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OperationalAmplifiers consistof aninput stage,a gain stage,and
anoutputstage.

The simplestgain stageis a high-impedancenodeto which a
compensationcapacitoris connected.
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BLOCK DIAGRAM OF AN OPERATIONAL AMPLIFIER.

Both the input stageandthe outputstagecanhave two high-
impedanceterminals,two low-impedanceterminals,or oneof
each.Thereforetherearevoltage( | ), current( } ), andhybrid ( ~ )
inputandoutputstages.

The ~ input stagecanbeunderstoodasanextended} input stage
whoseanaloguegroundvoltageis notfixed,but canbesetthrough
an additionalterminal. The | outputcanalsobe extendedto a
hybrid stage.It copiesthecurrentflowing into thevoltageoutput
terminalto anadditionalcurrentoutputterminal.This techniqueis
calledoutput current sensing or supply current sensing.

The centrenodeof every opampis a high-impedancenode,
thereforeall input stagesneeda high-impedanceoutput(current
output)andall outputstagesneedahigh-impedanceinput (voltage
input). Theopampstagesmustperformthefollowing functions:

input stage outputstage| single-endedOTA voltagebuffer} currentbuffer balanced-outputOTA~ CCII � CCII �

FUNCTIONS OF THE OPAMP STAGES.

Theninepossiblecombinationsof stagesare:

CLASS COMMON NAME| –} operationaltransconductanceamplifier(OTA)| –| operationalamplifier(opamp)| –~ operationalfloatingamplifier(OFA)} –} current-modeopamp} –| operationaltransresistanceamplifier(OTRA)} –~ floatingOTRA~ –} current-feedback OTA (CFB OTA)~ –| current-feedbackopamp(CFB opamp)~ –~ operationalfloatingconveyor (OFC)

COMMON NAMES OF THE NINE OPERATIONAL AMPLIFIERS.

To our knowledge,thecurrent-feedbackOTA (CFB OTA) hasnot
beendicussedyet in theliterature.
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In thispaper, theCFBOTA andtheOFA arecomparedby using
themin a verysimpleapplication:A V–I converter.
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L INEAR VOLTAGE-TO-CURRENT CONVERTER WITH

OFA (TOP) AND CFB OTA (BOTTOM).
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Without the feedbackandthefeedbackresistorR, theOFA is
describedby

i1� i2� 0, � 3� A � ( � 1 � � 2), i4� � i3, A �� � ,

andtheCFBOTA is describedby

i1� 0, � 2� � 1, i3� � Ai i2, i4� Ai i2, Ai� � .

(Positivecurrentsareflowing into theamplifierterminals.)
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The CFB OTA andthe OFA aredual. Transposinga circuit
containingOFAs will resultin a circuit containingCFB OTAs,
andvice versa. Thusall applicationsthat weretheoretically
derivedfor theOFA canbetransposedinto applicationsof the
CFBOTA.
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Both circuits canbe built usingthe two stagesshown on the
right plusa compensationcapacitor.

The OFA hasthe single-outputOTA asits input stage,and
the CCII asits outpoutstage.The terminalY of the CCII is
connectedto thehigh-impedancepoint, its terminalX andZ are
theterminalsW andZ of theOFA. CC� 9pF.

TheCFB OTA hastheCCII at its input stageandthebalanced-
outputOTA asits outputstage;Z is connectedto V � .
CC� 2.5pF.
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Both circuitsweresimulatedwith BSIM 3v3 modelsthathad
provedto bereliablein two previouschip fabricationruns.
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TheCC werechosensuchthatthetwo circuitshave thesame
AC transferfunctionmagnitudeanda DC transconductance
of 520 � S.

ThesimulatedAC transferfunctionsshow thattheCFB-OTA
circuit hasthe smallerphaselag. This is so becausethe
outputsof theCFB OTA aresymmetrical,andthephaselag
is compensatedby feedback,whereasthe largephaselag in
the OFA circuit is therebecausethe currentmirrors M 61–
M 93 areoutsidethe feedbackloop. Of course,phaselag
compensationby feedbackhasimplicationson themaximum
speedof thecircuit. TheCC of theCFB OTA circuit cannot
bemademuchsmallerwithout compromisingthestability of
thecircuit, whereastheOFA circuit couldstill bemademuch
fasterby decreasingthevalueof CC.
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In theOFA circuit, thehigh-gain feedbackmakesthevoltage
differencebetweenthetwo inputsvery small,whereasin the
CFB-OTA circuit, the feedbackmakesthe currenti2 very
small. Thusthe OFA circuit will have the moreaccurate
voltagetransferfunctionfrom � 1 to � 2, while theCFB-OTA
circuit will have betterlinearity, becausethevoltagebuffer
conductsonly very little current. For the samereason,the
outputcurrentnoiseof thevoltagebuffer will play a larger
role in theCFB-OTA circuit thanin theOFA circuit, so the
CFB-OTA circuit will benoisier.

NOISE SPECTRA OF BOTH CIRCUITS.

Simulationsconfirm this qualitative analysis. Transient
simulationswith both circuits show that the THD for a
100-kHzsignalreaches1% for aninput signalmagnitudeof
7.8mV in theCFB-OTA circuit andonly 2.5mV in theOFA
circuit, which is a factorof 10dB lower. Lookingatnoise,one
finds,asexpected,thattheCFBOTA circuit is noisierthanthe
OFA circuit. Thefactorbetweenthetwo noisespectrashown
below is 8dB, thusif onelooksat theSNRat 1% THD, the
CFB-OTA circuit is only 2dB betterthantheOFA circuit.

AC TRANSFER FUNCTION OF BOTH CIRCUITS.
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M 11,M 21,M 31,M 41 15 � 1.8 � m
M 12,M 22 600 � 0.6 � m
M 13 45 � 7.2 � m
M 33,M 43 45 � 1.8 � m
M 51 13.5 � 1.8 � m
M 52,M 62 600 � 0.6 � m
M 53,M 63,M 73

M 83,M 93 45 � 1.8 � m
M 61,M 71,M 81,M 91 15 � 1.8 � m

SIZES OF ALL TRANSISTORS IN THE CIRCUITS.
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TRANSISTOR SCHEMATIC OF THE OTA.
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TRANSISTOR SCHEMATIC OF THE CCII .
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Theoreticaldiscussionsandsimulationsof anapplicationexampleshow thattheCFBOTA canhaveadvantages
over theoperationalfloatingamplifier(OFA). Specifically, a V–I converterbuilt with a CFB OTA is muchmore
linearthanthesamecircuit built with anOFA. Althoughit is not in any generalwaybetterthanany of theother
operationalamplifiers,theCFBOTA mayhaveadvantagesin specificapplications.Its introductionis almostfor
free,becausemostcurrentopampsfoundin theliteraturecanbeusedasCFB OTAs withoutaddingor re-sizing
a singletransistor.


