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__________________________________________________________________________________________ 

Abstract i: iComparator iis ia ifundamental ibuilding iblock iin iADCs. iComparator iis ia idevice ithat icompares itwo 

ivoltages ior icurrents iand igives ia idigital ioutput ithat iindicates iwhich iof ithe iinput iis ilarger. iIn idesign iof iADCs, 

icomparators iof ilow ipower iconsumption, ihigh ispeed iare iused. iIn ihigh ispeed ianalog ito idigital iconverters, 

icomparator idesign ihas ia icrucial iinfluence ion ithe ioverall iperformance ithat ican ibe iachieved. 

In ithis ipaper, iwe ihave iproposed ia inew ilow ipower, ihigh ispeed isingle itail iand idouble itail icomparators 

iusing ipower igating itechniques. iThe icomparison iof ispeed iand ipower iconsumed iby iproposed ifine igrain iand 

icoarse igrain idouble itail icomparators iwith itraditional icomparators ilike isingle itail iand idouble itail icomparators 

iis ialso ipresented. i 

We iobserved ithat iminimal ipropagation itime idelay iand ilow ipower iconsumption iis iachieved iby ithe 

iproposed ifine igrain idouble itail icomparators iwhich imake ithem isuitable ifor ihigh ispeed iADCs. 

Index iTerms–Course iGrain iDouble itail icomparator, iFine iGrain isingle itail icomparator, iFine iGrain iDouble itail 

icomparator, idynamic iclocked icomparator, ihigh ispeed ianalog ito idigital iconverters, ilow ipower ianalog idesign, 

iswitching itransistor i, ipreamplifier ibased icomparators. 

__________________________________________________________________________________________ 

I. i iIntroduction 

Over ithe iyears, idevelopment iof idigital iintegrated icircuit ihas iclosely ifollowed iMoore’s iLaw. iAs ia 

iresult, itransistor isize ihas igreatly ishrunk iand ithe ispeed iof idigital icircuit ihas ibeen iexponentially iincreased. iThis 

itrend, iwhich istill icontinues itoday, iwidens ithe igap ibetween ithe idigital icircuit iand iits ianalog icounterpart. iIn 

ihigh-speed ianalog-to-digital iconverters, icomparator idesign ihas ia icrucial iinfluence ion ithe ioverall iperformance 

ithat ican ibe iachieved. iComparator iis iwidely iused iin ithe iprocess iof iconverting ianalog isignals ito idigital isignals. 

iIn ithe iA/D iconversion iprocess, iit iis inecessary ito ifirst isample ithe iinput. iThis isampled isignal iis ithen iapplied ito ia 

icombination iof icomparators ito idetermine ithe idigital iequivalent iof ithe ianalog isignal iand iit icompare ithe ianalog 

isignal iwith ianother ireference isignal iand ioutputs iare ibinary isignal ibased ion ithe icomparison. iLow ipower iand 

ihigh ispeed iADCs iare ithe imain ibuilding iblocks iin ithe ifront-end iof ia iradio-frequency ireceiver iin imost iof ithe 

imodern itelecommunication isystems. i 

The ipreamplifier istage iamplifies ithe iinput isignal ito iimprove ithe icomparator isensitivity iand iisolate ithe 

iinput iof ithe icomparator ifrom iswitching inoise icoming ifrom ipositive ifeedback istage. iThe ilatch istage iis iused ito 

idetermine iwhich iof ithe iinput isignals iis ilarger iand iextremely iamplifies itheir idifference. iThe ioutput ibuffer 

iamplifies ithe iinformation ifrom ilatch iand igives idigital isignal ias ioutput. iThe ilatched icomparator iis iused ifor ithe 

iclock isignal iand iindicates idigital ioutput ilevel; iwhether iits idifferential iinput isignal iis ipositive ior inegative. iA 

ipositive ifeedback imechanism ito iregenerate ithe ianalog iinput isignal iinto ia ifull iscale idigital isignal iis imuch ifaster 

iand ipower iefficient ithan iperforming imulti-stage ilinear iapplications. i 

 

 

Figure i1: iComparator iArchitecture 
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The ipreamplifier ilatched icomparator iconsists iof ian iamplifier iand ia ilatch. iThe iamplifier iwhich iis iadded 

ibefore ithe ilatch ican ireduce ioffset ivoltage ito iobtain ia ihigh iresolution. iThis itype iof ilatched icomparator iwas ialso 

iused ifor ihigh ispeed iand ilow ipower iperformance. iInput-offset ivoltage iis ia idifficult iproblem iin icomparator 

idesign. iIn iprecision iapplications, isuch ias ihigh-resolution iconverters, ilarge iinput-offset ivoltages icannot ibe 

itolerated. iFully idynamic ilatched icomparator iachieves ilow ipower idissipation ibut ialso iimproves ikickback inoise 

iand ireduces ithe iclock idriving irequirement icompared iwith ia iconventional icomparator. iSo ithese icomparators iare 

imost iwidely iused iin ihigh ispeed iADCs 

Ii. iCoarse iGrain iDouble iTail iComparator 

As ilong ias ifn icontinuously ifalling, ithe icorresponding iPMOS icontrol itransistors i(Mc1 iin ithis icase) 

istarts ito iturn ion, ipulling ifp inodes iback ito ithe iVDD; iso ianother icontrol itransistors i(Mc2) iremains ioff, iallowing 

ifn ito ibe idischarged icompletely. iIn iother iwords iunlike iconventional idouble itail idynamic icomparators iwhich iin 

iVfn/fp iis ijust ifunctions iof iinput itransistors itransconductance iof iinput ivoltage idifference iin ithe iproposed 

istructures ias isoon ias ithe icomparator idetects ifor ithe iinstance inodes ifn idischarging ifaster, ia iPMOS itransistors 

i(Mc1) iturns ion, ipulling ithe iother inodes ifp iback ito ithe iVDD. iTherefore, ithe itime ipassing, ithe idifference 

ibetween ithe ifn iand ifp i(Vfn/fp) iincreases iin ia iexponential imanner, ileading ito ithe ireductions iof ilatch 

iregeneration itimes. 

The icomparator iwith ithe icoarse igrain ipower igating itechnique iis ishown iin ithe ifigure i2 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure i2: iCoarse iGrain iDouble iTail iComparator 

In ithis ievident ithat ithe idouble itail icomparator itechnologies ican ioperates ifaster iand ibe iused iin ilower 

isupply ivoltages, iwhile iconsuming inearly ithe isame ipowers ias ithe iconventional idynamics icomparator. iIn icase iof 

ieven imuch ibetter ifor ithe iproposed icomparator iwhen icompared ito ithe iconventional idouble itail itopology. 

III. iFine iGrain iSingle iTail iComparator 

The ischematic idiagram iof ithe iconventional idynamic icomparator iwidely iused iin iA/D iconverters, iwith ihigh iinput 

iimpedance, irail-to-rail ioutput iswing, iand ino istatic ipower iconsumption iis ishown iin iFig. i3. 

The ioperation iof ithe icomparator iis ias ifollows. iDuring ithe ireset iphase iwhen iCLK=0 iand iMtail iis ioff, ireset 

itransistors i(M7–M8) ipull iboth ioutput inodes iOutnand 
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Figure i3: iFine iGrain iSingle iTail iComparator 

Outp ito iVDD ito idefine ia istart icondition iand ito ihave ia ivalid ilogical ilevel iduring ireset. iIn ithe icomparison iphase, 

iwhen iCLK=VDD, itransistors iM7 iandM8 iare ioff, iand iMtail iis ion. iOutput ivoltages i(Outp, iOutn), iwhich ihad ibeen 

ipre-charged ito iVDD, istart ito idischarge iwith idifferent idischarging irates idepending ion ithe icorresponding iinput 

ivoltage i(INN/INP). iAssuming ithe icase iwhere iVINP i>VINN, iOutp idischarges ifaster ithan iOutn, ihence iwhen iOutp 

i(discharged iby itransistor iM2 idrain icurrent), ifalls idown ito iVDD–|Vthp i| ibefore iOutn i(discharged iby itransistor 

iM1 idrain icurrent), ithe icorresponding ipMOS itransistor i(M5) iwill iturn ion iinitiating ithe ilatch iregeneration icaused 

iby iback-to-back iinverters i(M3, iM5 iand iM4, iM6). i 

Thus, iOutn ipulls ito iVDD iand iOutp idischarges ito iground. iIf iVINP i<VINN, ithe icircuits iworks ivice 

iversa. iThe idelay iof ithis icomparator iis icomprised iof itwo itime idelays, it0andtlatch. iThe idelay it0represents ithe 

icapacitive idischarge iof ithe iload icapacitance iCL iuntil ithe ifirst ip-channel itransistor i(M5/M6) iturns ion. iIn icase, 

ithe ivoltage iat inode iINP iis ibigger ithan iINN i(i.e.,VINP>VINN i), ithe idrain icurrent iof itransistor iM2 i(I2) icauses 

ifaster idischarge iof iOutpnode icompared ito ithe iOutnnode, iwhich iis idriven iby iM1 iwith ismaller icurrent. 

The itotal idelay iis idirectly iproportional ito ithe icomparator iload icapacitance iCL iand iinversely 

iproportional ito ithe iinput idifference ivoltage i(Vin). iBesides, ithe idelay idepends iindirectly ito ithe iinput icommon-

mode ivoltage i(Vcm). iBy ireducing iVcm, ithe idelay it0 iof ithe ifirst isensing iphase iincreases ibecause ilower iVcm 

icauses ismaller ibias icurrent i(Itail).On ithe iother ihand, i(4) ishows ithat ia idelayed idischarge iwith ismaller iItail 

iresults iin ian iincreased iinitial ivoltage idifference i(V0), ireducing itlatch. iSimulation iresults ishow ithat ithe ieffect iof 

ireducing ithe iVcm ion iincreasing iof it0 iand ireducing ioff ilatch iwill ifinally ilead ito ian iincrease iin ithe itotal idelay. iIt 

ihas ibeen ishown ithat ian iinput icommon-mode ivoltage iof i70% iof ithe isupply ivoltage iis ioptimal iregarding ispeed 

iand iyield. 

In iprinciple, ithis istructure ihas ithe iadvantages iof ihigh iinput iimpedance, irail-to-rail ioutput iswing, ino 

istatic ipower iconsumption, iand igood irobustness iagainst inoise iand imismatch. iDue ito ithe ifact ithat iparasitic 

icapacitances iof iinput itransistors ido inot idirectly iaffect ithe iswitching ispeed iof ithe ioutput inodes, iit iis ipossible ito 

idesign ilarge iinput itransistors ito iminimize ithe ioffset. iThe idisadvantage, ion ithe iother ihand, iis ithe ifact ithat idue ito 

iseveral istacked itransistors, ia isufficiently ihigh isupply ivoltage iis ineeded ifor ia iproper idelay itime. iThe ireason iis 

ithat, iat ithe ibeginning iof ithe idecision, ionly itransistorsM3 iand iM4 iof ithe ilatch icontribute ito ithe ipositive 

ifeedback iuntil ithe ivoltage ilevel iof ione ioutput inode ihas idropped ibelow ia ilevel ismall ienough ito iturn ion 

itransistors iM5 ior iM6 ito istart icomplete iregeneration. iAt ia ilow isupply ivoltage, ithis ivoltage idrop ionly icontributes 

ia ismall igate-source ivoltage ifor itransistorsM3andM4, iwhere ithe igate isource ivoltage iof iM5 iand iM6 iis ialso 

ismall; ithus, ithe idelay itime iof ithe ilatch ibecomes ilarge idue ito ilower itransconductance. 

Another iimportant idrawback iof ithis istructure iis ithat ithere iis ionly ione icurrent ipath, ivia itail itransistor iM 

itail, iwhich idefines ithe icurrent ifor iboth ithe idifferential iamplifier iand ithe ilatch i(the icross-coupled iinverters). 

iWhile ione iwould ilike ia ismall itail icurrent ito ikeep ithe idifferential ipair iin iweak iinversion iand iobtain ia ilong 

iintegration iinterval iand ia ibetter iGm/I iratio, ia. ilarge itail icurrent iwould ibe idesirable ito ienable ifast iregeneration iin 
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ithe ilatch. iBesides, ias ifar ias iMtail ioperates imostly iin itriode iregion, ithe itail icurrent idepends ion iinput icommon-

mode ivoltage, iwhich iis inot ifavourable ifor iregeneration. 

IV. iProposed iFine iGrain iDouble iTail iComparator 

As ilong ias ifn icontinuously ifalling, ithe icorresponding iPMOS icontrol itransistors i(Mc1 iin ithis icase) istarts ito iturn 

ion, ipulling ifp inodes iback ito ithe iVDD; iso ianother icontrol itransistors i(Mc2) iremains ioff, iallowing ifn ito ibe 

idischarged icompletely. iIn iother iwords iunlike iconventional idouble itail idynamic icomparators iwhich iin iVfn/fp iis 

ijust ia ifunctions iof iinput itransistors itransconductance iof iinput ivoltage idifference iin ithe iproposed istructures ias 

isoon ias ithe icomparator idetects ifor ithe iinstance inodes ifn idischarging ifaster, ia iPMOS itransistors i(Mc1) iturns ion, 

ipulling ithe iother inodes ifp iback ito ithe iVDD. 

Fig. i4 idemonstrates ithe ischematic idiagram iof ithe iproposed idynamic idouble itail icomparator. iDue ito ithe 

ibetter iperformance iof idouble-tail iarchitecture iin ilow ivoltage iapplications, ithe iproposed icomparator iis idesigned 

ibased ion ithe idouble-tail istructure. iThe imain iidea iof ithe iproposed icomparator iis ito iincrease iVfn/fp iin iorder ito 

iincrease ithe ilatch iregeneration ispeed. iFor ithis ipurpose, itwo icontrol itransistors i(Mc1 iand iMc2) ihave ibeen iadded 

ito ithe ifirst istage iin iparallel ito iM3/M4 itransistors ibut iin ia icrosscoupled imanner. 
During ireset iphase i(CLK=0, iMtail1 iandMtail2 iare ioff, iavoiding istatic ipower), iM3andM4pulls iboth ifn 

iand ifp inodes ito iVDD, i 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure i4: iFine iGrain iDouble iTail iComparator 

hence itransistor iMc1andMc2 iare icut ioff. iIntermediate istage itransistors, iMR1 iand iMR2, ireset iboth ilatch ioutputs 

ito iground. iDuring idecision-making iphase i(CLK=VDD, iMtail1 iand iMtail2 iare ion), itransistorsM3andM4turn 

ioff. iFurthermore, iat ithe ibeginning iof ithis iphase, ithe icontrol itransistors iare istill ioff i(since ifn iand ifp iare iabout 

iVDD). iThus, ifn iand ifp istart ito idrop iwith idifferent irates iaccording ito ithe iinput ivoltages. iSuppose iVINP i>VINN, 

ithus ifn idrops ifaster ithan ifp, i(since iM2provides imore icurrent ithanM1). 

 iAs ilong ias ifn icontinues ifalling, ithe icorresponding ipMOS icontrol itransistor i(Mc1in ithis icase) istarts ito 

iturn ion, ipulling ifp inode iback ito ithe iVDD; iso ianother icontrol itransistor i(Mc2) iremains ioff, iallowing ifn ito ibe 

idischarged icompletely. iIn iother iwords, iunlike iconventional idouble-tail idynamic icomparator, iin iwhich iVfn/fp iis 

ijust ia ifunction iof iinput itransistor itransconductance iand iinput ivoltage idifference i(9), iin ithe iproposed istructure ias 

isoon ias ithe icomparator idetects ithat ifor iinstance inode ifn idischarges ifaster, ia ipMOS itransistor i(Mc1) iturns ion, 

ipulling ithe iother inode ifp iback ito ithe iVDD. iTherefore, iby ithe itime ipassing, ithe idifference ibetween ifn iand ifp 
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i(Vfn/fp) iincreases iin ian iexponential imanner, ileading ito ithe ireduction iof ilatch iregeneration itime. iDespite ithe 

ieffectiveness iof ithe iproposed iidea, ione iof ithe ipoints iwhich ishould ibe iconsidered iis ithat iin ithis icircuit, iwhen 

ione iof ithe icontrol itransistors i(e.g.,Mc1) iturns ion, ia icurrent ifrom iVDD iis idrawn ito ithe iground ivia iinput iand itail 

itransistor i(e.g., iMc1, iM1, iandMtail1), iresulting iin istatic ipower iconsumption. iTo iovercome ithis iissue, itwo 

inMOS iswitches iare iused ibelow ithe iinput itransistors. 

At ithe ibeginning iof ithe idecision imaking iphase, idue ito ithe ifact ithat iboth ifn iand ifp inodes ihave ibeen ipre-

charged ito iVDD i(during ithe ireset iphase), iboth iswitches iare iclosed iand ifn iand ifp itart ito idrop iwith idifferent 

idischarging irates. iAs isoon ias ithe icomparator idetects ithat ione iof ithe ifn/fp inodes iis idischarging ifaster, icontrol 

itransistors iwill iact iin ia iway ito iincrease itheir ivoltage idifference. i 

 

V. iSimulation iResults 

 

Layout iDesign iof iCoarse iGrain iDouble iTail iComparator 

 

Extension iSchematic iof iCoarse iGrain iDouble iTail iComparator 

 

Simulation iof iCoarse iGrain iDouble iTail iComparator 
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Schematic iof iFine iGrain isingle iTail iComparator 

 

Simulation iof iFine iGrain isingle iTail iComparator 

 

Proposed iSchematic iof iFine iGrain iDouble iTail iComparator 
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Simulation iof iFine iGrain iDouble iTail iComparator 

VI. iPerformance iAnalysis i& iConclusion 

The icomparator icircuits iare imainly ioptimized ifor ithe ilow ipropagation itime, iminimal iinput ireferred ioffset 

ivoltage, ilow ipower iconsumption iand iminimal icircuit iarea.The iproposed ifine igrain idouble itail icomparator, 

iwhich ishows ilow ipower iconsumption iand ilow ipropagation itime. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table: iIllustrates ithe iall ithe iperformance iparameters iof idifferent icomparators. 

 The iminimal ipropagation itime idelay iof i50ns, iand ipower iconsumption iof i4.19 iµW iis iachieved iby ithe 

iproposed ifine igrain idouble itail icomparator. iThese iresults ishow ithat ipower ihas ibeen ireduced. iThus iproposed 

icomparator iis ioptimized iin isuch ia iway ithat iit ishows ilow ipower iand ilow iinput ipropagation itime, iwhich iis 

isuitable ifor ihigh ispeed iADCs. 
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Parameter Coarse 

iGrain 

iDouble 

iTail 

Fine iGrain 

  
Single iTail Double iTail 

No iof 

iTransistors 

18 9 19 

Delay 80.9000ns 80.9000ns 50.9000ns 

Power 9.10836 iµW 8.909175 

iµW 

4.1955 iµW 
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