DIMENSIONS
Junction Temperature [T} -65°C to +150°C i B0 s =
W+ Supply to V- Supply { to +3BV Bt 2 - ] .. ... B Wi 4
V+ Supply to Output 0 to +18V st uis ] oo | aie BB
V- Supply to Quiput Q1o 18V o Bod G And
Logic Inputs te Output =1V 10 +6V Mee -l [ Rt
v
n RC R? R4 RE T
V- | BvfuzEs | owr s
o LN
EENEEpENS
ELECTRICAL SPECIFICATIONS AT 25°C DAIOiI-N 0AlDT-G DAO1-GR
These specifications apply when connected to an idesl DAR-01,

Paramater Symboi Test Conditions Min Max Min Max Min Max Units
MNonlinearity Wg=116Y - +0.05 - L0085 - 0.2 %
Internal Reference VMR Vg = :156Y 6.600 6.826 6.45 680 6.45 6.90 v
Voltage
ELECTRICAL SPECIFICATIONS AT 25°C IN COMMON TO ALL GRADES
These specifications apply for Vg = £15Y and when cannected to an idgeal DAR-D1 unless atheewise noted,

Paramaetar Test Conditions Min Max Units

Resclutian 10 0 bits
Full Scate Qutput Current Al bits low, V= connected to FS Adjust 1840 74 A
Zeto Secale Qurput Current Allbits high, V- connected to FS Adjust - +0 25 nA
Logic Input ""Q" Measured with respect 1o oulmst - 07
Logic Imput 17 Measured with respect to output 2.1 -
Supply Current All bits high, V- connected to F5 Adjust - 833 ma
Power Supply Rejection Vg = tBY to 1BV — 0a HIFS/Y
TYPICAL ELECTRICAL CHARACTERISTICS DAIDT-N DAICT1-G DAIOT-GR
These specifications apply for Vg = : 15V, and when connected to an ideal DAR-01 unless otherwise noted,

Parameter Test Conditions Typical Typical Typical Units
Full Scale Tempon {Note} B0 +124Q 120 ppm/{°C

MOTE: Full Scale Tempoo is defined as the change in output voltage measured in the test circuit shown on the DAC-100
data sheet and is expressed in ppm between J5°C and srther temperature extreme divided by the corresponding
emperature change,
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DAC-100
8 & 10 BIT TWO-CHIP D/A CONVERTER
DAR-01 10 BIT RESISTOR NETWORK

A COMPLETE 10 BIT D/A CONVERTER EQUIVALENT TO THE DAC-100 SERIES IS
COMPRISED OF ONE DAI-01 PLUS ONE DAR-01 SERIES CHIP.

ABSOLUTE MAXIMUM RATINGS CHIP LAYOUT AND DIMENSIONS

Chip Temperature -65°C ta +150°C f———— " — 3pns
Woltage Across Any Resistor 18V

|

NOMINAL RESISTOR VALUES

R1 thru R7 32K RC2 9.956K 02
RS 12.8K52 RS1, R52 2.44K 2
R12 thru R56 1.6KE2 RE 8.12K82
RC1 1.6K52
ELECTRICAL SPECIFICATIONS AT 25°C I DARDI-N | GARD1-G | DAROY-GR |
The following specifications apply for the R2ZR Ladder Network comprised of R1-R8, R12, R23, R34, R45, and R5E when connected 1o an
ideal DAY0T.
Paramatar Tuast Conditions Maximum Maximum Maximum Units
Nonlinearity VR1 = 3.2V 0035 005 +0.1 %

ELECTRICAL SPECIFICATIONS AT 25°C {N COMMON TO ALL GRADES

The following specifications apply with VR1 = 3.2V,

Paramater Tast Conditions Minimum Maximum Units
Resistance R1 Absplute Measurament 256 384 K
Ratio RC1 te A1 fdeal =11 -1.0 +1.0 %
Ratio R1 1o RS1 Ideat = 1.31147 1o 1 -1.4 +1.0 %
Ratio A1 ta RS2 Ideal = 1.31147 10 1 -10 +1.0 %
Ratio RE to R? ldeal = 1.9126 1o 1 -1.0 +.4a %

TYPICAL ELECTRICAL CHARACTERISTLCS IN COMMON TO ALL GRADES

Parametar Conditions Typical Urits
Absolute Temperature Coefficient Albl resistors +120 ppm G
Tracking Temperature Coelficient All resistors with respect to R1 30 pom®C
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DAC-76

COMDAC™ COMPANDING D/A CONVERTER

ABSOLUTE MAXIMUM RATINGS CHIPF LAYOUT AND DIMENSIONS
Junction Temperature {Ti} -65°C to +150°C -—— PO —
Y+ Supply to V- Supply 38V L] “n " e E)
VL c Swing V- plus 8V to V+ T o me w1 ez 0 sg”
Anatog Current Qutputs V- plus BY to V- plus 36V L.
Reference tnputs V- to W
Reference input Differential Voltage +18Y e - wiis
Reference Input Current 1.26 mA . apgtel “i.
N - gt ‘I

Logic Irputs V= plus BV to V- plus 36V " -DE “‘ m \l

n e W ---‘-- L]
ELECTRICAL SPECIFICATIONS AT 25°C DAC?6-N I DAC?6-G
These specifications apply far Vg = £15V, {gpp =528 pA, and for all 4 gutputs uniess otherwise specified.

Parameter Symbal Test Conditions Min Max Min Max Upits
Resaiurion 8 chords with 16 steps esch £128 128 +128 £128 Steps
Dynamic Range 20 1oy {17 15/l0 1} 72 72 2 72 dB
Monotonicity Sign Bit + or ~ 128 — 128 - Steps
Chord Endpoint Error relarive to ideat

— + - 1
Agcuracy values at Ipg = 2007 75u A 12 * Step
Step Nonlinearity Step ervar within chord - +1§2 - +1 Step
Encode Current Additional Qutput
Encode/Decode = 1 3/8 5/8 174 34 Step
Qutput Voltage Compliance vog alpg < 1/2 step -5.0 +18 =50 +18 Volts
Full Szale Current Deviation Ipgto) Vagr = 10.000V - £1/2 — 1 Step
Fram Ideal IEglE} R11=18.94 k- — £1/2 — +1 Step
R12 =20 kil
Full Scale Symmetry Ervor Iy (£t=lgyi=} Decode or Encode Pair — +1/B8 - *1/4 Step
Zern Scale Current bzs Measured at Selected Qutput . N
with 000 0000 Tnput 21/ $112 Step
Disable Current lpis Leakage of output
- 50 - S0 A
disabled by E/D and SB )
Qutput Current Range IFgm a 432 a 4.2 ™A
Lagic input Levels Vig=0v
Logic 0" Vo - 08 - 08 Wolts
Logic "1™ Vin 20 - 20 - Vaolts
Leogic Input Current [T Vi = -5V to +18V — a0 — - 40 A
Logic Input Swing Vg Ve = 215y -5 +18 -5 +18 Vaolts
Reference Bias Current 192 - -40 - —-4.0 A
Power Supply Sensitivity PS5IEgy V4 =45 10 18V, V- = 15V - 1142 - +1{2 Step
Over Supply Range (Refer PSSleg Y- =108V to ~1BV, V+ = 15V - #1142 - 112 Stap
o Characteristic Curves)
Powver Supply Current I+ Vg =5V, 16V [Fg=20mA - 4.0 - 4.4 mh
- — -£8 - 88 ma
Power Supply Currént I+ Vg =218Y Ipg =20 mA - 4.0 - 4.0 ma,
- — A8 - -838 ma,
Power Dhgsipation Poy Vg =+5V, -15¥, Ipg = 2.0 mA — 152 - 152 m
Vg = +18Y, [pg = 20 mA - 192 - 192 vy
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MAT-01
ULTRA-MATCHED MONOLITHIC DUALTRANSISTOR

ABSOLUTE MAXIMUM RATINGS _CHIP LAYOUT AND DIMENSIONS
Junctien Temperature (T;) -65°C to +150°C
Emitter-Base Voitage (BVEgp! 5v eal— 35 HIL5—fe=)
Coilector Current {Ip} 256mA E3
Emitter Current {Ig) 25mA I 1] B W
Collector-Base Voltage (BV () asv AR 1 G
Collector-Emitter Voltage (BVeep!h A5y ] *
Collector-Collector Voltage (BV ) 45y o cz/
Emitter-Emitter Voltage {BVEg! 45V
ELECTRICAL SPECIFICATIONS AT 26°C L MATO1-N |
These specifications apply for Veg = 16V and I = 10uA unless othenwise noted,

Paramater Symbol Test Canditions Min Max Units
Breskdown Voltage BVeED 45 — v
Offser Voltage Yos - 05 my
Offsat Current los - 3.2’ na
Bias Current Ig — 40 né
Currant Gain hpg 250 — -
Current Gain Match AREE - 80 %
Dffset Voltage Change AVGS/AVEE 0= Vgpg < 30V - 8.0 BV
Qffset Current Change tlpslaVep 0= Vg = 30V - 70 pAM
Collector-Base-Leakage Current lcro Vep =30V =0 - 200 pA
Collector-Emitter-Leakage Current 1cES YCE =30V, Vgp =0 —- 400 pa
Collector Saturation Voltage VCEISATS Ig=0.1mA, Ig=1mA - 0.2% v
TYPICAL ELECTRICAL CHARACTERISTICS [ MATOT-N
These specifications apply for Vg = 16V, g = 10uA, Ta = 25°C, unless otherwise noted.

Parameter Symbol Test Conditions Typical Units
Average Dffset Voltage Drift TCVos . 0.35 BVOC
Average Offset Current Drift Telgs ig pALSC
Gain-Bandwidth Product t7 Yep =10V, Ig=10mA 450 MHz
Offset Voltage Stability 2Nos/T First Month  Note 1) 20 HY Mo

Long Term  [Mote 2) 02 uv Mo

MNOTE 1: Exclude first houwr of operation to aliow for stabilization of axternal circuitry.
WOTE 2: Pararmeter describas long term average drift trend after first month of operation.
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OP-01

HIGH SPEED OPERATIONAL AMPLIFIER

ABSOLUTE MAXIMUM RATINGS

CHIP LAYOUT AND DIMENSIONS

a5
) - o sl s—— =
Junction Temperature (Ti} -85 Cto +150°C Ou{ Null
Total Supply Voltage e . "] -
OPO1-N and OPD1-G ¥22v » a
OPO1-GR £20V v
Differential Input VYoltage 3GV Mﬁs
Input Voltage 16V ™ [ W |
s Fi Y
Short Circuit Duration Indefinite i I
Hull T Hon Inv
Input  Input
ELECTRICAL SPECIFICATIONS AT 25°C OPOT-N oro1-G aPOT-GR
These specifications apply for Vg = 15V unless olherwise nated.
Parametar Symbol Test Conditions Min Max Min Max Min Max Units
Input Offset Voltage vas Rg < 50k - 0.7 - 2.0 - 5.0 my
input Offset Current o8 - 0 - 5.0 - 20 nA
Input Bias Current ig - 30 - 50 — 00 nA
Input Voltage Range CMVR +1240 - +12.0 — +12.0 - ')
Common Mode Vem = :CMVR
Rejection Ratio CMRR Rs < 50KS2 90 - 80 - 80 - dB
Pouter Supply PSRR Vg ® 26 10 220V 20 - 80 - g0 - 4B
Rejection Ratio Rg = 50k} .
Maxirnum Qutput R = 5kil 125 — 125 - 125 - v
Voltage Swi VoM :
oltage Swing R =2k £1249 - 120 - 120 - v
Large Signal R =2k
Yoltage Gain Avo Vg = £10V 50 = %0 - %% - Vimy
Power Consumotion L) Vopt=0 - 60 - 90 - 90 miy
TYPICAL ELECTRICAL CHARACTERISTICS | CPO1-N aPM.-G aP01-GR
These specifications apply for Mg = +16V Ta = 257 C unless otharwise noted.
Paramater Symbol Test Conditions Typical Typical Typical Units
Slew Rate SR Aol = -1 18 18 12 Vips
Settling Time to 0.1% Wy = BY 1.0 1.0 1.0 e
Ay = -1
AL = 2ksl
C{ = 50pF
Large Sigral Bandwridth 250 250 250 KHs
Small Signa) Bandwidth 25 25 25 MH::
Risetime Vi = 50mV 150 180 150 niec
Ay =-1
Ry, = 2k
CL = 80pF
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OP-02 (IMPROVED 741)
COMPENSATED OPERATIONAL AMPLIFIER

ABSOLUTE MAXIMUM RATINGS

CHIP LAYOUT AND DIMENSIONS

Supply Voltage

Junction Temperature (Tj)

-65°C to +150°C

46 Wiz

Chrt Nulr—‘
A i

OP0Z-N and OPO2-G 22V “im ® 2
OPO2-GR 1BV B
Ditferential lnput Voltape +30v :fs
Input Voltage Supply Voltage L nw
Output Short Circuit Duration indefinite Bl |n3— [T
tnput  Iepot
ELECTRICAL SPECIFICATIONS AT 25°C OPOZ-N aPo2-G OP02-GR
Vg =15V +BY = Ve = 120V Vg=+15Y
unless othervwise unless otherwise | uniess otherwise
specified specitied specified
Paramaver Symbol Test Conditions Min Max Min Max Min Max Units

Input Ofiset Voltage Vas Rg = D0k - 0.5 - 2.0 - 6.0 my
tniput Dffset Current losg - 20 - 5.0 - 200 nA
Input Bias Current g - 30 — 50 - 500 nA
Input Woltane Range CMVH Vg = 15V +12.0 - +120 — +120 - W
Lommon Mode Rejection CMAR Vem = tCMVR a0 - 80 - 70 - dB
Ratio Rg = 60k
Power Supply Rejection PSRR Vg =15 to £20V a0 - 20 - 6 - dB
Ratio Rg = 50k82
Maximum Output Voltage Vo R = 10k #12.0 - +12.0 — +1240 - v
Swing Vg = £15V) R = 2ka +12.0 - +10.0 - £10.0 - v
Large Signal Yoltage Gain Ayg R & 2k}, vg=+10V 100 - 50 - 25 - Vimy

Vg = 18V
Fower Cansumptian Fp VouT =0, Vg = t1BV - B0 - 85 — 85 iy
Slew Rate SR Ry = 2%, 0.25 - 025 - - - Vips

Cy = 100pF
TYPICAL ELECTRICAL CHARACTERISTICS OP02-N Oro2.G OP-02-GR
These specifications apply for VS =115V, TA = 25°C unless otherwise noted.,

Parameter Symbol Test Copditions Typical Typical Typical Units

Risetime Ay =+ VN = 20mV 200 200 200 ngec

R = 2kii

C = 50pF
Overshoot Ay =+ V)N = 20mV 5.0 50 50 %

Ry =2k82

€L = 80pfF
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OP-04 (IMPROVED 747)
DUALOPERATIONAL AMPLIFIER

ABSOLUTE MAXIMUM RATINGS

CHIP LAYOUT AND DIMENSIONS

P o o Ic-—— 719 MLt ———————f=
Junction Temperature {T}) -65"C 1o +180°C
Supply Voltage
N v WAm E
OPG4-N and OP04-G r22v LNE Y Ve B
OPD4-GR +18Y Beg,  Quow Gt pw M
. ) g
+, .
Differential Input Voltage 30V i tnpue :::m 45 s
Input Vaoltage Supply Voltage [ R B; Ve ?g*,, “g~ I
o . . Nan Inv 7/ Non Iny
Qutput Shart Circuit Duration indefinite - e ./ ./ Y N ]
ELECTRICAL SPECIFICATIONS AT 25°C QP04-N OPG4-G OP04-GR
These specifications apply for sach amplifier unless otherwise Vg = 218y BV Vg w120V Vg =15
noted, uniess othenaise unless otherwise unless otherwise
specified specified specified
Paramater Symhol Test Conditions Ain Max Min Max Min Max Units
Input Qifset Voliage Vos Rg = BOk{: - 0.75 - 20 - B0 myv
input Offset Voltage Match AVos Rg = 10042 - 1.0 - - - - m
Input Oftset Current ing — 20 - 5.0 — 200 nA
Input Bias Current Iz - 50 - 50 - 500 nA
Input Voltage Range CMVR Vg =215V 120 - =124 - £12.0 - v
Cammon Mode Rejection CMRR Vem = :CMVR 90 - 80 - Faul - dB
Ratio Rg = 50k
Common Mode Rejection ACMRR | Ve = :CMVAR 44 — - - - - dB
Ratio Match Rg = 1008
Power Supply Rejection PSRR Vg =151tp £20W aG - ad - 76 — dB
Ratio fig = 50K
Maximur Qutput Valtage Vo R = 10k £12.0 - £12.0 - 120 — W
Swing (Vg = 15V) R =2k +12.0 - £10.0 - +10.0 - v
Large Signal Volttage Gain Ay B =2k, v =210V 100 - 100 - 25 - Vimy
Vg =215y
Pawer Consumption Pp YouT = 0 Vg = 15V - 120 - 170 - 170 il
(Both Amplifiers)
Slaw Rate SR R = 2kit, | =100pF 04 - 0.4 - - - Vs
Channel Separatian cs 100 - 100 - - - dB
TYPICAL ELECTRICAL CHARACTERISTICS l OPO4-N l oPO4-G OP04-GR
These specifications for Vg = +15v, Ty = 25" C, unless otherwise noted,
Parameter Symbol Tast Conditions Typical Typical Typical Units
Rigetime Ay =41 Wy = 20mYy 200 200 200 nsec
R = 2kil, O =50pF
QOvershaot Ayy = 11 Wy = 20my 5.0 6.0 5.0 %
Ry = 2kil, C = BOpF
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0P-05

COMPENSATED INSTRUMENTATION OP AMP

ABSOLUTE MAXIMUM RATINGS

CHIP LAYOUT AND DIMENSIONS

i~7 100 miLs ————.

i . o 3 -
Junction Temperature (T} -65 Cto H160°C ] /. - u
Supply Voltage 22V Nt Nl v f
Oifferential Input Voltage +30V Puter
lnput Voltage Supply Voltage . Novme m?;‘s
Dutput Short Circuit Duration Indefinite Pt b 5 NC\
L 1 ]
ELECTRICAL SPECIFICATIONS AT 25°C QPQ5-N OP05-G | OPO5-GR
Thase specifications apply for Vg = £ 15V unless otherwise noted.
Parameatsr Symbaol Test Conditions Min Max Min Max Min Muax Units
Input Qffset Voltage Yos - a5 - 05 — 13 my
Input Offset Current Ios - 28 — 38 — 6.0 nA
Input Bias Current fg - *30 — +40 — +7.0 na
Input Resistance
Differential Mode Rin 20 - 15 - 80 - Me
Input Yoltage Range CMYR 135 — +13.6 - +13.0 - W
Common Made
MHAR W =z R 14 — mn — — d
Rejection Ratio c cm = :CMY 3 o 100 B
Power Supply PSR Vg = £3V 1o £18Y 100 - 94 - 80 - dB
Rejection Ratio
Mo o AL = 10k £125 - £125 - +12.0 - v
Eximum Output - . -
Voltage Swing Vam R = 2k £12.0 — 12,0 - 115 - v
A =21k 108 - +10.5 - - - W
. B * 2k
] — — —
Large Signal Voltage Gan Ay VG = 110V 200 20Q 120 Vimy
Differential Input Voltage - +30 — =30 - 30 v
Power Consumption .
WauT - 0V) Po Vg =218V - 120 - 120 - 150 i
TYPICAL ELECTRICAL CHARACTERISTICS QPOs-N OP05-G P05-GR
These specifications apply for Vg = 115V,
Perameter Symbol Test Conditions Typical Typical Typical Units
Average |nput Offset . N
Voltage Drift TCV@as Rg = 5050 0.7 AN 1.2 JPALE A e
tuited Input Qffset Rg = 500 s
TCV 3 03 a4 vite
Vaitage Drift CYOSNY gl - a0kn 0 #
Average Input Olfsat o
Currans 1ttt TClag 80 8.0 12 PAC
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0P-07

ULTRA-LOW OFFSET VOLTAGE OP AMP

ABSOLUTE MAXIMUM RATINGS

CHIP LAYOUT AND DIMENSIONS

- 100 -
) |
Junction Temperature {T;) -658°C to +150°C =
| ]
Supply Voltage 22V e, Ym, 7/ a /.
. . o Mot Pealt s
Differential Input Vottage +30V we [ M he ¢ Sutput |]
Input Voltage Supply Voltage 53
Iny Men Inv
Qutput Short Circuit Duration Indefinite Ineur Input /"‘
. -
ELECTRICAL SPECIFICATIONS AT 25°_C OPR7-N oProvY-G I OP0?-GR ]
These specifications apply for Vg = £+ 15W unless otherwise noted.
Parameter Symbaol Test Conditions Min Max Min Max Min Max Units
Imput Oftset Valtage Yos — 5 - 150 — 1300 )
Input Gffset Current o - 28 - 6.0 - 6.0 nA
Input Bias Current g - +3.0 - 270 — 7.0 nf,
Input Resistance
Differential Mode Rin 0 - 80 - 80 - ME
Input Yollage Rarge CMVR =130 - £13.0 - £13.0 - v
Common Mode
Rsjection Ratio CMRR Vem = tCMVR 110 - | 100 -~ | a0 - dB
I
Power Supely. PSRR Vg = 3V 1o £18Y 100 - 90 - 90 - d8
Rejection Ratio
X R = 10kiz 1128 - +12.0 - 120 - W
Ma xienum Cutput } . 12 Y 11
Voltoge Swing Vo R = 2kt +12.0 - 115 - £115 - v
R = 1k 0.6 - = - - - v
La Signat Volt Ay = 2k
ToE Slgna Yoltage Avo L 200 - {120 - |20 - vimy
Gain Vg =10V
Dwiferential input Voltage — +30 - +30 — +30 v
Power Consumption
P Vg = £16W - 120 - 120 - 150 Wy
IVoyT = OW) o §=¢t m
TYPICAL ELECTRICAL CHARACTERISTICS QPO7-N ORrD7-G OP07-GR ]
These specificatians apply for Vg = £16V,
Paramater Symbol Test Conditions Typical Typical Typical Units
Average Input Jifset o
Valtage Drift TCVps Rg = 501 63 0.5 12 uvi°C
Muted input Offset Rg =600 =
p 04 0.4 VitC
‘Wolktage Drify TCVosN Rp = 20K} 6.3 .
Average Input Offset o
1
Current Drift TClog 8.0 12 2 pAISC
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OP-08
PRECISION LOW INPUT
CURRENT OPERATIONAL AMPLIFIER

ABSOLUTE MAXIMUM RATINGS CHIP LAYOUT AND DIMENSIONS
sauu.s———-——{
Junction Temperature (T} -65°C to +150°C e
Supply Voltage
OP-08-N 22V
OP-0B-GR and G 18V
Ditferential input Current £10ma,
Input Voltage 15V Supply Voltage
Qutput Short Circuit Duration Continuous
ELECTRICAL SPECIFICATIONS AT 25°C QPr-08-M OP-08-G OP-08-GR
These specifications apply for Vg = 15V unless olherwise noted.
Parameter Symhbo! Test Conditions Min Wax Min Max Min Max Lnits
Input Offset Voltage Vosg - 0.3 — 0.3 - 10 my
Input Otfset Current lpg - a2z - 04 - 05 né
input Bias Current Ig - 20 — 4.0 -- 50 nA,
Input Voltage Range CMVR 14 - +14 - +14 — v
Common Mode Rejection Ratio CMAR Von =t CMYR 104 - 02 - 84 dB
Power Supply Rejection Ratia PSRR Vg =151 r15V 104 — 102 - 24 - db
Maximum Zutput Voltage Swing Yom Ry & 10ksL £13 — 13 - 13 -
W
; Ry = 2k H1a £10 10
Large Signal Yoltage Gan Avo ! Ap = 10k, Vg = - - - - 40 -
Y vimy
R =2k 50 30 -
Input Resistance Rin 25 - 13 - 10 - M
Supply Current 15 lgut =9, ¥our =90 — 08 — 0.6 - 08 ma
TYPICAL ELECTRICAL CHARACTERISTICS OP-0B-N 0OF08.G OP-08-GR
These speciticatians apply for Vg = £16Y.
Parameter Symbol Test Conditions Typicai Typical Typical Units
Average tnput Offeet Voltage TCVpe 10 1.0 15 AT
Drift
Average Input Offset Current TClye 05 1.0 1.0 pAC
Erife
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0P-09

QUAD OPERATIONAL AMPLIFIER

ABSOLUTE MAXIMUM RATINGS

CHIP LAYQUT AND DIMENSHONS

Junction Temperature (T} -65°C to +150°C s — ——
Supply Voitage ] » » a
OP-08N, OP-09G 22y et
Differential Input Voltage £30V o Rt
Input Voltage 15V [ T8 vl )
{For supply voltages less than 15V, the absolute & iy B
maximum input voltage is equal 1o the supply voltage.} e ONTIRE ¥ purimy oy
Output Short Circuit Duration to Ground Continuous L] L . L]
(One amplifier enly, 1§¢ = 46mA typical )
ELECTRICAL SPECIFICATIONS AT 25°C OFP-09-N QpP.09-G
These specifications apply for each amplifier unless otharwise noted. Vg = +15V Vg =:16Y
unlass otherwise unless otherwise
specified specified
Paramatar Symbal Test Conditions Min Max Min Max Units
input Offset Yoltage Vos Rg = 10k — a5 - 25 my
Input Offset Current los - 2qQ - 50 ah
Input Bias Current g — 300 - 500 nA
Input Voltage Range CMVR +12 - +12 - W
Common Mode Rejection Ratia CHMAR Vem = :CMVR, Rg = 10k 100 - 1G0 - B
Power Supply Rejection Ratio PSRRA Ag = 10k 80 — a0 - dB
Maximum Gutput Voltage Swing Yom R = 10k 12 - 12 - W
' RL = 2kQ 1 - 1 - v
Large Signal Voltage Gain Ay RL = 2k, Vg = 10V 100 - 100 — Vimy
Pawer Cansumption Pp VouT =9, Mo Load - 180 - 180 m
[Four Amplitiers}
TYPICAL CHARACTERISTICS OP-09-N OP-09-G
These specifications for Wg = 16V, T4 = 25°C, unless otherwise noted. .
Paramatar Symbol Test Conditicns Typical Typical Units
Slew Rate SR Ay =1 R =2k 10 10 Vusec
Unity Gain Bandwidth GEW 20 20 MHz
Channel Ssparation cs Ay = 100, f = 10kHz 120 120 dB
Rg = 1kiL

NOTE: Either ar both Y+ pads may be used without any change in performance,
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OP-11

QUAD OPERATIONAL AMPLIFIER

ABSCOLUTE MAXIMUM RATINGS CHIP LAYOQUT AND DIMENSIONS
Junction Temperature {T}) —65°C to +150°C o
Supply Voltage il
[
OP-11N, OP-11G 22N <INIEK nu.nr.a m?m o
Bifferential input Voltage 230V - - g
Input Voltage E 1Y - wal 2
(For supply voltages less than £18Y, the absolute —— g
maximum input voltage is equal to the supply ufcltage‘} o OUTDS e BUTL
Output Short Circuit Duration to Ground Centinuaus LA | ]
{One amplifier only, 15 = 46mA typical )
ELECTRICAL SPECIFICATIONS AT 25°C oP-11-N oP-11-G
These specifications apply for each amplifier unless otherwise noted, Vg = =15V Vg =15V
unless otherwise uniess otherwise
specified specified
Parameter Symbol Test Conditians Min Max Min Max Units
tnput Offser Voltage Vg Ag = 10K - 1] - 25 my
Input Offser Current log - 20 - 50 nA
Input Bias Current Ig - 300 - 500 ni,
Input Voltage Range ChMVYR 112 - +12 —- W
Common Mode Rejection Ratio CMRR Vo = tCMVR, Rg < 10k 100 - 100 - dB
Fower Supply Rejection Ratio PERA Rg = 10kt 90 - 20 - dB
Maxirum Qutput Voltage Swing Yom Ry & 10k} 12 - 12 - TV
R = 2k £11 - s — v
Large Signal Yoltage Gain Ayg R =2k, Vo = 110V, 100 - 160 - VimV
Power Consumption Pp VouT = 0. No Load — 180 - 180 i ]
{Four Amplifiers)
TYPICAL CHARACTERISTICS QOF-11-N aP-11-G
These specitications for Wg = £18Y, Tx = 26”C, unless atherwise noted.,
Parametar Symbol Tast Conditions Typical Typical Units
Siew Rate SR Ay 31, Ry = 2K8 10 10 Wiusec
Unity Gain Bandwidth GEW 2.0 20 MHz
Channel Separation cs Ay =100, f = 10kHz 120 120 dB
Rg = 1k}

NOTE: Either or poth v+ pads may be used without any change in performance,
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0P-12

PRECISION LOW INPUT

CURRENT OPERATIONAL AMPLIFIER

INTERNALLY
COMPENSATED

CHIP LAYOUT AND DIMENSIONS

ABSOLUTE MAXIMUM RATINGS

Junction Temperature (Tji —85°C to +150°C

Supply Voltage

OPF-12-Nand QP-12-G 20V
QP-12-GR 18y
Differential laput Current +10mA
Input Voltage +15V Supply Voltage
Qutput Short Circuit Duration Continuous

_

SEMIL s—
2t 2

Y HON INY

INFUT INFUT

A s
AR

ELECTRICAL SPECIFICATIONS AT 25°C OPF-12-N aP-12-G OP-12-GR
These specitications appty for Vg =215V, unless atherwise noted.
Parametar Symbel Test Conditians Min Max Min Max Min Max Units
Input Offsat Voltage Vos - 03 - 03 - 10 my
Input Cffset Current los - 0.2 - 0.4 - o5 na
Input Bias Current ig - 20 - 40 - 50 nA,
Input Yoltage Rangs CMYH +14 - 14 - 14 — W
Common Mode Rejection Ratio CMRR Vem = :CMVR 104 - 102 - 8a - uB
Power Supply Rejection Ratio FSRA Vg~ 16 1a £15V 104 - 102 - B4 — dB
Ma ximum Qutput Voitage Swing VoM R = 10kG 13 - 13 - 13
v
Ry = 2ki2 +1Q - +10 - 10 -
Large Signal Voltage Gain Ay B = 10k5, Vo = - - — - 4a -
=10 Vimy
RL = 2k 50 30 -
Input Resistance Rin 25 - 13 — 1¢ — M
Supply Current I Your = 0. Vgur =0 - 06 - 06 - 08 mA
TYPICAL ELECTRICAL CHARACTERISTICS QP-12-N OP-12-G OP-12-GR
These speciications apply for Vg = +15V,
Parameter Symbaol Test Conditions Typical Typical Typical Units
Average (nput Ofset Yoltage TCV g 10 1.0 15 AVt C
Drift
Average input Offset Current TClgs 05 1.0 10 RASC
Dirift
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OP-14 (IMPROVED 1458)
DUAL OPERATIONALAMPLIFIER

ABSOLUTE MAXIMUM RATINGS CHIP LAYOUT AND DIMENSIONS
. N |<— 14 N'HLS;—‘D-‘
Junction Temperature {T)) -65°Cto +150°C
Supply Voltage e Yogmmte el
OP14-N an - + I
and OP14-G 22V [ Eive Dutput ‘..IOutan ~ncll
OP14-GR 18V A vi B
. . \
Differential Input Voltage 30V ) !::“mpm I::M\ Mﬂilis
Input Voltage Supply Vaoltage B . NE g e R | |
" . - on Iny . Non |
Output Short Circwit Duration Indefinite B A . - i ;n "m *
ELECTRICAL SPECIFICATIONS AT 25°C OP14-N OP14-G OP14-GR
These specificatians apply for each amplitier unhless otherwise Vg =+156V BV % Vg r20V Vg = +1BV
nated. unless otherwise uniess otherwise unless otherwise
specified specified specified
Paramater Symbal Test Conditions Min Max Min Max Min MWMax Units
Input Offser Vaitage Vs Rg = 50k - 0.8 - 20 - 6.0 i
Input Offset Voltage Match LAY ST Rg = 1008 -~ 1.0 - - - - my
Input Offser Gurrent Ing - 240 — 50 - 200 hb
Input Bias Current I - &0 - 50 - B00 nA
Input Voltage Range CMVR Vg =115Y 1120 - 12,0 - 120 - W
Common Mode Rejection CMAR Ve = 2CMVR 90 - a0 — 7Q — 4B
Ratio Rg = 50k
Common Mode Rejection ACMRR Yom = CMYR 04 - — - — - o8
Ratio Match fig = 10082
Power Supply Rejection FERA Vg = 16 to £20V a0 - 20 — 75 - B
Ratia Rg = 50ks2
Maximum Dutput Yoltage Vo R = 10k +12.0 - +12.0 - 120 - W
Swing Vg = £15V} R = 2kn +12.0 - £10.0 - £10.0 - Y
Large Signal Voltage Gain Ayq R &2k, Vg =210V 100 - 100 - 25 — Wimy
Vg =115V
Power Consumption o Voyt =0 ~- 120 - 170 - 11 myy
{Both Amplifiers) vg = t1BY
Slew Rate SH R = 2k$1, C = 100pF 04 — 04 — — - Wi
Channel Sgparation cs 100 - 1G4 - - — B
TYPICAL ELECTRICAL CHARACTERISTICS or14-N OF14-G OF14-GR
These specifications 1or ¥g = 1158W, Ty = 25°C, unlest otherwise noted.
Parameter Symbol Test Conditions Typical Typical Typical Units
Risetime Ay = #1 Wy = 20mY 200 200 200 nseg
Ry = 2kit, € =60uF
Creershogt Ay =+ Wiy = 20 my 50 5.0 50 %
A =2k, € =50pF
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0P-15

PRECISION, LOW POWER JFET INPUT OP AMP

ABSOLUTE MAXIMUM RATINGS

CHIP LAYOQUT AND DIMENSIONS

Junction Temperature (T]) -65°C to +150°C

Supply Voltage

OP-18-N, OP-15-G 122V

OP-15-GR +1BY
Differential input Voltage

OF-15-N, OP-15.G 0y

OP-15-GR +30V
Input Voltage Supply Voltage
Qutput Short Circuit Duration Continuous

=
E

T T il

ELECTRICAL SPECIFICATIONS AT 25°C [ OF-15-N OP-15G | OF-15-GR |
These specifications apply far Tj = +25°C, 115V, unless otherwise noted.
Perameter Symbol Test Conditions Min hax Min MMax Min Max Units
Input Offset Violtage Vs Rg = 501t - 0% - 10 - 30 my
Large Signal Voltage Gain Avo Wy = 210V, 100 _ 5 _ 50 _ imy
R =2Kn
Input Voltage Range CMVRA Vg = 18V 105 - 105 - 105 - '
g‘;:':‘m Mode Rejection CMRR Ve = tCMVR 86 - 86 - a2 - a8
Power Supply Rejection Ratio PERR Ve = 108 1o 20V pa{z3 - 86 - - - dg
Vg = 104 1o 16V - - - — 82 - dB
Maximurn Qutput Yoltage Yom Ry = 10K i2 - 12 - . 12 - W
Swving Ry - 2K% 1 - I - 1 - v
Supply Current gy 4.0 - 4.0 - 50 mA
TYPICAL ELECTRICAL CHARACTERISTICS OP-15-N Op15-G OP-15-GR
These spacilications apply for Vg = 115V, T; = 26°C
Parameter Symbal Test Conditions Typical Tynpical Tynpical Units
Average Input Offset Voltage I *
Drift without ext 1rim TCV¥ps R = 100K 8 20 io 4.0 avioc
With exi trim TCVasN 20 3.0 4.0
Input OIfset Current log 3.0 ) 3.0 3.0 PA
Intaut Bias Current B 18 15 15 ph
Slew Rate SR AyoL = H1 17 15 18 Viusec
Sertling Time tg  0.01% 2.2 2.3 24 JIL]
o 0.05% 11 11 1.2
10 0. 10% 049 09 1.0
Gain Bandwidth Product GBW 6.0 5.7 64 MHz
Closed Loop Bandwidth CLBW Ayel = t1 14 13 12 MHz
Input Noise Woltage Density en f=100Hz 20 20 20 NINGE
f = 1000Hz 15 15 15 nviHz
Input Naoise Current Density in f= 100 am 0.01 0.0 DA."\,."'ﬁz_
f= 1000 oo nm nom nani/He
Inpur Capacitance Cin 3 3 3 nE )
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OP-16

WIDE BANDWIDTH PRECISION JFET INPUT OP AMP

ABSOLUTE MAXIMUM RATINGS

CHIP LAYOUT AND DIME!\iﬁIONS

Junction Temperature {Tj}
Supply Voltage

-85°C to +160°C

OPF-16N, OP16G 23V
OP-16GR 18V
Ditterential Input Yaoltage
OP-16N, OP-16G =40V
OP-16GR 30V
lnput Voltage Supply Voitage
Output Shoart Circuit Duration Continuous
ELECTRICAL SPECIFICATIONS AT 25°C OP-16N OP-166 OP-16GR
These specifications apply for T = +25°G, Wy = £16Y, unless otherwise noted.
Parameter Symbal Test Conditions Min Max. Min Max Min Max Units
Input Offset Voltage Vos Ag = 500 - 05 - 10 - 3o my
Large Signal Voltage Gain Ay Vo = 10V, 100 — Fic) - 50 - vimy
R = 2Kt
input Voltage Range . CMVR 105 — £10.5 — £10.3 - v
Common Mode Fejection Ratio CMRR Vem = tCMVR g8 - 36 - 82 — de
Vg = t10% 10 20V a6 - 86 - - — 1]
Power Supply Rejecticn Ratio PSRR
Vg = 210V to £15V - - - - 82 - dB
] ) R = 10K% 12 - 12 — 12 - Wy
Maxirmum Output Voltage Swing Vom
R = 2K11 11 - iR - H - v
Supply Current Isy - 10 - 70 - 8.0 ma
TYPICAL ELECTRICAL CHARACTERISTICS OP-16N OP-16G OP-16GR
These spacitications apb[v for Vg = 15V, Ti =25°C
Parameter Symbal Tast Conditions Typical Typical Typical Units
Average Input Offset Voltage Drift
Without Ext Trim TCVns 0 30 4.0 wvi'e
With Ext Trim TCVosN | Rp = 100K 20 a0 40 v e
Input Qffset Current lag 30 30 30 pa
tnput Bias Current Ig 15 15 15 pA
Slew Rate SR Ay =+1 25 249 23 Wiusec
Settling Tirme g o 0.01% 1.7 1.7 18 "5
to BO5% 09 09 1.0
to 0.10% 0.7 0.7 0B
Gain Bandwidth Product caw 840 7.6 72 MEz
Closed Loop Bandwidth CLBW Ay = +1 19 18 17 MHz
Input Noise Voltage Density en f = {00Hz 20 20 20 ni i/ Hz
f = 1000Hz 15 15 15 nVA/HZ
Input Moise Current Density in =100 0. 901 G pAfHz
¢ = 1000 .01 0.0 oo pASHz
Input Capacitance Cin 3 3 3 pF
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OP-17
PRECISION JFET INPUT OPERATIONAL AMPLIFIER

ABSOLUTE MAXIMUM RATINGS CHIP LAYQUT AND DIMENSIONS
Junction Temperature (Tj} -66°C to +160°C b o 4
Supply Voltage
OP-17-N, OP-17-G £ 22V
OP-17-GR =18V
Differentizl Input Voltage
OP-17-N, OP-17-G 40V
OP17-GR 30V
Input Voltage Supply Voltage
Quiput Short Circuit Duration Continuous
ELECTRICAL SPECIFICATIONS AT 25°C OP-17-N oP-17-G QP 17GR

These specilications apply for Tj = 4268 C, ¥, = + 15V, unless otherwse noted

Parameter Symbol Test Conditions Min Max Min Max Min Max Units
Input Offset Voltage Vos Rg = 5012 - 05 - 1.0 - 3.4 my
Large Sigral Voltage Gain Ava Vo =210V, 100 - 75 - 50 - vimy
A = 2K
Input Volmge Range CMVR W= :16¥ =10.5 - =305 - Co10.3 - W
ommon Mods Rejection CMRR | Vgp~ tCMVR 86 - 86 - a2 - dB
Power Supply Rejection Ratio PSRR Vg = +10W to +20V B& - 86 - - - =}
Vo= 210V 1o 18V - - - - 82 - dB
Masxirmum Quiput Voliage Yom AL =10K0 12 - 12 - 12 — v
Swing Ry = 2K 11 - 1 - 1 - v
Supply Current Iy — 7.0 - 7.0 - B0 ma
TYPMICAL ELECTRICAL CHARACTERISTICS OP-17-N QBI7G OP17.GR

These specilicauions apply for Mg = 115, Ti= 5 C

Parameter Symbol Tast Conditions Typical Typical Tynpical Units
Average Input Offset Woltage
Drift without ext trim TCVnsg Rg = 100K 20 3.0 4.0 vt e
Driftwith ext trim TCVosN 20 40 4.0.
Input Offset Current o8 30 3.0 a0 pA
Input Bias Current Ig 15 15 15 A
Slew Rate £R Aycp =5 i 66 62 Wiusen
Settling Time g to 0.01% 15 15 18 us
to 0.05% 05 08 06
to G10% 04 0.4 0.5
Gain Bandwidth Producr GBW 30 28 26 MH-
Closed Loon Bandwidth CLEW Ao = 5 it 10 -] MHz
Input Moise Vaoltags Density ey = 100Hz 20 20 0 v iRz
f=1000Hz 1% 15 15 i Hz
Input Noise Current Density " F= 100 o 0., 0.01 phAlGHz
£=1000 0.01 o 0.0 pAHz
Input Capacitance Cin 3 3 3 pF
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108
LOW INPUT CURRENT OPERATIONAL AMPLIFIER

ABSOLUTE MAXIMUM RATINGS CHIP LAYOUT AND DIMENSIONS

Junction Temperature (T;) -656°C to +160°C
Supply Woltage

fe— - —---saMAILS ——!

108-N and 108-G r20v ' o
108-GR 18V L I conr
. . COMP

Differentisd Input Current H10mA

{See PM108A data sheet)
Input Voltage 15V, Supply Voltage ml\{ux :::?:E:‘Nv v-— Il

{See PM108A data sheet) ' 11|
Cutput Short Circuit Duration Continuous
ELECTRICAL SPECIFICATIONS AT 25°C 108-N 108-G 108-GR
These specifications apply for 5V = Vg = 20V for 108-N, +6Y < VW < +1E6V for 108-G and108-GR, unless otherwise nated.

Parameter Symbaol Test Conditions Min Max Min Max Min Max Units
Input Offset Valtage Vs — 0.5 — 2.0 — 7.5 my
Input Offset Current Iog - a2 - 1.0 - 1.0 né
Input Bigs Current g - 2.0 - 70 - 70 nA
Input Yoliage Range CMVR Vg =18y +14 - =14 - 14 — W
Common Mode Rejection CMRAR Vo = tCMYR - - — dB
Rati 96 85 80
atio Vg = +15V
Power Supply Rejection PSRR Vg = +5to+ 20V a6 - - - - - dB
Ratio Vg = 5 10 16V - - 80 — 80 - dB
Ma.ximurn Qutput Yoltage Yo R = 10ks2 £13 _ £13 _ 13 _ v
Swing Vg =16V
Large Signal Voltage Gam Av R = 10k, Vg = _
L10Y, Vg = £15V 80 - sa - 28 Vimy
Input Rasistance Rin 25 - 85 - a5 — MIT
Supply Current I lout = QL Vgt = 0 - a6 - 1R} - [tE:] mA
TYPICAL ELECTRICAL CHARACTERISTICS 108-N 108-G 108-GR
These specifications apply for Vg = 215V,
Paramater Symbuol Test Canditions Typical Typical Typitat tinits

Average \nput Offset TCV g5 uv it
Waltage Drift 10 a0 6.0
Average Input Offset TClgs 1.0 20 20 pAITC
Current Drift )

14-31



155

LOW POWER JFET INPUT OP AMP

ABSOLUTE MAXIMUM RATINGS

CHIP LAYOUT AND DIMENSIONS

Junction Temperature {Tj) -68°C 10 +150°C

Supply Voltage

186-N and 155-G 2V

155-GR 18V
Differential Input Vaoltage

155-N and 155-G 40V

165-GR 30V
input Voltage Supply Voltage
Qutput Short Circuit Duration Centinuous

1‘-— ML -..Jl

ELECTRICAL SPECIFICATIONS AT 25°C 155-N 165-G 155-GR
These specifications apply for Ty = +26°C, +18V = Wy = 20V for 155-N and 155-G. 18V for 166-GR, unless otherwise noted.
Parameter Symbal Test Conditions Min Max Min Max Min Max Units
Input Gifset Voliage vos Rg = 5012 — 20 — 5.0 - 10 my
i i =t =+ — — - v/my
Large Signal Vaoltage Gain Avn ;i : ;KOX\:, Wy = t16Y 50 50 25 I
Input Yoltage Range CMVR | Vg=2:18Y =11 - 11 = 11 - W
g:::on Mode Rejection CMRR | VoM = tCMVA 8 _ 86 _ 80 _ 48
Vs = £10V 10 : 20V 85 - B8 - - - dB
Power Supply Rejection Ratio PSRR V; - 230V 16 115V — ” — — a0 — )
Maximum Qutput Voltage Yom Wg = x15Y, R = 10K 12 — 12 - 12 -
Swiing Vo= tIBV,RL=2KR | 10 - 10 - 10 - v
Supply Current s Vg=1215V,V5=0 - A0 - 4,0 - 4.0 ma
TYPICAL ELECTRICAL CHARACTERISTICS 156-N 158-G 185-GR
These specifications apply for Vg = +15Y.
Paramater Symbol Test Conditions Typical Typical Typical Units
Average Input Offset Voltage TCwog| Rg =508 a0 50 6.0 uVite
Drift
Inpul Ofiset Current Yos 3.0 40 5.0 pA
Input Bias Current g 30 30 40 [t
Slew Rate SR Ao = H 50 5.0 5.4 Wipsec
Setthng Time to Q1% g 40 4.0 4.0 mseC
Gain Bandwidth Product GBW 25 25 25 MHz
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156

WIDE BANDWIDTH JFET INPUT OP AMP

ABSOLUTE MAXIMUM RATINGS

CHIP LAYQUT AND DIMENSIONS

Junction Temperature lTj} -65°C to +150°C
Supply Voltage
166:N and 166-G 122V
156-GR =18V
Ditferential Input Voltage
156-N and 166-G 40V
166-GR T30V
Input Voltage Supply Voltage
QOutput Short Circuit Duration Cantinuous

le
g

MILS

ELECTRICAL SPECIFICATIONS AT 256°C

166-N

166-G

156-GR

These specifications apply for TI- = +26°C, 215V & Vo = 220V for 156-N and 156-G. ¥ = £15% for 156-GR, unless atherwise noted.

Parameter Symbaol Test Conditions Min Max Min Max Min Max Units
Input Offset Voltage Vos Rg =505 - 20 - 50 - 10 my
Large Signal Yoltage Gain Ay Vo= 210V Vg = +15V Vimv
R = 2K s0 - 20 - 25 -
Input Voltage Range CMVE V=15V +11 - £11 - =11 - v
Common Mode Rejection Ratio| CMBR | Vg = 1CMVR a5 - 85 - 80 - uB
) ) Ve = t10V 10 : 20V 85 - 85 - - - dB
Power Supply Rejection Ratio PSAR
Vo= £10V 1o £15Y - — - — 80 — dB
KMaximum Output Yoltage Vom W= t15Y, Ry = 10K 12 - 12 - 12 - W
Swing Ve= +1BV, R - K1 10 _ 0 _ 10 - v
Supply Current g V= £15Y, V=0 - 70 - 7.0 - 10 mA
TYPICAL ELECTRICAL CHARACTERISTICS 156-M 156-G 156-GR
These specifications apply for Vg = 15V,
Parameter Symbel Test Conditions Typical Typical Typical Units
,;:rlefrtage input Offset Voitage TCV DS Ry = 5040 20 5.0 6.0 wVITC
Input Offser Current log 3.0 40 5.0 pA
Input Bias Current Ig 30 30 a0 pA
Slew Rate SR AypL - +1 12 12 12 Vipsec
Settling Time to 0.01% 1g 1.5 i.5 15 WSEC
Gain Bandwidth Product GEW 5.0 50 50 MHz
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157
JFET INPUT OPERATIONAL AMPLIFIER

WIDE BANDWIDTH DECOMPENSATED (Ay  =5)

ABSOLUTE MAXIMUM RATINGS CHIP LAYOUT AND DIMENSIONS
Junction Temperature (T)) -65°C 10 +150°C 3 mis J
Supply Voltage
157-N and 167-G 32V
167-GR +18Y
Differential tnput Valtage
157-N and 157-G A0V
157-GR +30V
Input Yoitage Supply Voltage
Output Short Circuit Duration Continuous
ELECTRICAL SPECIFICATIONS AT 26°C 157-M 157-G 157-GR

These specifications apply for Tj =+25°C, +15Y = Wy = +20¥ for 167-N and 167-G. V; = +15¥ for 157-GR, unless otherwise nated,

Parameter Symbol TFest Conditions Min Max Min Max Min Max LUnits

Input CHfser Voltage Vos R, = 500 - 2.0 — 5.0 - w my
Large Signal Voltage Gain Ayp Vg = 11.0\4', Vg =16V 0 _ 50 _ 75 _ Vimy

R = 2K
Input Yoltage Range CMVR Wg=1215¥ 11 - 11 - +11 - v
Common Mode Rejection CMAR | Ve = tCMVR a5 - 85 - 80 - dB
Ratio

Vg = 10V to +20V 85 - 88 - - - dB
Power Supply Rejection Ratio PSRR

Vg = £10V to 15V — — - — BO — dB
Maximum Cutput Vaoltage Vo Ve = 215V, B = 10K 12 — 12 — 12 - W
Swing Vo= +168V, R = 2K 10 - 10 - 10 - v
Supply Current g V=218V Wa=0 - 7.0 o 0 - 10 mé
TYPICAL ELECTRICAL CHARACTERISTICS 157-N 167-G 167-GR
These specifications apply for Vg = £16Y.

Farameter Symbol Tast Conditions Typical Typical Typical Units

Average Input Ofiset Voltage TCVas Rg = 505 a0 50 6.0 PATIASS
Drift ’ ' }
(nput Offset Current los 3.0 40 5.0 DA
Input Bias Current |B 30 20 40 [+1:%
Sew Rate SR AycL =% 50 60 50 Wiusec
Settling Time to 0.01% Ig AycL=5 15 18 1.5 usec
Gain Bandwidth Product GEBW 20 20 a0 MH
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725

INSTRUMENTATION OPERATIONAL AMPLIFIER

ABSOLUTE MAXIMUM RATINGS

CHIP LAYOQUT AND DIMENSIONS

Junction Temperature {Ti} -65°Cto HSD'C

Supply Voltage E22W
Differential Input Voltage 30V
Input Woltage Supply Yoltage
Output Short Circuit Duration Indefinite

94 MlLs—----—-——|

MULL  we

Outout

MNon Inu 3
Inpun
-

ELECTRICAL SPECIFICATIONS AT 25°C 725-N 725-G 725-GR
These specifications apply for Wg = 116Y unbess otherwise noted.
Parameter Symbaol Test Canditions Min Max Min Max Min Max Units
Input Offset Voltage Vog Ryg = 20ki2 — 0.5 - 1.3 - 25 iy
Input Gffset Current Ing - 50 - 13 - 35 nA
Input Ewas Current Ig - a0 - 110 — 126 [1IF:%
Input Hesistance o 07 05 Mt
Dutferential Mode N ' - ' - - -
Input Valtage Range CMVER =135 - 1135 - =135 - W
Comman Mada Reyaction Vgp = LOMVYR
— — 4 —
Ratio CMRR R = 20k02 120 100 o a8
Power Supnly Rejection Vg = £3V o - 18V } _
Ratio PSRR Ag < 20k 50 o 35 VIV
. Ry = 10k 125 - «12.0 - 12.0 - W
Maximum Output Voltage .
Swiig Yom R = Zki +12.0 - #1156 - 100 - v
Ry o= 1k 110 - - - - W
) R & 2k !
| Voltage G A 0 - o - 25 - Vimy
Lareg Signal Voltage Gam VD Y =110V 1006 500 m
Dniferential Input Voltage - +30 . 30 30 W
Power Consumption
I Vg T TiBY - 105 - 150 150 W
Vot - OV D 5 m
TYPICAL ELECTRICAL CHARACTERISTICS 725-N 725G 725-GR
These speciticatians apply for Wg = 115y,
Parameter Symboi Test Conditions Tynical Typical Typical Units
Average [nput Offset . . I
Valtage Dritt TCV s g = 50 a.v 1.4 2.0 IR
Mulled Input Gffset Rg = BOST . (-
Woltage Drift TEYosN Fp = 20K 0.3 05 08 avITe
Average Input Offsel o
Current Drift TClps 10 14 14 RASC
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4136

QUAD OPERATIONAL AMPLIFIER

ABSOLUTE MAXIMUM RATINGS CHIP LAYOUT AND DIMENSIONS
Junction Temperature (Tj} -65°C to +150°C s
—i
Supply Woltage .
- 3 ] ]
4136-N and 4136-G P22V el m:m ou?m AN
4136-GR +18Y
Differential Input Voltage £30V e B
Input Voltage 15 Bv- wap
{For supply voltages less than £15V, the absolute
. . . [T ELTH] N0
maximum input voltage is equal to the supphy voltage.)
Output Short Circuit Duration to Ground Continuaus Hnie) nﬂm' ‘: °"'=°' ""[:
{One amplifier only, fge = 45mA typical |
ELECTRICAL SPECIFICATIONS AT 25°C 4136-G 4136-GR
These specifications apply for each amplifier unless otherwise noted. Vg = ey Vg = ity
unless otherwise unless othenwise
specified specified
Paramater Symhbol Test Condlitions Min Max Min Max Units
Input Offset Voltage vas Rg = 10KD - 50 - 6.0 my
Input Ofiset Current los - 200 - 200 na
Input Bias Current I - 500 - 500 na
Input Viltage Range CMVER =12 — 112 — W
Comman Mode Rejection Ratio CMAR Vom = LCMVR, Ag = 10K TQ - T0 - dB
Power Supply Rejection Rarig PSER Rg = 10k&2 - © 160 - 150 Y
Maximurm Output Yoltage Swing Yam Ry = 10ksz t12 — 12 - v
R = 2ke2 +14 - +10 - W
Large Sigral Voltage Gain Ao R & 2ki2, Vg = 10V 50.000 - 20,000 - ViV
Pawer Consumption P Vour =0, No Lead - 340 - 340 milf
(Four Amplifiers)
TYPICAL CHARACTERISTICS 4136-G 4136-GR
These specifications far Vg = £15Y, Ta = 25°C, unless otherwise noted.
Paramater Symbal Test Conditions Typical Typical Units
Slew Rate SR LIV N TIR=] {r] 15 15 Wiusec
Unity Gain Bandwidih GBW 30 30 MH:
Channel Separation ] Ay = 100, = 10K Hz 108 105 dB
Rs = 1k

NOTE: Either or hoth ¥+ pads may be used without any change in performance.
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REF-01
+10V _PRECISION VOLTAGE

REFERENCE

ABSOLUTE MAXIMUM RATINGS

CHIP LAYOUT AND DIMENSIONS

Junetion Temperature ETJ':I -65°C to +160°C

Input Vaoltage

REFO1-M and REFO1-G 40V
REFQ1-GR 30V
Quitput Shart Circuit Duration Indefinite

[t ground o1 VN!

p———— BImis———
n |

<
Input

Qutput

nc i 40
Ground T,imlll MILS

Mg anm

ELECTRICAL SPECIFICATIONS AT 25°C REFOT-N REF(J1-G REFQ1-GR
These specitications apply for Wy = 415 unless othenwvise noted,
Parameter Symbof Test Conditions Min Kax Min Max Min Max Units
Quiput Vaolrage Vo =0 9.90 10,10 $85 10,18 980 10.20 W
Cuiput Adjustment Range Ny rim Rp = 10k0 3.0 - -27 - - - %
Input Woltane Range VN 13 40 13 30 13 30 W
Vipg = 13 to 33V - 0.0 - - - - Y
Line Regulation
Wing = 13 to 20V - - - 04015 - Q04 %V
TYPICAL ELECTRICAL CHARACTERISTICS REFD1-N REFD1-G REFO1-GR
These spacifications apply for V) = +18Y, Ty = 287 C, unless otherwise noted,
Parametar Symbaol Test Canditions Typical Typicat Typical Units
I, =0 1w 10 mA 0.006 - - Wimd
Load Regulation
fL=01w8mA - 0.006 .10 WA
Qutput Yoltage Noise g 3.1 Hz 1o 10 Hz 20 35 25 Ve
Turn-on Sertling Time Ton To £0.1% of final value 5.0 5.0 5.0 usec
Quigscent Currant Igy Mo load 10 10 10 né
Load Current N 2 21 a1t ma
Sink Current Ig 5 0nes 05 (7%
Short Crreuit Current Ine V=0 30 30 30 mA,
Qutput Voltage TCVR 10 20 &0 PRt 7 C
Temperataure Coctficent
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REF-02

+3V PRECISION VOLTAGE REFERENCE/THERMOMETER

ABSOLUTE MAXIMUM RATINGS CHIP LAYOUT AND DIMENSIONS
[ (I M5 —— ]
Junction Temperature (Tj) -65°C to +150°C
Input Voltage /. m
REF02-N and REF02-G 40v UL 6 rput
REF0Z-GR 30V Ne
Output Short Circuit Duration Indefinite Ground Trim-'
{to ground or V) Teme., PNESN
Ugsnmm
ELECTRICAL SPECIFICATIONS AT 25°C REFO2-N REF02.G REF02-GR
These specifications apply for Wiy = +15W unless otherwise noted,
Parameter Symbol Test Conditions Min Max Min Max Min Max Units
Curput Voltage Yo =0 495 5.05 4925 5075 | 4.90 5.10 v
Cutput Adjust Range AV e Fp = 10k 230 — +3.0 — — — %
Input Yoltage Range VN 7 40 7 30 ? 30 W
Wiy = 8w 33V - 0.0 - - — - %/
Line Regulation
Wy = 8 to 30V - - - a.015 - 0.04 k. TAY
TYPICAL ELECTRICAL CHARACTERISTICS REFD2-N REF02-G REFG2-GR
These specifications apply far Wy = +15V, Ta = 26°C, unless otherwise nated.
Parameter Symbol Test Conditions Typical Typical Typical Units
Temp Valage Cutput VT {Note] 6830 630 630 my
Temp Valtage Chatput a
Temperature Coefficient TCVT (Note} 21 21 21 mvie
Output Voltage Temperature o
Coeiticient TCVD 10 20 50 ppmiTC
L =01 10ma 0.008 - - BimA
Losd Regulation
b 2 0to 8mnA - 0.006 010 %/mA
Output Yoltage Noise Enp-p 0.%Hz to 10H:z 20 25 a5 HVp-p
Turi-om Bettling Time ton To +0.1% of final value 6.0 50 540 UsEC
Cuipscent Qurrant Igy No lcad 1.0 1.0 1.0 m&
Load Current Iy n 21 21 ma
Sink Current ig 05 05 05 maA,
Short Circuit Current Ise Vg=0 30 30 30 maA

MNOTE:  On Temp Output, limit luad cuerent to 25004 and load capacitance to 30pF. See AM-18 for detailed REF-D2 thermometer applications

information.
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APPLICATION BRIEF No._1 __

AUTHOR Bob Blair and Donn Sodarquist

T1TLE: _STROBING THE DAC-08 UNDER LOGIC CONTROL

CIRCUIT

Viu =VYet 1.4V
TTL DIGITAL INPUTS

il

REF

o

apeT

DAC-08

T

10k

WeTTL

o

HIGH = DIGITAL INPUT ENABLE
LOW = DIGITAL INPUT DISABLE

HEX INVERTER
7404

FEATURE SUMMARY

® Digital inputs are treated as all zeros by increasing the
logic thresheld to +6 4%,

#® Single Line Logic Control
& Handy in Multiplying Applications

® When more than one DAC is connected to point
A" — party line connection — strobing is simple,

& Higher speed and simpler than the alternative method of
disabling which is accomplished tiy reducing VREF to
zer0,

Mete:  Recovery when logic inputs are enabiled may be

slower when DAC is on +5Y supply dus to bias

lme saturation. This should be checked in the
actual apphcation.

DESCRIPTION

Since the PRI DAC-08 has a variable {ogic input threshold,
strobing the output is easily accomplished using the circuit
above. Normally, for TTL thresholds, pin 1 (Vip) is
grounded; but if it is connected instead 10 a hex inverter
with a pullup resistor to +6Y, afl digital inputs effectivety
become zeros. Adl current flows in E)"; no current flows in
19 no matter what the digital input code may be. When the
hex inverter’s output is low, normal TTL input legic
threshold and operation s restored.
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FMI APPLICATION BRIEF wno0._2

AUTHORS Donn Sodergquist and George Erde

£ OP-10 INSTRUMENTATION AMPLIFIER CMRR VERSUS FREQUENCY IMPROVEMENT

CIRCUIT

TRIPLE OP-AMP INSTRUMENTATION AMPLIFIER

e
l"_;':"-__' '_L'cz~

la

BB 10k

it eq = leint —em2) AygL

R1+R2

R6
B Ay (14 i [ﬁ}umm

R3
B, (A ]
CMBR - 2010 oM VELD e
o
RE R7
[P AL QALY & =
% - 22 CMAR @ OC = 12008

At 400Hz CMBR is a funorion af the difference
in frequency response of side A" and side 8",

] | AB 1k B} UWse of £1 or C2, sehected using the procedure
| ] R7 Beloww, maiches the frequency respanse of sile
| ) | 01t A" and side BT thereby maximicing CMRR at
L___:_______] TC' 400Hz.
L4 -
*Zalestad BpF to 100pF
FEATURE SUMMARY DESCRIFTION

& Addition of one scelected capacitor improves CMAR
at 400Hz to >85dB.

& P90 Sile AT and Side “BY bandwidths are
miatched

® Circuil uses existing nulling pins as frequency com
peNsaticn connections.

® Added capacitor is in the range of SpF to 100pF,

CAPACITOR SELECTION PROCEDURE
1. Connect ey to ejp? and to a 400Hz 210V signal
SOUFCE.

2, While observing eg with an oscilloscope, try differeat
valugs of C1 or €2 until gg 15 ot @ minimaem.

3. Permanently install the seiected capacitor.

Cormmaon marle rejection satio (CMBRY versus Tregquency
of the familiar three op-amp instrumentation amplifier
can i@ optimized by matching the frequoncy responses
of the inour ditfereatially-conncected paic of op amps.
The circuit shown uses one selectod capacitar (Lo reduce
the frequency response of the faster op amp) whieh is
connected betwean an auipdt and one of the ping
usually used for aulling AV,

Eight devices were tasted 0 this connection, lmprove-
ment to greater than 9508 @ 400M7 was achievad on all
devices, an improvemnent of T to 20dB over performance
without the selocted capacitor.
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'EMI APPLICATION BRIEF N0._3

AUTHOR Charles Vinn

TITLE: DIGITAL NULLING OF 0P-05 AND 585725

o
2]
<
.,
o

Igy * Bad ¢ 02IA

§) eus
Iy Bud  0.24pA
V- Yoz - Ve - Veez

CIRCUIT
it ':
! e i
MICROPROCE S50/ BUS | I
! 1
! ]
! )
1 06K 5.6K 1
Il NULLING SUCCEEDING |
V A TERM Fg STAGES 1
1 |
BAIT LATCH {
12-5NT4176) : FrEny '
! i
Lzl Li8 -—! 070 2RuA |
5
Qus -0 10 230n5 :
f |
B1 B2 B3 B4 5 66 B €8 C“ FIRST i
1+1 STAGE :
v DACARC
REF vag1 YBE2 H
O 1
o1 - i
1
1
1
1
1
1
t
'

O.-.-_—_

°1]

i
.

v PRECISION G AMP EQUIVALENT £IRCLHT
| s et — e — e, —————————— —
F5 " fREF ' 3E!
by ig -t NOTE: TCW,; may be degraded,
0"l -t
o A b I o e Tiow
FEATURE SUMMARY DESCRIPTION
# Digitally-controlled offset nulling is achieved by im- The input offset voltage of a precision op amp (OF-05
balancing the first stage collector currents of a or OF-07} may be nulled to <754V using the complemen.
precision op amip. tary current outputs of a DAC-OB to change the ratio of
# Greater than 1.6 mV of offset voltage may be nulled coli_ecmr currents in the .first stage. With Vg being
to zero with BuV resolution at 25°C. defined as the voltage which must be applied between

the input terminals 1o force Wy 1 to zero and assuming
all errors to be in the first stage, V(g may be expressed
as.

® This application is especially useful in microprocessor-
controdled systems where stringent error budgets exist.

icy ls2

® Cireuit uses the nulling terminals with a DAC-08 L e
Ic2 sy

. . . where
substituted for the conventions! nulling potentiometer.

1} Vs = kFT fog,
k = Boltzmann's constant = 1.38 x 1023 joules/”K
T = Absolute temperature, “K

g = Charge of an electron = 1.6 x 10°12 coulomb
I5 = Theoretical reverse-saturation current

1 = Cotlectar Current

Changing the ratio igy/lco over a+ 3% range results in
an input offset voltage nulling range of greater than
1.5mV at 25°C.
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APPLICATION BRIEF N0._4 _

AUTHOR Bob Blair

TITLE: REF-02 TEMPERATURE CONTROLLER

1

I

1

1

I

| HELTING
i ELEMENT
1

1

I

1

1

13EE NOTE 1)
[

CIRCUIT
T VLD TO 32V
L
.
AT ™ 27KN
<
R L
5
A1
Eq !
A e

02K o
CMpOz LAY
b

gr
w
b

1.2KIY

]
RZ g 115K 1z

NOTES:
1. REF.02 SHOLILD BE THERMALLY CONNECTEDR
TO SUBSTAMCE BEING HEATED.
2. NUMBERAS N PARENTHESES ARE FOR A
SETPOINT TEMPERATURE OF €0 C.

R4 2T7KL

-

3, R3¥- RMWRA2IRE

FEATURE SUMMARY DESCRIPTION
* Variable Temperature Control In the circuit above, temperature control is achieved
& Adjustable Hysteresis using the REF-02 +5V Reference/Thermometer and a
* 12 To 32V Power Supply CMP.02 Precision Low Input Current Comparater. The
& 2 1C Design CMP-02turnsona heating element driver |1 whenever the
& Low Cost present temperature drops below a setpoint temperature
determined by the ratic of R1 to R2. The circuit alse
provides adjustabe hysteresis and single supply opera-
tign.
HYSTERESIS DETERMINATICON SETPOINT DETERMINATION
R& and R7 set hysteresis. With R7 = 27K{L, RE may be With B2 = 1.BKL2, the value of B1 may be found for any
calcutated: desired temperature using the following procedure:
= i -25° *
a6 = o Uve-av) Eq = (Desired Temp -26 C} {2.1mv/°C) + 630 mv
T {2.1mV/C) {Hysteresis width in °C) R1=R2 (;r’_._._l.:_l)
= £
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Application Notes

AN-6

A LOW COST, HIGH-PERFORMANGE TRACKING A/D CONVERTER

INTRODUCTION

The availability of low-cost IC D/A converters, comparators
and up/down counters makes possible construction of {racking
A/D converters having high performance and reliability de-
spite their smali size and low cost. These A/D converters are
suitabile for a wide range of applications such as transducer
and audto digitizing, infinite sample and holds, and servo-
control 1oops. This paper describes an 8-bit tracking A/D con-
verter that can be built using Precision Monolithics, Inc.,
DAC100CCQ3 D/A converter, CMP-01L) Fast Precision Com-
parator and 4 bit MSI up/down counters.

TYPES OF A/D CONVERTERS

There are several popular styles of A/D converters (ADC)
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 2Nclock counts
for an ''n” bit converter and are suitable only for very slowly
changing analog data; additionally, the data can he taken out
only at the end of the conversion period. Successive approx-
imation types are quite fast, requiring only “n+1" clock counts
for eonversion. They are capable of encoding fast-moving ana-
log signals if an external sample-and-hald circuit 1s used to
stop the analog data; again, the digital output is true only at
the end ef the conversion pariod.

Far many applications, tracking ADC's can provide adegquats
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
avaifabie at the output.

BASIC OPERATION

The tracking A/D is a relatively simple system, both in con-
cept and in practice. The basic design requires three major
elements:  an wp/down counter, a current output D/A con-
verter, and a voltage comparator {see Fig. 1), The voltage at
the comparator’s input will be the result of the analog input
voltage minus the DAC output sink current times R, (V, =
Vo — 1 v B) Assuming a perfect comparator, if the output
vottage {V ) is above ground, the comparator’s output will
be low, causing the up/down counter 10 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, ie., an all-zerg input produses maximum
DACGC output current.} The comparator continues 1o examing
the woltage for polarity, and always drives the counter's code
in the direction which causes the output voltage to approach
zern, Once a balance is achieved, the loop is “locked”, and
tracks the analog input signal so long a3 the loop slew rate is
not exceeded. When the loop is balanced, the converter’s out-
put is the binary-coded equivaient of the analog input.

UP/DOWN UP/DOWN
counTer "™ carry |°YT counTER
u/c ¢ /o C
& & A A [
¢————i3E
CLOCK —
INPUT COMPARATOR + DIGITAL
— OQUTPUT
L Vol + »M3E
MSE LSB
ANALOG CURRENT OUTPUT
INPUT D/A CONVERTER
VIN Ry L — \

BASIWC TRACKING A/D BLOCK DIAGRAM
FIGURE 1
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When encoding a OC input signal, the digital output will
“dither’’ or alternate between the two adjacent states which
span the thearetically correct output value. This is of little
consequence as all A/D converters have a similar error, known
as the “"guantizing’ error.

In the actual circuit design, a "type-D* flip-flop is inserted
between the comparator and the counter’s upfdown input.
This is to insure adequate set-up time between the compara-
tor’s sutput change and the counter's next stage change.

Loop timing car be seen in Fig. 2. After the positive clock
transition, the courter changes to its next 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 repaats,

CLOCK

|

"O°-FF OuTPUT I

COUHTER OUTPUT
STATES {TYPICAL)

COMPARATOR

QUTPUT DAL SETTLING TIME

PLUS COMPARATOR
RESPONSE TIME

SYSTEM TIMING DIAGRAM
FIGURE 2

FINAL CIRCUIT DESIGN

The completed B bit tracking A/D 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 significant
digital inputs of the 10 bit DAC are not requited and are
conpected to +BVW, thus turning them off. Diodes are also
used to insure that a positive voltage is applied to the V+pin
ipin 14} a5 soon as the +BY 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 anly 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 pos-
sthle, the simplest is to place +10.0V at the input, and trim
the 200%% Full Scale Adjust pot to produce a low output at the
7 most significant bits with the LSB alternating states (dither-
ing} at the clock frequency.

VOLTAGE QUTPUT APPLICATIONS

The basic tracking A/D uses a “current-comparison”™ tech-
nigue; the analog voltage 15 not reconstructed at the com-
parator’s input, thus eliminating the need for an op amp to
convert the DAGC-100's current output to a voltage. For appii-
cations such as infinite (no-droopt analog sample-and-hold cir-
cuits, the OP-01C), a low cost, fast slewing, fast settiing op
amp with internal compensation can be added as in Fig. 5.
This configuration alsq provides very high input impedances,
without requiring an extra buffer amplifier. The reconstructad
analog voltage is available at the output of the op amp: gating
the counter “off’ stores the data in analog form.

- CLOCK IN
MAXTMUM CLOCK RATE »3.0 MHz
3le
172 7474 8V TRACK
TieE D" [ YO e nown UP/DOWN | °]_ HoLD
FLIA -FLOP |* 8l COUNTER OuTl  COUNTER =
_____________________ . NEED CEED =
2400 *1/4 7460 1
1
i DIGITAL
cLock |
857 | OUTPUT
i
¢
48
L : 13{i2f 1] 1o 3} 8] 7] ?
I —_—
T:3RC 1 fhss a8y
.................... ud
. DAC-100CCGE
3 * 10 @47 D/a CONVERTER
4,880
Vi =0 TO +0¥
R & 4.8k IHaisn 6] 15 2
ANALOG - 2000
INFUT MAX|MUM FULL SCALE
SINE WAVE INPUT
15 4000 Hz s FULL SCALE ADJ. -15V

+15102 —T-f;a +15 ™ —lfioz ; ,-l,
:._.I,; ,I, ;;:, POWER  ANALOG

-5

GROUND  GROUND

COMPLETE SCHEMATIC — B BIT TRACKING A/D CONVERTER
FIGURE 3
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FRONT

CONNECTOR

FRONT HACK

ANALOG GND ANALOG GND

— R, OIGITAL
N.C. OUTPUT
-—- __N c -
o TRACK B HOLD |
15y
M.C. — 18y

Nd)48 " BYPRSS CAPACITOR

FRONT

ACTUAL SIZE PRINTEDR CIRCUIT LAYOUT — CIRCWKT OF FIG. 3

FIGURE 4

g BIT TRACKING A/D PARTS LIST

Quantity Deseription

1
1
2
1
1
1
4
L}
1
1

DAC-100CC03 0/A Converter
CMP-01CJ Comparator

8284 Up/Down Counters
7474 Dual D-Type Flip-Flop
7400 Quad Gale

20011 Trimpot, Bourns 3359P
IN4148 Diodes

Ceramic Capacitors

Carbon Composition Resistor
PC Brard
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TRACKING A/D CONVERTER WAVEFORMS

These scope photos were taken to indicate the waveforms observed at the comparator input during nermal and
abnorma! operation of the converter. The output analog voltage trace was generated by applying the encoded
digital output to a second 0/A converter.

NORMAL OPERATION

Comparator Input
Anslog Input

Reconstructed Analog Input

INPUT OVER-RANGE
Comparator Input

Analog Input

Reconstrucied Analog nput

SLEW RATE LIMITING
Comparator 'npyt

Anzlog Input

Reconsiructed Analog input
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MPOLAR GPERATION 0.05% APPLICATIONS

Bipolar operation {*5Y} can be ohtained by injecting a cur- Applications requiring 10 bits of resolution with 0.05% lin-
rent equal to 1/2 the full scale current into the DAC- 100 sum garity can be implamented by adding a third up/down counter
lime. This can be accomplished by applying +6.4V to the and utilizing all 10 ipputs of an DAC-100ACQ2 {or Q4).

internal bipolar resistor of the OAC-100 {pin 1i—a 50082 See Fig. 5.
trimpot in series will allow precise adjustment of bipolar sym-

_ ! PERFORMANCE

metry. To trim, apply —5.0V at the input and adjust the 50082 ) o )
symmetry-rimpot to produce a high output at all bits, with Performance of the completed converter is quite impressive
the narmal “dither’ in the LSB only. Next, ground the input despite the low cost and small size. Using clock rates of 3.0
and adjust the Full Scale trimpot to produce an output which MHz, 10Vp-p signals can be accurately tracked (o frequencies
alternates between 10000000 and 31111111, of ahout 4.0 kHz, higher frequencies can be accommodated

by reducing the peak-to-peak amplitude.

Fully monotonic operation is obtained from 07 to 70°C; this
is achieved because the DNAC-100CQ3 is guarantesd to have
+1/2 LSB tinearity 1o 8 bits {0.2%) over this temperature
Oparation with 5 volt full scale inputs {0V to +6Y or 125V} range, and the DAC-100ACA3 has 21/2 LSB hinearity 1o 10
can be obtained by specifying the DAC-100 CCO4. bits {0.05%).

0 TO +5V OPERATION

. 4 B 4 +54
| I I l TRALK
[ [0 U/ u/g N :_J
TYPE "0 UP /DOWN UP/ OCWN UP/ DOWN HOLE

FLIP - FLOP counter ™M Carmy [0 counter ™ CARRY 3';1 COUNTER

c D ¢ L
CLOCK IN o I I I T —
NOT — » DIGITAL
USED > OUTPUT
CHP-OI -
. * > 5
l Ll ZB
ANALOG - WSE Csh
{HIGH Ry}
- +—» DAC-I00 ACGH3
1 op-0l LJVV*—-
"
» ANALOG
L OQUTRUT

18 BT VOLTAGE OUTPUT &/D CONVERTER BELOCK DIAGRAM
FIGURE &

15-9



Al D.C. static errors can be attributed ta the analog com-
ponents only; the comparator makes no contribution to lin-
earity errors, but its Vos and Vs drift with temperature are a
consideration in the zero scale and full scale performance, and
especially so in bipolar applications. The worst case DAC-100
zero error over 0°C to 70°C is 0.6mV; adding to this the
3.5mV max Vos of the CMP-01C results in a warst case zero
scate error of 4.1mV, which is acceptably small compared to
the valeg of 1/2 LSB {19.5mV] for the § bit A/D.

Because the Vos drift of the CMP-01C is typically only
1.8uV/°C even without offset trimming, the full scale drift will
be almost entirely a function of the DAC.-100CC tempeo—
80ppm/ ¢ maximun,

Far 10 tit applications, the comparator Vos becames signifi-
cant; the CMP-01C can be nulled, or the 0.8V max Vos
CMP-01E can he utiized without nulling. Mulling of the com:
parator is not required in bipolar applications; this is accom-
plished by the bipolar symmetry trimming.

Other performance characteristics of the completed converter
are listed in Table 1,

MILITARY TEMPERATURE RANGE OPERATION

Operation over wider temperature ranges can be obtained by
simply specifying appropriate temperature ranges components.
The simplicity of the all IC design coupled with the compati-
bility with MIL-M-38510 processing assures high reliability in
military applications.

CONCLLUSION

Extremely compact, low power consumption, all 1€ tracking
A/D converters are made possible by combining Precision
Monaolithics, Inc. DAC-100 series 10 bit D/A converter, CMP-01
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.

TABLE 1
PERFORMAMNCE DATA

8 Bit 10 Bit

Nonlinearity {0°C to +70°Ch 0.2% max 0.056% max
Full Scale Tempco B0 ppm max B0 ppm max
{0°C 10 +70°C)
Zero Scale Errar A0 LSB max .20 LSB max*
{0°C 10 +70°C}
Zero Scale Error 02 LSE .08 LSE
Comparator Trimmed
{0°C to +70°C)
Full Scale Yoltages OV 1o +I10V, OW 1o +10V

thY oY

0V to +BV, 0V to 456V,

2.5V 2.6V
Power Supply Rejection 02% per 02% per
{0°C 1o +70°C} % max % miax
Pawer Consurmption 1.4W max 1.77W max

(Vg = £16V, +5V)

*unrrimmed CMP-O1E

APPENDIX — USEFUL DATA & FORMULAE

TOV full scale BV full scale
LSB — 8 hits 39.1my 19.5mV
10 bits 9.85mV 4.92mv

Loop Slew Rate = Clock Frequency X Vigg = fo X Vise

Max Clock Frequency = 1/{Ta +Tg + Te + Ty + Tg)

WHERE: T, = Flip-Flop Propagation Delay

Tg = Minimum Counter Set-Up Time

Te = Counter Propagation Delay

To = D/A converter Settling Time
{to n-bits)

Te = Comparator Response Time

) 7 Ving.n - fin max
Min Clock Frequency = —m0¥———mo——
Vi sa
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SIMPLE PRECISION MILLIVOLT REFERENCE USES NO ZENERS

by

Donn Soderquist

A low ouvtput impedance millivalt source s frequently re-
quired in test systerns, tor generating small currents with moder-
ate resistance wvalues, 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 a5 a unity-gain buffer (Fig, 1) and the output is
adjusted to the reguired voltage using the offset nulling
tarminals. The amplifier must have suitable charactenstics such
as low long term drift, freedom from chopper and “popeorn™
naise, good power supply rejection and low offset voltage drift
with temperature. To achieve low ootput impedance the op
amp must have high gain around zero output voltages, and

should have negligible thermal-tnduced drift for stable perform-
ance under varying load conditions, Use of a high performance
bipolar input g amp such as the Frecision Monalithics OP-05CJ
provides low drift without chopper noise. With a typical
initial offset voltage of 0.3mY, 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
3.3uVC per millivalt of output setting. The circuit’s fow
frequency noise will be less than 0852V pk-pk with an output
impedance of less than one milliohm. Long term drift will be
much less than 3.5uY per month and power supply rejection
is apout 10UV A olt.

o+Isv
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|
3
—1* 3
T
= s
0P-05CJ >_T__O Vour
2 4
O 15V
FIGURE 1
ZEMERLESS PRECISION MILLIVOLT SOURCE
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Application Notes

AN-11

A LOW COST, EASY-TO-BUILD SUCCESSIVE APPROXIMATION ANALOG-TO-DIGITAL CONVERTER

Donn Soderquist

Successive Approximation Analogto-Digital Converters have
often been considered to be complex, expensive and troutle-
seme circuits to produce. This application note describes a
high-speed 8 bit successive approximation A/D easily con-
structed using anly 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 A/D is capalde of § bit con-
versions in 6 psec, and can easily be expanded to 10 bit
resolution operation.

FEEDBACK A/D CONVERTERS

Mozt popular A/D Converters built today use a Digital-to-
Anatog Converter as part of a feadback or servo loop. Three
of the most common types are the Ramp, Tracking, and
Successive- Approximation; these differ primarily in the type of
programuming logic circuitry used to drive the DVA converter,
All three types petform a comparison between the analog input
and the output of a O/A converter; the logic changes the D/A
output so that it approaches the analog input—whan they are
equal, the input to the DAC is the correct digitally encoded
numizer {Fig. 1],

INPUT
VOLTAGE

[—~—QEND-OF-ENCODE
[—OQSTART
——COCLOCK INPUT

LOGIC

COMFPARATOR QMR

BASH: FEEDBACK A/D CONVERTER
FIGLVRE 1

The Ramp or Countup type ADC uses up-counters for the
programming logic. A start command clears the counters which
ther count up until the comparator output changes. The user
must allow 2% clock periods to insure a complete conversion;
therefore only very slowly varying data may be converted.

Tracking A/D converters use up/down counters for the pro
gramming logic; the comparator output forces the counters 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 siganks without requiring a sample and hold
circuit. ({Complete details on the construciion of this type of
converter are available in Precision Manolithics Application
Mote “A Low Cost, High Performanes Tracking A/0 Con-
verter”, AM-6).

Tracking ADC's are at their best when used to encode a single
signal with a weil-behaved maximum slew rate; multiplexed or
video signals have large discontingities which cause large errors
while the tracking loop moves 1o agquire a new “lock” on the
signal.

Successive Approximation A/D Converters are attractive for
their rapid conversion rates and have found wide acceptance in
video and multiplexed data systems. Hecently-announced 10
provide the three basic converter huilding blocks in integrared
form, reducing the cost and complexity of this approach 1o a
figure at ar below that of the ramp and tracking types. The
great advantage of the SA ADC is that complete “n”-bit
conversions can be accemplished typically in M + 1 clack
periods—for a 10 hit converter this would be a speed improve-
ment of about 100 times over the ramp type.

|
|

TRIAL | TRIAL 2 TRIAL 3
| m
| no ] tiL
o | <o | e
- [[+]]
| 1oo| o)
r
You T <100} : I ‘;:’
°'°l )
000 010} oio
i t [+14]]
i °°°| {oon

I I a0

| |
FLOW DIAGRAM FOR 3 BIT SUCCESSIVE
APPROXIMATION A/OD CONVERSION

FIGURE 2

(V) SHOWN IN PARENTHESIS}
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BASIC SUCCESSIVE APPROXIMATION A/D CONVERSION

An SA ADC operates by camparing the analog input to a series
of “trial’”’ conversicns; the first trial compares the input to the
valug of the maost significant bit {MS5SB| or approximately half
of full scale. Figure 2 shows the pragression of trials for a 3-bit
converter. If the input is greater than the MSB value, the MSB
is retained and the converter movss on to “trying” the next
most significant bit, or approximately three-guarters full scale.
It the input had been less than the M5B, the logic would have
turned the MSB off before going on to the next most signifi-
cant bit, or one-gquarter full scale. This “branching’ continues
until each successively smaller bit has been tried, with the
entire process taking “na’ trials,

To implement the logic for the sucgessive 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
“ogne" 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 centinues till all bits have been tried. After
the last bit's tnal, 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
corverted data is also available in serial form; this is handy for
transmission of data on a single bus.

SUCCESSIVE APPROXIMATION REGISTER
START
——— i

SHIF T REGISTER

CLOCK
—

=

END OF
ENCOGE

SER|AL

LG T | mr BT |8
INPUT ']z Ll L

LATCHES

COMPARATOR

56008
w

— e}
LSB

L5h

/A

SUCCESSIVE APPROXIMATION A/D CONVERTER
FIGURE 3

The complete sequence of events is demonstrated in the timing
diagram of Fig. 4. Nete that “negative true” iogic is shown;
the DAC-100 employs a complementary binary code and the
AMZ2502 produces a “low'" output during each bit's trial, thus
producing  the standard successive approximation routine
starting with the MSE trial and working towards the LSB
trial. All events are initiated during positive-going clock transi-
tions; the conversion prcgssstartswhen theginput 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 EE to a low state, indicating the conver-
sion has completad.
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“CURRENT"” COMPARISON

The previous discussion has indicated that the function of the
comparator was 0 perform a comparison between the analog
input voltage and the output voltage of the D/A converter.
Higher speed conversions may be achigved by using the output
of a fast current output DAC directly. This may be imple-
mented as shown in Fig. B, where the comparator examings
the polarity of (Vy — lIyRIN). The “current comparison’™
method eliminates the need for a current-to-voltage converting
op amp which is by far the slowest element in mast DJA
converters,

INPUT
Vu QO VOLTAGE

R ll" L —

LOGIC

¥er Vin~ l Rin

“CURRENT COMPARISON" A/D INPUT
FIGURES

COMPLETE CIRCUIT

The schematic for the complete 8-bit A/D converter is shown
in Fig. 6. It is seen that the complete circuit adds very few
components to the basic 3 1C’s of the block diagram. A 20082
potentiometer is used to adjust the full scale output and R1is
used to inject a +1/2 LSB value current into the sum node. This
insures that adjacent code point transitions occur at 1/2 LSB
paints for minimum overall error. The clamp diodes minimize
settling time and prevent large inputs from damaging the DAC
output. For an B-bit, 10 volt system the CMP-01C)'s maximum
offset voltage is less than 1/10 LSB and should not require
nulling.
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LAYOUT GROUNDING

A suggested layout foran & bit converteris shown in Fig. 8. This
layour demaonstrates same of the hasic rules of good AJD con-
verter practice: analog wiring is kept as short as possible and is
separated from digital lines; the DAC output trace is especially
short and directly connected to the comparaios input and
clfamping diodes. Generous power sepply bypassing hias been
employed using both disc and electrobytic capacitors. Other
layouts can  be easily designed becsuse of the extreme sim-
plicity of this circuit,

A7D CONVERTER
s tE P15 voLTS
VOLTS- 1 8115 voLts
| Blisvars _Il 4
| e
5.
15t
vours | | |
CPb— — e
2200
5 +
voLTs | * D3| roweR
GROUND '
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P {eRouND SUGGESTED CLOCK
ANALOG +|—— - P CIRCUIT~Foelq MHz
YOLTAGE INFUT 1/3 SNT40aN
SOURCE HEX INVERTER

HOTEtPIN NUMBERS SHOWM

REFER TO PC CARD TERMINALS

#COMMON GROUNDING POINT-REFER TO TEXT
GROUNDING AND SUPPLY HOOKUP

FIGURE 7
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For optimum noise rejection, digital {power} ground currents
should not flow in signal input grodnd return lings. Analog and
power grounds should be connected as close as possible to the
A/D converter input connector. Fig. 7 illustrates a typical
system installation showing the ground connections.

SERIAL OUTPUT

The digital output is available in serigl NRZ {non-retarn-to-
zero) format at the data output {OQ] shortly after each
positive-going chock transition, Serial output is especially con-
vanient in applications wheare systern wiring must be minimized,
such as in une AD per channel systems. Performing the A/D
conversion process in close proximity to the signal source has
the advantage of reducing errors associaled with transmission
of low level analog signals; instead, digitally encoded signals
are transmitted with their inherent low error rates and case of
multiplexing,

BIPOLAR OPERATION

Bipolar operation can be obrained by injecting a current equal
to 1/2 full scale into the sumn node. This can be accomplished
by applying +6.4 volis through a 500 ohm potentiometer to
the imterpal bipolar resistor of the DAC-100. Soth Bit 1 and
Bit 1 are available so 2's complement or offset binary coding
may be obtained as desired,

0TO 5V, 2.6V OPERATION

Operation with &Y Fult Scale Inputs {0 to 5V, +2.5Y} may be
ohtained by specifying DAC- 100 models with a 04 suffix.
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CALIBRATION PER FORMANCE

For unipalar, 8bit, 10 volt full scale calibration apply +8.941
volts {Full scale ~3/2 LSB) to the input. Adjust the gain
potentiometer until the digital output is alternating between
“0Q00 0000 and 0000 GO01”, This calibrates the converter
at a transition point insuring correct outputs over the analog
input range. No zern adjust is ngcessary due to the low com-
parator input offset voltage {(VWggl, virtually zero output offset
of the DAC and the correct +1/2 LSB bigs established by R1.

For B-bit, +5 volt full scale offset hinary operation, first per.
form the unipolar calibration as described above with the
bipolar reference remaoved. Mext connect the +6.4 volt bipolar
reference through the 500 ohm potentiometer to the bipolar
ingut resistor. With —5.000 volts as an analog input, adjust the
600 ohm potentiometer until the digital output is alternating
tetween 1111 11117 and 1111 1110, For calibration at
lower bit resolutions refer to Table 1.

Performance of the completed converter for 6, 7 and 8 bit
resolution applications i5 shown in Table 1. To assure fully
monatonic operation in 8 bit applications the DAC-100CC
grade with its maxirmum nonlinearity of 0.2% from 0° 10 70°C
shoutd be specified. Applications requiring 8-bit resolution
with (.3% or less linearity may ufilize the lower cost
DACA00DD 1y pes.

All D.C. static errors can be attributed to the analog com-
ponents only; the comparator makes no tontribution to
nonlinearity .but its 25°C WV geand Vg drift withtamperature are
a consideration in the zero scale and ful! scale performance,
and especially so in bipolar applications. The worst case
DAC-100 zero error over 0° ta 70°C is 0.6mV; adding to this
the 3.5mV max Vps of the CMP-O1C results in a worst case
zero scale error of 4.1mV, which is acceptably small compared
to the value of 1/2 LSB {19.5mV) for the 8 bit A/D.
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Because the Vs drift of the CMP-O1C is typically only
1.8pV/°C aven without offset trimming, the full scale drift
will he almaost entirely a function of the DAC-100CC ternpco—
60ppm/°C maximum. {Tempco of DAC-100DD models is
120ppm/°C.}

REDUGCED RESOLUTION APPLICATIONS

Encoding time ray be reduced in applications not reguiring
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 can-
tinug to step through the remaining bits so the CC tevel will be
present for one clock perivd only, For continuous conversion
applications, the register may he truncated by applying a low
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174 Ukl
ZINFUT AND GATE
15N 7408}

H.C.

S.AR =

[t

SHORT-CYCLED CONTINUQUS CODMNG
{6 BITS BHOWN]
FIGURE 9A

fevel to the §‘|nput; however, caution must be ahserved to
prevent possible stalling on power-up: the-S_l'nput should be
generated by either the CC or bit {N+1) going to a low siate.
Figure 9 demonstrates a 6 bit, continuous-encoding apphca-
tion. Since reducing the resolution increases the size of the
L%B, the value of R1 and the full scale calibration point should
be changed accordingly, as shown in Table ). Additional speed
in reduced resolution applications may he achieved by increas-
ing the clock frequency.
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10 BIT APPLICATIONS

The basic B-hit converter may easily be expanded to 10 bits
by wsing & 2504 12 bit Successive Approximation Register;
it may be allowed to step through all 12 bits or short-
cycled as described above (Fig. 9A,8B). Al DAC. 100 Series
devices have 10-bit resolution; for applications reqguiring 10
bit monotonic performance the DAC-ID0AGO3 or 04 grades
with maximurn nonlinearity of $0.08% {0 to 70°C) should
be specified; for less demanding applications the £0.1%
DAC-100BCQ3 (Q4) grades are recommended. Due to the
10mY LSB size, comparator YWoe can provide significant
raro error, This can be eliminated in unipolar applications
by nulling the CMP-01CJ) or specifying the 0.8mVy offset
CMP-01EJ. Nov initial Vgg improvementis required in bipolar
applications, as this error will be eliminated during the
bipalar calibration procedure. The offsetting resistor [R1}
should be 15ME2 for 10 bit applications, with the full scale
calibration voltage of +9.925 for unipolar applications.
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SYSTEM CONSIDERATIONS

When integrating the A/D Converter into a sysiem, considera-
tion must be given to several factors to assure best performance.
First, the analog signal to ke encoded should not change more
than 1/2 L5B during the encoding process; a sample-and-hold
circuit should be used if required to hold changes to 12 LS8
ot preferably, much less (Fig. 11). Second, proper grounding
of the system 15 essential to provent errors due to System
noise, The preferred method s to connect the analog signal
ground and digrtal power ground together at only one poing,
right at the A/D's connector. This will insure that digital
ground currents do not flow in the analog ground ling,

MONAL
SENSOR MO ITION 18]
AMPLIFIER
T T
! !
I '
| ¢ ANALOE SAMPLE
! MULTIPLERXER AND ABE OMPUTER
| | |‘” HLD
' | ! I
| |
1 I
SUGHAL J N
JENSOR ricMmwst- 0 L—.—— —. —— e .
AMPLIFIER TIMING

TYPICAL MULTIPLEXED DATA
ACOQUISITYON SYSTEM

LOWER POWER CONSUMPTION

Powser consumption may easily bs reduced from 935 mW
maximum {g about 310 W with two minor design chamges.
The D/A and comparator power supplies can be reduced from
15 volts to 16 volts and the low power TTL AM25LO2PC
logic function raay be specified. Digital output fanout s
reduced to 3 standard TTL loads. The value of R1
must also be lowered accordingly to maintain 1he same +1/2
L5B hias current to the sum node.

MILITARY TEMPERATURE RANGE OPERATION

Operation over wider temperature ranges can be obtained ty
simply specifying appropriate ternperature ranges components.
The simplicity of the three IC designs coupled with the com-
patibility of the devices withMiL-5TD-883A processing assures
high reliability in military applications.

CONCLUSION

Extremely compact, rugged, low power consumption successive
approximation A/D converters are made possible by combining
31Cs: PMY’s DAC-100 Series 10-but O/A, CMP-D1 ¢comparator,
and a Successive Approximation Register. This simple, low
cost design opens up new applications such as one A/0 per

FIGURE 11 channel operation in data acquisition systems,
PARTS LIST PARTS LIST
FOR FOR

8 BIT A/D CONVERTER

+0.3% maximum nonlinearity , FS tempeo 120ppm°C

1 CAC-100DDG3 (or 04)
1 CWP-01C.
1 AM2ZB0ZPC {(Advanced Micro Devices)

or Eruivalent

Pot-20082 Bourns #¥3006P-1.201

4.7 ut CAP- Mallory ¥TOCA7EMO10EL
1.0 uf CAP- Mallory #TOCTOSMO35EL
Diode, TN4148

.01 uf CAP-Centralab #CK-103

PC Board

Resistor 3.9ME7 5% 1/4W

- = L) B ORI -

For £0.2% maximum nonlinearity FS tempeo 60ppm/ G
use DAC-100CCA3 lor 04l

10 BIT A/D CONVERTER

=0, 1% maximum nonlinearity , FS ternpco 60ppm/ C

1 DAC-13BCOS {or Q4)
1 CMP-D1E)
1 AMZGOAPC [ Advanced Micro Devices)

or Equivalent

Pqt-20050 Bourns #3006P-1-201

4.7 uf CAP Mallary #TDCA7EMO10EL
1.0 pf CAP Mallory ETPC106MO35EL
Diode, 1MN4148

01 uf CAP Centralab #CK-103

FC Board

Besistor 15MEL 5% 1/4W

_- s ) B B = =

For £0.06% maximumnonlinearity, FS tempco 60ppm;°C
use DAG-100ACO3S (or 04)
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TABLE | — REDUCED RESOLUTION APPLICATION DATA

Conversion Full Scale
Resolution Offset Current Complete Calibration LB
Desired Value {1/2 LSB) Indicator Point {10 VFS$}
8 Bits 3.9 M0 3.9 uA cc 2,941V 39 mv
7 Bits 2MQ 7.8 pA Bit 8 9.883v 78 mV
6 Bits 1M 15.6 pA Bit 7 8,766V 156 mV
b Bits 470 K2 313pA Bit & .53V 313 mv
4 Bits 240 K52 B2.5 uA Bit5 9,163V 625 mY
TABLE Il — PERFORMANCE DATA
Resclution 6-Bits 7-Bits 8-Bits
D/A BAC-100DDO3 DAC-100DDOQ3 DAC-100CCQ3
0° to 70° Maximum +0.3% +0.3% +0.2%
Nonlinearity
0" to 70°C Full Scale 120ppm{°C 120ppm/°C 60ppm/ C
Tempco Max.
Zero Scale +1.06 LSB +(0.1L88 +0.20L58
Error Max,
Conversion Time 4.7 psec 5.3 usec §.0 ysec
1.5 MHz Clock
Unipolar Reference Internal

Bipolar Reference

Input Impedance (+10V or 5V Scale)
Input Impedance (+5Y or 2.5V Scale)
Quantizing Error

Output Code Unipalar

Output Code Bipolar

Clock

Logic Output Drive Capability

Analog Power Supply Range

Digital Power Supply Range

Power Consurnption 218 and +5V Supplies

External +5.4 Volts
5K Nominal
2.5KE2 Nominal
11/2 LSB

Complementary Binary

Complementary Oifset Binary

External

6 TTL Loads
16V to £18Y
+5 Volts £5%

935 mWY Max.
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Application Notes

AN-12

TEMPERATURE MEASUREMENT METHOD BASED ON MATCHED TRANSISTOR PAIR

REQUIRES NO REFERENCE

by

Jim Simmons and Dann Soderquist

Most remote temperature measurements are made with
thermistars 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 methnd is attractive for its simpligity
accuracy, and long-term stability, Of particular vtility is the
fact that the output is inherently linear and is directly
useable without special linearizing circuitry.

Thermocouples can reguire both lineartzing circuitry and
reference junction making them difficult to apply. Linear
outputs may be achieved with composite thermistor-resistol
networks but long-term stability is difficult to predict.
Ordinary silicon diodes, when operated as temperature
SENSOrs, require constant current drive and extensiva cali-
bration. The matched transistor pair method has none of
these drawbacks.

BASIC THEORY

ilatched 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:

1
T Vg = k—;— 109, (I_SC) provided Igo/lg > > 1

where

k = Roltzmann's constant = 1.38x10™" joules/” K

T = absolute temperature, °K

g = charge of an electron = 16x10tY coulomb

13 = theoretical reverse-saturation current = 1.87 x
10" A

‘e = collector current

Congider the difference in base-emitter voltages, “Vy, of
two transistors operated at the same temperature:

I !
kT C1 kT c2
v 5 (2) - e ()

This expression may be rewritten to.

| |
kT €1 kT 51
3 AVL. = — 1o BV -2 g 2
beT g ('cz) a ('52)

The values of lgy and gy are a strong function of
protessing and geometry variables, and are very nearly
identical in a well-matched monelithic transistor pair, As
lg1 and Igs approach equality liog, 1=0}, the second term
can e eliminated. For an idesi pair the expression bae-
comes:

!
ayavy, = KT jog, (—9‘—)
a ‘ez

Note that if the ratio of collector currents lgr to g is
made constant, 4 Vi, will be proportional to absolute
temperature alone, Mo absolute values of current are re-
quired because only 2 stable current ratio must be main-
tained. For a fixed ratio of 2 10 1 the expression is:

LAV
5} e = 5973 X 10° = 59.73uV°K

This predictable differential base-emitter woltage retation-
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
] , a ! o ¥+ DIFFERENTIAL
[V Y AMPLIFIER
Ape Equ10m vy =K
L} a,
t 21 _ r: . K, R Eo
GD C consTanT §. TSSTCTRIEH2.180 Y
CURRENT +2B2C=298 K= 42,
SURRENT 2B9C=298°K=+2.900 ¥
+1250Cs39B°K= 43,980 V
s
\f—

BASIC TEMPERATURE SENSOR
FIGURE 1
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SYSTEM DESIGN CONSIDERATIONS

To illustrate this concept, let us design & system t¢ provide
accurate lemperature measurement 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. [n 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. & system achieving these goals is detailed below.

SENSING MATCHED PAIR

Any mismateh will cause performance to deviate from the
ideal case shown in Eq. 4, the most enitical parameter heing
average offset voltage drift {TCW o). This quantity, multi-
plied by the largest temperature excursion {1007 K} and the
differential amplifier gain {167.4), will be the output error
and is shown in Table 1 for typical TCV . specifications.

Clearly, system accuracy is directly refated to the degree of

matching of the sensing pair. A Precision Monolithics
MAT-01H with its typical TCV,, of .1BuV/°C was
specified in ordar to minimize this error factor.

CONSTANT CURRENT SOURCES

Two currents of a precise 2 to 1 ratio are provided by this
section. Several considerations make SuA and 10uA good
choices as nominal operating currents for gz and ey
respectively. Most monofithic matched transistor pairs are
specified at Iz = 10uA. Input bias currents associated with
the differsntial amplifier can be ignored because SuAis
three orders of magnitude larger. Resistor values are smatt
enough ta keep physical size and cost reasanable. Finally,
the quiescent currents do not develop significant voltage
dreps in 100 feet of ordinary shielded-pair cable.

The two most important  current  SQUrce  transistor
matching characteristics required are hgp and WV,
long-term stability, assuming that this part of the cireuit is
not subjected to wide temperature varigtions. If the system
is to have good power supply and ripple rejection, the hgp
match must be maintained over a range of operating
currents. These characteristics will insure a constant 2 to 1
ratio of I 1o I is maintained.

With the gircuit as shown in Figure 2, the total system has
measured power supply rejection of 17K /valt. Onee cali-
brated, long-term changes in Vi, will change the current
ratio, and, in turn, the cutput, A Precision Monolithics
MAT .01GH was selected for 02 hecause it has the
desired  combination of specified long-term stabiiity
{.2u\/month) and close hpg matching, typically 1%.

pedis
5uV/SC 251°K
5 /°C B837°K
1.0V C 1.67°K
2.04/°C 3.34°K
2.5W/°C 4.19°K
5.0uv/°C 8.37°K
10 ¥/°C 16.7°K

TABLE 1

v+

DIFFERENTIAL
AMPLIFIER

Eg "10m "o

Ey YOLTAGE
w [
—854 0 2R K 2080V
#277Cr 298K + 2,980V
HEE Cr 34K+ 5,900V

BASIC TEMPERATURE SENSOH
FIGURE 1




DIFFERENTIAL AMPLIFIER

The sensing pair and constant current sources provide a
ditferential voltage {4V,,) which is directly proportional
to absolute temperature. The amplifier must acquire this
votiage difference in the presence of common modg volt-
ages, amplify it by 167.4, and change it from g differential
to 3 single-ended signal. Excelient performance is obtained
using the circuit of Figure 3,

s000

100K

o
SEMSING
F&IR
E
Ein o +
1
1 {v) E =10mv /Kl

AWhe

CURRENT
SDURCES

!

Ve

DIFFERENTIAL AMPLIFIER DESIGN
FIGURE 3

The two op-amp ifferential amplifier configuration is
witlely used wherever high inpat impedance and fixed gain
are required. This amplifier uses a dual matched instru-
mentation operational amplifier designed and specified for
differential applications, the Precision Monaolithics
OP-10CY.

GENERAL DESIGN CONSIDERATIONS

Assuming ideal ampliliers, the expresswon for output voltage

is:
_ R R, F 4
8l £ - [Eim e HJ] "€, gt 1)
With ideal resistors this simphifies to:
R4 ) Rl _ R4
7} EO = {E"nz— EII‘I1} {R—3 + 1} provided —H? _H?T
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{n this system, (B4 — E;q2} has been previously defined
as iV, The actual expression far E, may be written as:

- R4 . Vie _ s
8} Ey = Ve ‘FI_S + 1] but AT 5973 x 107 [Eq. 5)
Therefore, the ideal overall system outpUt EXpression 13
9) £, = (5.973X 10°) { 2: c T

COMMON MODE REJECTION

At 25'C (298°K}, &V e is 17.BmV. while the individual
sENSing [air base-smitter voltages are about 520 my. Thers
is a need to reject the 520mVY. comman mode nput voltage
while accurately ampltfying the differential inpur voltage,
AVpe. At —55°C {218°K), the situation becomes more
difficult with 4V, of 13 my. and 696 mV, of common
made voltage, Keeping wn mind that this is a best case
disregarding any ccxtraneous cable pickup.
gbserved that the requirement for high common mode
rejection is very reat,

it can be

Because the dual op amp has a specitied 117 dB commaon
mode rejection ratio match, the ability to reject common
mode inputs becomes primarly a function of resistor ratio
matching. This device elirminates the need tor special
opamp selections i this stengent differential amplifier
application.

Resistor selections can be avoided by using readily available
1% tolerance precision resstors, resulling in a worst-case
ratio match of G4%. This ratio match, in combination with
the dual op amp's performance, resutts (o greater than 100
dB commen made rejection at the amplifier's input,

Long-term stabubity of the resistors must approach the
imitial ratio match or degradation of common maorle rejec-
tion can occur over time, The resistors chosen are specitied
al t50ppm i3 years and 25ppm/°C thereby assuring stabifity
versus tirte and termperature,

DIFFERENTIAL OFFSET YOLTAGE

The amplifier's ditferential input offset voltage {E .y —
€52 will be the major error factor. If the mdividual inpuy
offset voltages are of equal magnitude and polarity they
appear as a commaon mode input and are rejected. The
OF-10CY provides the additional convenience that only
a single offset adjustment is necessary to prowvide the re
guwred 5V match; this adiustment at the same time
provides minimum TCAY 5, of the differential amplifier,
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INSTALLATION OVERALL ACCURACY

Ordinary shielded pair cable, with #22 or larger conductors,
is satisfactory for most remote temperatureg measuring
applications. Good thermal conduetivity from the sensing
pair’s case to the environment eing measured is essential to
avoid incorrect readings. When this circuit 15 used for
temperature control, 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
unitil the output reads zero volts, Remowve the input short,
Second, with the sensing pair at a known temperature
froom temperature is suitable), adjust the ratio potenti-
ometer for a correct differential amplifier cutput reading.
Having the capability of room temperature calibration
makas this circuit much more convenient to calibrate than
other types.
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This cireuit, with the components as specified, is capable of
+1“K accuracy over the full military temperature range of
—BE"C 1o +128°C {218°K to 398°K}). Optimum accuracy
is obtained with the differential amplifier and constant
current sources in a controlled enviranment remote from
the sensing pair. Mainignance of high accuracy over long
periods of time is achieved becavse all components used
in this design have Tang-term stability specified.

APPLICATIONS

The circuit's output, as measured by a 10-volt full scale
digital panel meter, makes a digital thermometer. DPM's
with BCD outputs may be used in applications reguiring
simultaneous direct readout and digital outputs for control
PUFDOSES,

CONCLUSIONS

Accurate temperature measurement and control systems are
easily and economically built using the predictable charac-
teristics of modern monglithic matched transistor pairs.
This method offers long-term stability, excellent linearity,
simple calibration, and high performance in severe environ-
ments,
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PARTS LIST
1. 8]} MAT-01H, Matched Transistor Pair
Precision Monolithics, fnc.
2 a2 MAT-01GH, Matched Transistor Pair
Precision Monolithics, Inc.
3. Al OP-10CY, Dual Instrumentation Op Amp
Precision Monalithics, Inc.
4. R1, R4 Resistor, 600 ohms, .01%
General Rasistance Econistor
5. R2, R3 Resistor, 100K chms, 01%
General Resistance Ecanistar
a. RS Resistor, 100Kohms, 1%
General Resistance Econistor
7. R& Resistor, 180Kohms, .1%
General Resistance Econistor
8. R7 Potentiometer, BOK ohms, 10%
Bourns #3006P-1-503
Q. RE Resistor, 133K ohms, 1%
RN55C1333F
10. RS Resistor, 15K ohms, 1%
ANELC1502F
11. Ri0 Potentiometer, 20Kohms, 16%

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-G7 a new bipolar-input monolithic  operational
ammphfier, 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 25uV by a
new computer-contralled on-chip trimming technigue. Such
low Wog eliminates the nulling potentiometer reguirement of
mast op armp circuits, greatly reducing system complexity
while improving reliability. A description of this arnplifiers
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 comhbined, 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 VYgs. For this reason, rest operational
amplifiers, monolithic and modular, are provided with termi-
nals to allow the user to adjust this offset voliage 10 zero—a
costly and potentially unreliable procedure, which in many
cases degrades performance of TCV,s. Monolithic op amp
manufacturers have constantly strived for improvement in Vog
from puA709 and gATA1 at BO00UV, to the wAT25 at 1000uV
in 1969, to the OP-05A at 150uY in 1972, The OP-07A at
25uY maximum Vg is a significant milestone in monaolithic
bipolar operational amplifier design.

Temperature stability is also important since the benefits of
low initial ¥gg are guickly lost if a small change in operating
temperature causes substantial Vag drift. Good tong-term Vg
stability is required to avoid periodic re-calibrations and degra-
dation of system performance over time. Until now, choppar-
stabilized or externally-nulled monolithic op amps have been
the uwsual choices despite the disadvantages of high noise
andfor external companents, The OP-0? design achieves
the desired combination of low Vg, low TCVqe, long-term
Vs stability, low bias current, and low noise. [t provides
performance comparable to chopper-stabilized amplifiers with
the further advantages of freedom from chopper-frequency
noise and external component requirements.

LOW Vg5 AMPLIFIERS

Some of the more common methods for optimizing Vg

performance have been chopper-stabilized amplifiers, bipolar
amplifiers nulled to zero initial Vg, and combinational amphi-
fiers constructed with a matched transistor pair followed by a
standard bipotar op amp. Each approach to the Vg probilem is
a compromise between allowable error, reliability and price.
The purpose of Ithis discussion is ta 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 teen forced to use chopper-
stabilized amplitiers in applications requiring iess than 100uY
initial Vg, The OP-D7 is a costeffective 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 magritude.
Although the monolithic choppers have lower average input
bias currents, the chopping action produces very large spikes in
the input curremts and prevents ther use with large or
unbalanced source resistors. For this reason, most chopper
manufacturers carefully avoid specifying neise currents above
10Hz, The bras current remains below 4nd over
the full military temperature range, and being free from
chopper spikes, enables use in high impedance circuitry.

Another chopper-related problem is that input signals often
interact with chopping frequency components and their har-
monics. This interaction can cause errors due to intermadula-
tion, producing slowly varying offset voltages usually below
20Hz, Chopper frequency switching transients can also cause
alectromagnetic  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 reguire up to ten external
components to effectively eliminate this probliem. Monolithic
choppers require expensive, large external components, such as
two 1pF teflon dielectric capacitars, 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 V5 must be adjusted to zero
with a nulling potentiometer or trimming resistors. In ceriain
amplifiers, this is also a requiremant in order to optimize
TCVgs performance. Selected or adjusted components requlire
special test labor, take up much-needed space, decrease rehi-
ahility, and add to system complexity. “Maintainability™ is
poor—field replacements or renulling due ta long-term YWgg and
resistance changes must be performed by a skilled technician
with sophisticated test equipment. Use of an mternally-nulied
OP-07 avoids all of these problems since 1t is a complete, fuliy-
interchangeable device, and does not require zeroing to opti-
mize TCVgs.

COMBINATIONAL AMPLIFIERS
This is one of the oldest methods, usually implemented with a

heated-substrate matched transistor pair in a differentialinput
gain stage followed by a conventional op amp. This method

reguires four precision resistors, a nulhing potentiometer,
external frequency compensation, and up to 380mW of heater
power. TCWqg is anly about 2,uWaC despite the temperature
contre!d for the input pair. The QP07 provides improved per-
formance in all parameters as wel! as lower cost, elimination
of calibration labor, fower neise and a tremendous reduction
in total power consumption.

CIRCULT DESCRIPTION

The three-stage design concept of previous Precision Mono-
lithics” instrumentation quality op amps was retained for the
OP-07 because, using this design, nulling of Vg, simultane-
ously optimizes TGV, [Thus relationship is not the case for
the more commonly used two-stage “7417-type amplifier.}
There are additional advantages of high gain, low noise, and
predictable long-term  stability. Low input bias current is
achieved try bias current cancellation; ie., currents are ganer-
ated cqual in magnitude but opposite in direction to the base
currents of the input transistars Q1 and Q2 in the simplified
schamatic of Figure 1.
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INPUT STAGE external circuitry; the difference between (5% collector cur-

To achieve lowest initial Vpg, TCVg and nose, a simple
differential input pair, Q1 and Q2, was chosen. Vg nulling
resistors RZA and RZB are elecronically adjusted and will be
covered separgtely in the trimnting discussion. R3 and B4, in
copjunction with Q21.024, provide input differential over-
voltage protection.

The symmetry of the put stage allows =xamination of only
one side to demaonstrate bias current cancallation. Base drive
for the nput transistor, O1, is provided by Q5 and the

rent and Q1's bhase current being the input bias current. Q1
and 3 are hpg-matched transistors operating at similar
collector currents and, therefore, the base curreat of 071 s
approximately equal to the base current of Q3. 03's base
current is supplied by 7, a diode-connected PNF transistor
closely matched to 05, Together Q5 and QF form a current
mirrgr (turnaround) and the collector current of Q5 will equal
the base current of Q3. In this manner atmost all base current
for Q1 is provided by 35 and precise bias current cancellagtion
s achieved, Careful design has enzbled this cancellation to be
effective over a wide temperature range. {Fig. 2).
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EOLLOWING STAGES

The first stage output is buffered by emitter followers Q9 and
10, and applied to a high-gain differential stage, Q11 and
012, 1ts output, the junction of 012, 014, 15, and RS, drives
a short-circuit-protected  complementary  emitter  follower
power output stage.

COMPENSATION

Frequengy compensation of the QP-07 is accomplished using
three capacitors. Feedforward capacitor C3 bypasses the
second stage lateral pap’s at high freguencies and, therefore,
the excessive phase-shift normally associated with these tran-
sistors 5 cirgumyented, The dominant pole of the amplifier is
set by Cp which feeds back around the second ang driver
stages and rolis off the open loop response at 20dB decade.
The prasence of Cq 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 remarkatle amount for a monalithic
device.

LAYOUT

The circuit layout has thermal symmetry, a concept which has
been used quite extensively on precision amplifier designs
since Its inception in 1969.7 Variations in power dissipation in
the driver and outpul stages, and the resultant thermal grac-
ants affect the critical input transistors identically, thereby
preventing offset voltage changes at the input,

INTERMAL NULLING TECHNIQUE

Te understand the nulling technique some fundamental
relationships should be examined using the eguivalent circuit
of Fig. 3. {Errors caused by the second stage are effectively
divided bty the first stage gain and will he neglected in this
discussion.t Vg is defined as the woltage which must be
applied between the input terminals to obtain zero voltage st
the amplifier’s autput, Referring 1o Fig, 3:

TEc!imr's. noate: This cancept was originally intraduced by George Erdi
during his employmem at Fairchild Semiconductor Fesearch and
Drevelopment.
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FIGURE 3

1} Vg = Vpat- Vbe2. Vout = 2zero
With an error free second stage it may be assumed that the
input transistor collectars are equal in potential.

Ic1 _ RR

2) Ig1RL = IG2RR and —== =
CIRL = Ic2RR and y= = 7o

KT Ic1 KT icz
3) Vpe = = loge (E) r Ve = = loge (TSE)

Provided 1¢/lg >=> 1.

Substituting in Eq. 1:

KT c1 kT Icz
o (25 o ()

7T %% gy a T \ig
Rewriting:

kT e 'sz)

B Voy = — loge § —— + ==

s T Ty e (lcz s
Substituting from Eq. 2:

KT Rr I52
Bl Wog = ? g (ﬁ ‘ E)

Far Ve = zero:

fr 182
RL  Is1
Where:
k = Boltzmann's constant = 1.38XT0_23 joulesi K
T = Absolute temperature, K

g = Charge of an alectron = 1.6)(10_19 caulomb
Ig = Theoretical raverse saturation current
Il = Collector Current
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R
Therefore, hy adjusting the ratio of % the inherent

processing-related differences in 151 and {g2 which cause Ve
differentials may be cancelied. Earlier amplifier designs
achieved the adjustment of collector resistance by an external
fulling potentiometer between Pin 1 and Pin 8 with its wiper
connected to Pin 7 {Fig. 1),

In the OP-07, permament nulling is aceomplished by shorting
out a small percentage of AR or R_ as determined by a com-
puter programmed with Eq. & and a lookup table. This is done
by reading Vg before trimming, comparing its magnitude and
polarity with a lookup table value, and shorting out one of the
normatly nonconducting zener diodes. The short is created by
passing @ high current pulse through the selected zener, fusing
its metal contacts into the silican as shown in Figure 4. High
volume production is achieved through automation, with ini-
tial device resting at wafer probe including Vg5 trimming
requiring less than one second,

PERFORMANCE

The specifications in Table | and curves of Figure & show
noise, initial Vs, and long-term stability perfermanes unsur-
passed by any ather monolithic op amp. This device Is fres of
the common problems of latchup, noise, compensation capaci-
tors, and narrow power supply limitastions. Power supply
rejection ratio (PSRR) exceeds 100dB over the unusually wide
range of £3 to *18 volts. Common-mode rejection is spacified
over a full 13 volt input range allowing small signal amplifica-
tign in high noise environments and use in inverting, non-
inverting, and differential apptications. The amplifier is com-
pletely self-contained —no external compensation or protection
components are required. It is an excellent replacement for
chopperstabilized amplifiers where reductions in cost, noise,
size, and power consumption are desired, and for monolithic
op amps where elimination of the offset nulling potentiometer
is desirable.

OP07 PERFORMANCE @ Vg = £ 15V, Tp = 25°C
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FIGURE 4

Paramveter Typical | Min/Max Units
Offset voltage, Woq 0 25 Hy
drift with temperature 0z 0.5 wvIC
drift with time 0.2 1.0 d¥ime
Offset current, lgg 0.3 20 nA
drift with temperature 5 25 pAlfC
Input bias current, 1g 0.7 20 A
drift with temperaturs 2 25 BT
Moise voltage 0L1Hz o 10Hz 0.35 0.6 LY p-p
Noise current @.1Hz to 10Hz 14 30 pA p-p
input resistance — differential 8O 30 Lh 4]
Input resistance — Comr.on mode 200 -~ 14
Commuon-rmode rejection 126 10 d8
Powver supply rejection 110D 100 dB
Vohage gain 500 300 wimy
Slew-rate 025 - Wiused
Unity gain bandwidth 1.2 - MHz

Through this technigue, Vag of the entire “raw™ OP-07 distribution

0P-074 PERFORMANCE
TABLE |

can be nulled to less than 150 W, with the majority being under
75 uV. Prime grade yields are high, providing adequate numbers of

QP.07 A devices with a Vg maximum of 25 py.
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The pinout of the OP.O7 allows direct replacement of 725, replaced by removing the two 1uf capacitors and the 1500pt

108, and OP-05 types without circuit changes while 741 capacitor whenever cost or noise reductions are required,
devices may be replaced by removal of the nulling potentiom- Table 1! is included to show comparative performance in wide
eter. HA-2900 series chopper-stabilized amplifiers may be temperatura range applications.
TABLE Il
MILITARY TEMPERATURE RANGE PERFORMANCE COMPARISON
Manyfacture's TCV s Max Vult_age cu",ent lgias Lomg: Term
Vo5 Max o o Noise Maoise .
Part 56" 1+125°C 55" 4125°C Typical Typical Max Drift
= b = 13 .
Number (Unnulled) 102 100z -55°/+125°C Typicat
QP-074 BOuv BuW ST 1030w/ 32pAl ELE Z2uvimo
~ Hz ~/Hz
OP-07 200uv 1.3uviC 1030/ 32pAd fnh 2uvimo
W Hz Hz
HA-2500 BOuY Buvi"C 900n v/ Nat nd Mot
NCTS Specitied Specified
{Chopper)
Op-0S A 240u% e 10.3nv/ J2pAt dn A, 2uvimo
JHz hz
QP05 FO0uY 2.0uV°C 10.3nW J2pAt Bna 2V imo
~ Hz +/Hz
HATZE 1500 E0uv"C 15mvf 1. 0pal 20004 Mot
N Az Specitied
LM108A 1000u v §5.0uv/i°C 43nv/ Mot Ina Mot
\-"—E Specified Specified
Table 1 compares various OP-07 versions with competitive areas. This same comment would apply to “"typical-only’’
op amps ever the 0°/70°C temperature range. An absence of specifications since goccurate predictions of cireuit performance
noise¢ and tong-term stability specifications for some amplifiers can anly be made with a fully specified device,
should caution potential users of possible deficiencies in thase
TABLE Il
COMMERCLAL TEMPERATURE RANGE PERFORMANCE COMPARISON
Manufacturers Vg Max. Long Term Long jl‘arm antagel Noise Voitag.e Moise
Part Numbat oo /70 C Drl.ft Dt‘lfl Typical Maximum
Typical Maximum 0.1Hz to 10Hz 0.1Hz te 10Hz
OP-07 4 M1} 45uY 2uvimo 1.0uvimeo 35uV pp BuV pp
oP-07 [k 130V 2uvimo 10pvima 35uV pp Buv pp
OF-07E (o] 130uV BuVimo 15uVima 35uY pp Hul ap
OP-Q7C 1) 250uy Apyimo 20uvima ABuWY pp LEuV pp
LMigEA 1M} T2Buv Mat Specified Not Specified Mot Specified Mot Specitied
HA-2900 1M1 - .
Chopper-Stabilized E0uY Not Specified Not Specitisd 35UV pn Not Specified
HA-2008 ici - ) -
Chopper-Stabilized B0uv MNat Specified Not Specified I5uV pp Mot Specified
ADS04M 1Ch 545u 10uv/me Nat Specilied Mot Specified BuV pp
ADE0SL ich 812uv Mot Spacified 10uvimo 10uY pp Mot Specitied
Typical a3}
Invarting-Only 95uv 2 Duvimo Nat Specified 1.7uY pp Mot Specified
Chopper Module
M = 55 /41257 C Range Device
C = (' /+70° C Range Device
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NOQISE PERFORMANCE
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LOW FREQUENCY NOISE
FIGURE 6A

The iow frequency noise photograph in Figure 64 shows
35uVpp input voltage noise {0.1Hz to 10Hz), the best per-
farmance available in an instrumentation op amp at this writing.
The wideband voltage noise comparison photograph (Fig. 7A)
shows relative performance of a OP-07 and a2 monolithic
chopper in the sarme X100 configuration; the chopper is seen
to have at least 200uVp-p noise referred to the input, Clearly,
fow Vs specifications are not very meaningful if input voltage
noise 1s the predominant errar factor,

CHOPPER OP AMP

'MONOLITHIC

3.3k0 QUTPUT

4Tt

—15Y

{As1OHz FILTER)

Ay
2.5M0
Vo Bmy/em

55,000 ‘25,000 " 2o0nv/em

INPUT REFERRED NGISE~=

LOW FREQUENCY NOQISE TEST CIRCUIT
FIGURE 6B

Chopper-frequency noise is 3 common made current noise
occurring at the chopping frequency due to switching tran-
sients, The effect of a 500K ohm source mismatch is shown in
the wideband current noise photograph comparing 2 OF-07
with a monaolithic chopper in the non-inverting buffer appli-
cation (Fig. 7B}. High source impedance circuits require low
input noise currents, which as the photograph iHustrates, can
be larger than input hias current with certain operational
amplifiers..

1QOKN
AAN
1,841

v,

1K 171 ¢
+
= {x100)
WIDEBAND VOLTAGE NCHSE WS CHOPPER
FIGURE 7A

S00KD

Mo ?VDUT

WIDEBAND CURRENT NOISE V8 CHOPPER
FIGURE 7B

Y
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LONG TERM Vq; DRIFT

input offset voltage drift over time bas three cormponents.
Warmup ceift, first month drift, and trend line statlity.

Warmup drift 15 o change in Vpg ocoutring in the first few
minutes of operation. In arder 1o produce high volumes of
OP-07's, Vg5 is measurad 5 seconds afier application of power
using automated test equipment. The pass Yimits are “guard-
banded'” or made small enough with respect to the Vag maxi-
mum specification to compensate for not having directly
observed warmup drift. In addition, offset voltage on the
OP-07A 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 Vg from one
hour to 30 days, is typically 250, Even with closely main-
tained equipment, individual meassurements with time can
suifer from ingccuracies on the order of o half-microvolt due
to low frequency noise and slight temperature vanabions.
Fartunately, over a large numtier of measurements these errors
tend 1o integrate out, and an accurate trend line can be defined.

The trend line 15 defined as the doft per manth averaged over
the month one to month twelve period, and s generally an
order of magnitude berter than the first moath drift (Fig.

5B} Over 1.7 million device hours of testing and characteriza:

tion have been logged in order to accurately specify long-term
Vo stability. Resuits indicate an average trend line drift of
0. 2u month-outstanding stability performance tor any amg-
lifiar, regardless of its technological approach.

LONG-TERM Vs TESTING CONDITIONS

The deceptively simple crreuit of Fig. B is userd for long-term
Yoy stabibty testing. Three absolutely essential conditions
must exist for accurate measurements: still arr, power supply
accurdey, and long-term termperature control.

All components, including sockets and solder joints, are
enclosed in a8 metal hox 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 15 mimmized by osing “low thermal’” solder {70%
Cadrmium, 30% Tinl antd nonmetatlic flux, such as Kester
#1644, to avoid ionic contamination.

Although the power supply rejection ratio (PSRR} of the
OP-07 is extremely high, nevertheless it should be considered
as g potential error factor in long-term Vg, testing. The power
supplies are verified to be at 215 volts 2 10mV hefore each set
of weekly readings. This remaves any possible significant errors
due to the PSRR specification of 110dB {3uV/Volth

Al long-term V; testing is performed in a controlled labara-
tory enviranment of 30°C (o eliminate TCVqs. 0.2uv/°C, as
an error possibility.

200KN
WA

500

0OV,

v

L]
Vos= 7500

LONG TERM OFFSET VOLTAGE TEST CIRCINT
FIGURE 8
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APPLICATIONS OF OP-07
HIGH STABILITY VOLTAGE REFERENCE

The simple bootstrapped voltage reference circuit of Figure B
pravides 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 R1 a selected Sppm/~C resistor, connected to
the regulated ocutput. Accuracy is pomartly determined by
three factors: The Sppm/"C temperature coetficient of D1,
Tppm/°C ratio tracking of B2 and R3, and operational
amplifier Vg errors,

Vs errors, amplified by 1.6 [Aygi), appear at the output and
can be significant with most monolithic amplifiers, For
example: an ordinary amplifier with TCVgg of Suv/°C
contributes .Bppm/ C of output error while the OP-07 at
3uV/°C {0.5ppm/°C) effectively eliminates TCV g as an error
consideration,

lZmA

HIGH STABILITY VOLTAGE REFERENCE
FIGURE 9

4579 Eq=10 VOLTS
64Vi5% DI 10-vz
*Sppm/oC RI;ZIIO"
= Re 19-V;
- " —¥Z
R2* 5
_ ¥z
R0 -
R3
AyeL21.6

Perhaps the most easily overlooked accuracy requirement in
this and rmany other critical circuits, is ong-term Vgg stability.
In this circait, a 741 drifting at 100uV/mo would cause
200ppm/fyear of output drift—a very large amount. This type
of problem is particuiarly troublesome in potted subassemblies
whare perigdic recalibration is impossible. Use of the QP07
at 1uV/mo maximum avoids this potentially troublesome
condition,

LARGE SIGNAL BUFFER-.0D5% WORST-CASE
ACCURACY

Unity gain large-signal buffers are one of the most common
applications of operational amplifiers, The low Vge and high
CMRR of the QP-07 provide high accuracy, and smail physical
size 15 achieved due to the complete absence of external com-
ponegnts. Performance over the appropriate temperature range
is shawn for the various OP-07 selections. Note that the errors
on Table IV are absolute worst-case numbers, 2 combination
that would be extremely unlikely in actual practice. A figure
closer to expected overall performance based on the RMS sum
of typical errors is also included. Typical mil temp range error
for the OP-07 & is 44pV —far smaller than most other amplifiers’
input offset voltage error alone.

+15VOLTS
FtvoLt

Ep= IOV

En
1oV QO

ZERO TO

20K0 A

SOURCE -15VOLTS
fivoLT

LARGE SIGNAL VOLTAGE BUFFER
FIGURE 10

TABLE IV
LARGE SIGNAL VOLTAGE BUFFER ERROR ANALYSIS
Errar OP-07 A -55° /+125% OP-G7 -557 /+125" OP.07E Q7 /+70" OP07C 0" +70°
Source Min/Max Typicai Min/Max Typical Kin/Max Typical Min/Max Typical
V051 MY 25u 200.v B0uWV 130uV 45y 250uY E5uY
| B‘-ag" 80uv 20uv 120uV 4Quy 110V 30uv 180uV 44uy
cMRRA! S0uV i S0pY e TOuV Fu¥ 141uY 10uY
PSRR! 40uv 10uY 4uV 10uV 63uV 13uV 100u Y 20uv
Gain! 50V 25uV 67uV 28uy SBuv 22uv 100uY 25uv
aWoy
13 1
5 years 6auv 2uV 60uY 12uV GOu 1Buv 1204V 24
Total 340uV Ague 637uv FBuv-* 510uv G3uv* BA1uv 104w
Percent
Fuli DO34% 0005%* 00544 0008%" [052% G006~ 009 001%*
Scale
*RMS Calcuiation
1Fui| operating temperature range specifications,
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CALIBRATION-FREE DAL TESTING SYSTEM

The circuit of Figure 11 is part of an automated test systern
used for measuring 6-bit to 10-bit DAC nonlinearity at sach

possible digital input code combination. [t detects the largust
difference between a 14-bit lingar reference CAC and a unit
under test, and generates an output voltage that is directly
proportional to nonlinearity as & percentage of full scale,

DAC SUMMING
AMPLIFIER

14-BIT.003%
LINEARITY
REFERENCE
DAC
Ipg==8mA,

LOGIC CONTROL
COUNTER

3 puT
0 TO 10 VOLTS

YOLTAGE QUTPI
10-81T DAC
UNDER TEST

X
QIFFERENCE
AMPLIFIER

0K

Ea

TO PEAK
DETECTOR

Eo10 (Eper —Epyur )= % NONLINEARITY

D/A CONVERTER TEST SYSTEM
FIGURE 11

Refererce DACs are frequently supplied having current-output
only, with selection of a summing amplifier left up to the user,
Summing amplifier characteristics must not cause degradation
of reference DAL linearity, full-scale, or zerg scale performance
or errongous testing could occur, In addition, Vg errors are
direct 2ero scale output errors, so hoth long term Vg stability
and drift over temperature are important. Using a OP-07, to1al
Eref errars due to op amp performance are estirated at less
than 100uY or .2L58 on a 14-bit base, permanently eliminating
zere calibration while maintaining test system accuragy. Sum-
ming amplifier applications requiring higher spead should use
the compasite amplifier of Figure 12,

Anather OP-07 is used in the difference amplifier for high
common mode regjection and Vg 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 V.

The circuit configuration of Figure 12 is a method for obtain-
ing a 18V/usec slew rate with OP-07 V5 characteristics. Vpg
of A2 13mV) is continuously nulled by forcing the sum node
1o equal Vo of Al through a secondary feedback loop formed
by R1, R2, A2's input stage, and R3. An error due to 1gjgs of

AZlimits practical values of feedback resistances to a maximum
of 6K£2 in most applications; a fast FET input op amp could
e used a3 A2 1o reduce the circuit's bias current 1o approxi-
mately Znd, The circuit is also good as a current-output DAC
summing amplifier because zero scale offset adjustments are
ngt required and high speed is praserved. Composite connec-
tions such as this are generally guite cost-effective compared
te single op amps having both high slew rate end good Vog
specifications

Sum

IIIM

=13V

RF
Eg==Evngp + lanss e

HIGH SPEED, LOW Vo, COMPOSITE AMPLIFIER
EIGURE 12
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AMIPOLUTE VALUE CIRCUIT WITH MINIMUM ERROR

This circuit provides precise full-wave rectification by inverting
regutive-polarity input voltages and aperating as a unity-gain
buffer for pesitive-polarity inputs. [t is useful for conditiening
irputs ¥ unipolar A ta DVs, positive peak detectars, single
gmadrant mullipliers, and magnitude-only measurement sys-
tems. A polarity indication for sign plus magnitude applications
is presentt st the output of A1,

Fer a positive input, the circuit operates as two stages of
irmrting unity-gain amplification. As the input goes positive,
e cutput of Al becomes negative, twming D2 off and 01 on,
woing the junction of A3 and R4 at -En. V4 is at zero volts
Iesuse B2 is off and only insignificant A2 bias current fiows
in M2, AZ operates as a second inverting unity-gain stage and
Eg eumis E;,.

For negative inputs, the first stage gain to point Wa, is -2/3
because D2 is on, O1 s off, and 1/3 of the input current,
Ein/R1, flows in R3 and R4. The secand stage is operated in a
nan-inverting gain of 1.5 configuration with ¥4 as its input,
giving an over-2ll circuit gain of -1,

Using conventional op amps, input offset voltage is usually
the predominent error factor because it 15 doubled and added
to Ejn. For example, with Ejn of 100mY, only .5mV of Vg
will cause 1% output error. Clearly, Al and A2 must be low
Vos 0p amps to achieve high accuracy over the full input
voltage range. By using a OP-07, performance 15 mainly a
function of resistor ratic matching and diode ieakages. Gain
errors due to resistor matching will typically be fess than .03%
when R2-R4 are within .01% of R1's value. Low leakage
diodes should be used to prevent arrors from reverse current
flow in R2 or R3 which would appear as Vg error of A2,

1OK{}

PRECISION ABSQLUTE VALUE CIRCUIT
FIGURE 13

PRECISION ABSOLUTE VALUE CIRCUIT

Punitive Input

1} Va =0, 020ff, D1 on

MNegative Input

6) With R1=R2=R3=R4:
Eo = —Ejp

1) D1 off, D2 on

-EinR3 A5 E Va Va 7} Vs error included:
= . LN “Bin _ VA
i EO_( R ) (F“‘) Rt ~ R2 ' R3+R4 €= ~Ein+ 1.5Vps2 - Vo5
=Ein R3RS 4 Eg=V 1+ RE ) 8) For Both Inputs:
fi1 R4 o= VA R3+ R4 Ep =+ |Ejnl

3} With H1=R3=R4=R5:
Eg = Ein

#) Ve error included:

5) Eg - -
Ep=Ein +2Vos2

4} With R3=R4=A5:
Eo = 1.5VA

{RZ} {R3 + R4} [1.B}En

R1{R2+R3+R4}
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PRECISION SUMMING AMPLIFIER WITH NO
ADJUSTMENTS

Figure 14 shows the basic op amp connection for analog
computation, a precision summing amplifier. Analog com-
puters use several of these stages connected in combinations
te produce continuous outputs that are a function of rmul-
tiple input variahles. Single-stage accuracy is important
because errars accumulate throughout a systern and deter-
mine its over-all performance. Some analoy computers
require time-consuming and annaying recalibration of each

stage at weekly or monthly intervals to compensate for
long-term Wyq drift. This circuit, with 14V to 2uV per
month maximum change in Ve, completely eliminates
periodic calibration while insuring long-term accuracy.

Single-stage maximum fuil scale errors contributed by the
op amp range from .001% for a OP-07A to .004% for a
QP-07C. This makes resistor-related errors of ratio matching
and temperature tracking the major accuracy considerations.
Instrumentation quality operational amplifiers with ultra-
loww Woe allow simple construction of high performance
summing and differencing amplifiers,

R JOKTE
AP
RIIOKQ +1SVOLTS
E| "
R2 KK}
E
Eo
£y BOIOKD L 5
5

)
pg  TIRVOLTS
2.5K0

ADJUSTMENT-FREE PRECISION SUMMING AMFLIFIER
FIGURE 14

=k
SENSING

Rl
JUNCTION /5 RIB R2
v

LINE
RESISTANCE

—0

Ep=200 (Eg-E,}
LINE R24R|
Ee RESISTANCE Eos=Voy ~ 5
GE") R38 o
—5VOLTS
COLD Y, ;
REFERENCE R3 R2_Ra ...
JUNCTION SIKG R4 Rl R3

HIGH STARILITY THERMOCOQUPLE AMPLIFIER
FIGURE 15

INSTRUMENTATION AMPLIFIERS FOR
THERMOCOUPLES

Thermocouples are wvery low voltage output temperature
transducers reguiring differential DC amyplification before
linearization and display. Typical full scale outputs are under
S50mY with some types having as low as BuV S C sensitivity.

These very small input signals otten bave sizabile conmon
mode voltages present because thermocouples are fraguently
located in high-noise industrial environments. The single
op-amp instrumentation amplifier of Figure 15 has the high
cormmon mode rejecton and long-torm accuracy reguired
for this stringent application.

The amplifier achieves about 100dB of common made
woltage rejection over a full £13 volt range when the ratios
of R2/R1 and R4/R3 are matched within .01%. R1B and
R38 are usuaily around 1KLL, a value large in respect to line
resistance but small enough to make voltage drops from
input bias currents neglighle. Input voltages and WV, are
both amplified by 200 30 Vg changes, either long-tenm or
due to temperature, can cause direct output error, For
example, with a 5uV/"C thermocouple, the OP-07A holds
this error factor to 5 Ciyear and 1°C for an amphfier
operating temparature range of 100°C 1-25°C to +75°Cl—
a typical industrial environment, For 0°C 10 70°C applica-
tions, the low-cost OP-07C hnhkds output error due 1o a
change in Vgg below 1°Clyear and 2°C over the full com-
miercial operating temperature range.

The circuit is useful whenever small differential signats from
low-impedance sources must be accurately amplified in the
presence of large commaon mode voltages.

CONCLUSIONS

The OP-07 Ultra-Low Cifset Voltage Operational Amplifier
is a cost-effective manolithic alternative 1o the chopper-
stabilized amplifier and is suitable for a wide variety of
coticel  applications.  An internal  trimming  procedure
achieves sigraficant improvements over previous bipolar
designs in offset voltage, noise levels, and long-term stability
at a moderate cost. For the first me, a campiete precision
IC op amp is available requiring no external components
whatsoever for general application, thus increasing relia-
lity hy decreasing system complexity. The adjustment-
free, fully interchangsable device ailows tremendous simpli-
fication of calibration and field servicing procedures. This
is o most powerful and cost-effective design taol—chopper-
type performance and bipolar prices with 741 ease-of.
opetation.
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Application Notes

AN-14

INTERFACING PRECISION MONOLITHICS DIGITAL-TO-ANALOG CONVERTERS WITH CMOS 1LOGIC

Donn Soderguist

The rise in popularity of CMOS logic has created # 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 CMO3S
systemn designers. This application note discusses interfacing
methods and rules for both voltage and current output types
and describes several typical CMOS system applications.

INTERFACING THE DAC-08

The DAC-08 design incorporates a unigus logic input circdit
which enabiles direct interface to all popular logic families and
provides maximum noise immunity, This feature is made possi-
bla by the large input swing capability, 2u A logic ianlt current
and completely adjustable logic threshold voltage. For V- =
-16Y, the logic inputs may swing hetween —10V and +18Y,
This enables direct interface with +15Y CMOS logic, even when
the DAC-OB is powered from a +5Y supply. Minimurm input
logic swing and minimum logic threshold voltage are given Dy:
W= plus {Igep - 1 K2} plus 2.5, The logic thresholid may be
adjusted over a wide range by placing an appropriate voltage
at the logic threshold control pin (pin 1, ¥ ¢). It should be
noted that pin 1 wili source approximately 100uA; external
cireuitry should be designed to accommodate this current.

Fastest settling times are obtained when pin 1 sees a low

impedance. ¥ pin 1 s connected to a resistive divider, as in
Fig. 1, it should be bypassed to ground by a 0.1uF capacitor.

Wrh = Vo +1.4 Y

+13v CWMOS +10V CMOS +5 CMOS
Wy THTE Y Vg +5.0V WTHTH+EBY
2V TO AV ISV wloy
DAL -8
WwKa Prrs g2k a '
w .
L Ve i vig
B.2Y K luF
ZENER B2 KA oguF  [M4T9E
= 3.Gn1

DAC-08 CMOS INTERFACING
WITH TRUE CMOS THRESHOLD

FIGLAE 1

INTERFACING THE DAC-02, DAC.-03, AND DAC-04

Three complete voltage output monodithic DAC are described
in this secuon: the DAC-02 and DAC-03, 10-bit plus sign
devices, and the DAC-04, 3 10-bit two's complement coded
converter. These DAC’s are well-suited to use in CMOS systems
as their complets, internal temperature-compensated references
eliminate the external refarence voltage requirement, a major
source of power dissipation, drift, and cost in some CMOS
compatible designs.

These DAL’s have logic input stages which require abiout 104
and are capabie of operation with inputs between =% volts and
W4 oless 7 ovolt. This wide input voltage range allows direct
CMOS interfacing in many applications, the exception being
where the CMOS legic and 0/A converter must use the same
power supply.

In this special case, a diode should be placed in series with the
CMOS driving device's Vgp lead as shown in Figure 2. The
diode limits Vpp to ¥+ less .7 voll—since the output from
the CMOS device cannot exceed this value, the DAC'S maxi-
mum input voltage rule is satisfied.  Summarizing: o all
applications, these high-speed DAC’s require either no inter-
facing components, or, at most, a single inexpensive diode for
full CMOS compatibdity.

L V-

WOLTAGE

DAC-02}03/04 Aol

LOGIC INPUTS

INPUTS = v + LESS T VOLTS

W iNsiaB

QUTPUTS

oo
CMOS DRIYING
DEWICE

Vss

DAC-02/03/04 CMOS INTERFACING
FIGURE 2
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INTERFACING THE DAC-100 AND DAC-01

The DAC-100, 3 completz 10-bit manclithic fast current out-
put DAC is available in a wide range of electrical grades and
packages. This device requires only about 1pA of input current
into each logic stage. Similar logic input stages are used in the
DAC-01, a complete voltage output 6-hit DAC. Gne rule must
be observed when interfacing these DAC's with CMOS inputs:
lagic input voltages should not exceed 6.5 volis or V+, which-
ever is smalier, To provide an understanding of this rule, it is
necessary to discuss the logic input stage design,

Vinge " a1
DiweSud
MAXTMUM
a2
. BUT-UEIGHTED
128 Y URREN
A + GD SOURCE

DAC-100 LOGIC INPUT S5TAGE
FIGURE 3

DACA00 LOGIC INPUT STAGE DESIGN

Far simplicity, only one of the ten identical ingut circuits is
shown in Figure 3. The DALA0Q 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 Q4, a diode-
connected transistor, for the bit “on’ condition and back
biasing Q4 in the “off” condition. For the “on" condition
{(Vyn =7 volts), O3 is “off"~all of the bit-weighted current,
1y, flows from the znalog output through (4 and ultimately 1o
V., In the *"off” condition (V| 2 2.1 volts), Q3 is "on*", 04 is
back biased, and the bit-weighted current is sourced from the
positive power supply instead of the analog cutput,

If ¥ p is too high, Q4's emitter-base junction will experience
reverse breakdown and a fault cendition will occur. Equation
1 describes this condition:

(1) BV|q = Vgg1 + Vpez t Vgea + BVER4 = 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
fimit is observed, DACA00 operation with CMOS inputs is
easily achieved as demonstrated in the following applications
section,
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CMOS COMPATIELE OPERATION OF DAC-100 WITH t6
VOLT POWER SUPPLIES

This is the most convenient method of interfacing a DAC-100
with CMOS logic. At £6 volts, DAC-100 power dissipation is
only 80mW, which is very small considering the inclusion of a
complete internal reference. No interfacing components are
required with £5% power supplies, and the CMOS logic and
DAC-100 can use the same +G volt power supply. In this
application the device is directly CMQOS5 compatible,

HIGH LEVEL CMOS INTERFACING

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-100. Inexpensive and readily avaitable 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
IC4049A) or noninverting {CDA40S0A) devices. This gives the
user a choice between negative-true and positive-trug binary
coding and allows the same basic DAC-100-t0-CMOS interfacing
method to be used in gither type of application.

Since hufferfconverter power consumption is very low, the
required +56 volts can be provided by a simple regulator or even
a resistive divider in some applications. In a multi-DAC system,
ane central, ingxpensive 3J-termninal 1C regulator can supply
several ievel shifting devices. Mext, we will examine a complete
circuit using all of these concepts in a high-speed CWMOS com-
patible DAC.
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L Ll DAC-100
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LEVEL
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oR
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Vi j-

BLOCK DIAGRAM — CMOS TD BAC-100 INTERFACE
FIGURE 4




COMPLETE CMOS COMPATIBLE DAC
. , e _ DAC

he complete, 10-bit, voltage ouvtput DAC in Figure § has .OUTPUT :
CMOS input compatibility, high speed, and Jow cost. Current ’
output from the DAC-100 is accurately converted to a voltage
by the Precision Monolithics OP-01, a high speed op amp which
has been specifically designed for the DAC summing amplifier
application. Input offset voitage 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/usec while settling time to £.06%
of full scale requires less than 1.5usec. DC performance is also
goed since DAC-100 nonlinzarity is specified over the entire
temperature range. In addition, the internal temperature-
compensated voltage reterence provides minimum full scale
drift and decreases overall circuit complexity.

OYNAMIC PERFORMANCE
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FIGURE 6

LOW COST THREE IC CMOS COMPATIBLE A/D
CONVERTER

The diagram in Figure B is a modification of a previously
published application note circutt substituting CMOS logic for
TTL. AH necessary logic for A to D conversign is contained in
L1, a MC14559 CWMOS successive approximation ragister. A
conversion sequence is initiated by applying a positive pulse,
with & width greater than one clock cycle, to the “Start
Conversion” input, The analog input, applied to Ry and con-
verted to a current, is compared successively to 172 scale, then
1/4 scale, and the remaining hinarily decreasing it weights
until it has been resolved within £1/2 LSEB. 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 CD4028A
upfdown counters, a DAC 100, and a CMP-01 fust precision
COMpParator,

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 minimom 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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Application Notes

MINIMIZATION OF NOISE

AN-15

IN OPERATIONAL AMPLIFIER APPLICATIONS

by

Ponn Soderquist

INTRODUCTION

Singe operational amplifier specifications such as input offset
valtage and input bias current have improved tremendously
in the past few vyears, noise is becorming an increasingly
impertant error consideration, To take advantage of today’s
high performance op amps, an understanding of the ngise
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 effecrs.

BASIC NOISE PROPERTIES

Naoise, for purposes of this discussian, 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. Moise can be
random  or repetitive, internally or externally generated,

currént or voltage type, narrowband or wideband, high fre-
guency or low frequency; whatevar its nature, it can be
minmnmized,

The first step in minimizing nolse is source identification in
terms of bandwidth and location in the frequency spectrum;
some of the mare common sources are shown in Figure 1, an
11.decade frequency spectrum chart., Some preliminary obser-
vations can be made: noise is present from DC o VHF from
sources which may be identified in terms of bandwidth and
frequency. Maise 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. MNoise effects from external
sources must be reduced to insignificant levels to realize the
full performance available from a low noise op amp.

1Hz 300KHz
RADAR PULSE REPETITION FREQUENCY
DOMINANT REGION I/F (FLICKER) NOISE-PINK NOISE {DOMINANT REGION OF WHITE NOISE (JOHNSON B SCHOTTY
MECHANICAL VIBRATION - EgEDSSWITCHING LARGE
C IO DC
: %u&f’ﬁ';l NG RADIO STATION
POPCORN NOISE REGION FREDUENCY PICKUP
B0Hz2
PRINTED CIRCUIT BOARD power KMR RELAY & SWITCH
| CONTAMINATION RIPPLE [SaT) | CHOPFER AMP ARCING
LINE O ON MODE
FREQ, Ay cHopRINE
PICKUP FREQUENCY
00t 0l R 1 10 60 100 120 18O IK 10K 100K .55M 1M 10M

FREQUENCY IN Hz

FIGURE 1
FREQUENCY SPECTRUM OF NOISE SOURCES AFFECTING OPERATIONAL AMPLIFIER PERFORMANCE
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EXTERNAL NOISE SOURCES

Since noise i5 a composite signal, the individual sources must
he identified 1o minimize their effects. For example, G0Hz
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 1gol for external noise source
freguency 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

frequency components white passing frequencies of interest
Once identified, noise from an external source may be mini-
mized by the methods autlined in Table 1—the external noise
chart,

LAKE OSOLLOSCOPE
)

4,7.FTO 470gF

bandpass is calculated by:

1
21 RC

1) fo =

With such a filter, measuremnent bandpass can be changed from
10Hz to 100KHz2 (€ = 4.7uF to 470pF), attenvating higher

I 10 Hz TO1OQ KHz

FIGURE 2
NOISE FREQUENCY ANALYSIS RC LOW PASS FILTER

TABLE 1 EXTERNAL NOWSE SOURCE CHART
Source Nature Causes Minimizatiogn Methods

?DWEFI""ES physicatly Clmf-' to ap amp Reorientation of power wiring. Shislded

BOHz Power Fepetitive Interference inguts, Poor CMRR at 60Hz. Power wansfarmers, Single paint  grounding.
Transformer primary-to-secondary capa- Battery power,
citive caupling.

120kz Rippl a . Fuif Iwarve r.ect'lf-e; r(ljpple fn _up.amps Thorough design to minimize ripple, AG

z Ripple epetitive supply terminals, Inadequate ripple con- decoupli

: . pling at the op amp, Battery power.
sideration. Poar PSRR at 120H2.

18O Hz Repetitive EM) 180Hz radiated from saturated 60HZ Phygical rearientation of conponents,

transformers.

Shielding. Battery power.

Redio Stations

Swandard AM Broadeast
Through Fid

Antgnna  action anyplace in system.

Shielding, Output filtering. Limited cir-
cuit bandwidth.

Relay and Switch
Arcing

High frequency burst at
switching cate

Proximity to amplifier inputs, power
lines, compensation terminals, ar nulling
Terminais.

Filtering of HF components, Steelding.
Avoidance of ground foops. Arc sup-
pressors at switching source,

Frinted Circuit
Board
Contaminatron

Random Low Freguency

Dirty boards or sookets,

Thorough cleaning at time of soldering
followed by a bakeout and hurmidity
sealant.

Fadar
Transmutters

High Frequency Gated A
Fadar Pulse Repeatitian
Hate

Radar transmiiters from fong range sur-
face search to short range navigational—
especially near airporis.

Sheelding.
Outpat frltering of frequencies > > PRRA.

Attention to connecrars and cable con-

Mech ] i llic . .
IV'PC anial Random < 100Hz Lonose c§n1\ec1|?rls, m.telmnttem meialli divions. Shock mounting in sesere
ibration contact in motxle equiprment. BAVIFONMEntS.

Choppor Common Mode tnput . . . Balanged source resistors. Use bipolar
e p Abnarmaily high noige chopper amplifer N i p.
Fraguency Current At Chopping 17 system input op amps instead, Use premium

Morise Frequency ’ iow naise chopper.
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POWER SUPPLY RIPPLE

Power supply ripple at 120Hz is not usually thought of a5 a
naise, but it should be. In an actual op amp application, it is
quite possible 10 have a 120 Hz noise component that is equal
in magnitude to all other noise sources combiﬁed, and, for
this reason, it deserves a special discussian,

To be negligible, 120Hz ripple noise should be between 10nY
and 100nV 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 {PSER}, the
regulator’s ripple rejection ratio, and finally, the regulatar’s
input capacitor size.

PSRR at 120Hz for a given op amp may be found in the
manufaciurer’s data sheet curves of PSRR versus frequency as
shown in Figure 3. For the amplifier shown, 120Hz PSAR is
about 74dB, and to attain a goal of 1000V referred to the
input, rippie at the power terminals must be less than .BmY,
Today's 1C requlators provide about 60dB of ripple rejection;
in this caze the regulator input capacitor must be made large
encugh to limit input ripple to .BY.

1240 | H”-ml
QP-07
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- |
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¥
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1
[ e :
i
i |
E
aud 1) o 100 1000 K0

FREQUENCY {Hz}

FIGURE 3
PSRR VS FREQUENCY {OF-07,,0P-07 C}

Externally-compensated low noise op amps can provide
improved 120Hz PSR R in high closed-loop gain configurations.
The PSRR versus frequency curves of such an op amp are
shown in Figure 4. When compensated for a closed-loop gain
of 1000, 120Hz PSRR is 11546. PSRER is stil! excelient at
much higher frequencies allowing low ripple-noise operation in
exceptionally severe environments.

POWER SUPPLY DECQUPLING

Usually, 120Hz rippie is not the only power supply associated
ripise. Series regulator outputs typically contain at least 150uW
of noise in the 100Hz to 10KHz range; switching types
contain even more. Unpredictatle 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. AC decoupling, as shown
in Figure 5, will adeguately filter most wideband noise. Sorme

caution must be exercised with this type of decoupling, as load
current changes will modulate the voltage at the op amp’s
supply pins,

1204
(L] i 1
A1
[Ist] | gl L.
Hg 2N f
% iz
Haog B
: i i EIO
80 ! ‘i
L
Il
i
&0 i ]
ool o

o 1
FREGUENC Y [KHz!

FIGURE 4
PSRE VS FREQUENCY {S55720, S§557268, SES726E}

Qoo

T OI00WF
I ELECTROLYTIC

104 uF
I ELECTROLYTIC

FIGURE &
RC DECOUPLING

POWER SUPPLY REGULATION

Any change in power supply voliage will have a resultant effect
referred to an op amp's inputs. For the op amp of Figure 3,
PSRR at DC is 110dB (3uv/V} which may be considered as
a potential low frequency roise source. Power supplies for low
noise op amp applications should, thereforg, be both low in
ripale and well-reguliated, 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
abtained 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 1Hz bandwidth and
low frequency noise over a range of .1Hz 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-asscciated random noise
mechanisms and intreduced to 2 simplified method for caleu-
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. Gausstan amplitude distribution
allows random noises to be expressed as rms gquantities;
muitiplying 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 {1/f]. White noise contains equal
amounts of power in each Hertz of bandwidth. Flicker roise
is different in that it contains equal amounts of power in
each decade of bandwidth. This is best illustrated by spectral
moise density plots such as in Figures § and 7. Above a certain
corngr frequency, white noise dominates; below that fregquency
flicker {1/1) noise is dominant. Low noise corner freguencies
distinguish low noise op amps from general purpose devices.

SPECTRAL NOISE DENSITY

To utilize Figures 6 and 7, let us 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) €2 = e {E )2
d
2B} in2 = —  {I)2
n df n
3A) Ep = o,
n e, df
fie
P
3B) I, = ]‘H 5
i f
£ ine d
Where: eq, i, = Spectral noise density
En. 1n = Total rms noisa

fy = Upper frequency limit
Lower frequency limit

~h
~
i

Conversely, the rms 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 (l,}: fy, fi, and & knowledge of noise
behavior over frequency.
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WHITE NOISE

White noise sources are defired to have a noise content that is
equal in each Hertz of bandwidth, and Eq. 3 may be rewritten
for white noise sources as:

4 Ep bl = en WV fy ~fL

It is therefore convenient to express spectral noise density in
Wi/ Hz or Al/Hz where fy — f = T Hz, When Ty = 10 £, the
white noise expressions may be further reduced to:

6) Entwh = en /Ty 7)1, tw) = in /T

B} Iy (wh = in Vi =
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FLICKER NOISE

Since fiicker npise content is equal in each decade of band-
width, total flicker noise may be calculated if noise in one
decade is known, The .1Hz to 1Hz decade noise content
(K} is widely used for this purpose because the white noise
contribution below 10Hz is usually negligihle,

8} En[ﬂsKH— o 1n(f}"=~K\/1?_

When substituted in Eq. 3, the expressions may be rewritten to:

-
M, i = K_fIn (—ﬂ)
L

f
10) Ep () = K_{in (_”)
L

FLICKER NOISE AND WHITE NOISE

When corner frequencies are known, simplified expressions for
total voltage and current noise {Ey and 1) may be written:

f
12} EN {fq — Ll = ey fwln(‘i)+ fy—fL

L
. H
13) Iyt — L) = ig _Jfg In P + fy =L
L
Where: e, = White noise voltage in a 1 Hz bandwidth

in = White noise current in a 1Hz bandwidth
fe = Voltage noise corner frequency

fei = Current noise corner frequency

= Upper frequency limit

= Lower frequency limit

—
r I
[

The two most impertant internally generated noise minimiza-
tion rules are derived from Eg. 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 B, the
complete input-referred op amp noise model, internal white
and flicker noise sources are combined into three eguivalent
input noise generators, By, tyg and iz, The noise current
generators produce noise voltage drops across their respective
source resistors, Rgy and Rgz. The source resistors themselves
generate thermal noise voitages, Ey, and Eyz. Total rms

W4

IDEAL
HASELESS
OF AMF

Fsz
NOISELESS C

FIGURE 8
OP AMP NCISE MODEL

input-referred voltage noise, over a given bandwidth, is the
square root of the sum of the squares of the five noise voliage
sources over that bandwidth.

14}ENT“H_fL}=‘\/EN2+“N1 *Rgy12 +Hiya ' Rga)?+ Ey2 + Erp2

Minimization of total noise requirgs an understanding of the
mechanisms involved in each of the five generators. First, the
white noise mechanisms, thermal and shot, are discussed,
followed by the low frequency noise mechanisms, flicker and
popcarn,

THERMAL NOISE

Thermal {Johnson| noise is @ white noise voltage generated
by random movement of thermally-charged carriers in a resis-
tance; in gp amp circuits this is the type of noise produced by
the source resistances in series with each input. [ts rms value
over a given bandwidth is caleulated by:

18) B, = AJAKTR {fg — L}
Where: k Boltzmann's constant = 1.38 x 10723 joules/" K
T = Absolute temperature, “Kelvin

R = Resistance in ohms

fy = Upper freguency limit in Hertz

fL = Lower frequency limit in Hertz

At room temperature Eg. 15 simplifies to:

16) B, = 1.28% 1070 AfR (fy— 1, )

To minimize thermal noise {E;1 and Exp) from Rgq and Rgo,
large saurce resistors and excessive system bandwidth should
he avoided.

Thermal noise is also generared inside the op amp, principally
from ryy. the base-spreading resistances in the input stage
transistors. These noises are included in Epy, the total equiva-
lent input voltage noise generator.

$HOT NOISE

Shot noise [Schottky noisel isawhite noise current associated
with the fact that current flow is actually a movement of
discrete charged particies {electronsi. In Figure 8, Iy and Iyo,
above the 1/ frequency, are shot noise currents which are
related to the amplifier's DC input hias curremts:

17 lgn = af 20)gias (fg — 1)

Where: 1y = RMS shot noise value in amps
q = Charge of an electron =1.59 x 107
lgias = Bias current in amps
fH = Upper frequency limit in Hertz
fi = Lower frequency limit in Hertz

At room temperature Eq. 17 simplifies ta:

18) Igp = 6.64 x 107" ~figias {fy — L)
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Shot noise currents also flow in the input stage emitter
dynamic resistances {rg), preducing input nose voitages. These
voltages, aiong with the ry, thermal noise, make up the white
noise portion of Ep, the total equivalent input noise voltage
generator,

FLICKER NOISE

In limited bandwidth applications, flicker (1/f] noise is the
most critical naise source, An op amp designer minimizes
flicker noise by keeping current noise components in the input
and second stages from contributing to input voltage noise.
Eq. 19 illustrates this relationship:

i
M second stage

19 ——— = ¢

a B ipput
M first stage

Another criticat factor is corner frequercy. For minimum noise
the current and yoltage noise corner frequeancies must be Jow,;
this is crucial. As shown in Figure 9, low noise corner frequen-
cies distinguish low noise op amps from ordinary industry
standard 741 types.
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FIGURE 9
NOISE VOLTAGE COMPARISON

The photograph in Figure 10, taken using the test circuit of
Figure 11, iMustrates the flicker noise performance of the
OP-Q7. This device demonstrates proper attention to low
noise circuit design and wafer processing and achieves a
remarkable 0.35uV peak to peak input voltage noise in the
0.1 Hz to 10Hz bandwidth.

POPCORN MOISE

Popcorn noise {burst noise) is a momentary change in input
bias current vsually accurring below 100Hz, and is caused by
imperfect semiconductor surface conditions incurred during
wafer processing. Precision Wonolithics  minimizes  this
problem through careful surface treatment, general cleantiness,
and a special three-step process known as “Triple Passivation.”

FIGURE 10
oP-07 LOW FREQUEMNCY NCISE
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FIGURE 11
LOW FREQUENCY NOISE TEST CIRCUIT

To tegin the process, a specially treated thermal silicon dioxide
layer is grown. This protects the junctions and also attracts
any residual iomic 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
fimished device is shown in Figure 12,
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Op amp manufacturers face a difficult decision in dealing with
popcorn naise, 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 Tor this parameter. Special noise testing takes valuabie
labar time, adds significant amounts to manufacturing cost,
and ultimately increases the price & customer has to pay. At
Pragision Monolithics 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
source resistance values, total input-referred noise may be
calculated for & given application. To illustrate the method,
noise  information from the Precision Monglithics OP-07
data sheet is reproduced in Figure 13. The first step is to
determing the current and voltage noise corner frequencies so
that the Ey and Iy terms of Eg. 14 may be calculated using
Eq. 12 and 13,

CORNER FREQUENCY DETERMINATION

In the input spot naise versus frequency curves of Figure 13,
it may be seen that voitage noise {R; = 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 cormer frequency {f). In the center curve,
excluding thermal noise from the source resistance, current
noise muitiplied by 200K} is plotted a5 a voltage noise.
Lines proiected from the horizontal porticn and sloped por-
tions intersect at B0Hz, the current noise corner frequency (fl.

Eg. 12 and 13 also require g, and i, for caleulation of By and
iy. To find e, and i, use the data sheet specification a
decade or more above the respective corner frequencies;
in this case e, is 9.6nV,A/Hz (1000Hz}, and i, is
0.12pAR/Hz (1000 Hz).
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QP-07 ULTRA-LOW OFFSET VOLTAGE OP-AMP

ELECTRICAL CHARACTERISTICS OP-D7A 0e-07
These specifications apply for V = 16V, Ty = 25°C, unless otherwise noted.
Parameter Symbol Test Conditions Min Typ Max Min Typ Max LUnits

Ingul Moise Voltage B PRUENERTILE -= 035 08 - 035 0g HY pp
i, = 1Oz - 10.3 o - 103 18.0

1nput Naise Voltage Density e 1, = 100Hz - 100 130 - 100 130 avihz
1, = 1000Hz - 96 10 -- EXS 1.0

Ipul Moise Curreny np-p DMz 10 10H: - 14 30 - 14 I BA DB
fa = 10Hz - 0.32 0.80 - Q32 Q80

Input Morse Current Density n Fo = 100H: - 014 0,23 -= 014 0.23 pan/Hr
lo = HXOH2 - a2 247 - 0.1zZ o17F

Input Dffser Voliage Vs - ] % -- ks) 75 BV

Long Telm.inpul Oftsel Vollage Stabality | Vo /Time - 0.7 1.0 -= 0.2 1.0 Mo

Input Otfset Cutent los - 03 2.0 - 0.4 28 L

Input Hiak Curreny s - 7 20 - Ho Ho A

INPLIT NOISE VOLTAGE '[‘np-p]

The paak 10 peak noise voltage in e specified frequency band.
INPUT NOISE VOLTAGE DENSITY le,)

The rms noise voltage in a 1HZ band surrounding a specified value of
frequency.

FIGURE 128

INPUT NOISE CURRENT (i“p.p-"

The paak to peak noise currgnt in a specitied trequancy band.
INPUT NOISE CURRENT DENSITY (i}

The rrms nose current in a 1H2 band surrounding a specified value
of frequency,
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BANDWIDTH OF INTEREST

Fo be summed correctly, each of the five noise guantities must
be expressed over the same bandwidth, fy—f_. At this time,
assumne Ty to be the highest frequency component that most
be amplified without distortion. Note that ey, iy, corner tre-
quencies and bandwidth are independent of actual circuit
component values, When doing noise calculations for a large
number of cirguits using the same op amp, these numbers
anly have to be calculated once.

LH
APA
hd
L)
m
=KD
oF-07 Eq
R3 .
L4147} RIRZ
PSFW' 000
Rep: 3=I0KL
FIGURE 14A

NOISE ANALYSIS CIRCWHT

Eq

fy=10DHz
= L= OB Hz

FIGURE 148
NOISE ANALYSIS EQUIVALENT CIRCUIT

TYPICAL APPLICATION EXAMPLE

Figure 14A shows a typical X10 gain stage with a 10K2 source
resistance. in Figure 148, the circuit is redrawn to show five
naise voltage sources, To avaluate total input-referred noise,
the values of each of the five sources must be determined.

Using Eg. 16 E, = q/FI (fg — L}
By = 1.28x 1070 A/1900021{100Hz) = .04pVrms

1.28 x 107'% AJ(10KQ{100Hz) = 128 Vrms

E:z

t

Mext, calculate Iy using Eq. 13:

¥

in fcim(fi)»er—fL
L

100Hz

A2pA Af601n ——

.D001 Hz

In

+ 100 — 000

3.66pArms

and:
Iy1°Rgy = 3.66 pA (90082 = .0033uVrms

Iy2+Rgz = 3.66pA (10K} = 0366uVrms

Finally, Ey from Eqg. 12:

fy
En = ¢n fee 0| — ]+ fu ~ f
fL

=9.6nV ’\/6 In

= 130uVrms

106 Hz
- + 100 - 0001
0001 Hz

Substituting in Eq. 14:

11t~ 1) =4 En 2+ 1ne2 Ry 2 + Ing? Rsa? + B2+ Epa?

= A1 1300V)7 41,0033,V 7 +{.0366LVIZH 04 V)2 411280V

G 19uVrms

Total input-referred noise = .14V peak to peak {.0001Hz 10
100 Hz).
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741 CALCULATION EXAMPLE

The preceding calculation determined total neise in a given
bandwidth using a low noise op amp. To place this level of
performance into perspective, a calcutation using the industry-
standard 741 op 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 f,, = 200Hz; 1 =
2KHz; e, = 20nVA/HE; i = Bpai/Hz.

Using these corner frequencies and noise magnitudes, Ey and
Iy are calculated to be 1uVrms and 83pArms respectively.
Multiplying this noise current by the source resistance gives
terms 2 and 3 of Eq. 14 as shown below:

14BN Ty — fL1= 4fEN 2+ 112 Rg 2+ In22 Rgp2+E, 2 + Eys2

Substituting in Eq. 14

-\f{mw: +(075uV)2 + (83uv)12 + (0apv)E + L128uV)2

Total input-referred noise = 7.8V peak to peak {O001Hz 1o
100 Hz).

"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 tow corner frequencies.

RULE 2. Keep saurce resistarices as low as possible.

RULE 3. Limit circuit bandwidth to signal bandwidth,

= 1.3uVrms
1013 . ] 120 —r
wg 15V il | Ygerly
R e e e e b Tae2mee =1
|
-2
H e
. I -
M i B S 3 a LN By -
£ . i T ] « o
T \ = 23 |
Vo ; oy oW T
4 ! = —|“‘-;-;=,L._ ] - —
g — - ] : R N ‘i ——
> | b -24
w 1GE : S w
-1 wl
J— - — [
—7 =1 =4
og': uarar [ 3
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1 = |
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FIGURE 154
INPUT NOISE VOLTAGE AS A FUNCTION OF FREQUENCY

FREQUENCY [Hz)

FIGURE 158
INPUY MNOISE CURRENT AS A FUNCTION OF FREQUENCY
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BANDWIDTH

Effective circuit bandwidth must not be much greater than
signal bandwidth or amplification of undesirable high frequency
notse components will ooecur. Throughout the preceding cai-
culations, an assumption of “Bandwidth-of-interest’’ was made,
while in actual application the amplifier's bandwidth must be
considered.

tharn required, and putput filtering, such as in Figure 17, could
be used. As an alternate to output filtering, an integrating
capacitor may be connected across the feedback resistor.
Bandwidth may also he limited in some applications by over-
compensating an externally-compensated 10w noise op amp,
such as the 5557725.
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FIGURE 16B
CLOSED LOOP RESPONSE FOR VARIOUS
GAIN CONFIGURAT!ONS

10K 4 R

il

FIGURE 17
QUTPUT FILTERING

In Figure 16, the OP-07 freguency response curves show
a rolloff of 204B/decade; intearation of the area under the
curve will show the effective circuit noise bandwidth 1o be
1.57 times the 3dB bandwidth. In most closed-loop gain
configurations, the amptifier’s bandwidth may be greater

MISCELLANEQUS NOISE MINIMIZATION METHODS

Certain other nopise mechanisms merit consideration:  Use
metal filem resistors; carbon resistors exhibit “excess noise,™
with both 1/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 Igs = lg. Keep its proper per-
spective; minimize it without intraducing additional DC errors.,
Use low noise ap amps with overall DC specifications that will
satisfy the application.

noise in

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 gircuit bandwidth o signal bandwidth,

4) Eliminate excessive resistance in the input circuit,

CONCLUSION

Recent improvements in 1C op amp DC specifications bave
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 mibimized by a thorough understanding of the
varigus nofse-generation mecharnisms,
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LOW COST, HIGH SPEED ANALOG-TO-DIGITAL CONVERSION WITH THE DAC-08

Donn Soderquist & John Schoeff

Today's fast computer and microprocessor-controlled systems
frequently require A/D converters which will complete a
conversion in one cycle time.

Until now, these high speed A/D converters have been expen-
sive and difficult to buiid. Most designers have therefore
chosen 1o purchase modular A/D converters typicatly ranging
in price from $100 to $400. This application note describes
three less costly A/D designs, with total conversion times of
dusec, 2usec, and lpsec. These designs are implemented with
the DAC-0B, a recently announced high speed manolithic
Digital-to-Analog converter. A discussion of basic successive

approximation is given, followed by practical circuit designs.,

SUCCESSIVE APPROXIMATION A/D ADVANTAGES

Successive approximation A/D 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 (Serve) or Staircase (Ramp}, require up to 2" ¢lock
cycles per conversion, wherg “n’ is the number of bits of
resolution, while successive approximation requires anly “'n+1"”
clock cycles. Finally, a designer can easily construct his A/D
with readily available standard 1C's.

BASIC SUCCESSIVE APPROXIMATION A/D CONVERSION

A successive approximation A/D converter operates by com-
paring 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, Fig. 1
shows the progression of trials for a 3-bit converter, If the
input is greater than the MSB value, the MSEB is retained and
the converter moves on 10 “trying” the next most significant
it, or approxirmately three-quarters full scale. If the input had
keen less than the MSB, the logic would have turned the
MSB off befare geing on to the next most significant bit, or
one-quarier full scale. This “branching” continues until each
successively smaller it 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 MSE. If the comparator output rerains low, the
“one” will remain in the latch; if not, the latch willi be reset
to zera before the next bit trial begins, The next clack cyele
causes the shift register 1o 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-conversion output changes
state indicating the parallel data is ready to be used.

"

h M
n L] ) [[E] L O ot EE

FLOW DIAGRAM FOR 3 BIT SUCCESSIVE
APPROXIMATION A/D CONVERSION
FIGURE 1

SUCCESSIVE APPROXIMATION REGISTER

ETART
—=] SHIFT REGISTER
naice cLack air | BiT arr oy END OF
8 s -
fr s 1 2 Ll ] CONVENSHON
SERIAL
BUTRUT
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COMPARATOR s
[%.1.)

L

VOLTAGE OUTFUT B

SUCCESSIVE APPROXIMATION A/D CONVERTER
FIGURE 2
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CURRENT COMPARISON

The previcous discussion indicated that the function of the
comparater was to perform a comparison betweer 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
asshown in Fig. 3, where the comparator examines the polarity
of (Vin— IpacFn ). Current comparison eliminates the need
for & current-io-voltage converting op amp which is by far
the stowest element in most D/A converters.

DYNAMIC CONSIDERATIONS

The time required to complete an 8 bit successive approximation
ASD conversion is determined by the length of & trials and
their associated comparator decisions, plus one clock cycie,
To rminimize 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 B00nsec comparator,
and 100nsec of logic delay, each of these cycles would require
1. 1usee. An 8 bit conversion would take 9 clock periods, or
10usec. To design a fast A/D, each of these delays must be
made as short as possibla. In the next few paragraphs,
practical methods of minimizing these delays are discussed.

oll bils switched ON

z.av- R
LOGIC
INPLT

04v-
ourpuT V2 LSE-

SETTLING 412 L a3 |

SO neec Adivisian
SETTLING TIME FIXTURE OF FIGURE &

lpg = 2mA R =tK 2
172 LSB = aud

OQUTPUT SETTLING TIME
FIGURE 4

OAC CURRENT SETTLING TIME

The DAC.08 is a low cost monolithic current output
DAC with 85nsec full scale settling time and is ideal for use
in high speed A/D converter designs. The internal logic switch
design enables propagation delays of 35nsec for each of the
8 bits. Settling time of the L3B to within *1/2LSB of final
value is therefore 35nsec, with each successively mare signifi-
cant bit taking progressively longer. The MSE settles in
85nsec; it is the dominant factor of fuil 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
farmed by the load resistance (R, ) and the DAC output
capacitance [Cn} plus any stray capacitance present at the
summing poda. Settling to within £1/2L58 at 8 bits (+.2%
full scale) requires 6.2 RC time constants. For the DAC-
08, the output capacitance is 15pF; as a result the output RC
time constant is a major factor influencing settling time when
Ry s greater than SO0 and dominates when R, exceeds
apose,

This situation produces difficuit requirements. Optimum DAC
settling time occurs when R < 500G, but for full scale
currents of 2mA, 1/2LSE is only duA. Thus, with s S0082
eoguivalent rasistance, the voltage at the DAC output car-
responding to 1/2LS8B is only 2mV and is inadequate for high
speed operation of many comparators, For this reason, R is
usually larger than SO0, which i5 a necessary compromise
between DAL settling time and comparator input overdrive
requiremants,
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COMPARATOR CONSIDERATIONS

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
Monolithics” CMP-01. This low cost comparatar provides
DC  characteristics compatible with 10 and 12 bit A/D
converters and has adequate speed for dissec 8 bit converters.
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FiGURE 6

For 2usec and 1usec designs, the AMGZ6 was selected. It
provides 12nsec propagation delay with 2.5mV overdrive,
Schottky TTL autputs, and DC input specifications adequate
for an 8 bit A/D. Ultra-high speed requires considerable
power. Maximum supply currents are 42mA from the +5V
supply and 34mA from the -5V supply.
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TTL LLOCk [WPYT
2.2% WHE

CGNNECT "STERT® TO “COMYEASION
COMPLETE” FOR SOMTIMUGLE CON-
VERSIONT

31C LOW COST A/D CONVERTER
FIGURE 7

LOGIC CONSIDERATIONS

A single DiP package, the AM2502 Successive Approximation
Registar, contains the loegic for 8 bit A/D converters operating
at Jusec or greater corversion times. {Detailed descriptions
of A/D's constructed with the AM2502 and Precision Mono-
lithics DAC's are contained in AN-11, available upon request.)
A usec ASD requires special logic design using Schottky TTL
and wall be described in the detailed circuit description.

PRACTICAL 3 IC A/D’'S

When the required conversion time is == 2usec, the DAC.08's
fast settling time enables very simple and low cost designs,
A dpsec design is shown in Fig. 7. Ar additional cost and
increased power dissipation, changing the comparator to an
AMBEE results in a 2usec A/D. Every manosecond counts ina
Tusec A/D, and the circuit necessarily increases in complexity,
Howaever, with the OAC.08, Schottky TTL logic, and atten-
tion to layout, a lusec A/D can be constructed at law cost.
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ANALOG DESIGN

The DAGC-08 AD is wuseful in this design for several
reasons. |ts output full scale current is guaranteed to be
1.992mA 8uA, when a 10.000V reference is connected to
a 5.000KE? resistor in series with pin 14. o this design, the
5KL} is split to allow bypassing without capacitively loading
the 10 volt source. For slightly higher speed, the total
resistance may be reduced w 2.8KE2, thereby increasing lg
full scale to 3.984mA, allowing & lower sum node resistance
and lower RC time constant. (The DAC itself does not settle
faster at dmA  full scale current.] The DAC-DBA maxi-
mum nponlinearity of *0.1% full scale enables faster settling
time to within £1/2{58 (20.2% full scale} far each hit trial
than would be the case using a DAC with £0.2% nonlinearity.
Using the #0.2% nonlinearity DAC-08 or DAC-DBE pravides
cost savings at an overall increase in conversion time. Both
triie and complementary current outputs are prowvided,
and their summaticn 15 always by seae- [N this design, B is
connected to the analog input, Since lg + I is constant, and
| flows in B3, the OC input current is constant. Holding the
A/D input current constant reduces buffer amplifier output
impedance requirements. The buffer amplifier used in this
application must have sufficient bandwidth to hold Vi
constant during & 1usec A/D conversion.

CALIBRATION AND ACCURACY

In many applications calibration is not reguired. With a
10.000Y reference and *0.05% tolerance resistors, the worst
case full scale error is £0.15%, The zero scale error is totally
dependent upon tomparator input offset voltage and input
bias current, and, in most cases, it may be tolerated, If the
etrors are not tolerable, then the following calibration pro-
cecure may be used,

Calibration of the A/D is done first at zero scale, then at full
scaie. The zero transition is set by R4, a resistor cannected to
the +10 volt reference. For 10V full scale, the desired
transition point between a code of 0000 D000 and QGO0 0O01
is at +20mV (+1/2LSB). With an ideal comparator, R4 would
be 2.56ML (10 voits/3 9uA). Since comparators are less than
ideal, R4 must also cancel out the comparator’s input offset
errors. With +20mY applied at the analog input and using a low
clock rate, select R4 to cause the output code to fluctuate
betwesn 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 calihrated by applying +9.940V
ta the analog input and trimming RZ until the cutput code
fluctuates betwezn 1111 1110 and 17111 11135, Alter-
natively, the reference voltage source rmay be adjusted for
the same effect. This will be a small adjustment due to the
DAC-0BA's tight output full scale current relationship
with the reference voltage. Onee cabibrated, accuracy is a
function of temperature-induced drifts only.
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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 |ater, 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 iz set to a “one”; both shift registers are cleared; the

DAC has Bit 1 turned on, all others are off. The conditions

for the first trial at half scale are now established.

As the DAC output settles, the comparator continuously
examines the polarity at its non-inverting input. For this
case, with zero volts at the Analog Input, the comparatar
finds a negative voltage present; its output therefore is low,
'Fh_is low is applied to the "D inputs of all 8 output flip-flops.
Recali that 74574 flip-flop outputs won't change until they
are clocked by a positive transition at their CP inputs. At the
time labeled 1 on the CP1 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-Q to 9B-Q; 9B-0 goes low, setting 2-Q high and clacking
the comparator’s “zero” into the Bit 1 flip-flop. The other 6
flip-flops do nothing, because they are not clogked. 8it 1%
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 o Bit 8. After the Bit 8 decision, the
EQC output goes high, indicating that the answer in paralfe!
format is available at the 8 bit outputs,

OUTPUT INTERFACING

In continuous conversion operation, the most common con-
nection, EQC is connected to the Start input. Whiie the
answer is available whenever EQL is high, it is convenient
to use the positive-going edge of the Strobe output as a clock
for two 745175 quad D" 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 35Snsec.
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OVERALL DESIGN

Due to the hit settling time range of the DAC-08 from
85nsec for Bit 1 to 35nsec for Bit 8, progressively decreasing
trial-and-decision periods would be iceal. Practically, such &
timing sequence is difficult to gemerate at low cost, 0 a
compromise was made: The first four bits allow 180nsec
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 5.5MHz derived from
the other at 13MHz.

Standard 74 Schottky TTL logic was selected for speed,
compatibility with the AMB86 comparator, ready availability,
and price.

A useful  characteristic of the DAC-OB is its capabitity
to uirectly interface with all popular logic families including
TTL., CMOS, and ECL. For this design the DAC-08"s
legic contral pin {pin 1} is grounded to provide the praper
TTL logic threshold, A design utilizing ECL could provide
slightiy faster conversion time at increased power consumption.

LOGIC DESIGN

The primary logic design element is the 745 series positive-
edge-triggered 'O flip-flop. This type of flip-flop is useful in
A/ designs because of several properties:

1. The propagation delay from Set to O going high is only
Insec,

2. The information on the D input is transferred to the
O output ondy 4t a positive-going edge of CF.

3. Changes at the D input {comparator settling changes) are
ignored when CP 15 in a steady state,

74574 dual D" flip-flops are used for the B output latches
and for the control logic, and 74$17% quad "D flip-flops
are used for the two shift registers.

Flip-flops 2 through 8 in the simplified schematic {Fig. 8}
perform two functions. Typical eperation can be understood
by examining the operation of fiip-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
ctock for flip-flop 1, transferring the comparator’s output state,
which is the result of trial 1, to O of flip-flop 1. This kasic
connection, using the beginning of a new trial to clock the
previous hit trial, is used on all 8 output flip-flops. The start
of each bit trial is precisely coincident with clocking of the
previous DIt answer] s0 no time is wasted, and iogic delays
are reducéd to setup times only.
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PRINTED CIRCUIT BOARD LAYOUT RULES

For A/D designs generally, and high speed designs in particular,
tayout is important. Some of the more impartant rules are
listed belcw:

1.

Digital ground must be separated from analog ground; they
must meet at only one comron point,

. Digital traces should not eross or be routed near sensitive

analog argas, this is especially important near the sum node.

. With Schottky TTL logic, the digital ground and Ve

traces should be large and contain provisions for generous
hiypass ng.

. The trace from the DAC output to comparator input (sum

noded should be short, and it should be guarded by analog
ground.

. All analog components should be located as close as possible

te the edge connector so that the input anafog traces will
he short,

. The comparator’s ouiputs should be rouvted away from its

inputs, to minimize capacitive coupling and possible
ascillation.

SYSTEM CONSIDERATIONS

Typical system connections are shown in Figure 11, Digital
grounds and analog grounds meet at one point only keeping
large power supply return currents away from the sensitive
analog ground portion of the A/D system. Start is connected to
EOQC for continuous corversions, 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 monclithic D/A converter greatly
simplifies construction of high speed ASD converters, Designs
using onby three 1C's achieve Zusec and dusec conversions,
and lusec corversions can be attained with additional logic.
Techniques have been presented which allow the user to
construct low cost, high speed A/D converters.
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DAC-08 APPLICAT

John Schoeff

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 Monotithics DAC-08.

Several unique design features of this low cost DAC combine

AN-17

IONS COLLECTION

by
& Deonn Soderqguist

to provide total applications flexibility. Principal among them
are. dual complementary, true current gutputs; universal logic
inputs capable of interfacing with any logic family; 85 nsec
sgitling time; high speed multiplying capability; and finally,
the ability 1o use any standard system power supply voltages.
A deseription of these features is given followed by specific
applications using each feature.

* CMOS, TTL, DTL, HTL

COMPATIBLE 2ubh LOGIC INPUTS

. ECL, FMO3 # 855 NSEC SETTLING

TIME TO* 142 L3B
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OUTPUT _
HIGH VOLTAGE COMPLIANCE CURRENT QUTPUTS Allbils OF

R . 1, lemInTm %
Many older current-output DAC’s actually have resistive out- e . i
puts which raust be terminated in a virtual ground, The DAC-
08, however, is a true digitally-controlied current source with 24
. . R T . [ IREF-2ma
an output impedance typically exceeding 20 megohms. £ el doe oS i
=24
fs outputs can swing between —10V and +18V with little or § I
=3
no effect an full scale cursent or linearity. Some of the appli- ;"‘ 1 *
cations that require high cutput voitage compliance include: %,_2 _-L PR p—
17 Precise current transmission over fong distances. { |
Q.8
21 Programmable current sources. { 1
. @A T AELT S.2mA ]
3]} Analog meter movement driving. i i

41 Resistive termination for g voltage output without an op AT G B 6 4 7 B¢ 4 6 8 10 12 @ %8
OUTPUT VOLTAGE (voitad

amp,
8) Capacitive termination for digitally-controlled integrators. OUTPLUT CURRENT VS. OUTPUT VOLTAGE
6) Inductive termination with balanced transformers, trans- {DUTPUT VOLTAGE COMPLIANCE]

ducers and headsets.
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DUAL COMPLEMENTARY QUTPUTS

Conventional DAC's have a single output, so they cannot drive
balanced toads and are limited to a single input code polarity.
The DACO8 was designed to overcome thess limitations oma-H

Input coding of positive binary or complementary hinary is :
obtained by a choice of outputs, [0 for pasitive-true or % for 1.0 mA -

negative-trug. In many applications both are used either
independenily or in combination. Dual complementary outputs

R 2.0 mA-
allow some very unusual and useful DAC applications: "
1} CRT display driving without transformears. h S '
(00000000) arrrnnn
2) Differential transducer control systems,
3} Differential line driving.
4} High speed waveform generation. TRUE AND COMPLEMENTARY OUYTPUT OPERATION

%) Digitaily controlled offset nulling of op amps.
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ouTPUT
DUAL COMPLEMENTARY OUTPUTS

¥REF BIGITAL T
2 Qo000
Dll'mL INPUTS i
” "
#56nt & Bz 5364 B5 BG A7 B8
¥REF Vrerith . L
- HLALIMG
CAC~08 TERMIMAL 5
= " EPOLAR JUTPUT WITH DFFSET BINARY CTOOIMG
#PAOVIDES DC ISOLATYM BETWEEN SOURCE &ND LOAD
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DIGITALLY CONTROLLED BALANCED TRANSFORMER DRIVE
OFFSET NUILLING

Sub-microsecond settling times are common in current-output
DAC's. Many DAC’s settle in 500 nsec; 300 nsec is not
unusual. But 85 nsec setiling time for a low cost DAC is
exceptional, and this characteristic allows use of the DAC-0B
in formerly difficult and expensive-to-build applications:

1) lusec, 2usec and dusec A/D%. (These are completely
described in AN-18, available upon request)

2} 15 MHz Tracking A/D’s.

3} ECL compatibie applications,

4} Video displays requiring a {ow-glitch DAC,
%) Radar pulse height analysis sytems.
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HIGH SPEED
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LOGIC INPUTS
ADJUSTABLE INPUT LOGIC THRESHOLD

Most DAC's have TTL or CMOS compatibie inputs which
require complicated interfaces for use with ECL, PMOS,
NMOS or HTL logic. By contrasi, the DAC-08, with typical
logic input current of 2pA and an adjustable input logic
threshold, interfaces easi by with any logic family in use today,
The logic input threshold is 1.4V positive with respect to
pin 1; for TTL pin 1 is therefore grounded; for other families
pin 1 is connected as shown in the interfacing figure.
An adjustable threshold and a =10V to +18Y input range
greatly simplify system design  especially with other-than-
TTL fogic:

i) ECL applications without level translatars.
2} Direct interfaces with Hi-Z RAM outputs.

3) CMOS appiications without static discharge considera-
tions.

4) HTL ar HNIL applications without level transiators.

B) System size, weight, and cost reductions.

TTL,DTL
VIH=+1.4YV

DAC—~08

Vie

0L

LELI43

{NTERFACING WITH VARIOUS LOGIC FAMILIES

Ve =Vie +1.4V
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VrH=+78YV

CMOS, HTL, NMOS
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g 2602
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REFERENCE INPUTS

MULTIPLYING CAPABILITY

Fixed internal references are included in many DAC', but
they lIimir the user to non-moltipfying, single polarity reference
applications and do not allow a single system referance. To
achieve the design goals of low cost and total apphcations
frexibility, the DAC-D8 uses an external reference. Positive ar
negative references may be applied over a wide commaon mode
voltage range. In addition, the full scate current is matched to
the reference current eliminating calibration in most applica-
Tons.

1} Digitally controlled full scale calibration.

2} 8 x 8 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.
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POWER SUPPLIES

POWER SUPPLY REQUIREMENTS

The DAC-0B works with 4.5V to 18V supplies allowing
use with all standard digital and analog system supply vo'tages
plus most battery voltages. With anly 33mW of power dissi-
pation at +BY and 8Bnsec seitling time, it has a lower speed
powear preduct than CMOS DACS. Power dissipation is almost
constant over temperature, and bypassing is accomplished
with 0.014F capacitors—no large slectrolytics are required,
These power supply reguiremnents athow:

1} Battery operation.
2} Use of unregulated or poorly regulated power supplies.
3} Use in space-imited areas due to small bypass capacitors.,

4} Use in constant power dissipation applications.

5} Common digital and analog powser supplies,
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OTHER APPLICATIONS

MICROPROCESSOR APPLICATIONS

The ability to use uP power supply voltages and the ability
1o interface with any logic family make the DAC-QB especially
useful in uP applications:

1} Tracking A/D converters.
2} Successive approximation A/D convertars,
3! Direct drive from Hi-Z MO5 RAM outputs.

By programming the ROM's with the successive approxima-
tion or the tracking A/D algorithm, all of the logic for A/D
conversion is contained in the uP. This is a very inexpensive
approach, since there is no need for the usyal A/D conversion
lngic packages.
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OTHER APPLICATIONS: The following list summarizes
just a few of the many applications for this flexible DAC.
Consult tha factery for further information.

AfDCONVERTERS

Tracking {Servo)

Successive Approximation
Ramp {Staircase}
Microprocessar Controlled
Ratiometric (Bridge Balancing)

TEST SYSTEMS

Transistor Tester (Force Ip and i)
Resistor Matching (Use both gutputs)
Programmable Power Supplies
Programmable Pulse Generators
Programmabie Current Source
Function Generators {AOM Drive)

ARITHMETIC OPERATIONS

Analog Division by a Digital Ward

Anaiog Quotient of Two Digital Words

Analog Product of Two Digital Words—Squaring

Addition and Subtraction with Analog Output

Magnitude Camparisan of Two Digitat Words

Digital Quotient of Two Analog Variables

Arithmetic Operations with Words. from Differant
Logic Families

GRAPHICS AND DISPLAYS

Polar to Rectangular Corwversion
CRT Character Generation
Chart Recorder Driver

CRT Display Driver

DATA TRANSMISSION

Modem Transmitter

Differentiai Line Driver-

Party Line Muitiplexing of Analog Signats

Multi-fevel 2-Wire Data Transmission

Secure Communications (Constant Power Dissipation)

CONTROL SYSTEMS

Reference Level Generator for Setppint Controllers
Positive Peak Detector

Negative Peak Detector

Disc Drive Head Positioner

Microfilrm Head Positioner

AUDIO SYSTEMS

Digital AVC and Reverberation
Music Distribution

Organ Tone Generator

Audic Tracking A/D

CONCLUSION

High voltage compliance complementary current outputs,
universal fogic inputs and multiplying capability make the
Precision Monclithics DAC-08 the most versatile monofithic
high speed DAC availahle today.

16-67




Application Notes

EMI3

AN-18

THERMOMETER APPLICATIONS OF THE REF-02
by
George Erdi

INTRODUCTION

This application note describes electronic thermometar
applications of the REF-02 +8Y Voltage Reference where
the voltage output is a direct measurement of temperature
in °C or in °F. These applications use the predictable
2.19mV/"C TEMP output voitage temperature coefficient of
the REF-02, a byproduct of a bandgap voltage reference
design. Thermometer applications are described first fol-
lowed by a discussion of bandgap voltage reference theory.

THERMOMETER ESSENTIALS

In additinon to a highty linear temperature sensitive com-

ponent, electronic thermometers should have the following

characteristics:

1} Convenient scaling such as 10mv/ G, 100mv/ C, or
10mV/F.

2} Direct voitage readings such as -0.55V at -BE"C, OV at
0°C, and +1.26V at +126°C.

3} Room temperature calibration,

19 0 by P
VREF v iy
rgv
orne N
s R Vaur
VrEwmp EImVFT
-1

E

] Ae A 1
a . = 1] -
TV gy = 21! c(.n i n.,)"“—‘""' (n o )vw"p A {_"’ner}

SIMPLIFIED SCHEMATIC
FIGURE 1

BASIC CIRCUIT IMPLEMENTATION

The simplified schematic in Fig. 1 shows the basic thermom-
eter conhections. An operational amplifier, three resistors,
and the +5.000V output of the REF-02 function together
to level shift and amplify YTEMP allowing VT 1o read
in the desired manner. The exprassion for YouT is:

Eq 1} V L Iy R ver)
R = 4 — - —
a ouT A, TRy, ) VTEMP - RVREF

The first term is the gain of the circuit with VREF equal to
0V; the second term is the gain of the circuit with VTEMP
equai to OV. Differentiating £g. 1 with respect to tempera-
ture gives the slope, S, of the autput-versus-ternperature
curye:

dYOUuT Re
Eq. 2} T cS=mii+ R 1AL

RC
=2 1mv/°C [1 + =———
m ( Ral nb)

where m = TCVTEMP

Thus, the ratio of Rz to Ry if Rp sets the slope of YouyT.
and the ratio of R; to Ry and VR EF set the initial output
value at 25°C. Tabla | lists typical scaling ratios for different
output scales

TEMPERATURE SCALING RATIOS

15-68

Vipp =5.000V, Vg = 630mY @ 26°C, TCV ppp = 21mV7C
Yoyt @ 25°C TCV T EE Re
{FI'F} Slopel Ay Ayl Rp
250my 10mv/oC 0.55 3.76
2.6v 100mvC 5.50 45.6
70y 10myI°F 0.926 7.57
TABLE |
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COMPLETE SCHEMATIC
FIGURE 2

COMPLETE CIRCUIT

Two potentiometers, Ry and Rpp, have been added to the
arcuit for precise calibration and to allow for the ®1%
vesistar tolerances. VREF is adjusted by Rp to set the
VoUuT value at +2567C {77°F}; the ratio of Rg ta Ry || Ry is
adjusted by Rpp to set the slope of VT versus tempera-
ture, Resistor values for typical output seales are shown in
Table 11,
RESISTOR VALLES

TCVgUT SLOPE IS | 10mvFC 100my °C | 10my S F

TEMPERATURE -BE" 10 -85 to -67°F 10
RANGE +126°C +125°¢C +2ETF
QUTPUT VOLTAGE | ~055V 1o =55V to 067V to
RANGE +1.26Y +12.5v* +2.57v
ZERD SCALE oV @uoc OV@0'C | oVe U°F
R (1% resistor) 9.09K 2 15K .20k 0
Rpq {21% resistor) 1.6k 182K0 1.0KSE
Rpp [Potentiometer! 2000 6000 20011

RAg {£1% resistor} 1KY 84 8K 2 TEKD

*For 125°C aperation, the op amp output must be able to swing
to +12,5V; increase Vi to +1BY from +15V f this is a problem.
TABLE Il

CALIBRATION CONDITIONS

All calibration is conducted in free air. Heatsinking of the
REF-02 is unnecessary and is undesirable, The small {2°C}
rise in chip temperature of the REF-02 above ambient
temperature serves as an error-cancelling factor of some
second order effects internal to the REF-02 design. The
calibration procedure which follows assumes free air — no
heatsinking — calibration.

CALIBRATION PROCEDURE

Calibration is performed at ambient temperature with two
adjustrments using the following procedure.

Step 1: Measure and record VTEMP and Ta in °C.

Step 21 Calculate the calibration ratio “r'" using Eq. 3:
Rs |l Rp VTEMP in MY
Eg. 3} r = =
Re+t Rl Ry S{Ta + 273}

Where S = TCVQyT. T A = ambient temperature in °C

Step 3 Turn power off, short VREFR terminal to ground,
and apply a precise 100mVY to the VouT terminal.

Step 4:  Adjust Rpp so that Vg = r{100mV); remove short.

Step B: Turn power on; adjust Rp so that VouT eguals
the correct value at ambient temperature.

The system is now cahibrated.

CALIBRATION EXAMPLE

Here iz an example at Ta = 25°C, S = 10mVv/ C, and
YTEMP = 632mY:

Step 1: VTEMP = B32mY, Ta = 26°C.

Step 2: Using Eq. 3

VTEMP _ 632 632

r= = =

S{Ta + 273} 10128 + 273} 2080

=021

Step 3: Apply 100.00mY to VoyT with power off and
YREF connected to ground,

Step 4: Adjust Rpp so that ¥g = r{100mV¥} = 21.21mV

Step 5: Turn power on and adjust Ry so that Yoyt
equals +0.26Y,

The system is now calibrated,

TRANSDUCER ERROR FACTORS
Error terms are threefoid:

1. Slope errors — Devigtions from nominal slope. For
example, if the slope is 10.04mV/°C instead of
10.00mV/°C, the accuracy due to the slope error is
0.4%.

2. Linearity errors — Devigtions in VTEMP versus tem-
perature from straight line performance, a chanae in
YTEMP slope with temperature.

3. Offset error — VQUT deviations due to changes in
VYREF with temperature.

Since these errors are grade dependent, Table [ is provided
as an aid in specifying the correct combination of com-
ponents for a given application. Offset error can be elim-
inated by using one REF-02 as a temperature sensor only
and another REF-02 {operated at a constant temperature)
as VREF.

TRANSDUCER PERFORMANCE

Typicat system accuracy is =0.5% aver the -55° to +125°C
range of a REF-02A. For example, when calibrated at
+25°C, the reading of VguT at +105°C may be 106.4°C,
a deviation of 0.5% of the 80" temperature change (+25°C
to +106°C).

Although the REF-02 is guaranieed to perform aver the

-55° 10 +125°C range only, operation beyond those limits

is possible. A targe number of devices were measured and

found to be functioning satisfactorily over the —150°C 10
+170°C ranae, and there was only a slight degradation in

ECCLII’BC\,I'.

REMOTE APPLICATIONS

In many applications, the sensor must be tocated some
distance away from the measurement circuitry. One pre-
caution must be taken with the REF-02: a 1.6K£2 resistor
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should be connected between pin 3 ({TEMP} and 1ts associ-
ated cable conductor to isolste this pin from cable
ca_pacitarices. Remote application of the transducer is
illustrated in Fig. 3 with R;, the isolation resistor.

TYPICAL TRANSDUCER PERFORMANCE VS, GRADE

GRADE .
REF-¢2a | REF-DZ | REF-02E | REF-D2H | REF-02C
PARAMETE!
TEMPEARATURE | -55" 1o =B5%w | 07w ¥ (AR}
RANGE +125°C | »125°¢ | +70%C +10°C +7O°C

SLOPE ERRCH +0.30% =0 40% +0.25% 10.35% -0.45%

TCVTEMP . . ! .
TeeTE oaon | wizn | roosw | roaox | ousx
OFFSET ERRCA { =0.15% Ay =D.10% +{.30% =0.60%
RS ERAOR -035% | rosem | w028 | 047w | -075%
SUM X
TYPICAL ;
ACCURACY DEQ% 0.75% 0.40% DE0% 0.590%
QP02 GRADE
5 P02 P-OZE P02 P02
e o] oroea | opo o oro2c | opoze
TABLE IIr
2|
Vigg A
W
Yo 1] REF '
REF-R2 . F uﬂ
T o BN .
A,
T ey —, I 2 oy
RO 15K 5% =
n |

=0 TO 10 FEET OF SHIELDED 4-CONMDUCTOR CABLE. =

PRECISION TEMPERATURE TRANSDUCER
WITH REMOTE SENSOR
FIGURE 3

TRANSDUCER SUMMARY

The accuracies indicated compare guite favorably to tradi-
tignal temperature measuremant methods such as thermo-
couples and thermistors, Ease-of-use, low cost, and high
accuracy make this new bandgap method of temperature
measurement attractive in a wide range of applications.

The following section describes the bandgap principle in
theory and its use in the internal REF-02 design.

. . Oy
IJ A2 .uu; A3
A et
:Ii 206A4
AN TRIM
3 L vy 123w
_T— T e TEME cxmve
-!\‘as TELIN Ul “"T‘" Ll Fovyep = 2AMYET
sy % N tavgy fy * BISMgy
i oo
AEF-02 SIMPLIFIED SCHEMATIC
FIGURE 4

BANDGAP REFERENCE THEORY

Bandgap voltage references (11, [2], [3]. use predictable
relationships from semiconductor physics to gensrate a
constant voltage. The base-emitter voltage of a transistor
(VBE! has a processing and current density dependent
negative temperature coefficient of about —2.1mV/°C.
Another well known relationship with a positive tempera-
ture coefficient is the difference between basg-emitter
voltages of two transistors operated at different current
densities:

T 42
Eqg. 4} AVgg-= Eq- loge 'ﬁ- ) , where

Kk = Boltzmann's constant = 1.38 X 10723
joules/“ K

T = absolute temperature, K

g = charge of an glectron = 1.6 X 10'19
coulombx

J = current density

When AVBE is amplified and added to VgE, a voltage refer-
ence with zero temperature coefficient results if the sum
{tVz) of these two terms equals the linsarly-extrapolated
band-gap voltage of silicon {VWqgg) at 0°K or -273°C: Vgo =
1.205Y. A more exact calculation, see reference [2], will
show that ¥z will have zero temperature coefficient if:

Eq.5) Vz=Vgot ';—T = 1.230V @ +25°C

The circuit in Fig. 4 generates a AVEE of 72mV at 25°C by
making the current density of Q2 16 times greater than
11, Q2 has four times the current of Q1, and Q1 has four
times the emitter area of Q2. A AVBE of 72mV appears
across R1 and is amplified by 8.7% (becoming the TEMP
output} and is added to Vg {02) to produce a nearly
constant V2 of 1.23V. The -2.1mV/C of TCVRE is can-
celled by the +2.1mV/"C of TCVTEMP; and V7 is amplified
by 4.06 to produce an output VREF of 5.000V.

REF-02 TYPICAL NODAL VOLTAGES

TEMPERATURE | Ta =-75"0C | Ta =+25'C | Ta =+125"C
YOLTAGE (T =200°K} 1Ty =300°K) | 47 - 4007K)
AVge - Ly lage 16 A8my T2my iy

BE " 5 %9

VTEMR =875 AVRE 420my GI0MYV | Ba0mv
Ve Q2 B10mYy 600my 90my
Yz = VBE + VTEMP 133w 123y 123w

J.06R4

VREF = 1+ =
R4 500V 5.00v 5.00v

=4 vy

TABLE v




Application Notes

AN-19
DIFFERENTIAL AND MULTIPLYING DIGITAL TO ANALOG CONVERTER APPLICATIONS
by
John Schoeff and Donn Soderquist

INTRODUCTION
The introduction of low cost monolithic DfA converters has simplified data acquisition and control system design. This
application note describes several new applications using the multiplying capability and dual complementary current outputs
of the Precision Monolithics DAC-08,

THE UNIVERSAL DAC

® CMOS, TTL. DTL,
HTL_ECL, PMQOS
COMPATIBLE Zu A

® BE WSCC SETTLING
TIME TQ - 9/2 LSD

LOGIC INPUTS BT AZ B3 BA B5 GG A7 62
I 1 & DAL _
REF | Yoy _
o vaEF'! i COMPLEMEN ) by g ma lguT
= OUTEUTS WITH
® HIGH SFEED oal-08 HIGH IMPEDANGE
MULTIPLYING " A :31:';2.: JLREN
REFERENCE — Vpeet! oma-N
INPUT " COMPLISNCE 1.0m
k 2.0 mA- louT
* A5y T8y & EXTEANAL COMPENSATION * ADJUSTABLE LOGIT
T AT 15 EOR MAXIMLIE BANDWIDTH INPLIT THRESHOL [
VTV Y
) \
[ColeTolslsluzelo}} [IRRRRREE}]

FIGURE 1

MULTIPLYING DAC BASICS
A multiplying DAC has an analog output which is the product of a digital input word and a reference voltage and can be

expressed as:

111 Ep=E —
0 REF 2 4 8 16 32 64 123 256

For a current reference, current autput DAC, the expression becomes:
Al A2 A3 A4 AL AG AT A8

2} lo = IRer —+ — 4+ — 4+ — + — + — + — + :l
2 4 g % 22 64 128 266

The DAC-08 has complementary /differential current outputs, and |q has a complement expressed as:

3} o = lgg - 1g for all input Jogic s:‘ftes.

The relationship of lgeg to 1g and Ig is illustrated in Fig, 2 and in Fig. 3. the tasic DC reference connections. References

may be either positive or negative, and a bipolar output voltage may be achieved using the high compliance current outputs

atone or with an output operational amplifier. The simplest form of a multipying DAC accepts a unipolar varying reference

input.

Al A2 A3 A4 A5 A A7 AB:l
+ —+ — 4+ — 4+ —+ —+ — +

POSITIVE REFERENCE CONNECTION NEGATIVE REFERENCE CONNECTION
Mg 58 MEE [ET]
oo VREE 255 B1 H2 BI B4 BY AG b7 ES g - “VRer | pss 81 R7 £ 4 85 06 B7 B8
F¥° TApgp &6 LTI
Iner |
REF FHEF
T wpeptt BEERCEEEE f vggpln |5 € 7 8 9 w0
Ll f il
"VREt Fprp Y1a la* = tpg FOR ALL = Pace Y14 i+ 5 = g FOR ALL
R ac-o8 — LOGIC STATES R Dac-o8 = LOGIC 5TATES
VRER ey - b YREFI-1 i,
’_—--—'\N\-—O— VREF ey —
= fis Y1s A1G Wog .
FOR FIXEQ REFERFNCE, TTL TOR: FIXED REFCAENCE, TTL
QPERATION, TYPICAL YALUES GPERATION, TYPICAL VALUES
AHE: ARE
* Vg ¢ -10.000V - Vggp - l0000Y
= R~ 5 UDDKL: RpgE = 5.000KL:
I Ry * Pres P - fpge
l P Cp - DOIF Cp = 0.01F
" o= ; ' Vg - OV IGROUND
ok Ly I Yig =9 v IGHOUNL: anr L oy L
- = = =
NOTE 1: Rpgp SETS Ipg, R15 15 FOR B1AS CURHENT CANCELLA MM NGTE 1 Rggp SETSIpg A6 15 FOR BLAS CURAENT CANCELLATION
HOTE 2: PING 14 AN 15 ARE DP AMP INBUTS, 5014 - v15 MOTE 2. PINS 14 AND 15 ARE [0 AMP INPUTS, SO V14~ Y15,
FIGURE 2 FIGURE 3
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BIFOLAR REFERENCES

Operation with bipotar references is achieved by modulating
IRer as shown in Fig. 6. Te aid in understanding bipolar
operation, see the equivalent circuit in Fig. 4. The reference
inputs of the DAC-08 are op amp inputs -~ VRpi*) being
the inverting input and Vppgi-t teing the noninverting
inpaut. Excellent gain linearity of the reference armnplifier
allows multiplying operation over 3 range of Iger of duA
to 4mA with monotonic operation from less than 100uA
to dmA.
DAC-0B EQUIVALENT CIRCUIT

L.

S U T ]
Jshva i i | i i oo
- e et £
e | R B e 8 A
LT e
- )
i R
- - - LNV‘

FIGURE &

REFERENCE AMPLIFIER COMPENSATION

AC reference applications will require the reference amplifier
to be compensated using a capacitor fram pin 16 to V-, The
value of this capacitor depends on the impedance presented
to pin 14: for Ry values of 1.0, 2.5 and 5.0K52, minimum
values of C, are 15, 37, and 7% pF. Larger values of Ry
require proportionately increased values of Cc far proper
phase margin.

FAST PULSED OPERATION

For fastest multiplying response, low values of R4 enabling
small C values should be used. For Ryg = 1KQ and &, =
ek, the reference amplitier siews at dmAduses enatling
a transition from IgEp - Dt Ipgp = 2md in 500nsec. If
R4 or the parallel eguivalent resistance at pin 14 is fess
than 200f1, no compensation capacitor is necessary, and a
fubl scale transition reguires only 160nsec.

TWO-QUADRANT MULTIPLICATION

There are two forms of two-guadrant multiplication: bipolar
chgital, where the digital input word controls nutput polarity,
and bipolar analag. where the analogreference input controls
output polarity.

Bipalar digital two-quadrant multiplication is shown in Fig.
6 with the autput polarity being controiled by an offset-
hinary-coded digital inout ward,

Bipolar analog two-guadrant multiplication is shown in Fig.
7. A bipolar reference veltage is connected to the upper
DAC-08 and modulates the reference current by 11.0mA
around a guiescent current of 1.imA. The lower DAC-0S
also has a reference current of 1.1md; dug o the paraliel
digital inputs, the fower DAC-DB effectively subtracts out
tive guiescent 1.1maA of the upper DAC-DB's reference
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BIPOLAR REFERENCE CONNECTIONS

LOVY INPUT IMPEDANCE

MsE e
VReF B1 B2 B3 B4 Bo B6 BT BB

5 6
Lt

TR A oMz

Yrer ©PEAK NEGATWE
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Ve
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HIGH |NPUT IMPEDANCE

M58 L%E
*VReF Bt B? B B4 RS B6 B7 B

HerF
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e O—A———
=
Fyy, IDPTIONAL
HIGH INPUT
IMPEC-ANCE

+VgEE MUBT BE ABUVE FEAR
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A
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FIGURE &

BIPOLAR DIGITAL TWCG-QUADRANT MULTWLICATION
{SYMMETRICAL OFFSET BINARY}

IF Ry + By WITHIN ' .05%, QUTPUT IS SYMMETRICAL ABOUT
GROUND

[—

IJH‘ B2 B B4 BY BE BY HY | lpmA | Igma Egivy

M5, FULL SCALE | T e T 1.902 puril +9
POS. FULL SCALE -LSR [ R R 1.964 DOE +0.38
i) ZERD BCALE LI I I I N VI .Boz2 1.040

T IZFRGSCALE ¢ 11y gz 1.000 -.0an
MEG FUIE SCALE+LY6 | 0 0 O ¢ & ¢ & 1 il 196  -988
PEG. Full SCALF | 0O ¢ 0 & & & 0 O il 1y 1 udh

FIGURE &

current at all input codes, since the valtage across B3 varies
between -10Y and QY. Thus, the output voltage, Eg, is 2
product of a digital inputword and a bipolar analogreference
voltage,



BIPOLAR ANALOG TWO-QUADRANT MULTIPLICATION
(DC-COUPLED DI\GITAL ATTENUATOR!}
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FIGURE 7

FOUR-QUADRANT MULTIPLICATION

Four-quadrant multiptication cornhines the two forms of
two-quadrant muttiplication. Qutput analog polarity 15 con-
trodled by either the analog input reference or by the offset
hinary digital input word, One implementation of this
function with the DACOE 15 shown in Fiy. 8 with output
currant values listed in Table [

The four-quadrant multiplying DAC circuit shown accepts
a differential voltage input and produces a differential
current gutput. An cutput op amp 15 not shown because 1t
is not always reguired; many applications are mare suited
for high output compliance {-10V to +18V} differential
current outputs, Typical haianced loads inctude trans-
formers, transducers, transmission lines, bridges and servos.

[

WUl o —

& MIGH SPE EC MEONNTIN G BFEAR DM SVEN CHIIRE RAMCE
= HIGH TPED ANCE DLFFERER Tral 1iPUTS

FOUR-QUAQRANT MULTIPLYING DAC
WITH HIGH {IMPEDANCE {NFUT

ITaL O

=3

JEA—
LERD— -

UL Ok
ar

* ThUE CURRENT GUTRIT D E LOMALIARGE
w RLJUETRHIE LI THEN SHIIL T

0V DIFFERERTALL INFUT ASRGE * WILE FONER SURRLY ESNGE

¥ PALKAGES VE 310D VILTRGE SAITSHED DG &

FIGURE B

Oparation of the four-guadrant multiplier may be more
easily visualized by considering that if either ¥y = OV or
the offset hinary digital input code is at midscale {corres-
ponding to zerol, then a change in the other input will not
affect the output. Zero multiplied by any number equals
zero.

A common maode current wall be present at the output and
must be accaommodated by the balanced load. A pair of
matched resistors may be used at the outputs to shunt most
of the common mode current to ground, thus reducing the

common maode voltage swing at the output.

TABLE | — FOUR-QUADRANT MULTIPLYING CURRENT VALUES IN FIGURE 8

DIGITAL Vit | Vit Vi §'ree | Rer | o | 1622 | 'on p#2 | igw loz lout
INPUT DiFF. |t imai| 22 tmal (mal | tmal | ima) | imA) | imA) | imA} DIFF.
1111 1111 45V v | +ov | 2000 § 1000 | 1992 0 1992 | 0996 0 0996 | 0996 mA
1000 0000 | 45V v | +1ov | 2000 | 1000 [to0o0 | o9 | 1408 | oso0 | o090z [ 1492 | 000AmA
911 1111 15V sv | +1ov | 2000 {1000 |0g92 | 0500 | 1492 { 0496 | 1000 | 1496 [ -0.004 ma
0000 0000 | 45V sv | +10v | 2000 | 1000 0 | 0996 | 0896 0 1992 | 1992 [ -0.996 ma
1111 1111 av oV ov | 1500 | 1500 | 1494 0 1.494 | 1.494 0 1404 | 0.000 mA
1000 0000 | -10v | -10v ov | 2500 | 2500 | 1250 | 1240 | 2490 | 1250 | 1240 | 2490 | 0000ma
o111 1111 | vy | s1ov ov | osoo | o500 |oza8 | ozs0 fod4es | 0248 | 0250 | 0498 | 0000ma
0000 000G ov ov ov | 1500 | 1500 o | 1404 [ 1494 [} 1494 | 1494 | 0000ma
1111 1111 -5V By | -1ov | io000 | 2000 | 099 a 0996 | 1992 o 1992 | -0996 mA
1000 0000 | -5V +5v | -10v | 1000 | 2000 | as00 | oogz | 1482 | 1000 | 0496 | 1496 | -D.004maA
o111 1131 | -5Y +5v | -tov | 1600 | 2000 | 0496 | 1000 | 1496 | 0992 | 0500 § 1492 | 0.004ma
0000 0000 | -5V +6v | -1ov | 1000 { 2,000 0 1892 | 1992 0 (0996 | 0996 | D9gema
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FOUR-QUADRANT MULTIPLYING
DAC TRANSFER FUNCTION

DIFFERENTIAL
CURRENT OUIT 1+
Imé

DIFFERENTIAL
Ve - -V

CHEFERENTIAL
VRgp - 1MV

DIGITAL MGITAL
RPLT -4 IMPUT [+]
ongy e LARRIR LN

A
GIFFCRENTIAL
CLURRENT CHIT |-}

FIGURE 9

HIGHEST SPEED FOUR-QUADRANT
MULTIPLYING CONSIDERATIONS

The configuration shown in Fig. 10 makes use of the
DAC-D&'s ability to operate in a fast pulsed referance maoce
without compensation capacitors. This technique provides
lowest full scate transition times. An internal clamp allows
quick recovery of the reference amplifier from a cutoff
Higpe = 0} condition, This connection yields a reference
slew rate of 16mA/usec which is relatively independent of
Rypg anvt Vg valoes.

Input resistances are not hmited to 10KE! For example,
10DKEL resistors for Rypyq and Ryyo allow S100V reference
vodtage inputs making this connection especially usefal in
high common mode voltage environments. Except for dif-
ferent reference treatment, operalion and digital inpul
coding are identical in the circuits shown in Fig. 8 and in
Fig. 10; both have the transier function shown in Fig. 9.

HIGH INPUT IMPEDANCE AC-COUPLED MULTIPLICATICN
{AUDND FREQUENCY DIGITAL ATTENUATOR]}
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2
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INELT

?v.n L

* CREATER THAN 408 D¥YHAMIC AANGE
» TOA1! TYRICAL INPUT IMPEDANCE

FIGURE 11

FOUR-QUADRANT MULTIPLY ING DAC WITH
EXTENDABLE INPUT RANGE AND HIGHEST SPEED
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. FIGURE 10
AC-COUPLED MULTIPLICATION

BTN T

Some multiplying DAC apulications are more easily achieved
with AC coupling. At the same time, a high impedance mput
5 often required to avoid loading a relatively high source
impedance. Both requirements are met by the cirguits shown
in Fig. 11 and Fig. 12 which use the compensation capa-
citor terminal (Cub as an input. This is possible because
Cg 15 the base of a transistor whose emitter is one diode
drop {.7V) away from the R-2R ladder netwark commaon
paseline internal to the DAC-08.

With a full scale input code the output, Vg, 15 flat to
Z200KHz and is 3dB down at approxamately 1.0MHz
making this type of multiplying connection usefu! even
beyond the audio fieguency range. Such a connection is
illustrated in Fig. 12 aperating a1t 456KHz, the highost
recommended operating freqquency in this conneetion.

HIGH INPUT IMPEDANCE AC-COUPLED MULTIPLICATION
{1.F. AMPLIFIER/DIGITAL ATTERNUATOR)
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DIFFERENTIAL AND RATIOMETRIC A/D CONVERSION

Complementary/differential current-source outputs and
multiplying capability allow the DAC-08 to be used in
differential and ratiometric A/D converter designs directly
without signal conditioning amplifiers. This group of appli-
cations begins with the basic differential A/D converter
and ratiometric A/D converter connections foilowed by

more specific applications.

These are extremely cost-effective designs due to their low
parts count and simplicity. Alternative designs performing
identical functions reguire instrumentation amplifiers for
the differential-to-single-ended inputsignal conditioning and
analog multipliers or dividers for the arithrmetic functions.

DIFFERENTIAL INPUT A/D CONVERSION BASIC CONNECTIONS

SULTEESIVE
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FIGURE 13

DIFFERENTIAL A/D CONVERSION

The cirguit in Fig, 13 uses the tugh voltage comphiance
currgnt output capability of the DAC-08 and the high
common mode voltage rejection of the CMP-01 to construct
a differential input ADC without input signal conditioning.

IC's: a REF-O1 +10V reference, o 2502-type successive
approximavon register, a8 CMP-01 precision voltage com-
pargtor, and a DAC-08. As shown, the circwmt converts an
analog input in less than 2.0usec. For lower speed regquire-
meants, the A/D conversion logic can be the tracking or

A successive appraximation ADC is constructed with four seryd bype consisting of up/down counters.

FOUR-QUADRANT AATIOMETRIC A/D CONVERSION BASIC CONNECTIONS
JU . S,

e vy !

AL g

& HIGH SPEELSITIL g L MCUHATT 38110 T HEIE YR AR HERGE

c- ® BUDHTENINTIRL INPITS B TH Su ClMRGN void fakug
B CIDLES SHE 1ad 183

FIGURE 14

FOUR QGUADRANT RATIOMETRIC A/D CONVERSION

Ratiometric A/0 sonversian with fully differential X and Y inputs is accomplished with the circuit in Fig. 14, Here, one set of
inputs, Vy, is connected in a manner similar to the circuit in Fig. 13, and the other set of inputs, Yy, i5 connected in
a muttiplying fashion. Operation is as follows: Igeg for both the upper and the lower DAC-08 is modulated between TmA and
3mA; and the resulting output currents are differentially transformed into voltages by the K2 resistors at the comparator's
inputs and compare * with the Vy differential input. When the conversion process is compiete {comparator inputs differentially
aulled to less than 1/2 LSB) a digital output is available which corresponds to the quatient of Vy/Vyy, Thus, four-quadrant
ratiometric A/D conversion is achieved with four 1C*s and without instrumentation amplifiers.
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BRIDGE TRANSDUCER NULL

In many control systems, bridges must be nulled, and a
digital representation of the bridge’s error must be provided
for computer monitoring and contral. The circuit in
Fig. 15 accomnplishes both tasks by wusing the DAC-08
complementary /differential current outputs to null the

bridge with the DAC-0B connected in a tracking differential
AJD converter configuration. The REF-02 reference voltage
source provides both the bridge excitation voltage and the
positive reference voltage for the DAC-08. Some of the
advantages of this circuit are listed at the bottom of Fig. 15.
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POWER MONITOR

Another differential current-input ADC is shown in Fig. 16
with a transformer-coupled input. An up/down counter, a
precision high speed comparator, and the DAC-08 form a
tracking A/D converter which continuously monitors the
analog input. Two precautions must be observed: the

commaon mode voltage at the comparator's inputs must not
exceed T10V; and the differential voltage must not axceed
11%. Woltage-limiting resistors at the comparator’s inputs
are recommendad.
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ALGEBRAIC DIGITAL COMPUTATION

Fregquently, a digital arithmetic operation faddition, sut-
traction, maltiplication, or division] must be performed,
and an analog output must be provided. Traditionally, the
arithmetic operations are performed with several 1C's, and
the output drives & D/A converter, This section describes
applications of the DAC-08 as an arithmetic building block,

new design approaches that reduce the number of'packages

reguired in many applications. Today's low cost, versatile
designer’s consideration as arithmetic

DAC's merit a
elermnents.

One benefit s not immediately apparent and deserves
special mention. In all of these applications, the digital
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FOUR-OUACRANT ALGEERAIC DIGITAL COMPUTATION
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input words can be CMOS, TTL, DTL, NMOS, ar MECL,
because the DAC-08 interfaces with all of those logic
families. In fact, the two input words may even he from
different logie families to eliminate special level translators
or interface circuitry. {See AN-17, “DAC-08 Applications
Collection. ™}

The first arithmetic application is shown in Fig. 17. Two
DAC-08's perform a fast algebraic summation with a direct
analog output. The circuit works by paralleling the outputs
of two DAC-08's and sumiming their currents while driving a
balanced load. The output is the algebraic sum of word “A”
and word “B” in all four quadrants.
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FOUR-QUADRANT DIGITAL MULTIPLICATION

High speed multiplication of two 8-bit digital words with
an analeg output usually requires several logic packages and

a D/A converter. The circuit in Fig.
function using only three IC's.

In Fig. 18 DAC-08 number 1 and number 2 are connected
as previously shown, and DAC-08 number 3 provides the
FOUR-QUADRANT 8 BIT x § BIT DIGITAL MULTIPLIER

oy

18 performs this

Four-quadrant multiplication is thus performed by adding
ane mare DAC-08 1o the hasic four-quadrant multiplying
connection,
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analog reference inputs 1o BAC-08 number 1 and number 2,
Those reference inputs are determined by digital input word
"A.” The circuit's outpuat, lgq-lg. is a differential current
output which may be used to drive a halanced |oad.
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OTHER DAC APPLICATIONS

The combination of high voltage compliance complementary current outputs, universal logic inputs, and multiplying capability
in a low cost DAC enables widespread application. Consider the following partial list:

A/D CONVERTERS
Tracking {Servo)

Successive Approximation

Ramp (Staircase)

Microprocessor Contralled

Ratiometric (Bridge Balancing)

TEST SYSTEMS

Transistor Tester (Force ig and I}

Resistor Matching (Use both outputs)

Programmable Power Supplies

Programmable Pulse Generators

Programmable Current Source

Function Generators (ROM Drive)

ARITHMETIC OPERATIONS

Analog Division by a Digital Word

Analog Quotient of Two Digital Words

Analog Produci 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

CONCLUSION

Differential and multiplying applications have been described
which use the high voltage compliance, complementary
current outputs and the high speed multiplying inputs of
the Precision Manolithics DAC-08.
BIBLIOGRAPHY
1) *DAC-08 Appiications Collection”™

By John Schoeff and Dann Soderquist
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GRAPHICS AND DISPLAYS
Polar to Rectangular Conversion

GRT Character Generation

Chart Recorder Driver

CRT Display Driver

DATA TRANSMISSION

Modern Transmitter

Gifferential 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
Megative Peak Detector

Disc Drive Head Positioner
Microfilm Head Positioner
AUDIO SYSTEMS

Digital AVC and Reverberation
Music Distribution

Organ Tone Generator

Audic Tracking A/

2} "Low Cost, High Speed Analog-to-Digital Conversion
With the DAC-08"
By Deonn Soderquist and John Schoeff
Precision Monglithics Application Note #AN-18, 1975

3} “Differential and Muitiplying Use of Digital-to-Analog
Converters”
By Conn Soderquist and John Schoeff
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EXPONENTIAL DIGITALLY CONTROLLED OSCILLATOR USING DAC-76

by
Donn Sodergquist

Here is a 4-1C, microprocessar-controtled gscillator with a 8158 10 1 frequency range covering 2.5Hz to 20KHz. An expenential,
current output G DAC functioning a3 a programmable current source alternately charges and discharges a capacitor between
precisely-controlled vpper and lower limits. This circuit. features instantanecus frequency change, operates with +5%Y 1V and
-15Y 3V supplies, and provides monotenic frequency changes over a 78dB range — the dynamic range of a 13-bit DAC.

BASIC OPERATION o the ID{H output. Now the capacitor is charged o g lower

Connected as shown  Fig. 1, the output of the exponential limit of -5V, the flip-flop is reset. and the cycle repeats itself.

DAC is an S-chord [or segment) current ranging between REFERENCE SETUP
gsgf“& ?lnd 2'.0n‘;!'-'\. r;l'hztlhreedmzst ?gmf;cant I.:ms_fs_elect L_Of The multiplying relationship between the reference current,
imarily-related chords; and the five least significant bits rHEFr and the full scale output of the DAC is 3.863. IREF is

seli_ecth ‘Idc;f 32 lme;:r :,f:;z? within ea;h :ht;rc:. }Thls curren; 1 set by the voltage between V+ and the lower limit dividad by
switched between the 1, 1+} output and the 1, 1=} output under R1+R2. This i5 50 because pin 12, \-’HEF{—J, i5 & high impe-

the control of a pin labeled 5B, dance input, namely the noninverting input of an op amp

When SB is low, IDH is seiected, and the DAC'S output internal to the DAC. Since both lHEF and the upper and
current drives a eurrent mirror which ramps the timing lower limits are derived by dividing down the power supply
capacitor in a positive direction until an upper limit of OV is voltages, operation {frequency of oscillation] iz independent
sensed by AZ. At this time the setreset flip-flap {L1} is set, of power supply changes. {See Appendix 1 for a complete
5B becomes a 17, and the DAC™S gutput current is switched derivation of the timing formuia.}
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IDEAL OUTPUT FREQUENCY
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SuTRUT CHORD | OIGITAL {ZED QUTRUT AVERAGE
PEGLIENCY {SEG- INPUT DIGITAL FRE- STEP
MENTI CODE INFUT GUENCY SIZE
20 KHz {A}
1
i} 1 -
- 000 4000 5150 2.45HMz
: 3
14. 2.3H
o Kie ¢l GO0 01000 2159 QEH: z
2.5 KHe NORMALIZED 31
DIGFTAL Qoa 1111 ey 76.0Hz
ONE 38 5B TEFS WPUT AL 8169
G601 Q0000 3 80 9Hz
1 81582 a8H
95 BHz
001 11111 S50 233Hx
WAVEFORMS )
M0 00000 o 243H:z
2 8159 95H:z
223 )
[LRREREI _Led A7H
(] 2150 5 z
}k_'otr I| 'UIH ||| o | 'ocu 231
R 011 00000 59 566Hz 10112
ov 01 479
RAMF /\/\/ P 2159 17K
By
100 00000 495 1.21KHz
1 4 219519 33Hz
T 100 111%1 — 2.A3KH
i Y | i 5150 :
101 DOOOG 1023 2 61KHz
B 8150 T6Hz
1 2015
J— 1 -
ari I | , 101 111N ey 494K Hz
’ 1oooone | 222 5 08KHz
. 6 8159 152Hz2
Mg 1 2063 9 96KH:
h ] I ” ! 5169 )
4191
111 00000 10.3KHz
1 7 g:gg 303Hz
L = 200K Hz
N | [| i | S
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FREQUENCY SELECTION

Table | lists ideal output frequencies at the lowest and highest
codes of each chord and the average change in frequency
produced by a one step change {LSB change} within each
chord. For highest accuracy in Chord 0, espectally between
2.5Hz and 19.6Hz. comparators with low input current are
recommended, The CMP-Q2ZCY comparators typically have
35nA of input current; at the lowest code point {000 00001)
the DAC output is 250nA; so low input current comparatods
are essentiat for best operation. Above 000 01000 {(4uA or
19.6Hz] the comparator input currents become less critical,

CONCLUSION

A micraprocessor-controlled oscillator has been shown which
achieves a 13-bit dynamic rangs with only 8 bits of control.
Monotonic frequency steps over 2.5Hz to 20KHz are provided
in a 4-1C low cost design.

REFERENCE

“Eight-Bit Frequency Source Suited for pP Contral™ by
Albert Helfrick, EDN, September 20, 1976, pp. 116-118.

APPENDIX

TIMING EQUATION DERIVATIONS

One of the best features of this design is its insensitivity to power supply changes. The equalion derivations are shown to explain

hew ¥+ and V- drop out as timing determinations.

With a copstant current drive the charge on C changes linearly over a range (E) between an upper limit (L) and a lower limit (LL}
dependent upon the DAC's digital input code, the DAC's output current, and the value of the timing capacitor {C).

E . .
Eg. 10 T-= Z(C—l) where: C = timing capacitor value
: E = upper limit - lower limit

| = DAC putpot euiTent, |0{+}

or tqt-h
T = period
Eg. 20 E=UL- LLwhere: UL = upper limit
LL = lower limit
. _ R4+R54R&
Ea. 3] UL= m l {V*}—[V—j] H -}
where: Y+t = positive power supply and V- = negative
power supply
bt R3=R4=R5=R&
C UL = (VA
4
_ R5+R6
Eq.4) LL R3+R4+RERE {V+i-va-?] +{V-)
V)
S

Substituting 3 and 4 inte 2 and solving for E:

a5 E= VAV
3
Rewriting Eg. 1 and substituting &:
(V+) - V=)

T
Eq. 8] — m e
A 2C

The expression for | is:

Eaq.7) 1=3862{AlIRer
where: 3.863 is a constant derived from the ratio of
IREF to 1FULL SCALE of the DAC
A = the normalized digital input code
IREF = the reference current
AVH - LL
Eq. 8V IREfF - R1<RT
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Substituting 4 into 8:
o v gver]
V=) - 1:72 _|

Eq. 5}
i R +R2

IREF =

_Av+-{vg
2{R1+R2)

Substituting 9 and 7 into 6:

{WH - 1v-}

4

ray |VHE - V-1
3863 {A} |2(R1+R2) |

-
Eg. 1} — =
“ e
Multiplying by { A} 2.863:

V- (V-]

{A}3aee3r . 4
Egq. 11} " ——— VISV

QC o ——m
2{R1+R2}
{A}3863T _ Ri+R2
20 2
So, W+ and V- have dropped out as thming considerations,

Solving for T:

CiR1+R2}
3863 {a}

5.177% 1078
{a}

Finally, the simplified expressions:

Eq12} T = but: C = 0.01uF

R1=R2-=10K{1
Eg 13} T =

50 psec
Eg. 14] T = “oHC
{a}
= {&} 2
Eq. 18] f [frequency) = — —— = 20KHz full scale
50% 1070
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31C 8 BIT BINARY DIGITAL TO PROCESS
CURRENT CONVERTER WITH 4 - 20MA OUTPUT

by

Donn Soderquist

This application note describes a 3 1C, 4 - 20mA process current, digital to analoy converter that can be constructed for less than
$20 at current 160+ prices. it operates from a -6Y 1V negative power supply and & 23V 27V positive power supply, has 24V
output voltage compliance, and occupies less than 4 square inches of printed circuit board space. Other significant features inctude
TTL legic input compatibility, 8-bit kinary coding, 0° to +70° C operation, and Busec full scale settling tima into a 500 load.

THEORY OF OPERATION

A fixed current of 0.5mA s added to & DAC’s output current
varying between 0 and 2.0mA and the resulting total current is
multiplied by a factor of 8§ to produce an cutput current of
4.0 10 20mA.

in the schematic, first note the REF-01C), a +10V adjustable
reference. Its output goes to the noninverting input of %
of A3, a dual precision op amp. The inverting input is within a
feedback |oop forcing +30V to appear at the top of R4, a
20K42 resistor; & 0.5mA current will flow in R4 through Q1, &
high hFE transistor. The same +10V is applied to R3, the
reference input resistor of a multiplying IC D/A converter, the
DAC-08. Full scale output current of the DAC will be the
difference in voltage between the +10V reference and pin 14
of the DAC divided by R3; pin 15 will be at the same voltage
as pin 14 because it is a high impedance point, the noninvert-
ing input of an op amp internal to the DAC. After calibration

T“Dc BUS LYY

Dlg DOlgy Toa, g
™

a current of D to 2mA {depending on the digital input code}
wil! flow into the DAC's ocutput, pin 4.

Both the DAC’s output current and the fixed 0.5mA flow in
AR5, a BOOLE precision resistor. The voltage developed by that
current is applied to the noninverting input of the other % of
A3 and will also appear across B8, a 1008 precision resistor,
Thus, 8 times the 0.5 1o 2.5mA current in RS flows in REG, or
4 10 20mA. Almost all of this current appears at the output
because the 2ME053 is a high hFE device, a power darlington
Transistor.

Some other components need explanation, C1 provides
frequency compensation of the DAC’s reference amplifier; C2
and C3 are power supply decoupling (bypass) capacitors; C4
prevents bigh frequency oscillations. D1 through D4 insure at
least 2.5V differentizl between the op amp’s inputs and its
positive power supply under all conditions. R1 and R2 are
zerc scale and full scale adjustments respectively.
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CALIBRATION PROCEDURE

Apply +23V 7V and 5V £V o the converter with a
current-measuring meter connected between the output and
ground. Make the digital inputs all zeros, < +0.8V. Adjust R1
until the output current is 4.0mA. Now change the digital
inputs to all ones, > +2.0V, Adjust B2 until the output
current is 20mA. Calibration is now compieted.

OUTPUT VOLTAGE COMPLIANCE

QOutput voltage compliance is Vcc -6V, For example, at
Vcc = +1BV, the ouiput may 9o to & maximum of +10V
without affecting output current, Thus, a 5008) resistor would
be the maximum load resistor at vcc = +16Y. At Vcc = +30V,
Voc = 24V, and RL Max = 1,2KE2.

SCALE MODIFICATION .

Although the values shown are for the more common 4-20mA
requirement, aperation at 1-5mA or 10-50mA& may be
achieved by changing some components, For J0-50mA,

change R6 to 4082; this makes the multiplying factor 20
instead of 8. For 1-5mA, replace the 2ZN8053 with a 2NBOB7Y,
and change RB to 40082,

CONCLUSION

A simple, low cost process current converter has been shown
with wide application in the eontrols industry. The design is
tolerant of wide power supply variations, has high voltage
compliance, and is easily calibrated, Reliability and cost are
optimized Y3y using only 3 integrated circuits, the Precision
Monolithics DAC-08, REF-01, and OP-14, plus a few readily
available discrete components.

REFERENCE

Crowley, B., “Circuit Converts Voltages to 4-20mA For
Industrial Contral Loops,” Electronic Design, Jan. 5, 1976,
p. 118,

PARTS LIST
Circuit
Symbaokis) Description
Al +10V Reference, FMI REF-D1CJ
A2 8 Bit DAC, PMY DACOBCO
A3 Dual Op Amp, PMI OP-14C)
C1-C3 O 1uF +80%/-20% 5OV, Type CK-104
c4 100pF £6% Mica, DM10ED101J03
D1-D4 Power Diode, TN4Q03
a1 MPMN Transistor, 2N3904
a2 PNP Power Darlington, Motorola 26053
Ri-R2 BOKSL Potentiometer, Bourns #3006P-1-503
R3 4G2082 £1%, RNE5C4021F
R2 20K £1%, RNSGC2002F
RS 80041 +0.1%, GR #8E16D800
Ré& 10042 »0.1%, GR #8E16D100
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SOFTWARE CONTROLLED ANALOG TO DIGITAL CONVERSION USING DAC-08
AND THE 8080A MICROPROCESSOR

Will Ritmanich and Wes Freeman

The micropracessor is generally regarded as a flexible replacement for discrete logic devices. Yet most microprocessor-based
designs still use numerpus isalation and support packages for analeg to digital |A/D) conversion, rather than using just software
and the processor itself. There are many applications where the minimum system approach is both desirable and feasible. This
application note describes a very simple, low cast method of seftware controlled B-bit A/D conversion using the Precision Mono-
lithics DAC-08 and the Intel 8080A. Innovative software eliminates the need for peripheral isolation devices. Easily expandabie
to 10-bit or 12-bit A/D conversions, the teehnigue may be emuiated using other microprocessors having separate address and data

busses.

20804 /O INTERFACE CONSIDERATIONS

In order to communicate with any input/output peripheral
device, the B0BOA must be able to distinguish between its
normal memory array and that particular 1/ peripberal. Two
technigues exist for accomplishing this, each with its own set
of advantages and disacvantages.

The basic approach, used espacially in large systems requiring
gregter than 32K memory, assigns the particular paripheral 1o
an 1/ “Port’” This has the effect of isolating the /O from the
memary bus by the use of additiona! interface devices (gener-
ally the B286 Programmable Peripheral Interface}. Data trans
fers to and from the peripheral are then enabled by special
instructions N or OUT. This method has the advantage of
allowing full 85K memory usage {Figure 1}, but requires
gdditional support circuits, Although conceptually simple, it
restricts communication to the peripheral through the 80B0A
Accumulator,

Far simple appiicatons or where the fult memory addressing
capability of the 8080A is not needed, a powerful technigue re-
ferred to as “"Memary-mapped 1YQ' can be implemented. By
utilizing uvnused portions of memory address space for 1/O
operations, the full instruction set used to control mamory
can alse be used to operate on peripherals. This creates a
powerful “new’’ capability for dealing with 1/0. The major
constraint, however, is that the peripheral musi now conform
to memory bus signals and timing.

MEMORY MO POATS

ISOLATED /0

FIGURE 1

/O CONTROL USING MEMORY MAFPPING

The convention used in establishing memaory mapped 1/Q is to
assign address line Ajg as the 1/0 control flag. Thus, it Aqg is
“zerg,” then memory is active, and if Ayg is “one” then I/O
is active. This creates a “map’ of the memary as shown in
Figure 2. Although other address lines could be used for the
function, Aqg is normally used because it is easier to control
with software and allows full acdress capability for the lower
32K of memary,

MEMORY
MAFPED
1o

MEMORY 1H0 PORTS

MEMODRY MAPPED 110

FIGURE 2

MEMORY MAPPED I/Q CONTROL SIGNALS

In order to manipulate memory-mapped 1/Q, it is necessary
1o generate the appropriate control signals. This is accomplished
by gating MEMB and MEMW with Aqg as shown in Figure 3.
System bus characteristics are preserved and all instructions
normally used to operate an memory can now be used on 1/O
as well,

10 CONTROL SIGNAL GENERATION

- MEMA T0
MEMORY
I - ! W DEVICES

nazn
SvATER COMTROL
10 R MM

MEMORY
MAFPED

u
DEVKIES

150 W T

FIGURE 3
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SUCCESSIVE APPROXIMATION A/D CONVERSION
Because it proviges the best tradeoff between speed and
hardwaresoftware complexity, the successive approximation
method of A/D conversion has been selecied. Figure 4 shows a
simple analogy of this.approach based on the use of a pan
balance.

SUCCESSIVE APPROXIMATIONS ANALOGY

LINH N

\ WEIGHT
AR

FULL
SCALE

Z FULL

SEALE  FULs fuLL

4 SLALE  sealk
=
LN
BINARILY WEIGHTED COUNTERWEIGHTS
FIGURE 4

To measure some unknowrn weight, it is placed on one pan of
the balance. By successively applying binarily-weightad counter-
weights to the other pan until the scale is balanced, we can
ascertain the portion of the uoknown weight compared to
that of the known full scale weight. The number of “trials” is
made equal to the number of counterweights available by
starting with the heaviest counterweight first, and either
retaining it or rejecting it based on the comparison 1o the
unkngwn. This process is repeated for the next heaviest and
sa on, until all weights have been tried,

Electricélly, this can be simulated by sequential comparisons
between the oputput of a digital to analog converter and some
unknown analog input. Figure B shows the basic circuit
configuration,

BASIC SUCCESSIVE APPROXIMATION CIRCUIT

SUCCESSIVE APPRUXIMATION REGISTER
START

SHIFT REGISTER
coee 1 tar|er BT | o END OF
ANALOG 1 2 “n-1"] e ENCODE
INPUT
SERIAL
CLTRUT
LATCHES
CONPARATOR use
O
L8

] L58

VOLTAGE OUTPUT DA

FIGURE 5
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At the start of a conversion, the most significant bit {MSB) of
the BAC is turned on by the Successive Approximation Register
{SAR| producing an output from the DAC equal to one-half
full scale. The DAC's output is compared 1o the analog input
by a comparator, and if the DAC output is greater than the
unknown input volttage, the M5B i3 turned off. If, however, the
DAC output 5 less than the unknown input, the MSE is
allowed to remain on, and the next most significant bit is
tried. Wheather or not this second bit should remain on or be
twrned off is subject 1o the same criteria as before (Figure &),
This basic procedure is used to test all remaining DAC bit
nputs,
FLOW DIAGRAM FOR 3 BIT SUCCESSIVE APPROXIMATION
A/D CONVERSION

TES
" LADv O 100 on Q10 om 00

FIGURE 6

LOGIC REPLACEMENT BY THE 8080A

The circuit illustrated in Figure 5 can be simplified by
utilizing the logic capability of the 80804 to replace the SAR.
The eight iowest order address bits control the data bit inputs
to the DAC-08 (Figure 7). Table 1 contains the software used
to accomplish this. Figure 8 depicts the corresponding flow
diagram.

JDAC OB A/D CONVERSION ROUTINE

ETAFT: L¥1 PF,08000H LORL MSF IN FsCLEAE C
MAY  AsF iMSE TO ACC
MV Haft JEET MEM/MAF 174

TEST? npa © FADD LAST TEST VALLUE
MOV Leh JMOVE FRESENT TEST IO L
MOy AeM FGET COMF QUTFUT
ANA A FSET FLAGS
JPO TOOHI i1 SCARD PRESENT TEST EIT
=iy AeE FGET PRESENT TEST FEIT
TR C FADD TATAL 5% FAF
MOV e i BAVE TOTAL

TOOHIT MOU  A.F JGET LAST TEST EIT
RAF sROTATE TODWARL LEE

MOV B.A iSAVE NEW TEST FIT
JNEG TEFST iviMF LF NOT FINIEH
ENL FFINAL WALUE 15 IN C

TABLE 1
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This technigue accesses the DAL as a 256 X 1 ROM. Convarsion
tirme, hardware interface, and program length are minimized
due to the fast settling time of the DAC-08 and CMP-D1
combination, which s less than the processor cycle time
{Figure 9. No “'wait™ states ot {NOP) instructions are reqguired
for execution of the program.

FIGURE 7

The instruction (MOV L, A) moves the test value to the “'L"
{memary address) register, which controls the B lowest order
address bits, establishing the trial bit value to the DAC, The
applied analog input current is compared to the DAC output
current by the CMP-01. The (MOV A, M} instruction gates
the trial comparison results provided by the CMP-01 into the
80B0A Accumulator. The processer then continues 10 perform
the logical operations required to accomplish the amalog to
digital conversion. It requires 21 bytes of memory with an
8-bit conversion time ranging from 235 to 285 psec using'a
2.0 MHZ clock. The time varies slightly depending on the
analog input, because extra program steps are required if the
trial hit must be saved. Quantizing is performed over an analtog
input range of 0 to +10 volts, although other user-selected
encoading ranges can also be used.

EXPANSION

This technique may afso be used for A/D conversions of 10 or
12 bits by zsimply connecting the DAC MSB inputs 1o the
corresponding address lines. The hardware and software savings
show a very marked incregse because multiple latches and
extensive software Dyte moving operations are eliminated.
Thus, for a 10-bit A/D conversion, the DAL “appears” 1o ithe
B0BOA as a 1024 X 1 ROM; a 12-bit DAC “appears” as a
4086 X 1 ROM. In general, the settling time of a 10-bit or
12-bit DAC is greater than the cycle time of the 8080A;
however, by using the B080A READY line to insert “wait”
states, the settling time of any DAC can be accommodated.
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SOFTWARE CONTROLLED A/D CONVERSION

LoAD REGISTERS
SR TO AR

SET MEMORY.WWAP

40 BITIN H

40D PREVIDUS
TESY VALUE
MOVE TEST
WALUE TO &

ADD PRESENT
TEST 8IT 70
TOTAL VALUE

STOAE TOTAL WALUE

GEY LAST TESY BT

RUTATE TOWARD LB
EAvE NEW TEST RIT

FIGURE B



DAC-08 / BOBOA SETTLING THMES

TOF TRACE:  Al1S

2ND TRACE: DAC.08

FIGLIRE 9

CONCLUSION

A low cost A/D corwersion technigue using DAC-08 and the
80acA microprocessor has been presented. Implementation
requires a minimal allocation of memory for program software
and very few interface components. The technigue permits
expansion to control 10-bit or 12-bit A/D corversions.
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PIN 4
2RD TRACE: CMP-01
OuUTPUT
BOTTOM
TRACE: 74L512
ouTPUT
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PMIY Application Notes

AN-23
DIGITAL-TO-ANALOG CONVERTER GENERATES HYPERBOLIC FUNCTIONS

by
Will Ritmanich, Bob Blair, and Bob Debowey

Measurement and control systems frequently require fine resolution around a setpoint with wide dynamic ranging capability. This
can be satisfied by systems designs which use a high reselution, strictly linear approach; but this is costly and often unnecessary.
Montinear function fitting using multiplying digital-to-analog canvarters |DAC's) offers a desirable alternative by being both simpler
and more cost-effective. This application note describes how extended range hyperbolic functions of the type A/X or ~A/X {where
“A" indicates an analog constant, while "X represents a decimally-expressed digital divisor) are easily generated by just twa low-
cost |.C.'s; an operational amplifier and & multiplying DAC. Circuit configurations are provided for each polarity output along with
dynamic performance photographs and general design guidelines for either binary or BCD-coded divisors. At current prices {1004}
the configurations shown can be built for fess than $10.

THEORY OF OPERATION {A/XI

Figure 1a shows the A/X function circuit which uses a two-digit BCD-coded DAC, the DAC-20EX, and a decompensated, wide-
bandwidth op-amp, the OP-17. A constant current, | constant, equal to the value of one least significant tnt (L3B), flows into the
DAC output terminat, lg. Simultaneous adjustment of the scale factor and output amplifier offset voltage is enabled by a multi-
turn, low tempco potentiometer, BB, which adjusts current —IR producing voltage -V R across B2, The LSB value (scale factor)
equals -VR/R1.

Zener diode, Dz, provides a stable reference voltage source. Because feedback for the op amp is through the DAC, capacitors C1 and
C2 are added to provide proper phase compensation, Reference resistor R3 ts determined by the scale factor and the maximum cur-
rent allowed into the DAC referance input Vg +. Bias current compensation for the DAC reference amplifier is accomplished by R4.

Figuras 1b, 1¢, and 1d show dynamic performance of circuit 1a when the digital inputs are swept by an external BCD up-counter
with codes of 0000 G001 through 1001 1001 {division by 2Zero is not allowed).

THEORY OF OPERATION {-A/X]|

The circuit configuration for the —A/X function is shown in figure 2a. It is quite similar 1o that of figure 12 with botb the DAC
reference amplifier and output amplifier terminals reversed, Capacitors C1 and €2 provide phase compensation. Figures 2b, 2¢, and
2d show dynamic performance of circuit 2a.

DESIGN CONSIDERATIONS

1} Circuit speed and settling time are dictated by output op amp slew rate, scale factor, and compensation. Use of slower ampli-
fiers considerably increases the illustrated settling times. Effective slew rate of circuit Ya is 3V/us, while circuit 2a slews
0.6V /us.

2} Layout and breadboarding of high gain, wide-bandwidth devices necessitates considerable care with a ground plane with single
paint grounding being highly desiratrle. Decoupling capacitors located close to the devices” supply inputs are essential.

3) Accuracy of the circuit is within 1% over the 0°C to +70°C temperature range with 1% metal film resistors R1, B2 and R3,
DAC linearity becomes an important factor as the divisor decreases; for this reason 1.4 LSB linear DAC's are recommended.

4) Binary coding may be accomplished by subsituting an B-hit binary-coded DAC-08EX for the two-digit BCD-coded DAC-
20EX. In addition to adjusting circuit values however, a higher performance op amp such as the OP-17F is desirable because
the output amplifier’s input offset voltage drift becomes a more significant error source for overall scale factor stability over
temperature. This is due to the increased resolution of the binary coding.
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A/X FUNCTION GENERATOR

“X* DIVISOR
DIGITAL INPUTS
¥ A
80 40 20 W B 4 2 1 +1BY
a3 5 |6 (7 |s Jo | |11 |12
348K0) B1 E2 B3 B4 BS B6 B? B8 —— CONSTANT
14 VR 4
——WA——— VR 1o
DAC-20EX R1
15K it
15 =
| VR- lof,
el coMp V- v+ vLE
10pF
16 3 17N 2
-ml 1NGSTA
A4 RS s
36K <2 -18Y +15]v 10K 2 6.8y
47pk BOURNS _I]1I.NF
P
0.1;4F$ go_mF 008 0 %
R
Ry, Rz, Rz =1%METAL FILM
FIGURE 1a ALL CAPS = CERAMIC DISC
GROUND
AL ANE A/X FUNCTION GENERATOR
_VR

lconstant = LSB value = ——
R where Xgg = decimal equivalent

~VR = -Ig-Ro of full scale counts

and Xgiy = decimal equivalent

A= {constant’ B3 XFs of desired divisor

leonstant” B3 XFg

VouTt ™ Xare

FIGURE 1b

TOP TRACE = CLOCK

LOWER TRACE = % THRU %

{CODES 0000 0001
THRU 0001 6200}

FIGURE 1¢

TOP TRACE = CLOCK

- A A
LOWER TRACE = 3 THRU 55
{CODES 0000 0011
THRU 0010 00100
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FIGURE 1d

TOP TRACE = CLOCK

LOWER TRACE = % THRU é%

{CODES 0000 0001
THRU 1001 10013



— A/X FUNCTION GENERATOR

X DIVISCR
DIGITAL INPUTS
rd b
B0 40 20 10 8 4 Z 1 +15Y
5 e ?TﬁTg w 11 |z
L2 - O1UF
A 48Kl Bt B2 BI 14 B5 EE 87 BR —— ICONSTANT !
YR+ o 4 7
G -Vout
DAC-20EX oP-17G
r\z\,f\,_’,_...ﬁ YA- o P y"
A4
A eKa come V- Vi VLE
76 3 13 1
cz
100pF RS 6.8V
-15v +15fv 106 17 -
BOURNS Q1uF
0.144F DiuF 3006 £1703 %
c g} ;g'
22pF
1L
ali
-5V
Ry. Rz, Rz = 1% METAL FILM
FIGURE 22 ALL CAPS - CERAMIC DISC
GROUND -A/X FUNCTION GENERATOR
PLANE

_VR
leonstant = LSB value = T
! where Xpg = decimal equivalent

Vg =-lg-Ro of full scale counts

and Xdjy — decimal equivalent

= | - -
A% legnstant™R3-XFS of dfesired divisor

Iconstant A3 XFg
Hdiv

Vour =

FIGURE 2k FIGURE 2¢ FAGURE 2¢
LOWER TRACE = CLOCK LOWER TRACE = CLOCK LOWER TRACE = CLOCK
_ Ay 2 A ugy A _ A A
TOP TRACE = 7 THRU 0 TOP TRACE = 3 THRU >0 TOP TRACE ] THRU 99
tCODES 0000 G001 {CODES 0000 0011 {CODES D000 G001
THRU 0001 0000} THRU G010 0000} THRU 1001 1001}

SUMMARY
Simple, low cost circuits which generate the hyperbolic functions A/X and -A/ X have been presented, together with design guide-
nes for either binary or BCD-coded divisors.
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THE OP-17, OP-16, OP-15 AS QUTPUT AMPLIFIERS FOR
HIGH SPEED D/A CONVERTERS

try George Erdi

This application note shows how to rmake high speed, voltage output D/ A converters using the DAC-D8 and OP-15/16/17 precision
bifet op amps. Designs are eptimized for highest speed (OP-17}, lowest drift (OP-16) and for lowest power {OP-15), Although the
DAC-08 is used as an exarnple, the same configurations work with DAC-20 and DAC-756.

Converting the current output of a fast IC DAC to a voltage
while maintaining fast settling time is difficult. The full scale
current of the DAC-0B settles in B5nsec. It can be terminated
with a load resistance, as shown in Figure 1, to give a 10V out-
put. However, in this configuration the settling time will be
dominated by the RC time constant of Ry and the DAC-08's
output capacitance {T=R 1Cp=bKi2 X ThpF = 7¥5nsec). it
requires 6.2 time constants to settle within 0.2% of full scale
{1/2 lzast significant bit of an 8 bit converter). Therefore, the
settling time is 500nsec including the DAC-08's 3%nzec propa-
gation delay.

Due to this RC time constant, current to voltage conversion is
usually accomplished with a transimpedance amplifier as shown
in Figure 2. The output’s response is now limited by the amp-
lifier's slew rate and setiling time. However, an additional pole

is introduced at . whare C1 is the sum of the DAC's

2?TR2C1
output capacitance and the op amp's input capacitance. The
frequency of this pole is likely 1o be at an inopportune
location for fast amplifiers, creating an underdamped response

or evan oscillation,

DIGITAL
INPUTS
Veer  mMsB L58
Prer T T T T T T T T
bree | Vaes !
DAC-08

-

FIGURE 1
DAC-0B WITH RESISTIVE TERMINATION
SETTLING TIME = 504 nsec FGR O TO -10V

Vg > Uto 10V

DIGITAL
INPUTS
VRer  MSB LS8
Riper T T T T T T T T
y Vaeplth
REF —@ | REF c.L
pac-08 O

f“ Vgesitt

R, = 5K

FIGURE 2
VOLTAGE QUTPUT DAC WITH TRANSIMPEDANCE AMPLIFIER

Vg = 0to +10V

Ci Gty
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DIGITAL R1
Veer MSB INFUTS LSB
Rpge TTTTTTTT\
L7 +
lrer—3 rept)
DAC-08
i o -
Vit V-
FIGURE 3
VOLTAGE OUTPUT DAL WITH RESPONSE SHAPING

The circuit of Figure 3 resolves this problem. It can be shown that if R1C1 = R9Cp, the effect of the two capacitors is completely
cancelled, and the overall settling will be determined by the amplifier’s behavior only. In addition, C2 can be varied to fing tune the
system’s response and minimize sattling time to compensate for the op amp's possibly underdamped or overdamped characieristics.
The disadvantage of this circuit compared to that of Figure 2 is that all input errors, and in particular input offset voltage {Vgyl, are

Rz
amplified by the factar [ 1 + ﬁ? .

DIGITAL 1.25K12 RZ BK.2
+10v IVISB INPUTS LSB g
b C,, 8pf
5K12 T T T Tw 11T12T "—*‘ﬂé{_ﬁ*'
R per 31 B2 23 B84 B5 B6 B7 B8
Lo NPT
DAC 08E

p——O
Vg = Do +10¥

—»
15
J__ e
— . C

-15Y
NOTE: VALUES SHOWN ARE FOR OP-17. REFER
TG TABLE | FOR OP-15 AND OP-16 VALUES.

sy -T5v 0

FIGURE 4
0TO +10V CONNECTION, SETTLING TIME = 380nsec

The optimum speed is obtained - at low cost - by using the OP-17, fast, precision, BIFET-input op amp, stable only at closed-laop
gains of five or more. Therefore, the R /R, ratic is set at four {Figure 4). Settling time to 0.2% is 380nsec with all bits turning on
10 to 10V], or all bits turning off {10V 10 Q). The last 2.5 volts of the rising wave-form are shown in the photograph of Figure 5.
The three grades of the QP17 are specified at V 5=0,5m\|" max {OP-17E), 1.0mVY max (OP-17F}, and 3.0mV max (OP-17G). Even
though Vs is multiplied five times its effect is stil} tess than 0.2% or 20mY. The OP-17E's contribution will be only 1/4 LS8 even
on & 10 bit system. The offset voltage can alse be trimmed 10 zero, then the TCVDS, at 2 10 4uV/°C, typicaliy, will be the limiting
factor. The complementary output of the DAC-08 can be used for 8 - 10% fo +10V system as depicted in Figure 6.  Settling time
is only slightly increased because of the time required to slew the additional ten volts. Since 1/2 LSB is now 40mV. the non-slew
" portion is decreased by 70nsec.
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LOGIC
INPUTS

Vo The OP-18 is slower than the OP-17 but it is stable in unity
gain. Thersfore, improved output-referred error can be traded
off for increased settling time. The OP-15 is a lower power
dissipation model, but again this improvement is obtained at the
expense of settling time. Table | surmmarizes the resistor ang
capacitor values for the various amplifiers in the circuits of
Figure 4 and Figure &, the settling times obtained in these cir-
cuits, and the output-referred offset errors,

FIGURE &
SETTLING TIME OF FIGURE 4 CIRCUIT USING OP-17
BIGITAL 1.26K52 RZ G5Kil
INP AN
10V MSE UTS s _EJR\,N\'
= C, 8pfF
" F F
5K 5T :r ?T BT 9T‘°T"T":r ! I i
G B1 B2 B3 B4 B5 B6 B7 B8 \
14 —
Vet
IREF J— REF ID
DAC-08E
1
_J_ S et
= Vi W - Cc Ve
3 13 [ 1
€, = L NOTE: VALUES SHOWN ARE FOR OP-17. REFER
bRV gy D - TO TABLE | FOR OP-15 AND OP-18 VALUES.
FIGURE 6
£10V CONNECTION, SETTLING TIME = 450nsac

TABLE |
OF-17/16/15 PERFORMANCE AS OUTPUT OP AMP FOR DAC-08

opP17F OPF-16 OP-15
0t 10V =10 to +10V 0 to 10V =10 to +10V 0 to 10V =10 o +10V
Fig. 4 Fig. % Fig. 4 Fig. 6 Fig. 4 Fig. 6

Ry 1.26K822 126K 16K 10K 10K 2 10K

Rz 5K EK0 EK D B -1 43 BK T

R3 - KD - 3.3Kn - 33K0

Ca BpF BpF 25pF AGpF 30nF SOpF
Settling time to +0.2% 380nsec 450nsec 750nsec 1100nsec 900nsec 1350n3ee
Stew Tirme 150nsec 290nsec A00nsec B800nsec 590nsec 1170nsec
1/2 L5B=0.2% 20my 40my 20my 40my 20mv Ay
Closed Loop Gain ] 5 15 1.5 15 15
Offset Error 21 Outpunt

E Grade MAX 2.5mV 2.5my 3.76mv B.75mV 0.75mY 0.78mv

F Grade MAX &§0my 5.0mYy 1.5mv 1.6mv 1.5my/ 1.5mv

G Grade MAX 15.0my 15.0my 4.5my 4.5mv 4.5mY 4.5mv
SUPPLY CURRENT MAX Tma TmA 7mA TmA A dmA
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AVAILABLE PACKAGES

PACKAGE DESCRIPTION
H 6PinTO-78
J B PinTO-99
K 10 ¥in TO-100
L 10 Pin Hermetic Flatpack
Mt 14 Pin Hermetic Flatpack
N 24 Pin Hermetic Flatpack
Y 14 Pin Hermetic Dip
o] 16 Pin Hermetie Dip
X 18 Pin Hermetic Dip
W 24 Pin Hermetic Oip
P

Epoxy B Wini Dip
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MECHANICAL DIMENSIONS — DIP'S (CONTINUED!}
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MECHANICAL DIMENSIONS — CANS
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021
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PMI REGIONAL CFFICES

EAST CENTRAL SOUTHWEST NORTHWEST
3375 Park Avenue 605 East Algonquin Road 9800 5. Sepulveda Blvd., 1500 Space Park Drive
Wantagh, NY 11793 Suite 260G Suite 818 Santa Clara, CA 95060
(816) 785-3331 Arlingten Heights, IL 60005 Los Angeles, CA 90045 (408) 246-9222

(312) 437-6697 {213} 670-3791

PMI DISTRICT OFFICES

PENNSYLVANIA, King of Prussia MARYLAND, Lutherville-Timonrium NEW YORK, Fishiiil

P.O. Box 667
{215} 265-3255

P.O.Box 74

Box A

(1301) 252-2988 B00-824-5120 EXT 237

NORTH AMERICAN REPRESENTATIVES

ALABAMA, Huntsville
W.A. Brown Components
P.0. Box 1332 West Statian
{205) 539-4411

TWX 810-860-0140

ARIZONA, Tempe

Argus Sales

1060 E. Southern, Suite Ca
P.O. Box 26817

{6Q2} 967-8709

TWX 910-950-1940

CALIFORNIA, Mountain View
Thresum Associates

1901 Old Middlefigld Way, Suite 16
{415} 965-9180

TWX 910-379-6617

CALIFORNIA, San Diego
L&S Associates

11772 Sorrenio Vailey Road
714} 465-0055

TWX 910-322-1730

COLORADO, Wheatridge
Waugaman Associates, inc.
4800 van Gordon

{303} 4231020

TWX 910-938-0750

171

CONNECTICUT, Wallingford
Com-Sale

633 Williams

1203} 269-7964

FLORIDA, Orlando

Technology Marketing Associates
6002 5. Orange Ave.

1305} 857.-3760

FLORIDA, Pompanoc Beach
Technalogy Marketing Associates
1010 East Atlantic Blvd.

{305} 9420774

GEORGIA, Chamblee
WA, Brown Components
3083F Colanial Way
1404} 455-0405

ILLINGIS, Rolling Meadows
Sumer, Inc.

5080 Newport Drive

{312} 394-4800

TWX 210-687-0764



NORTH AMERICAN REPRESENTATIVES (CONT'D)

INDIANA, Indianapolis
Ihrig Associates, [nc.
G410 Woodwind Drive
(317} 783-7630

OWA, Cedar Rapids
Comstrand, inc,

204 Collins Road, ME
{319) 377-1575
TWX 910-576-0224

KANSAS, Olathe

Technical Representatives, Inc,

801 Clawrbiarne
{913) 7821177
TWX 910-749-6412

MEW MEXICO, Albuguergue
Waugaman Associates, Inc,
P.0. Box 148584

{505} 294-1436

NEW YORK, Jericho
J-Square Marketing, [ne.
PO Box 103

{516€) 997-6210

TWX 510-222-1048

NORTH CARGLINA, Raleigh
WA, Brown Components
P.0O. Box 19407

(919} 781-9425

MASSACHUSETTS, Waltham
Com-Sale

235 Bear Hill Road

(617} 880.0011

MICHIGAN, Detroit

A, Blumenberg Associates
P.O. Box 8936

{313) 6567-1034

TWX 810-224-4852

MICHIGAN, St. Joseph
A. Blumenberg Associates
2910 Willa Drive

{616) 9830431

MINNESOTA, Minneapolis
Comstrand, Inc,

8279 University Ave,, NE
1612} 571-0000

TWX 910-576-0924

MISSOURI, Hazelwood

Technical Representatives, inc,

300 Brooks Or., Suite 108
{314} 731-5200
TWX 910-762-0618
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OHID, Cleveland

Del Steffen & Associates
33 Alpha Park

{216} 461-8333

TWX 810-427.9272

OHID, Dayton

Del Steffen & Assaciates
1201 E, David Road
5131 293-3145

OHIO, Lexington

Del Stetten & Associates
173 Qtterbein Drive
(419t 884-2313

TENNESSEE, Knoxville

W. A. Brown Components
4000 Pieasant Ridge Road |
A, CA4

{615} 637-3523

TEXAS, Houston

Oeler & Menelatdes, boc.
G065 Hitlcraft, Suite 502
P.Q. Bax 35428

{713} 772-0730

TEXAS, Richardson
Oefer & Menelaides, ine,

568 4. Central Expressway, £276

214} 234-6334
TWX 810-867-4745

UTAH, Salt Lake City
Waugaman Assutiates, Inc.
445 East 2nd South, Suite 304
{801 353-0275

TWX 910-925-5607

WASHINGTON, Seattle
SIl16

326 Alaska Street
{206) 624-5020

TWX 910-444-2212

WISCONSIN, Milwaukee
Sumer inc.

11430 W. Bluemound Roard
1414) 259-8060

CaNaDA

ONTARIG, Mississauga
RFO Limited

P.0. Box 262

Part Credit Postal Station
{418) 626-1445

QUEBEC, Dollard Des Greaux
RFQ Limited

P.O. Box 213

{514) 6268324



INTERNAT{ONAL REPRESENTATIVES

PMi — A BOURNS SUBSIDIARY — IS REPRESENTED IN EUROPE, NEAR EAST AND

AFRICA THROUGH THE NETWORK OF BOURNS REPRESENTATIVES.

EUROPEAN HEADOUARTERS

BOURNS AG, BAARERSTRASSE B, 630F ZUG, SWITZERLAND

PHONE: 042232242 TELEX: 78722

AUSTRILA

Ing. Crito Folger
Elektronische Gerate
Graf Starhemberggasse 45
10440 Vienna

Fhone: 0222 /656 45 03
Telex: 8588

BELG UM

Bourns {Belgiuml N.V.
I.R.C., Rogiersplein 13
1000 Brussels

Phone: 02 /218 2005
Telex: 23217

DENMARK

E. Friis-Mikkelsen AfS
Krogshaive] 51

2820 Bagsvaerd-Copenhagen
Phoma: 01/ 98 63 23
Telex: 37380

EASTERN EUROPE
Eltrans
Handelsgeselischaft mb.H.
Nordbahnstrasse 4415
102G Vienna

Phone: 0222 /24 7137
Telex: 75011 a

FINLAND

Qy Chester AB
Kumpulante 1
00510 Helsinki 81
Phane: 80/ 735 774
Telex: 122217

FRANCE

Ohmic 5.4,

21723, rua des Ardennes
75019 Paris

Phane: 01/ 203 8633
Telex: 230008

GERMANY

Bourns GMBH
Eterhardsirasse 63

7 Stuttgart 1

Phone: 0711 /242936
Telex: 721556

GREECE

Satiris V. Vorgias
Kontostavlou 11-13
K.atamaki Alimos
Athens

Phone: 9312326

iRAN

Berkeh Company Lid.
20, Satm Streat
Roosevelt Avenue
Teheran

Phone: 831 564
Telex: 212956

ISRAEL

Hapac Elactranics Ltd.

PO Box 18083

Ted Aviv

Phone: 45 42 4G or 44 66 91
Telex: 33528

ITALY

Technic Sr.L.

Piazza Firenze 19
20148 Milan

Phone: 02/ 32 56 88

NETHERLANDS

Bourns (Mederlandl B.V.

an Tuyt Serooskerkestraat 81-85
PO Box 37

Yoorourg

Phone: 070889318

Telex: 32023

NCORWAY

ASS Kjell Bakke
Teknisks Agenturer
Nygt 48, P.O0. Bax 143
2011 Strpmmen
Phone: 02 [ 71 53 80
Telex: 12407

PORTUGAL

Telectra SAR.L.

Rua Rodrigo da Fonseca 103
Lishon 1

Phone: 68 6072

Telex: 1598

SQUTH AFRICA

Assaciated Elactronics (Py) Lid.
PO Box 31004

Braamfontein — Johennesburg
Phong: 833 1824

Telex: 3-8432

SPAIN

Hispang Electronica 5.4,
Poligang Industrial Urtinsa
Apartado de Correos 48
Alcorcon {Madrid}t

Phong: 6194103

Telex: 42 gi4
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SWEDEN

AR Elektroutensilier
184 (00 Akershergam
Fhaone: 07?64/ 20 110
Telex: 10912

SWITZERLAND
Bourns {Schweizt AG
Baarerstrasse 8

P.O. Box 331

6301 Zug

Phone: 042 /2322 42
Telex: 78722

TURKEY

Mel, Nukleer Elektronik Ltd.
Fevzi Cakmak, Sokak 33/3
Yenisehir, Ankara

Phone: 18 72 70

Telex: 43229

UNITED KINGDOM

Bourns (Trimpot) Lid,
Hodford House

17/27 High Street

Hounslow, Middlesex TW2 1TE
Phone: 01 /5726531

Telex: 264486

YUGOSLAVIA
Unitrade/Podravka
Fareign Agencies
Mar inkaviceva 1
41000 Zagreb
Phone: 44 BO 5%
Talex: 31169

AUSTRALYA

Cema

21 Chandos St

Crows Nest NSW 2065

INGIA

Fegu Electranics, Ing.
260 Sheridan Ave.
Falo Alto, Ca. 84306

JAPAN

Toyo Trading Co., Ltd.
Second Section — Electronic
P.O. Box 5014 International
Tokyo, Japan

SOUTH AMERICA
Intectra

2349 Charleston Road
Mountain View, Ca.



Precision Monolithics Incorporated
1500 Space Park Drive, Santa Clara, CA 95050
(408) 246-9222. TWX 910-338-0528.

able MONO.




