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ABSTRACT

ThecircuitdesignoftheCMOSbasedanalogpartofamixed-signalintegratedcircuit(IC)needsa
largefractionoftheoveralldesigncycletime.Theautomaticdesignofananalogcircuitisinevitable,
seeingrecentlydevelopmentofSystem-on-Chip(SOC)design.Thisbringsabouttheneedtodevelop
computeraideddesign(CAD)toolsforautomaticdesignofCMOSbasedanalogcircuits.Inthisarticle,
aCuckooSearch(CS)algorithmispresentedforautomaticdesignofaCMOSMillerOperational
TransconductanceAmplifier(OTA).ThesourcecodeoftheCSalgorithmisdevelopedusingtheC
language.TheNgspicecircuitsimulatorhasbeenusedasafitnessfunctioncreatorandevaluator.
AscriptfileiswrittentoprovideaninterfacebetweentheCSalgorithmandtheNgspicesimulator.
BSIM3v3MOSFETmodelswith0.18µmand0.35µmCMOStechnologyhavebeenusedtosimulate
thiscircuit.Thesimulationresultsofthisworkarepresentedandcomparedwithpreviousworks
reportedintheliterature.TheexperimentalsimulationresultsobtainedbytheCSalgorithmsatisfy
alldesiredspecificationsforthiscircuit.
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INTRODUCTION

The circuit design of CMOS based analog and the mixed-signal system is an eminent area for
developingtechnicalandcommercialsignificance(Kammara,Palanichamy,&König,2016).There
aremanyoptimizationmethodspresentedearlierandincurrenttimeforautomaticsynthesisofanalog
circuits.Alotofresearchworkhasbeendevotedtoevolutionaryalgorithm-basedoptimizationof
fundamentalCMOSbasedanalogcircuitssuchasdifferentialamplifier,operationalamplifier(op-
amp),andoperationaltransconductanceamplifier(OTA).Thesecircuitsareusedasthemainheartof
manyinterfacecircuits,likeanalogtodigitalconverters(ADC),digitaltoanalogconverters,filters,
andcomparators.SoanoptimumdesignoffundamentalCMOSbasedanalogcircuitsisthebasisof
adesignbackgroundforvariousapplications.Themainevolutionaryalgorithms(EA)areparticle
swarmoptimization(PSO)(KennedyandEberhart,1995)Geneticalgorithm(GA)(Kruiskamp,1995),
differentialevolution(DE)(StronandPrice,1997),harmonysearch(HS)(Geem,Kim,&Loganathan,
2001),antcolonyoptimization(ACO)(Dorigo,Maniezzo,&Golomi,1996),andartificialbeecolony
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optimization(ABC)(Karaboga,2005)becomecommoninengineeringapplicationsandotherfields.
ThesealgorithmshavealsobeenusedtoalesserdegreeforoptimizationofCMOSbasedanalog
circuits.In(Ferreira,Tales,&Robson,2007),anultra-low-voltageultra-low-powerCMOSMiller
OTAwithrail-to-railinput/outputswingwasdesignedin0.35µmCMOStechnology.In(Dammak,
Bensalem,Zouari,&Loulo,2008),gm/IDmethodologywaspresentedforfoldedcascodeOTAdesign
in0.35µmCMOStechnology.Anultra-lowpowerCMOSMillerOTAanda three-stageCMOS
Millerop-ampwereoptimizedbyGA,PSO,andHPSOin(Thakker,Baghini,&Patil,2009)and
theauthorsconcludedthatHPSOconvergesbetterthantheotheralgorithms.Someimportantworks
arereportedin(Sabat,Kumar,&Udgata,2009)(Vural&Ayten,2012)(Kudikala,Sabat,&Udgata,
2011).DE,PSOandABCalgorithmswereusedtooptimizeCMOSMillerOTAin(Sabat,Kumar,
&Udgata,2009)andauthorsconcludedthatDEachievesgoodperformancethanPSO,whereas
ABCdoesnottouchthegoals.ABC,DE,HS,andPSOalgorithmswereusedtooptimizenthorder
filtersin(Vural&Ayten,2012)andtheauthorsconcludedthatHSisthefastestproceduresbuthas
themaximumfaultwhiletheotherproceduresconvergedsuperior.TheperformanceofHSandDE
algorithmswerecomparedin(Kudikala,Sabat,&Udgata,2011)andtheauthorshavealsoderived
thesameconclusion.Two-stageCMOSop-ampwasdesignedusing0.18μmand0.35µmCMOS
processtechnologyin(Prajapati&Shah,2015).HS,standardPSO(SPSO)1995,andSPSO2007
werecomparedin(Kammara,Palanichamy,&König,2016)andtheauthorsconcludedthatSPSO95
andHSdeliverfastsolutionsgettingpreferredtargetvalues.DEalgorithmhasbeenusedtooptimize
variousanalogcircuitslikeCMOSvoltagedivider,CMOScommonsourceamplifier,CMOSthree
stagecurrentstarvedvoltage-controlledoscillatorandCMOSdifferentialamplifierwithcurrentmirror
loadusing180nmCMOStechnologyin(Sharma&Prajapati,2016).Theperformanceofthemodified
PSOalgorithmwithstandardPSOandABCalgorithmshadbeencomparedbyoptimizingbulkdriven
OTAandtwo-stageCMOSop-ampusing130nmCMOStechnologyin(Patel&Thakkar,2016).
In(Akbari,Shokouhifar,Hashemipouretal.,2016),optimizationofOTAswithpowerconsumption
minimizationandnoiseoptimizationusingACOwaspresented.PSObasedmethodologyhasbeen
testedtosizerailtorailCMOSMillerOTAusing0.35µmand0.18µmstandardCMOStechnology
parametersin(Prajapati&Shah,2017).

Inthisarticle,automaticcircuitdesignofCMOSMillerOTAwithrailtorailinput/outputswing
usingtheCSalgorithmispresented.Insection2,theCSalgorithmisdescribed.CMOSMillerOTA
withrail torail input/outputswingisexplainedinsection3.Experimentalsetupforthisworkis
presentedinsection4.Simulationresultsfoundinthisworkarepresentedinsection5.Finally,in
section6,conclusionsarediscussed.

CUCKOO SeARCH ALGORITHM

CS algorithm is a population-based stochastic optimization algorithm similar to DE and PSO
algorithms(Yang&Deb,2009).Inthisalgorithm,eachpatternrelatestoanestandeachindividual
elementofthepatternrelatestoacuckooegg.Thisalgorithmismotivatedbytheexceptionallifestyle
ofthecuckoospecies.Butthisalgorithmusessomesortofelitismand/orselectionsimilartothat
usedinHSalgorithm.In(Yang&Deb,2009),CSalgorithmwasproposed,andtheperformance
ofCSalgorithmwascomparedwithPSOandDEalgorithmsbasedonsomestandardbenchmark
functions.In(Yang&Deb,2009),theauthorshaveconcludedthattherandomizationismoreefficient
inCSalgorithmascomparedtoPSOandDEalgorithms.In(Yang&Deb,2009),theauthorshave
alsonotedthatCSalgorithmrequiresfewerparameterstobeadjustedascomparedtoDEandPSO
algorithms.ThecommonprocessoftheCSalgorithmcanberepresentedbythefollowingequation
(Yang&Deb,2009):

X X Lévy
g i g i+ = + ⊗ ( )1; ;

α λ  (1)
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