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Abstract :Moore’slawstatesthat,thenumberoftransistorspersquareinchonintegratedcircuitshaddoubledev

eryyearandthisisduetothescalingofComplementaryMetalOxideSemiconductortransistorswhichhasdrivent

heimmensegrowthofthesemiconductorindustryforlastfourdees.Currently,industriesareworkingwith5nmtec

hnologybutfurtherscaling of transistors leadsto notonlyphysical andtechnologychallenges 

butalsomaterialandeconomicalchallenges.QuantumCellularAutomata(QCA)beingadvancedtechnologyma

yprovideawayforincreasedcomputationalcapabilitiesbeyondCMOSlimits.HencewearecomparingCMOScir

cuitsandQCAstructureswiththehelpofCadenceVirtuosotoolandQCAProsoftware.Inthispaper,wearecompa

ringboththetechnologiesonthebasis oftheircertainparameters. 
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. 
I. INTRODUCTION 

QuantumCellularAutomata(QCA)carriesoutaresearchostudyasanalternativetoCMOSVLSI.Simplelogica

lcircuits 

anddesignsuchasANDgate,Inverter,Adderalongwith1BitMemoryCellhavebeenstudiedandlittleworkhasbeen 

performedoncreatingtheabovecircuitsanddeterminingtheirparameterslikepowerdissipation,delay,andpolarizationa

ndobtainingthewaveforms.ForCMOSVLSItheCADENCVIRTUOSOTOOLisusedtocreateschematics,symbol,the 

layoutoftheANDgate,NOTgate,Adderand1BitMemoryCell.UsingCadenceVIRTUOSOToolwecanalsoobtain 

waveformsforTransientanalysis,DCanalysis,ACanalysisetc.ForQuantumCellularAutomatatheQCADesigneris 

usedfordesigningthegatesandforobtainingtheoutputwaveformsandtheQCAPROTOOLisusedfordetermining 

thepolarizationandpowerdissipation. 

 

A.QCACell 

Itisananostructurewithfourquantumdots.Dotsareplacedwherethechargecansit.Maximumtwoelectrons 

canfitintothecellbyrepellingeachothertoobtainstableconfigurationwhichrepresentsLogic0(polarization-1)or 

Logic1(polarization+1).InQCACellElectronscantunnethroughquantumdots.Itisassumedthatthecellwillhavesix 

dotsatthetimeofimplementationbutonlyfourcornersareshowninQCAcell.Therearedifferentshapesofquantumdot 

andvariesdependingontheprocess. 

 

 
Fig.1.QCACellRepresentation                                                      Fig.2.DifferentShapesofQCADots. 
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Fig.3.QCACellwith6Dots. 

 

B.QCAWire 

Itisanarrangementofquantumdotcellsinseries.InQCAwire,neighboringcellstendtoaligninthesamestate.Th

us nextcellfollowsthesamelogiclevelofthepreviouscell.Inthisway,thedatatransmissiontakesplaceviaQCAwire. 

UsingCellswhichareorientedat45degreesand90degreeswecanconstructaQCAwire.Awireisdividedintodifferent 

clockzonessothatsignaldoes notdeteriorateassignaltendsto degradewithalongchainofcellsinthesameclockingzone. 

 

 
Fig.4.QCAWire. 

 

C.CellClocking 

AclockedQCAcircuithassix-

dotcellanditrepresentsnull,binary0andbinary1dependingonthepositionofelectrons. 

Thecellisinanactivestatewhenelectronsareinfourcornerswhileacellisinnullstateorinpolarizationstatewhen 

cellsareinmiddledots.Ineveryclockscheme,QCAcellfollowsallfourclockphasesswitch,hold,release,relax.In 

Switchphase,tunnelingbarrierrisesslowlysothatelectronsgetintocornerdots.InHoldphase,tunnelingbarrierremains 

highandthereforepolarityofthecellalsoremainssame.InReleasephasetunnelingbarrierisreducedslowlythatpulls 

theelectronsbackintothemiddledots.InRelaxphaseall electronsremaininmiddledotsandthereisnopolarityin cells. 

 

 
Fig.5.ThefourphasesoftheQCAclock. 

 

 

II. IMPLEMENTATIONOFCIRCUITS 
A.Inverter 

Ininverterinputisgivenatoneendandinvertedoutput isobtainedattheend.TheSchematicoftheinverterbased 

onCMOSissimulatedusingCadenceVirtuosoToolandthe parametersareevaluatedusingacalculatorfunction.Inorder 

tofindtheareaofthecircuit,wehavetocreatealayout.Area ofthecircuitcanbevariablebasedonplacingandrouting 

skillsoftheindividual.ThestandarddesignofinverterinQCA isasshownintheFig.6. 



Comparative Analysis Of CMOS Technology and QCA 

www.ijesi.org                                                                95 | Page 

 

 
Fig.6.QCAInverterLayout. 

 

 

 
Fig.7.CMOSInverterSchematics. 

 

B.ANDGate 

Itisabasicgatewhichimplementslogicalconjunction.IQCAmajoritygateisabasicgateandusingmajoritygate

we candesignANDgate.Inmajoritygate,wegettheoutputasamajorityofinputlogic.SofordesigningANDgate,weset 

afixedpolarizationof-1foroneofthethreeinputs. 

 

 
Fig.8.QCAANDGateLayout. 
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Fig.9.CMOSANDGateSchematics. 

 

C.Adder 

Itisabinarycircuitwhichisusedtoaddthreebitsandgivessumandcarryasoutputs.Wecanalsobuildfulladdercirc

uit using twohalfadders.Incadencevirtuosotoolwebuildadderusing28transistors.Aftercreatingsymbolweuseda 

testcircuittosimulatetheadderschematics.InQCAwiththe helpofclockingmechanism,wecreatedadderusing362cells. 

 

 
Fig.10.QCAAdderLayout. 

 

 
Fig.11.CMOSAdderSchematics. 
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D.1BitMemoryCell 

ForCMOStechnologyweareusing6TSRAMCell.Thestructureof6transistorSRAMcellsstores1bitofinfor

mation.Thecellisformedbytwoinverterswhichareconnectedinbacktobackconfiguration.SRAMCellbasicallywork

s 

withthehelpofWordLine(WL),Bitlines(BLand𝐵𝐿    )andAccesstransistors.Duringawriteoperation,theBitlineswork

asinputandwhenwewanttoreadfromthecellthebitlinesworkasoutput.ToturnofftheActivetransistorsmaketheWordL

ineActiveLow.TowriteintothecelltheinformationisplacedonthebitlineandinverseinformationplacedonB L .TheAc

cesstransistorsareturnedonbymakingWordLineactivehighandtheinformationiswrittenintothecell.ThentheAccesst

ransistorsareturnedofftostoretheinformation.Duringreadoperationinformationisaccessedusingbitlinesbyturningo

naccesstransistors.Wehavetocreatetwodifferentschematicsforreadandwriteoperations.Inordertoperformreadoper

ationweneedprecharagecircuitstochargetheprechargecapacitors.Wealsohavetoassumepredefinedconditionindicat

ingwhichbitisstoredthatisBit0orBit1.InQCA,wecanusealoopbasedmemorycelltostore1bitofdata.HenceinQCAwe

needonlyonecircuittostore 1bit. 

 

 
 

Fig.12.QCAMemoryCell. 

 

 
Fig.13.CMOS6TSRAMREADCircuit. 
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Fig.14.CMOS6TSRAMWRITECircuit. 

 
III.   SIMULATION RESULT 

ThedesignandsimulationofInverter,ANDgate,Adderand1BitMemoryCellinCMOS,aswellasQCAtechnol

ogy, 

arepresentedinthispaper.Incomparisonwithotherstudies,thepresentedcircuitsinQCAactsasapipelinethatdecreases 

delaysandincreasesoperatingspeed.TheQCADesignerisusedtoconstructthelayoutandfollowinglayoutalsocanbe 

simulatedusingQCADesignersoftwaretool.TheQCAPROToolprovidesPowerDissipationandPolarizationintheform 

ofGUI.CadenceVIRTUOSOToolisusedforsimulatingtheCMOSbasedschematicsandusingitsCalculatorfunctionwe

canfindPowerDissipationandDelay.TheresultsshowedthattheproposedQCAbasedCircuitsperformsataskwithreduc

edareaandcomplexityintermsofanumberofcells whencomparedtoCMOSbasedCircuits. 

 

 
Fig.15.CMOSInverterLayout. 

 

InverterLayoutisusedtoevaluatetheareaofthecircuit. 

Areaoftheothercircuitsisalsocalculatedusingtheirrespectivelayouts. 
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Fig.16.CMOSInverterTransientandDCResponse. 

 

Usingthewaveformoftransientresponsewecanevaluatethe DelayandPowerDissipation. 

 
Fig.17.SimulationofInverterinQCA. 

 

 

TheQCAPROToolrepresentsthePowerDissipationand PolarizationintheformofGraphicalUserInterface(GUI). 

 

 
Fig.18.InverterPowerDissipationinQCA. 
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Fig.19.InverterPolarizationinQCA. 

 

 
Fig.20.Simulationof1BitMemoryCellinQCA. 

 

 
Fig.21.CMOSSRAMWRITESimulation. 
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Fig.22.CMOSSRAMREADSimulation. 

 

Sr 
No. 

Component 
Circuit 

CMOS QCA 

Area Complexity Delay P.D. Area Complexity Delay P.D. 

1 Inverter 
68.11 
um

2
 

2 T 
507.0E-

12 
1.31 
uW 

6.804 
um

2
 

10 Cells - GUI 

2 AND 
175.906 

um
2
 

6 T 
131.1E-

3 
1.639 
uW 

2.916 
um

2
 

5 Cells - GUI 

3 ADDER 
1615.52 

um
2
 

28 T 
-73.6E-

3 
2.763 
uW 

406.296 
um

2
 

362 Cells - GUI 

4 

1 Bit 
Memory 

Cell 
READ 

223.35 
um

2
 

8 T 
-

25.62E-
12 

1.156 
uW 

8.10 
um

2
 

15 Cells - GUI 

5 

1 Bit 
Memory 

Cell 
WRITE 

201.04 
um

2
 

6 T 
2.562E-

3 
1.2 
uW 

ComparisonTable. 
 

IV. CONCLUSION 
TheresultsshowedthatthedifferentQCAbasedcircuitsperformsataskwithreducedareaandcomplexityinterm

sof anumberofcellswhencomparedtoCMOSbasedcircuits.TABLEshowsthecomparisonbetweenQCAandCadence 

withdifferentparameterslikedelay,powerdissipation,polarization.Thusourproposedpaperhaveovercometheproblem

s inCMOStechnologyonthenanoscale.Itisexpectedthatthis workwillgiveinsighttomanyfutureQCAarchitectures. 
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