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Abstract of the paper — The current-feedback OTA (CFB OTA) recently appeared in a new classification of operational amplifiers. It is dual to the operational floating amplifier (OFA), so all OFA circuits can readily be
transposed into CFB OTA circvits. This paper discusses the theoretical basis of the CFB OTA, shows its relation to the OFA, and compares their performance in a simple V-l converter by showing how both can be built with
the same two transistor stages. The advantages and disadvantages of the CFB-OTA implementation are discussed as well, but the main advantage of introducing the CFB OTA is that its introduction is virtually for free: most
current opamps from the literature can be converted into CFB OTAs by re-wiring their input stage, without adding or re-sizing a single transistor.
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Operational Amplifiers

OperationaAmplifiers consistof aninput stage a gain stage and
anoutputstage.

The simplestgain stageis a high-impedanceodeto which a
compensatioapacitoris connected.
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BLOCK DIAGRAM OF AN OPERATIONAL AMPLIFIER.

Both the input stageand the outputstagecan have two high-
impedanceerminals,two low-impedanceerminals,or one of
each.Thereforetherearevoltage(v), current(r), andhybrid (&)
inputandoutputstages.

TheH input stagecanbe understoocasan extended: input stage
whoseanaloguegroundvoltageis notfixed, but canbesetthrough
an additionalterminal. The v outputcanalsobe extendedto a
hybrid stage.It copiesthe currentflowing into the voltageoutput
terminalto anadditionalcurrentoutputterminal. This techniques
calledoutput current sensing or supply current sensing.

The centrenodeof every opampis a high-impedancenode,
thereforeall input stageseeda high-impedanceutput(current
output)andall outputstagesieeda high-impedancénput (voltage
input). Theopampstagesnustperformthefollowing functions:
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single-ende®TA
currentbuffer
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outputstage
voltagebuffer
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FUNCTIONS OF THE OPAMP STAGES.

Thenine possiblecombinationof stagesare:

CLASS COMMON NAME

v operationatransconductancamplifier (OTA)
V-V operationabmplifier (opamp)

V-H operationafloatingamplifier (OFA)

-1 current-modepamp

-V operationatransresistancamplifier (OTRA)
I—H floating OTRA

H- current-feedback OTA (CFB OTA)

H-V current-feedbackpamp(CFB opamp)

H-H operationafloating corveyor (OFC)

COMMON NAMES OF THE NINE OPERATIONAL AMPLIFIERS.

To our knowledge the current-feedbacloTA (CFB OTA) hasnot
beendicussed/etin theliterature.

Current-Feedback OTA and Oper-
ational Floating Amplifier

In this paperthe CFB OTA andthe OFA arecomparedy using
themin avery simpleapplication:A V-I corverter
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LINEAR VOLTAGE-TO-CURRENT CONVERTER WITH
OFA (Top) AND CFB OTA (BOTTOM).

Equations

Without the feedbackandthe feedbackresistorR, the OFA is
describedby
Ay — o0,

i1=i2=0, vg=Ay(v1—v2), ig=—i3,

andthe CFB OTA is describedy

i1=0, vp=v1, ig=—Ajip ia=Aiz2 A — o0

(Positive currentsareflowing into the amplifierterminals.)

Duality

The CFB OTA andthe OFA aredual. Transposinga circuit
containingOFAs will resultin acircuit containingCFB OTAs,
andvice versa. Thusall applicationsthat weretheoretically
derived for the OFA canbetransposedhto applicationsof the
CFBOTA.

Construction

Both circuits canbe built usingthe two stagesshavn on the
right plusa compensatiogapacitor

The OFA hasthe single-outputOTA asits input stage,and
the CClI asits outpoutstage. The terminal Y of the CCll is
connectedo the high-impedancgoint, its terminalX andZ are
theterminalsW andZ of the OFA. Cc = 9pF.

TheCFB OTA hasthe CClI atits input stageandthebalanced-
outputOTA asits outputstageZ is connectedo V ;..
Cc = 2.5pF.

Comparison

Both circuitsweresimulatedwith BSIM 3v3 modelsthathad
provedto bereliablein two previouschip fabricationruns.

Transfer Function

The Cc werechosersuchthatthe two circuits have the same
AC transferfunction magnitudeanda DC transconductance
of 520pS.

ThesimulatedAC transferfunctionsshav thatthe CFB-OTA
circuit hasthe smallerphaselag. This is so becausehe
outputsof the CFB OTA aresymmetricalandthe phaseag
is compensatetly feedbackwhereashe large phaselagin
the OFA circuit is therebecausehe currentmirrors M 61—
M 93 areoutsidethe feedbackoop. Of course phaselag
compensatioiby feedbackhasimplicationson the maximum
speedof the circuit. The Cc of the CFB OTA circuit cannot
be mademuchsmallerwithout compromisinghe stability of
thecircuit, whereaghe OFA circuit couldstill bemademuch
fasterby decreasinghevalueof Cc.

Harmonic Distortion and noise

In the OFA circuit, the high-gain feedbackmalesthe voltage
differencebetweerthe two inputsvery small,whereasn the
CFB-OTA circuit, the feedbackmalesthe currentip very
small. Thusthe OFA circuit will have the more accurate
voltagetransferfunctionfrom v; to v, while the CFB-OTA
circuit will have betterlinearity, becausehe voltagebuffer
conductsonly very little current. For the samereasonthe
outputcurrentnoiseof the voltagebuffer will play a larger
role in the CFB-OTA circuit thanin the OFA circuit, sothe
CFB-OTA circuitwill benoisier
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NOISE SPECTRA OF BOTH CIRCUITS.

Simulationsconfirm this qualitatve analysis. Transient
simulationswith both circuits shav thatthe THD for a
100-kHzsignalreachedl % for aninput signalmagnitudeof
7.8mV in the CFB-OTA circuit andonly 2.5mV in the OFA
circuit, whichis afactorof 10dB lower. Looking atnoise,one
finds,asexpectedthatthe CFB OTA circuit is noisierthanthe
OFA circuit. Thefactorbetweerthe two noisespectrashovn
below is 8dB, thusif onelooksatthe SNRat1% THD, the
CFB-OTA circuitis only 2dB betterthanthe OFA circuit.

Transistor Dimensions

M11,M21,M31,M41

M12,M 22

M13

M 33,M 43

M51

M52,M 62

M53,M63,M 73
M83,M 93

M61,M71,M81,M91

15x 1.8um
600 x 0.6 um
45 x 7.2um
45 x 1.8um
13.5x 1.8 um
600 x 0.6 um

45 x 1.8um
15x 1.8 pum

SIZES OF ALL TRANSISTORS IN THE CIRCUITS.

AC TRANSFER FUNCTION OF BOTH CIRCUITS.

Bias Current: 40pA perbranch.

Circuits used for the simulation

current
bias

TRANSISTOR SCHEMATIC OF THE OTA.

M71 M8iE]H*

TRANSISTOR SCHEMATIC OF THE CCII.

Conclusion

Theoreticaldiscussiongndsimulationsof anapplicationexampleshav thatthe CFB OTA canhave advantages
over the operationafloatingamplifier (OFA). Specifically a V—I corverterbuilt with a CFB OTA is muchmore
linearthanthe samecircuit built with anOFA. Althoughit is notin any generalway betterthanary of theother
operationabmplifiers,the CFB OTA mayhave advantagesn specificapplications ts introductionis almostfor
free,becausenostcurrentopampsoundin theliteraturecanbe usedasCFB OTAs without addingor re-sizing
asingletransistor
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