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SUMMARY A ft111y－di斤もrentialswitched－Current（SJ）cir－

Cuitprovidedwithclock－fbedthrough（CFT）andcomm。nm。de

rqectionando斤もetcompensationschemesisdescribed．Difrtrent

什om a conventional SI memory cell，it takes the difftrence

between two difftrentiallnputS tO deliver the balanced

di能rential currents・Transistorlevel simulations and error
analysesareglVentOdemonstrateitsperfbrmance．
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1．Introduction

The clock－ftedthrough（CFT）and common mode

rqjection（CMR）ofinterftrencesignalsandtheoffset

CPmPenSationareessentialwhenswitched－Current（SI）

ClrCultS are uSed fbr high accuracy analog slgnal

processingin noISy digital environments．Many

SChemesarP．prOpOSedfbrPuChataskllH3］，butthe

mostpromlSlngCandidatelSthefully－difftrentialstruc－

ture・　However，the fully－di能rential structures

proposedsofbrarelimitedonlytotheSImemorycells

Which deliver the delayed replicas of balanced

di能rentialinputcurrents［4］，［5］．

Asknown什omswitched－CaPaCitorcircuitexperi－

ence，aSubstantialrqectionofallerrorfbctorsinclud－

lngthepowerrailnuctuationispossibleonlywhenthe

Circuithasatrulydi能rentialarchitecturewhichtakes

thedifftrencebetweentwobalancedinputstodeliver
thebdancedoutputs．

Thisletterdescribessuchanarchitecturedesigned

basedontheCFT－COmPenSatedmemorycell・

2・CircuitDescriptionandOperation

Figurelshowsthecircuitdiagramorthememorycell
used fbrthe fully－di能rentialST circuit．The cellis
designedbasedontheconventionalcircuit［1］，butthe

CircuitconfigurationismodiBedsuchthattheoutput

CurrenthasthesamepolarltyaStheinputandthatthe

CFT cancellation can be realized with the smaller

Current－mirror ratio・In the cell，the CFT erroris

Causedbythecapacitivecouplingoftheclocksignal¢

through parasitics and thechargetransftr什om the

SWitchtransistorchannelstothegatecapacitancesof
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thememorytransistors・Inafirst－Orderapproximation，

theerrorvoltageisinverselyproportionaltothegate

CapaCitancel6］・LettheCFTvoltageatthegateofMl

be竹・TheCFTvlotageslbT2andKFT3appearingat

thegateorM2andM3，reSpeCtively，WhenMslandMs2

areturnedoffarethenrepresentedby

咤Fr2＝咤／α1，　　　　　　　　　　　（1）

KFr3＝咤／偽，　　　　　　　　　　　（2）

Wherethecurrent－mirrorratiosaland（わareaSSumed

realized by scaling the gate widths of M2and M3

appropriately・TheCFTvoltagesgivenby（1）and（2）

are superposed upon the gate voltages storedin the

precedingphase，andthus vGS2＝V。Sl一作／aland vGS3

＝VGSl一作／cb・AssTingthatalltransistorsexcept

theswitchesoperatelnthesaturationreglOnandthe

Channellength modulationis negligible，the drain
CurrentS Can be written as

ら1＝J＋乃＝争V。51一軒，　　（3）

ら2＝ら4＝ら5＝α1（J＋扇）

＝仇今（vcSl一帖一志咤）2，　（4）

ら3＝偽（八㍍）＝d勲vc51一打一志可2，（5）

WhereJis the bias current，β1＝FLC。〟（W／L）1，and

VTl＝VT2＝VT3＝VTisassumed・Theoutputcurrent

isthenglVen by

左か＝ら5－ら3－（仇一助）J

1　　　rl1　　－17

Fig・l CircuitdiagramoftheSImemorycell・
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Fig．2　Proposed rully－di能rentialSIcircuit．

＝（α1一助）い（忘一志）今咋・（6）

It should be mentioned that while the memory cell

CanCells the slgna1－dependent CFT component，the

COnStantCFTcomponentisle丘uncancelled．

Figure2shows the proposed fully－di斤もrentialST

Circuit．ItconsistsofthetwoSImemorycellsdescribed

above and current summing circuits which take the

di能rencebetweenもandも．Assumingmatchedmem－

Ory Cells and matched summing circuits，the output

CurrentS areglVen by

定√＝ムーら＝（仇一助）（gi乃＋一㍍‾），　　　　（7）

なびと‾＝あーム＝－（仇一助）往乃＋－fi乃‾），　　　（8）

Whereiin＋andiin－are the di能rentialinput slgnals

includingthecomP0り－mOde（CM）component・The
CurrentSummingclrCultSthuscanceltheconstantCFT

COmpOnent and CM slgnal．The slgnal－dependent

CFT component has been already cancelled by the

memory cells．Therefbre，the fully－di能rentialSIcir－
Cuitin Fig．2eliminates allthe error sources，aS re－

questedfbrhighperfbrmanceanalogslgnalprocessing

applications．

3．Perfbrmance Estimates

The operation of the proposed circuit has been

Simulated usingSABER，Withleve12MOS transistor

model fbr al．2FLm Standard CMOS process．All

SWitcheshavethedimensiopsl・2／1・2FLm（W／L）while
the diode－COnneCted transIStOr MllOO／10FLm．The
Current mirror ratiosαl and a2are Set tOl and O．5，

respectively．Allsimulations were perfbrmed suppos－

inga5VpowersupplyandabiascurrentJ＝100FLA．

Figure3showsthe balanced output currents fbr bal－

ancedsinusoidalinputswith20FLA amplitudeandlO

FLACMoffget．Thesamplingftequencyis500kHz．It

Can beseen thatthecircuit outputs are well－balanced

due to a substantial reduction of the CM and CFT
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Fig．3　Simulation resultsoroutputcurrents．
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Fig．4　Simulation resultsofCFTerrors．

COmpOnentS．Figure4shows more detailed measure－

mentsoftheCFTerrors．TheinputisthePWLsignal

SamPledatlOOkHz什equency．Thelowertracesshow

the CFT errorsin the memory cells．Di能ring什om

（6），theerrorscontainthesi号nal－dependentcompo－
nent．ThisisbecauseEq．（1）glVeSOnlythefirstorder

approximation．The upper traces show that the con－

Stant CFT components are completely cancelled and

nooffseterrorsappearattheoutputswhenitn＋＝itn－＝

0．TheresidualCFTerrorsarelessthan O．05％overthe

range flom－20FLA to20pA．This residualerror

decreases withincreasingbiascurrent．

In apracticalcondition，nOn－ideale能ctssuchas
transistorgaln errOrand threshold mismatch degrade

these simulated perfbrmances．Their e能ct on the
CMR can be estimatedin terms ofthe mismatch error

incurrentmirrorsinvoIvedinthememorycellsandthe

CurrentSummingcir？uits・Reftrringto（7）andnoting
thattheCMinputslgnal左Misdefined by

左〝＝往乃十十古刀‾）／2，　　　　　　　　　　（9）

onecanderivethefbllowlngeXPreSSionfbrtheresidual

CMcomponent∂hMintheoutputcurrent：

∂左〝＝（E〟＋ES）左〟／2，　　　　　　　　（10）

where EM denotes the mismatch between the current

transfbrgalnSOfthememorycellsandEsisthatofthe
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CurrentSummingblocks・Theseerrorsareindependent
each other and are evaluated to be O・4％and O．2％，

respectively，什omthecurrent－miTrOrratiPerrOrl4］・
Therefbre，the CMRin a practlCal envlrOnmentis
estimated to be53dB．

Thenon－idealcurrentmirrorsinthememorycells

also produce the uncancelled signal－dependent CFT

COmpOnent∂左FTWhichisgiven，tOfirstorder，by

∂左Fr＝
2ど45（ノ十㍍）咤

Vc51－rr （11）

WhereE45isthecurrent－mirrorratioerrorbetweenM4

andM5inFig・1・AtypicalvaluesorE。5isO．14％［4］．

Bysubstitutingtheparametervaluesusedinthesimu－

1ations，蝕FTisevaluatedto be7nA．Becauseofthe
two uncorrelated memorycells，theslgnal－dependent

CFTcurrentorlOnAissuperposedon左，ut＋andらut

in Fig・4・The SNR wheniin＝20FLAis therefbre

estimatedtobe63dBinpractice．

4．Conclusions

Anewarchitecturefbrfully－di能rentialSIcircuitwas
proposed・Becauseofitshighrqectioncapabilitiesof

CFT and CM errors，it will be quite useful as a

buildingblock fbrBlters，D／A and A／Dconverters．

Adoptlng the fblded cascode structure will further

improveitsperfbrmance．
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