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roughCompensated Switched－Current

Hyeong－WooCHA†ISatomiOGAWA†，

SUMMARY Aclock－fbedthrough（CFT）compensationtech－
nlqueuSingadummycellisva］idwhentheCFTcurrentn・Oma

SWitched－Current（Sりmemorycellissignal－independent．Based
Onthisidea，aSIdummycellapproprlatefbrtheS2Icellisde－

Veloped・SimulationsshowthattheCFTrqectionratioashigh

as60dBisattainableoverthetemperaturerange什om－300cto

800Cwiththisarchitecture・TheCFT－COmPenSatedSTcellpro－

POSedhereis，therefbre，quiteusefulfbrhigh－aCCuraCy，Current－
modeslgnalprocessing・

点呼仰r血　C〟仰〃′一明0滋∫如α／叩Ce∬′〃＆52′仰仰γCe耽
C加え丞edJか仙gカco叩Je〝∫α血〃

1．Introduction

A switched－Current（Sl）cellisanop－ampequivalent

incurrent－mOde，SamPled－analogsignalproFeSSing［1］，
［2］・Theperfbrmanceofthesecond－generatlOnSl。ell

as a building blockcan bemeasuredin termsofthe

input／outputconductanceratioandthee，r。r。ment

duetoclock－ftedthrough（CFT）［3］．Thedesigntech－

nlquetO realize the high conductance ratio has been

establishedbytheregulatedcascodeconBguration，and

thusreduclngtheCFTerrorisnowessentialfbrhigh－
accuracyslgnalprocessing・

TheCFTerrorinaSIcellorlglnateSftomthose

portionsofthecontroIslgnalandthechannelchargeof

aswitchtransistorwhichchargethegate－tO－SOurCeCa－

pacitorCGSOfamemorytransistor．TheresultantshiR

inthegate－SOurCeVOltageproducestheerroneousdrain

CurrentrefもrredtoastheCFTcurrent・Thisvoltage－tO－

Currentconversionisnonlinearwhenamemorytransis－

toroperatesinthesaturationreglOn，Whichmakesthe

CFTcurrenthighlydependentontheinputslgnaland

invalidatestheCFTcompensationmethodsproposed

fbrswitched－CapaCitor．circuits［4］・

Tbeliminatetheslgna1－dependenceisthemostcru－

CialfbrsubstantialrqectionoftheCFTcurrent，because

theslgnal－independentcomponentcanbecancelledby

thedummycellmethod［5］，［6］．Suchfirst－gene，ati。。

SIcellshavealreadybeendeveloped［7］，［8］・Thispa－

perdescribesaCFT－COmpenSatedsecond一generationSI

Celldesignedbasedontheaboveidea．Thebasicblock

istheS2Icell［9］・Adummystageappropriatefb，the

S2IcelliscombinedtosubstantiallyreducetheCFTer－
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ror・Theoperationandtheperfbrmanceestimateswill

bedescribedinthefbllowings・

2・CFT－CompensatedS2ICell

Figurel（a）showsabasicSIcellandtheprinciples

OrCFTcancellation・Thebasiccellsamplestheinput

Signalcurrentiirlinthesamplephasewhen¢S＝“1，，，

holdsitduring¢S＝“0，”anddeliversittothel。ad

When¢h＝“1・’’ThecurrentiM deliveredtothel。ad

includestheerrorcomponent6M Whichiscausedby

theCFTchargestoredintoCGSOramemorytransistor

Ml・If6MISSlgnal－independentandcanberegarded

astheo斤もetcurrent，itcanbecancelledbyproviding

thedummycellwhoseoutputcurrent6c counterbal－

ances6M・AtyplCalconfigurationofthedummycellis

ShowninFig．1（b）．

A CFT－COmpenSated SIcelldesigned based on

theabove－mentionedprlnCiplesofCFTcancellationis

ShowninFig・2（a）・Here，MlandM6fbrmthec。arSe

Stage，andM2andM5fbrmthefinelstageoftheS2I
Cellwiththecascodeconfiguration・M3andM4fbrm
thefine2stagewhichfunctionsasthedummycellmir－

roredwiththe伽elstage・Thefine2stagetakesthe
SameCOnfigurationasthatofthefinelstagesothatits

OutPutCurrenti2CanCelstheCFTcurrentn・Omthefine

lstageoverthewidetemperaturerange・Thecascode

CurrentmirrorM7－MlOisprovidedfbrpolarlty．nVer－
Sion ofi2・Allthestages and thecurrent mirrorare

assumedoperatinglnthesaturationreglOn・Sl，S4，SG，

andS7arenMOSswitches，WhileS2，S3，andS5are

pMOSswitches・Theseswitchesarecontrolledbyclock
SignalswhosetimingisshowninFig．2（b）．

TheoperationofeachstageisasfbHows：

（a）　　　　（b）

Fig・1AschematicdiagramofaCFT－COmPenSatedSTcell（a）
andadummy－Cellconfiguration（b）．
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（i）4）1＝¢1a＝“1”phase：Thecoarsestagesamples

iin・Mirroredwiththefine2stage，thefinelstage
OPerateSaSCurrentSOurCetO PrOVidethebiascur－

rentJltOthecoarsestage・Thenne2stageoperates

astheloadofthecurrentsourceJl．Thedraincur－

rentofeachstageisthusglVenby

b1＝Jl＋症，わ2＝Jl，豆D3＝Jl　　　　（1）

（ii）4）1＝4）1b＝“1’’phase：SinceSlisturnedo軋the

COarSe Stage generateS the CFT current61．S4is

Still“on”to keepLin nOWlng through thecoarse

Stage・The甫nel stageis nowisolated丘om the

餌e2stagebecauseS5isH0仔，，，andoperatesasthe

loadofthecoarsestagesinceS2isturnedon．The

fine2stage keeps the operationin thepreceding

Phase・Thecurrentofeachstageistherefbre

b1＝Jl＋信一∂1，わ2＝J1－∂1，毎3＝Jl（2）

（iii）4）2＝“1”phase：Thecoarsestageisnowisolated

n・omtheslgnalsourceandoperatesasthesinkcur－

rentsource．SinceS2andS3areturnedo仔，thefine

landfine2stagesgeneratetheCFTcurrent62and

63，reSpeCtively・ThecurrentflOwingeach stageis

thenglVenby

bl＝Jl＋信一∂1，わ2＝J1－∂1＋∂2，

毎3＝Jl＋∂3，andj2＝∂3．　　　　　　　（3）

ThecurrentmirrorstageconsistingofM7andMlO

deliversthepolarlty－lnVertedi2tOtheoutputter－

minal．Theoutputcurrenti。。tistherefbre

jmIt＝豆D2－bl一五2＝一症＋∂2－∂3．　　（4）

¢1

¢1a

≠1b

¢2

（b）

Fig・2　ThecircuitdiagramoftheCFT－COmPenSatedSIcell（a）

andtimingdiagramorclocksignals（b）．

IEJCETRANS・FUNDAMENTALS，VOLE80LA，NO・6JUNE1997

Itshouldbenotedthattheslgnal－dependentCFT

61doesnotappearattheoutput・62isglVenby

∂2＝偏（監）一昔（監）2，（5）
WhereiD2．＝J1－61，β2isthegainfhctororM2，

andQf21StheCFTchargestoredinCGS2．63is

alsogivenby（5）withthesubscript2replacedby

3・SinceJl≫61，62ishardlydependentonthe

inputslgnal・Therefbre，uSingmatchedtransistors

fbrthefineland2stages，OneCanSubstantially
reducetheCFTerrorwiththis architecture．

3．Perfbrmance Estimates

Theperfbrmanceofabove－describedCFT－COmpenSated

SIcellhavebeenPimulatedusingSABER［10］，With

leve1－2MOS transIStOr mOdelfbr al・2FLm Standard
CMOS process・The aspect ratio ofeach transistor

islistedin Tablel・Supply and bias voltages are：

VDD＝5V，Vss＝OV，andVB＝VDD／2．Thecurrent

SOurCeSJlandJ2areCOmpOSedofthecascodecurrent

mirrors，andtheirvaluesaresetto200pAand50FLA，

respectively・Thefrequencyofclock¢1is2MHz．

Figure3shows wavefbrms observedin the CFT＿

COmpenSated cell when theinput slgnal currentis

180FLA・It can be seen that thecurrentiDlflOwlng

through thecoarsestageisJl＋iin＝380pAinthe

¢1＝¢1a＝”1”phaseanddecreasesbytheCFTcurrent

inthesubsequentphase．Inthe4）2phase，thecoarseand

finelstagesdeliveril＝iin＋62＝182・26pA，andthe

fine2stagedelivers63＝2・26FLAwhichcounterbalances

theCFTcomponent62＝2・26FLAinil．Theresultant

Outputi。。tlStheexactreplicaofiin．Thisobservation

COnfirmstheoperationdescribedintheprevioussection・

Figure4showstheCFTcurrent62fromthefinel

Stageandtheresidualerror△6＝62－63aSafunction

Oftheinputslgnalcurrent・Figure5showstheirtem－

perature dependence wheniin＝40〃A・Due mainly

to the variationinthethreshold voltage，62increases

Withtemperaturewiththecoe餌ci9ntOf4，400ppm／OC・

Thefine2stagealsohasthesametemperaturedepen－

dence，becauseoftheidenticalconfiguration，tOreduce

thetemperaturecoefncientof△6to2ppm／OCoverthe

Tablel Transistordimensionsused fbrsimulation．

Transistor W （匹m ） L（Pm ）

M l 36 4．8

M 2 64 4．8

M 3 64 4．9

M 4，M 5 60 1．2

M 6 ZO 1．2

M 9，M lO 100 10

M 7 ，M 8 30 2

S 1－S 3，S5 1．2 1．2

S4，S6 ，S 7 12 1．2
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Fig・3　CurrentwavefbrmsobservedintheCFT－COmPenSated
SI ce廿
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Fig・5　恥mperaturedependenceofCFTcurrents．

rangen・Om－300cto80。C・Theseresultsindicatethat

theCFTrqjectionratio，de伽edas62／△6，aShighas
60dBisachievablewiththeproposedSIcelloverthe
widedynamicandtemperatureranges．

Theabove simulations assume2％mismatch be－

tweenM2andM3，aSCan beseenin Tablel．The
mismatchbetweenS2andS3andthegalnerrOrOfthe

CurrentmirroralsodegradetheCFTrqectioncapabi1－

1ty・TheireqbctsarealsosimulateduslngtyplCalval－

ues［11］・Simulationsshowthat1％mism。t。hbetween

S2andS3，Whichisanoptlmisticvaluefbrarecentpro－

CeSS，degradestheCFTrqectionto40dB，Whileeach

O・2％mismatchinthecurrentmirrorandinthecurrent

SPurCeSJ2［2］，Whichistypicalfbrthetransisto，dimen＿

SlOnSquOtedinTablel，tO50dB・Itfbllowstherefbre

thatthecarefularrangementofthefineland2stages
isessentialfbrthehighCFTrqection．

4．Conclusions

ACFT－COmpensatedsecond－generationSIcelluslnga
dummycellwasdescribed・Simulations haveshown

thatthehighCFTrqectionispossiblewiththisarchi－

teCtureOVerthewidedynamicandtemperatureranges．

Theperfbrmanceisamenabletotransistormismatches，
however，andacarefu11ayoutisessentialfbrsubstantial

reductionofCFTerrors・ThecellhasJuStbeenfhbri－

CateduslngaO・6FLmCMOSprocess・Itsperfbrmances
Willbereportedelsewhere．
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