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This iarticle ilooks iat ihow ithe ipower iconverter idesigner ican iuse ithe 

isystem-level iand idetailed imodels itogether ito ienable iexploration iof ithe 

idesign  ispace iand ialso iachieve ihigh iconfidence iin ithe iresults. iAn 

iexample iof ithis iprocess iwill ibe ishown iusing iMathWorks isystem- ilevel 

imodelling itools iSimulink® iand iSimscape™ iwith idetailed iSPICE 

isubcircuits irepresenting iInfineon  iAutomotive iMOSFETs. 

Introduction 

During ithe idevelopment iof ielectrical ipower iconverters, inumeri- ical 

isimulations iare itypically iused iduring ithe iconcept iand ifeasibil- iity 

istudy. iThe isimulation imodels ineed ito iinclude iboth ithe ianalog icircuit 

iand ithe icorresponding idigital icontrollers. iExamples iof ithe idesign 

iquestions ithat imodels ican ihelp ianswer iinclude: 

Which itopology ishould ibe iused? 

• For ia igiven itopology, iwhat iperformance ican ibe iachieved? 

• What iPWM iswitching ifrequency ishould ibe iused? 

• What ivalues iand iratings iare irequired ifor ithe ipassive icompo- 

inents? 

• What ikind iof ipower iswitch ishould ibe iused: 

• type i(like iMOSFETs ior iIGBTs ior iBJTs)? 

• technology iand ivoltage iratings i(like iInfineon’s iOptiMOS™ ior 

iCoolMOS™) iand imaterials i(like iSi ior iSiC ior iGaN)? 

• What iare ithe irequirements ion ithe igate idriver icircuits iincluding 

iminimum irequired idead-time? 

Finally, ibased ion iprevious iassessments: 

• System iefficiency iand icomponent ilosses imay ibe iestimated, iand 

isubsequently ia isuitable icooling isystem ican ibe ideveloped; 

• The itrade-off iof isystem iefficiency iwith iEM icompatibility ican ibe 

iinvestigated. iSwitching ilosses iand iEMI iare iboth idependent ion 

iswitching ifrequency iand ipower iswitch islew irate. 

SPICE isimulation itools iare ithe igo-to isolution ifor icircuit idesigners. 

iHowever, ithe idesign isteps idescribed idepend ion ibeing iable ito isim- iulate 

ithe ipower iconverter iin ireasonable itime. iCircuit isimulation itools ilike 

iSimscape™ iElectrical™ ihave isimple idevice imodels ithat iare iessentially 

iideal iswitches iplus itabulated iswitching ilosses iwhich imeet ithis iefficient 

isimulation ineed. iMoreover, itight iintegration iwith iSimulink® imeans 

ithat ithe idigital icontroller iis ialso iincluded iin ithe isimulation iwith ino ineed 

ifor ico-simulation. iHowever, ithe iideal iswitch iassumption icreates 

isome iuncertainty ifor ithe ilater idesign  isteps ifocused ion idetermining 

iefficiency iand ifine-tuning ithe idesign. iThis iuncertainty ican ibe 

iaddressed iby iusing idetailed iSPICE idevice imodels ideveloped iby ithe 

icomponent imanufacturer. iIn ithis ipaper, ia iprocess iis idefined ithat 

ienables ifast iexploration iof ithe idesign  ispace iwhilst ialso icapitalizing ion 

ithe idetailed ifoundry iSPICE icompo- inent imodels. iCentral ito ithe iprocess iis 

imaking iuse iof imultiple imod- iels iwith idiffering ilevels iof ifidelity, imatching 

ithe imodel ithe ispecific idesign iquestion ito ibe ianswered. iAlso iimportant 

iis ithe iuse iof ilow- ifidelity ilevels ito ipre-initialize idetailed isimulation 

imodels ithereby ireducing iinitialization itime. 

Buck iconverter idesign iexample 

A i48V/12V iDC/DC istep-down ibuck iconverter ishown iin iFigure i1 iis iused 

ias ithe iexample iin ithis ipaper. iA ibuck iconverter isteps idown ithe iinput  ivoltage  

i(V_IN)  ito  ia  ilower-level  ioutput  ivoltage i(V_OUT),  iand ithe imain iequation 

icharacterizing iits ibehavior iis igiven iby: 

Equation i1 

d i=  i

V_OUT i

⇒  i V_OUT i= id i∗ iV i_IN i V_IN 

 
where id irepresents ithe iduty icycle iof ithe ihigh iside ipower iswitch 

i(HS_SW). iThe iduty icycle iof ithe ilow iside ipower iswitch i(LS_SW) iis igiven 

iby id’ idefined iby: 

Equation i2 

d!
 i= i 1 i− id 

 

Figure i1: iStructure iof ibuck i(Step-Down) iDC/DC ipower iconverter 

 

Based ion ithe ireference ivoltage i(V_ref) iand imeasured ioutput ivolt- iage 

i(V_meas), ithe idiscrete-time iproportional iplus iintegral ivoltage 

icontroller icalculates irequired iduty icycle i(d). 

Infineon i SPICE i MOSFET i model 

SPICE i(“Simulation iProgram iwith iIntegrated iCircuit iEmphasis”) isim- 

iulators iare ithe imost icommonly-used itechnology ifor ianalog icircuit 

isimulation. iTherefore, ias ide-facto iindustrial istandard, imany isemi- 

iconductor imanufacturers idevelop iSPICE imodels iof itheir iproducts ito 

isupport icircuit idesign. 

Infineon’s iportfolio iof iautomotive iqualified iOptiMOS™ ipower iMOS- 

iFETs ioffer ibenchmark iquality iin ia irange ifrom i20V-300V, idiversified 

ipackages iand ian iRds(on) i

down ito i0.55 imΩ. iStructure iof itypical iInfi- 

ineon’s iSPICE imodel iof iMOSFET iis ishown ion iFigure i2. iThis ibehav- iioral 

iMOSFET imodel i[1] idescribes iboth ithe ielectrical iand ithermal 

characteristics iof ithe ipower iswitch. 
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Figure i2: iSchematic iof iInfineon's iSPICE iMOSFET imodel istructure 

The imodel ireflects ithat icurrent iflowing ithrough ithe iMOSFET icauses 

ichanges iin isemiconductor itemperature iwhich, iin-turn, iinfluences ithe  

iMOSFET ielectrical iparameters isuch  ias icharge icarrier imobil- iity, 

ivoltage ithreshold, idrain iresistance, igate-drain icapacitance iand igate-

source icapacitance. iReferring ito iFigure i2, ithermal ibehavior iis imodeled 

iin ithe ifollowing iway: ia icurrent isource i(Pv) irepresenting 

MOSFET idissipated ipower iinjects ithe iheat iinto ithe iPN-junction i(Tj), 

and ithat iheat iis ithen ipropagated iall ithe iway ithrough iMOSFET ipack- 
age ito ithe icase i(Tc). iThe ithermal idynamics iis imodeled ias ia iCauer  

inetwork imade iup iof ilumped ithermal iresistances i(Rthi) iand ithermal 

icapacitances i(Cthi). iBy imeans iof ianalog isimulation iof ithe ithermal  

imodel, ithe ioptimum icooling/heat isink i(Rth iHS i

and iCth iHS) ican ibe ide- 

itermined ifor igiven idesign iparameters ilike iload icurrent, imaximum 

iallowed ijunction itemperature i(Tj), iambient itemperature i(Tamb) iand 

ithickness/number iof iPCB ilayers i(Rth iPCB i

and iCth iPCB). 

Importing  ia isubcircuit iinto iSimscape 

Simscape i[5] ifrom iMathWorks iprovides ia iblock idiagram ienviron- iment  

ito  imodel imulti-domain  isystems,  iincluding  ielectrical, imechan-  iical,  

imagnetic iand ithermal iaspects. iThe iaccompanying iSimscape 

ilanguage iexpresses ithe iunderlying iphysics iusing idifferential iequa- 

itions, iassociated ialgebraic iconstraints, ievents iand imode icharts. 
 

Figure i3: iInfineon’s iAutomotive iMOSFET iIAUT300N08S5N012 iin iTOLL i(PG-

HSOF-8) 

Simscape iElectrical™ i[6] iis iable ito iimport ia itargeted iset iof iSPICE idevice 

imodels, isuch ias iMOSFETs, iinto ian iequivalent iSimscape ilan- iguage 

iimplementation i[7]. iSimscape’s itight iintegration iwith iSimu- ilink ithen 

ienables isimulating iboth ithe idigital icontroller iand ithe iana- ilog ielectronics 

iwith ia isingle isolver, ithis iresulting iin ia imore iefficient isimulation ithan ico-

simulation ibetween idifferent isimulation itools. 

The iSPICE imodel iimport icapability iis iused ito iimport ithe iInfineon 

iIAUT300N08S5N012 i[2][4] idevice i(shown ion iFigure i3) iinto iSims- 

icape. iOnce iimported iinto iSimscape, isome iminor iedits iwere imade ito ithe 

iSimscape icode ito iprovide iaccess ito ithe iCauer imodel istates ifrom ithe 

ipublished iblock. iProviding icustomized iaccess ito ithe iinter- inal istates iis  

ineeded ifor ithe iinitialization iprocess. 

Simulation  i workflow 

Having iimported ithe iInfineon idevice iinto iSimscape, ithe inext istep iis ito 

icreate ia iSimulink imodel iof ithe icomplete iconverter iincluding ithe 

iimported iInfineon idevices, iremaining ianalog icomponents iand ithe 

icontroller. iThis iis ishown iin iFigure i4. 

The icontroller iis iimplemented iusing iSimulink idiscrete-time ilibrary 

iblocks, iand ithe icomplete imodel iis isimulated iusing ia ivariable-step 

isolver iso ithat ithe ifaster itime iconstants iassociated iwith iparasitics iand 

ithe iMOSFET icharge imodel iare iaccurately icaptured. iThe isimu- 

 

lation itime ifor ione icontroller iPWM icycle iis i2.3 iseconds ion ian iIntel® iCore™ 

ii7-9700 iCPU i@ i3.00GHz irunning iMATLAB iversion iR2021b. iThis iis ifast 

ienough ito ianalyze icircuit iperformance iat icurrent iop- ierating istate, 

ibut inot ito iassess icircuit isensitivity ito idesign iparam- ieter isweeps ior ito 

idirectly ioptimize ithe icircuit iparameters. iFurther- imore, iit iis inot ifast 

ienough ito isimulate ito ia iperiodic isteady istate iwhich, igiven ia ithermal 

itime iconstant iof iapproximately i10 iseconds, iequates ito i200,000 i20kHz 

iPWM icycles. 
 

 

Figure i4: iDetailed imodel iof ithe ibuck iconverter 

 
To iaddress ithe ineed ito iexplore ithe idesign ispace iefficiently, ia isys- item-

level iversion iof ithe ibuck iconverter imodel icreated. iFor ithis, ithe iimported 

iMOSFET idevice imodels iare ireplaced iwith iideal iswitches iwith ifixed ion-

resistance iset ito ithe idatasheet iRds(on) i

value. iThis iis ishown iin iFigure i5. 

iSome iof ithe ifaster iparasitics iare ialso iomitted, 

such ias ithe iMOSFET ilead iinductances. iThis isystem-level imodel iis ifixed 

itemperature, ithe iuser isetting ian iappropriate iRds(on) i

value ifor ithe 

iassumed ijunction itemperature. iThe imodel itakes iaround i0.05 

iseconds ito isimulate ione iPWM icycle, i46 itimes ifaster ithan ithe ide- itailed 

imodel. iAs ithere iare ino ithermal itime iconstants, ithe islowest 

dynamic iis inow iassociated iwith ithe ivoltage iregulation iand iis iof ithe iorder 

iof i5ms ior i100 iPWM icycles. iHence isimulation ito isteady istate itakes  

iapproximately i5 iseconds. 

With ithis isimulation iperformance, ithe isystem-level imodel ican ibe iused 

ito ithoroughly iexplore ithe idesign ispace iand ioptimize ithe icon- itroller. iWith 

ithe imain idesign idecisions imade, ithe ifinal istep iis ito ivalidate ithe idesign 

iusing ithe idetailed isimulation imodel ithat imakes iuse iof ithe iInfineon 

iMOSFET imodels. iThis ivalidation iis itypically ireported iat ia iset iof 

ioperating ipoints idefined iby iload ipower iand iambient itemperature. 

iHowever, iwe ihave iseen ithat ito isimulate ithe idetailed imodel ito isteady 

istate irequires i200,000 iPWM icycles iwhich iis inot ipractical iif ieach icycle 

itakes i2.3 iseconds ito isimulate. 
 

Figure i5: iSystem-level iSimulink imodel iof ithe ibuck ipower iconverter 

To iinitialize ithe idetailed imodel iat ia ispecified ioperating ipoint, ian 

iiterative iapproach iinvolving imultiple imodels iis iproposed. iOverall, ithe 

iidea iis ito iseparate iout islower itime iconstants iinto iseparate imodels 

ithat irun ifaster. iBefore iexplaining iin imore idetail, ione imore imodel iis 

irequired iwhich iis ione ithat imodels ithe iMOSFET iand ienvi- ironment 

ithermal istates ionly. iThis iis ishown iin iFigure i6. 
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implement itwo ior ithree iMOSFETs iin iparallel ifor iboth ithe ihigh-side iand 

ilow-side iswitches. iThe iimportant ithing ito inote iis ithat ithere ican ibe ia ihigh-

level iof iconfidence iin ithis iresult igiven ithat ithe ivalidated ifoundry iSPICE  

iMOSFET imodels iwere iused ito igenerate ithem iand ithat ithe iresults iare ifor 

ithe iactual icircuit. iThis igives ia ihigher-level iof iconfidence ithan ithe 

isometimes-used ialternative ibased ion idata- isheet iplots iof ion-state iand 

iswitching ilosses ifor ia irepresentative itest icircuit. 

 

Figure i8: iProposed isimulation iflow ifor iswitching ipower iconverters 

A isummary iof ithe ioverall iprocess ifollowed iis ishown iin iFigure i8. iThe 

iprocess iis iimplemented ias ia iMATLAB® iscript iwhich ican ibe 

idownloaded ifrom iMathWorks iFile iExchange i[3]. iThe iscript itakes ifour 

iminutes ito irun iand iproduce ithe iresults iin iFigure i7. iFor icom- iparison, iit 

iwas idetermined ithat irunning ithe inon-linear imodel ifrom ia inon-initialized 

istate ito iget ito ithe isame iresults itakes iof ithe iorder iof ia iday. 

Conclusions 

It i has i been i shown i how i detailed i SPICE i foundry i semiconduc- 

itor imodels ican ibe iused iin ian iapplication icircuit imodel ito imake ihigh-

confidence ipredictions iabout iexpected icircuit iperformance. iThe 

ichallenge iof iinitializing ia imodel iwith iwidely ivarying itime icon- istants iand 

iwith ia iperiodic isteady istate ihas ibeen itackled iwith ia itwo-pronged 

iapproach. iFirstly, iavoidance iof islow ico-simulation iis iachieved iby 

iimporting iSPICE isubcircuits iinto iSimulink, iand isolving ithe icomplete 

ianalog isystem iplus icontroller iusing ia ivariable-step isolver. iSecondly, 

ithe isteady istate iis ifound iby iusing imultiple imod- iels iwith idiffering ifidelity 

ilevels iwith ia isimple iiterative ischeme. iThe iend iresult iis ian iend-to-end 

idesign iand isimulation icapability ithat iis ifaster ithan iif iworking isolely iwith ia 

iSPICE isimulation iengine. 
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