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1.2MHz,BiCMOSIPrecision
OperationallAmplifiers

January[1998
Features Description
e LowlV|p TheOCA3193A0andOCA31930areultra-stable,0dprecision
- CA3193A. 200pVMax) instrumentation,UoperationalUamplifiersUthatClemployUboth
- CA3193 I I IIIITI500uV(Max) PMOSandibipolarCransistorsConCalsinglelmonolithicLthip.
The[CA3193A[And[CA3193[amplifiersCarelinternallylphase
* Low[AV|o/AT compensatedUandOprovide JalgainObandwidthOproductOof
- CA3193A .[IIIIIIIIIIIIIIIIIIIITIII3uV/°CiMax)  1.2MHz.OTheyCareOpinCcompatible OwithCtheDindustry (17741
- CA3193 (LI IIIIIIL5uV/°CMax) ~ SeriestandimanylotherllCloplamps, (andimaylbelusedlas
replacements(for(7418eriesypeslihmostlapplications.
* Lowip@nd0

A Pp lications CA3193lamplifiersthave@Wwidertangeloffapplicationsihan

o The[CA3193AANAICA3193[¢anlAlsolbelisedlAsHunctional

Low[Al|o/AT: CA3193. 150pA/~Cl(Max)  replacementsforCop[ampltypes725,[1108A, 1OP-5,[0P-7,
LowAI/AT: CA3193 .[LIIILLIIIIIIIIII3.7nA/°C{Max) LMll@ndEI]_M714IInI]nany@ppllcatlonsmvhereEhulllng[ﬂsﬁhot
employed.Becauseloffheirlbwloffsetiloltage@ndIowoffset

voltage[ vsO temperature coefficientd theJ CA3193A0 and

mostCbpCampsCandCareCparticularlyCvellCsuited Forfuselas
_ ) - thermocoupleOamplifiers,0highCgainOfilters, Obuffer,Ostrain
Strain[GaugeBridge(Amplifiers gauge bridge@mplifiers@ndprecisionMoltagefeferences.

ThermocouplePreamplifiers

SumminglAmplifiers TheOtwoOtypesOinOtheJCA31930seriesaredfunctionally
Differential Amplifiers identical.CThe[TCA3193ACand[CA3193[bperate[fromsupply
voltages[0f@3.5VibE18V.

Bilateral[Current[$ources

. PartMumberhformation
LogAmplifiers

« Differential Woltmeters TEMP.O PKG.O
o PARTMUMBER | RANGEPC) PACKAGE NO.
» PrecisionVoltageReferences
. . CA3193AE -25[b[B85 8ILdIPDIP E8.3

» ActivelFilters

. Buffers CA3193E 0fb70 | 8LAPDIP E8.3

* Integrators

» Sample-and-Hold[Circuits

* Low[FrequencylFilters

Pinout

CA3193
(PDIP)
TOPIVIEW
\ )
OFFSETINULL [1] 8] N
INV.INPUT [ 2] > 7] v+
NON-INV.INPUT [ 3] p (6] outPuT
v- [4] 5] oFFSETMULL

CAUTION:Theseldevices(are(Sensitiveo[électrostaticldischarge; followproperICHandling[Procedures. FN 1249 4
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CA3193,[CA3193A

AbsoluteMaximumRatings

DCSupplylVoltage. . . . ..ot e +18V
DifferentialllnputVoltage [TTIITIIITIITTIIITIITITITIITIIITIIBV
DChputVoltage (LI LI LI I I T IIIII{V+4), V-
InputCurrent. CLLITITTTIIITTIIIITITIIITITTITITITTITITITIImA
OutputShort[Circuituration{{Note2) .LLLLLITITITITTITIndefinite

Operating[Conditions

Temperature[Range
CA3193A. [LLLLLLLLLLLLLL LI LI LI -25°C o B5°C
CA3193 . [ LI T T LI I 0 C b 70°C

Thermalhformation

ThermalResistance([{Typical, Note[1) 03a0°C/W)  0;cIPCIW)
PDIPPackage .LITTIIITIITITITIIIT] 100 N/A
Maximum@JunctionTemperature{Plastic(Package)JLLLLLLL 150°C
Maximum[StorageTemperature[Range [LLIIIIIII]-65°CHo150°C
Maximum(LeadTemperature{Soldering[10s) .LLLLIILLLIIT]300°C

CAUTION:[S$tresses@bovelthosellistedihMAbsolutelMaximumRatings”haydausepermanentldamagelfofheldevice. This[is[aStress[onlyfatingland[operation
ofltheldevicelatfheseldrlanylotherdonditions[@bovefhoselihdicatedlihfhe@perationalSectionsofthisSpecificationlisMotlimplied.

NOTES:

1. 6jalisMeasuredWwithifhe[@omponenthounted@nlan(évaluationPCboardlih{ree@ir.

2. Short@ircuitiayBe@pplieddoldroundorioleitherSupply.

Electrical[$pecifications

TAER5°C, Vg yppLy ER15V, UnlessOtherwiseSpecified

TEST CA3193 CA3193A
PARAMETER CONDITIONS SYMBOL MIN TYP MAX MIN TYP MAX | UNITS
InputOffsetVoltage[] Vo | 25°C Vio - 300 | 500 - 140 | 200 uv
TMAX - = 725 - - 380 mv
InputOffsetVoltagedemperaturel] AV|o/AT - a 50 - a 3 uv/oc
Coefficient[(Over[SpecifiedTem-
perature[(Rangefor[EachDevice)
Inputffset[Current 25°C ho - 5 10 - 3 5 MA
TMAX - - 17 - - 11 DA
Input@ffsetlCurrentldemperaturel} Allo/AT - 0.04 0.15 - 0.03 0.10 | nA/SC
Coefficient[(Over[SpecifiedTem-
perature(Rangefor[EachDevice)
InputBias[CTurrent 25°C I - 20 40 - 10 20 DA
TMAX - E 207 - E] 83 DA
InputBias[CurrentTemperature[} AL/AT - 0.15 3.70 - 0.10 1.18 | nA/°C
Coefficient
InputMoiseVoltage 0.10b0Hz eNP-P - 0.36 - - 0.36 - uVp.p
InputMoiseVoltageDensity fE0O0Hz eN - 25 - - 25 - nV/Hz
fF100HzZ - 25 - - 25 - InviHz
fF1000Hz . 24 - - 24 - |mvihz
frF10kHz - 24 - - 24 - | rvihz
frF100kHz - 22 - - 22 - | nvihz
InputMoise[Current 0.1{b[10Hz INP-P - 12 20 - 12 20 pPAp-p
InputMoise[CurrentDensity fiFA0Hz IN - 0.83 - - 0.83 - pA/\/E
fiF100Hz - 0.80 - - 0.80 - | pANHZ
fF1000Hz - 0.75 - - 0.75 - | panHz
fF10kHz - 0.72 - - 0.72 - | pANHZ
fF100kHz - 0.60 - - 0.60 - | pANHZ
Common-Mode(hputVoltaged Vicr -12 -13.50] 10 -12 -13.50 10 \Y
Range to11.5 to11.5
Common-ModeRejectionRatio | VemEN|cr CMRR 100 110 - 110 a1s B dB
- 3.16 10 - 1.78 3.16 uviv
PowerSBupply[RejectionRatiol] [PSRR 100 130 - 100 130 - dB
AV|p/AVE - [o316| 10 - [o36| 120 | pwv
Maximum[©utputVoltageSwing | R = 2kQ Vowm +13.0 | £13.5 - +13.0 | £135 - L\
Large-SignalVoltageGain R = 2kQ AoL 100 110 - 110 115 - dB
(Vo=10) R > 10kQ - 115 - - 125 - dB
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CA3193,[CA3193A

Electrical[$pecifications

TAER5°C, Vg ppLyER15V,WnlessOtherwiseSpecified [Continued)

TEST CA3193 CA3193A
PARAMETER CONDITIONS SYMBOL MIN TYP MAX MIN TYP MAX | UNITS

Short-CircuitlOutput[Currentio lomt.Tom-I  -25 17 25 -25 7 25 mA
the[@ppositeRail
Slew[Rate R| 2 2kQ,AyEF1 SR - 0.25 - - 0.25 - Vius
Gain-Bandwidth[Product Ao EDdB, R B2kQ,0 tfr - 1.20 - - 1.20 - MHz

C_E100pF,V|NyER20mVp_p,[

fE0kHz
Rise@nd[FallTime VINEROMVp_p,fZ0kHz tR - 0.29 - - 0.29 - us
Supply[Current R| e, Vg EFRE15V I+ - 2.3 35 - 2.3 35 mA

Test[Circuitsl@andWaveforms
_ ’VOUT’
100

100Q

10K 0
s AA
+15V
+10V 0
ov- —I— I: :l v
+10V out

VouTEViN

FIGURERA. TESTICIRCUIT

FIGURERA. TESTICIRCUIT

200pF

-15v Toprace: InputlVoltage, Bottom(Trace: OutputVoltage

Vertical(Scale:[10V/Div.,[Horizontal[Scale:[0.1ms/Div.

FIGURE[2B. RESPONSE[TOOkHz,20Vp_p[3QUAREVAVE
FIGURELR. INVERTINGIAMPLIFIER

0
Vout
J\_ZOODF 2K |
SIMULATED 0
LOAD

Top[drace: InputlVoltage;Bottom(Trace: OutputISVoItége
Vertical($cale:[10V/Div.;[Horizontal[Bcale:[0.1ms/Div.

FIGURE[BB. RESPONSETOR20Vp._p,[1kHz[SQUAREMWAVEINPUT
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Test[CTircuits[andWaveforms gcontinued)

FIGURER. VOLTAGEFOLLOWER

R LOWIPASS HIGHIPASS
Wv FILTER FILTER
2.2MQ +15V DCITOM0Hz 0.100010Hz

F— == =1

100Q
1%

P .

-15Vv

FIGUREMA. TESTICIRCUITED.1Hz[TOMOHz

FIGURE4B. OUTPUT[@IXNAVEFORME[(I)HZEI'OELOHZENOISE
FIGURE[4C. OUTPUTI(B)WAVEFORMED.1HzTOLOHzNOISE

FIGURE4. LOWFREQUENCYMNOISE

FunctionalBlockDiagram

2.3mA
BIASINETWORK I 7) v+
70uA 660uA Y 600uA Y
INPUT AET
/
/ OUTPUT
6pF
11
LA
OFFSET @
NULL
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Schematic[Diagrams
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OUTPUT

Ry LRz R3 Da
3K S3K 3K
Y b3 Ds
L o
A ¢
6'5—|_ Qs
Q3 | Q4 Q7
[
'—
Rll Ql QZ
b—ﬁ_‘ P!
T 1K —lm Q20
D
INPUTS
D
¢ RlZ 2 Rl4 >
\—e 3.7K
T K Q30
Do Q17
Q24 Q2s Q27 — Q19
2K ﬁ b1 o
18
Q25 Q28 Q2o b 6';(1)?2
T & 13
Q31
> Ri13
15K
T D14
:OFFSET:

NULL

FIGUREB. SCHEMATICIDIAGRAMIOFICA3193A[ANDICA3193
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Applicationhformation

Circuitescription

TheblockOdiagramUofCOtheJCA31930amplifierdshows(the
voltagelgain@ndBupplydurrentforléachoflitsfouramplifier
stages.[Bimplified[and[tomplete$chematicldiagrams[ofihe
CA3193@mplifierlarelSshownlihFiguresB@And[®,[fespectively.

AlOquadOofOphysicallydcross-connected ONPNOtransistors
comprisefhelinput-stageldlifferential(pair{Q1,[@-0On[Figures
5@nd[B);this@rrangementdontributesibihelbwlihputdffset-
voltageltharacteristics[bf(theamplifier.CThelultra-highCyain
providedliniheirstistage[&nsuresihatlsubsequenti3tages
cannotdsignificantlyO influenceOthe overallC offset-voltage
characteristics[oflthelamplifier. HighIbadimpedancesorihe
input-stageifferential Cpair[{Q1,Q2) Careprovidedbythe
cascode-connectedCPNPOransistors[1Q3,(Q50and[1Q4,[WQg,
thereby(@ontributingihelhighldainldevelopedlihihelstage.

Thelsecondistagelofthe@mplifier(tonsistsiof(aldifferential
amplifierlemploying®MOS/FETs[Q7,[@glih[FiguresB@EndD)
withOappropriate OdrainOloading. 0SincedQ70andOQg0are
MOS/FETs,theirdoadingOonCtheHfirstOstage CisOquite Cow,
therebylmakingCanCadditionalCtontributiontolthe Chigh[hain
developedlihihefirstiStage.ThelSecond(Stagelislalsoldonfig-
uredibl@onvertlis(differentialSignalfo@lsSingle-endeddutput
signallbymeansofléurrentiirrorDg,[Q3q[(FiguresBEANdB)
toldrive[Subsequent(dain(Stage.

ThethirdOstageUofCthe DamplifierCconsistsOofCDarlington-
connectedINPNransistors[{Q47,[Q1g0nFigures[bAndB),
drivingOtheOguasi-complementaryOClassCABCoutputCstage

OffsetWoltageMulling

(Q14EANdQ 1 5,[Q ghFiguresBAndB).[Output-stagelshort-
circuitCprotectionsCactivated by voltage[dropsCdeveloped
across(the®0Q@esistors[adjacentofhedutputierminal({Rg
andR1q,[Figure®).lVheniheloltageldropldeveloped@cross
eitherlofliheseMesistorseaches@potentialléqualfo1VgEg,
the[Mespectivelprotectiveransistor{Q1[0r[Q43)is[Activated
andShuntsliheBasedrivefromhebasesoffheButputiStage

transistorsQq4[@ndQ15,[@16).

Internal@requencyldompensationforthe[CA3193@amplifierfis
provided by twoll internal] networks,d alJ 6pF capacitor
connectedbetween(fhelinput-stagelfransistor[¢ollectorsand
thehode Detweenthelthirdland[odutputlstagesiandalsecond
network,consistingCofClaR0pFtapacitorCin[keriesCwith[a
7.5kQresistorconnectedhetweenthe DinputCandDoutput
nodes[offhefhirdStage.

OffsetWoltageMulling

Thelihputloffsetioltage[¢anbehulleddozerobyany[dflihe
threelethods[ShownlihhelfableBelow.[ALOK[potentiome-
terbetweenerminals[1E&nd®,with[iswiperieturnedoV-,
willCprovideAlyrossChullingforalltypes.[(FordinerChulling,
either[ofthe[btherwoltircuitstshownbelowlmay[bellised,
thuslprovidingSimplerlimproved(fesolutionfor@llfypes.

CAUTION: TheCA3193[amplifiersCwillCbe[damagedCif(theyllare
pluggedlintoloptampleircuitslémployingthullinglvith[(tespectfolihe
V+Supplybus.

\VA
R R R
OFFSETINULLING @
CIRCUITS R 10K 1K
TYPE RESISTORMRIVALUE RESISTORRIVALUE RESISTORMRIVALUE
CA3193A 10K 50K 10K
CA3193 10K 20K 5K

Gross[Offset[Adjustment

Finer[OffsetlAdjustments
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TypicallApplications

R>

R le
\ =V, |—+1l|—+V, |=—+1
ouT aR; Ry bR3

Ry Rz
ForﬂHeal[Resistorsmvith%— = =
2 4

R,
Vout = Vb—Va R_3+1
Vour _ [E§+1J
Vp=Va Rz

FORIVALUESRABOVE o1 Vp EV,) o)

A =

FIGUREX. TYPICALOWOOPRAMPBRIDGE-TYPEUO
DIFFERENTIALIAMPLIFIER

Rg
1K

RL
(0QITO[3.0kQ)
WITHVEAV
ALLRESISTORSAREQ%
IFR1ER3ANDR, =~R4FRg,[THEN
I ISINDEPENDENTIOFIVARIATIONSONR_
FOR[R| WVALUESOFDQ TOBKQWITHVEAV
I :&:M:l:wouA
L~ RgRy  (2M)(1K) = 2K

FIGURED. USINGICA3193ASIABILATERALICURRENTO
SOURCE

R2
AN
20K
R1
V1 o—AAA V,
lOK' ouT
R3
V2 RL
10K
20K -15v

ALLRESISTANCEVALUESIAREIN[OHMS.

ouT 2(Ry+R, R, 1R

R, R,
R, = Ry/Ry= Ryandle- = g~

R
_ 2
THEN Vg1 = (vz—vl)(R—J

Foralues@bovelVoyTFR2(V2EV1):

IfiA (s Tobeade AR, ER3ER4ER
withR>E0.999R((0.1%Mismatchih[R5)

ThenWocmED.0005V NOBrICMRREB6AB
Thus,fhe[CMRROffhis[GircuitisDimitedby
theatchingl@rhismatchingoffhisMetwork
rather(fhanthe@mplifier.

FIGUREB. DIFFERENTIALAMPLIFIERSIMPLEO
SUBTRACTER)WSINGITCA3193

RL

R R R
_ F F F
VouTt = —[R—lvl + R—ZV2 + R_3V3j

VOUTEEMZV]_'FDZVzB'ng)
ALLRESISTANCEIVALUESIAREINIOHMS.

FIGURENO. TYPICALSUMMINGIAMPLIFIERIAPPLICATION
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TypicallApplicationscontinued)

THERMOCOUPLE (e

e—o Vour

8.2K

A

Q 0-ImA

ALLRESISTORSIARE1%.
ALLRESISTORS[AREINOHMS.

FIGURENL. THEICA3193WSEDINAMTHERMOCOUPLEICIRCUIT

The CA31930 isO and excellentO choiced ford usel with
thermocouples.OInOFigured11,Cthe OCA31930amplifiesCthe

generated3ignallb00dimes.[Thelihree[22MQ[tesistors[will
providelfull-scalel@utputlififhethermocoupleldpens.

Typical[PerformancelCurves
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INPUTIOFFSETIVOLTAGEI[{uV)
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FIGUREOS3. INPUTIOFFSETWVOLTAGENSTIME
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TypicallPerformancelCurves continued)
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TypicallPerformancelCurves continued)
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FIGURER20. OPENILOOPIGAINMSTEMPERATURE
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INPUTIANDOUTPUTEXCURSIONS
FROMODTERMINALV)

INPUTIANDIOUTPUTEXCURSIONS
FROMDTERMINALZ (V)
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TAER25°C, WPPERBUPPLYVOLTAGE
FORICA3193ARANDICA3193 IS +18V
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Dual-In-Line[Plastic[Packages[(PDIP)

= E8.3[(IEDECMS-001-BAISSUED)
£1 S8ILEADMDMUAL-IN-LINEPLASTICIPACKAGE
INDEX _>%i 2 3 N/2 INCHES MILLIMETERS
R R AR symBoL [ MIN MAX MIN MAX |NOTES
IE A - 0.210 - 5.33 4
l«——D 4>1 |«—E—>] Al 0.015 - 0.39 - 4
BASE |
7 TV ) ! A2 0.115 | 0.195 | 2.93 4.95 -
PLANE VA2 A |
SEATING\;_ Ly | B 0.014 0.022 0.356 0.558 -
PLANE | AL € B1 0045 | 0070 | 1.15 177 | 8o
D1 >l A C 0008 | 0014 | 0204 | 035 | -
Bl —>|E| ec l— D 0.355 0.400 9.01 10.16 5
B -
e R B
0'010@'25)@')' c | A | B@ | B D1 0.005 0.13 5
E 0.300 0.325 7.62 8.25 6
NOTES: E1 0.240 | 0280 | 6.10 7.11 5
1. ControllingDimensions:(INCH.IhGase0fldonflictBetween o 0.100BSC > 54BSC N
EnglishiandMetricldimensions,fhelihchldimensions[dontrol. i ;
2. Dimensioningland(blerancingper[ANSIY14.5M-1982. €a 0.300[BSC 7.62BSC 6
3. Symbols@redefinedihfhe MO BeriesSymbol(ist"ihSection] e - 0.430 - 10.92 7
2.2[6fPublicationo.[95. L 0.115 0.150 2.93 3.81 4
4. Dimensions[A,[Al@nd[IL[@EreheasuredwithfhepackageSeated N 3 8 9
inLJEDECI(Seating(planelgaugeGS-3.
Rev.[0012/93

5. D,[D1,[@andE1[dimensionsldomotlihcludeoldflashidriprotru-
sions.[MoldflashCbrprotrusionsshallChot[exceed[D.0100nch
(0.25mm).

6. E@nd arelheasuredWithfheleads[@éonstrainedibbeper-
pendicular[tblﬂatum.

7. eg@nd@claremeasured@tiheleadifipsWithfheleadsincon-
strained.[@custBe(zerolorigreater.

8. Blhaximumidimensionsidomotlihcludeldambar(protrusions.C
Dambar[protrusions(Shallibot@éxceed0.0100hch[{0.25mm).

9. NistheMaximumbumberbfierminallpositions.

10. Cornerlleads[(1,M,M/2[@ndM/2F1)For[E8.3,[E16.3,[E18.3,00
E28.3,[E42.6[WillChave[A[B1[dimension[bf[0.0303(D.0450nch
(0.76E1.14mm).

70




