
Chipsmall Limited consists of a professional team with an average of over 10 year of expertise in the distribution

of electronic components. Based in Hongkong, we have already established firm and mutual-benefit business

relationships with customers from,Europe,America and south Asia,supplying obsolete and hard-to-find components

to meet their specific needs.

With the principle of “Quality Parts,Customers Priority,Honest Operation,and Considerate Service”,our business

mainly focus on the distribution of electronic components. Line cards we deal with include

Microchip,ALPS,ROHM,Xilinx,Pulse,ON,Everlight and Freescale. Main products comprise

IC,Modules,Potentiometer,IC Socket,Relay,Connector.Our parts cover such applications as commercial,industrial,

and automotives areas.

We are looking forward to setting up business relationship with you and hope to provide you with the best service

and solution. Let us make a better world for our industry!

Contact us
Tel: +86-755-8981 8866 Fax: +86-755-8427 6832

Email & Skype: info@chipsmall.com Web: www.chipsmall.com

Address: A1208, Overseas Decoration Building, #122 Zhenhua RD., Futian, Shenzhen, China

    



AN-735
APPLICATIONNOTE

OneTechnologyWay•P.O.Box9106•Norwood,MA02062-9106•Tel:781/329-4700•Fax:781/326-8703•www.analog.com

INTRODUCTION
TheEVAL-PRAOPAMP-1RJisanevaluationboardwhich
accommodatessingleopampsinSOT-23packages. It
ismeanttoprovidetheuserwithmultiplechoicesand
extensive flexibility for different applications circuits
and configurations. This board is not intended to be
used with high frequency components or high speed
amplifiers. However, it provides the user with many
combinationsforvariouscircuittypesincludingactive
filters, differential amplifiers, and external frequency
compensation circuits. A few examples of application
circuitsaregiveninthisapplicationnote.
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Figure1.SimpleLow-PassFilter

UniversalPrecisionOpAmpEvaluationBoardinSOT-23Package
byGiampaoloMarino,SoufianeBendaoud,andSteveRanta

LOW-PASSFILTER
Figure1isatypicalrepresentationofafirst-orderlow-
pass filter. This circuit has a 6 dB per octave roll-off
afteraclose-loop–3dBpointdefinedbyfC.Gainbelow
thisfrequencyisdefinedasthemagnitudeofR7toR2.
Thecircuitmightbeconsideredasanacintegratorfor
frequencies well above fC; however, the time domain
responseisthatofasingleRC,ratherthananintegral.

fC=1/(2R7C7);–3dBfrequency

fL=1/(2R2C7);unitygainfrequency

Acl=–(R7/R2);closeloopgain

R6shouldbechosenequaltotheparallelcombination
betweenR7andR2inordertominimizeerrorsdueto
biascurrents.
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Figure2.DifferenceAmplifier

DIFFERENCEAMPLIFIERANDPERFORMANCE
OPTIMIZATION
Figure2showsanopampconfiguredasadifference
amplifier. The difference amplifier is the complement
of the summing amplifier, and allows the subtraction
oftwovoltagesorthecancellationofasignalcommon
toboth inputs.Thecircuitshown inFigure2 isuseful
as a computational amplifier in making a differential
tosingle-endedconversionorinrejectingacommon-
modesignal.TheoutputvoltageVOUT iscomprisedof
twoseparatecomponents:

1. A component VOUT1 due to VIN1 acting alone (VIN2
shortcircuitedtoground.)

2. A component VOUT2 due to VIN2 acting alone (VIN1
shortcircuitedtoground.)
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Thealgebraicsumofthesetwocomponentsshouldbe
equal toVOUT.Byapplyingtheprinciplesexpressed in
theoutputvoltageVOUTcomponents,andbylettingR4
=R2andR7=R6,then:

VOUT1=VIN1R7/R2

VOUT2=–VIN2R7/R2
VOUT=VOUT1+VOUT2=(VIN1–VIN2)R7/R1

Difference amplifiers are commonly used in high
accuracycircuitstoimprovethecommon-moderejec-
tionratio,typicallyknownasCMRR.

For this type of application, CMRR depends upon how
tightlymatchedresistorsareused;poorlymatchedresis-
torsresultinalowvalueofCMRR.

Toseehowthisworks,considerahypotheticalsource
oferrorforresistorR7(1–error).Usingthesuperposi-
tionprincipleandlettingR4=R2andR7=R6,theoutput
voltagewouldbeasfollows:
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From this equation, ACM and ADM can be defined as
follows:

ACM=R7/(R7–R2)error

ADM=R7/R2{1–[(R2+2R7/R2+R7)error/2]}

Theseequationsdemonstrate thatwhen there isnotan
errorintheresistorvalues,theACM=0andtheamplifier
respondsonlytothedifferentialvoltagebeingappliedto
itsinputs;undertheseconditions,theCMRRofthecircuit
becomeshighlydependentontheCMRRoftheamplifier
selectedforthisjob.

As mentioned above, errors introduced by resistor
mismatchcanbeabigdrawbackofdiscretedifferential
amplifiers,buttherearedifferentwaystooptimizethis
circuitconfiguration:

1. ThedifferentialgainisdirectlyrelatedtotheratioR7/
R2;therefore,onewaytooptimizetheperformance
ofthiscircuitistoplacetheamplifierinahighgain
configuration. When larger values for resistors R7
andR6andsmallervaluesforresistorR2andR4are
selected, thehigher thegain, thehigher theCMRR.
Forexample,whenR7=R6=10k,andR2=R4=1k,
anderror=0.1%,CMRRimprovestobetterthan80dB.
For high gain configuration, select amplifiers with
verylowIbandveryhighgain(suchastheAD8551,
AD8571,AD8603,andAD8605)toreduceerrors.

2. Select resistors thathavemuch tighter toleranceand
accuracy.Themorecloselytheyarematched,thebetter
theCMRR.Forexample,ifaCMRRof90dBisneeded,
thenmatchresistorstoapproximately0.02%.

CURRENT-TO-VOLTAGECONVERTER
Currentmaybemeasuredintwowayswithanopera-
tionalamplifier.Currentcanbeconvertedtoavoltage
with a resistor and then amplified or injected directly
intoasummingnode.
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Figure3.Current-to-VoltageConverter

Figure3isatypicalrepresentationofacurrent-to-voltage
transducer.Theinputcurrentisfeddirectlyintothesum-
mingnodeandtheamplifieroutputvoltagechangesto
exactlythesamecurrentfromthesummingnodethrough
R7.ThescalefactorofthiscircuitisR7voltsperamps.
TheonlyconversionerrorinthiscircuitisIBIAS,whichis
summedalgebraicallywithIIN.
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Figure4.BistableMultivibrator
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Figure5.OutputResponse

GENERATIONOFSQUAREWAVEFORMSUSINGA
BISTABLEMULTIVIBRATOR
Asquarewaveformcanbesimplygeneratedbyarrang-
ing theamplifier forabistablemultivibrator toswitch
statesperiodicallyasFigure5shows.

Oncetheoutputoftheamplifierreachesoneoftwopos-
siblelevels,suchasL+,capacitorC9chargestowardthis
levelthroughresistorR7.ThevoltageacrossC9,which
isapplied to thenegative input terminalof theampli-
fierdenotedasV–, thenrisesexponentially towardL+
withatimeconstant=C9R7.Meanwhile,thevoltage
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atthepositiveinputterminaloftheamplifier,denotedas
V+ = BL+. This continues until the capacitor voltage
reaches the positive threshold VTH, at which point
thebistablemultivibratorswitches to theotherstable
state inwhichVO=L–andV+=BL–.This isshown in
Figure5.

Thecapacitorthenbeginstodischarge,anditsvoltage,
V–,decreasesexponentially towardL–.Thiscontinues
untilV–reachesthenegativethresholdVTL,atwhichtime
thebistablemultivibratorswitchestothepositiveoutput
state,andthecyclerepeatsitself.

Itisimportanttonotethatthefrequencyofthesquare
wavebeinggenerated,fO,dependsonlyontheexternal
componentsbeingused.AnyvariationinL+willcause
V+tovaryinproportion,ensuringthesametransition
timeandthesameoscillationfrequency.Themaximum
operating frequency is determined by the amplifier
speed, which can be increased significantly by using
fasterdevices.

Thelowestoperatingfrequencydependsonthepractical
upperlimitssetbyR7andC9.

UsingthenameconventionoutlinedonthePRAOPAMP
evaluationboard, the followingcircuit shouldbecon-
nectedasfollows:

B=R4/(R4+R9);feedbackfactor(noninvertinginput)

T=2R7C9ln((1+B)/(1–B));periodofoscillation

fO=1/T;oscillationfrequency
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Figure6.SeriesResistorCompensation

���

���� ����������

�
�

�
�

�
�

�
��

��
�

�
��

��
�

�� � ����
�� � ���

Figure7.CapacitiveLoadDriveWithoutResistor
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Figure8.CapacitiveLoadDrivewithResistor

EXTERNALCOMPENSATIONTECHNIQUES
SeriesResistorCompensation
The use of external compensation networks may be
requiredtooptimizecertainapplications.Figure6 isa
typicalrepresentationofaseriesresistorcompensa-
tionforstabilizinganopampdrivingcapacitiveload.The
stabilizingeffectoftheseriesresistorisolatestheopamp
output and the feedback network from the capacitive
load.Therequiredamountofseriesresistancedepends
onthepartused,butvaluesof5to50areusually
sufficienttopreventlocalresonance.Thedisadvantages
of this techniqueareareduction ingainaccuracyand
extradistortionwhendrivingnonlinearloads.
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Figure9.SnubberNetwork
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Figure10.CapacitiveLoadDriveWithoutSnubber
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Figure11.CapacitiveLoadDrivewiththeSnubber

SnubberNetwork
Anotherwaytostabilizeanopampdrivingacapacitive
loadiswiththeuseofasnubber,asshowninFigure9.
Thismethodpresentsthesignificantadvantageofnot
reducing the output swing because there is not any
isolation resistor in the signal path. Also, the use of
the snubber does not degrade the gain accuracy or
cause extra distortion when driving a nonlinear load.
TheexactRSandCS combinationscanbedetermined
experimentally.
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Figure12.EVAL-PRAOPAMP-1RJElectricalSchematic

Figure13.EVAL-PRAOPAMP-1RJBoardLayoutPatterns
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