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Abstract—High ivoltage igain iDC-DC iconverters iare irequired iin imany iindustrial iapplications isuch ias iPV 

iand ifuel icell ienergy isystems, ihigh iintensity idischarge ilamp(HID), iDC iback-up ienergy isystems iand 
ielectric ivehicles. iThis ipaper ipresents ia inovel iinput-parallel ioutput-series iboost iconverter iwith idual 

icoupled-inductors iand ia ivoltage imultiplier imodule. iOn ithe ione ihand, ithe iprimary iwindings iof itwo 

icoupled-inductors iare iconnected iin iparallel ito ishare ithe iinput icurrent iand ireduce ithe icurrent iripple iat 
ithe iinput. iOn ithe iother ihand, ithe iproposed iconverter iinherits ithe imerits iof iinterleaved iseries-connected 

ioutput icapacitors ifor ihigh ivoltage igain, ilow ioutput ivoltage iripple iand ilow iswitch ivoltage istress. iOn 

ithe iother ihand, ithe iproposed iconverter iinherits ithe imerits iof iinterleaved iseries-connected ioutput 
icapacitors ifor ihigh ivoltage igain, ilowoutput ivoltage iripple, iand ilowswitch ivoltage istress. iMoreover,the 

isecondary isides iof itwo icoupled iinductors iare iconnected iin iseries ito ia iregenerative icapacitor iby ia idiode 

ifor iextending ithe ivoltage igain iand ibalancing ithe iprimary-parallel icurrents. iIn iaddition, ithe iactive 

iswitches iare iturned ion iat izero icurrent iand ithe ireverse irecovery iproblem iof idiodes iis ialleviated iby

 

1. INTRODUCTION 

owadays ihigh ivoltage igain iDC-DC iconverters 

iare irequired iin imany iindustrial 

iapplications[1]For iexample, iphotovoltaic i(PV) 
ienergy iconversion isystems iand ifuel-cell isystems 

iusually ineed ihigh istep-up iand ilarge iinput 

icurrent i idc-dc iconverters ito iboost ilow ivoltage 
i(18–56V) ito ihigh ivoltage i(200–400V) ifor ithe 

igrid-connected iinverters. iHigh-intensity idischarge 

ilamp iballasts ifor iautomobile iheadlamps icall ifor 
ihigh ivoltage igain idc-dc iconverters ito iraise ia 

ibattery ivoltage iof i12V iup ito i100V iat isteady 

ioperation. iAlso, ithe ilow ibattery ivoltage iof i48V 

ineeds ito ibe iconverted ito i380V iin ithe ifront-

end istage iin isome iuninterruptible ipower isupplies 

i(UPS) iand itelecommunication isystems iby ihigh 

istep-up iconverters.Theoretically, ia ibasic iboost 
iconverter ican iprovide iinfinite ivoltage igain iwith 

iextremely ihigh iduty iratio. iIn ipractice, ithe 

ivoltage igain iis ilimited iby ithe iparasitic 
ielements iof ithe ipower idevices, iinductor iand 

icapacitor. iMoreover, ithe iextremely ihigh iduty 

icycle ioperation imay iinduce iserious ireverse-

recovery iproblem iof ithe irectifier idiode iand  

 

 

ilarge icurrent iripples iwhich iincrease ithe 
iconduction ilosses. iOn ithe iother ihand, ithe iinput 

icurrent iis iusually ilarge iin ihigh ioutput ivoltage 

iand ihigh ipower iconversion, ibut ilow-voltage-

rated ipower idevices iwith ismall ion-resistances 

imay inot ibe iselected isince ithe ivoltage istress iof 

ithe imain iswitch iand idiode iis irespectively 

iequivalent ito ithe ioutput ivoltage iin ithe 
iconventional iboost iconverter. 

Many isingle iswitch itopologies ibased ion 

iconventional iboost iconverter ihad ibeen ipresented 
ifor ihigh istep-up ivoltage igain. iThe icascaded 

iboost iconverter iis ialso icapable iof iproviding 

ihigh ivoltage igain iwithout ithe ipenalty iof 

iextreme iduty-cycle. iHowever, ithe ivoltage istress 
iof ithe imain iswitch iis iequal ito ithe ioutput 

ivoltage. iIn ireferences iseveral iswitching-

capacitor/switching iinductor istructures iare 
iproposed, iand itransformerless ihybrid idc-dc 

iconverters iwith ihigh ivoltage igain iare iderived 

iby ithe iuse iof istructures iintegrated iwith 
iclassical isingle iswitch inon-isolated iPWM 

iconverters. iThey ipresent ithe ifollowing 
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iadvantage: ithe ienergy iin ithe imagnetic ielements 

iis ilow, iwhich ileads ito iweight, isize iand icost 

isaving ifor ithe iinductor, iand iless iconduction 
ilosses. iAnother imethod ifor iachieving ihigh istep-

up igain iis ithe iuse iof ithe ivoltage-lift itechnique 

ishowing ithe iadvantage ithat ithe ivoltage istress 

iacross ithe iswitch iis ilow. iHowever, iseveral 
idiode-capacitor istages iare irequired iwhen ithe 

iconversion iratio iis ivery ilarge, iwhich imakes ithe 

icircuit icomplex. iIn iaddition, ithe isingle iswitch 
imay isuffer ihigh icurrent ifor ihigh ipower 

iapplications, iwhich irisks ireducing iits iefficiency. 

i 

Nowadays ihigh ivoltage igain iDC-DC iconverters 
iare irequired iin imany iindustrial 

iapplications.Photovoltaic ienergy iconversion 

isystems iand ifuel-cell isystems iusually ineed ihigh 
istep iup iand ilarge iinput icurrent idc-dc 

iconverters ito iboost 

low ivoltage i(18-56 iV) ito ihigh ivoltage i(200-400 
iV) ifor ithe igrid-connected iinverters.High-intensity 

idischarge ilamp iballasts ifor iautomobile 

iheadlamps icall ifor ihigh ivoltage igain iDC-DC 

iconverters ito iraise ia ibattery ivoltage iof i12 iV 
iup ito i100 iV iat isteady ioperation. iAlso, ithe 

ilow ibattery ivoltage iof i48 iV ineeds ito ibe 

iconverted ito i380 iV iin ithe ifront-end istage iin 
isome iuninterruptible ipower isupplies iand 

itelecommunication isystems iby ihigh istep-up 

iconverters.Theoretically, ia ibasic iboost iconverter 
ican iprovide iinfnite ivoltage igain iwith iextremely 

ihigh iduty iratio. iIn ipractice, ithe ivoltage igain iis 

ilimited iby ithe iparasitic ielements iof ithe ipower 

idevices, iinductor iand icapacitor. iMoreover, ithe 
iextremely ihigh iduty icycle ioperation imay 

iinduce iserious ireverse-recovery iproblem iof ithe 

irectifer idiode iand ilarge icurrent iripples, iwhich 
iincrease ithe iconduction ilosses. iOn ithe iother 

ihand, ithe iinput icurrent iis iusually ilarge iin ihigh 

ioutput ivoltage iand ihigh ipower iconversion, ibut 

ilow-voltage-rated ipower idevices iwith ismall ion 
iresistances imay inot ibe iselected isince ithe 

ivoltage istress iof ithe imain iswitch iand idiode iis, 

irespectively, iequivalent ito ithe ioutput ivoltage iin 
ithe iconventional iboost iconverter.Many iother 

iconverter itopologies ihave ideveloped ifor ihigh 

istep iup igain. iHere ia ihigh igain iinput-parallel 
ioutput-series iDC-DC iconverter iwith idual 

icoupled iinductors iis idesigned.This iconfguration 

iinherits ithe imerits iof ihigh ivoltage igain, ilow 

ioutput ivoltage iripple, iand ilow ivoltage istress 
iacross ithe ipower iswitches.Moreover, ithe 

iconverter iis iable ito iturn iON ithe iactive 

iswitches iat izero icurrent iand ialleviate ithe 

ireverse irecovery iproblem iof idiodes iby 
ireasonable ileakage iinductances iof ithe icoupled 

iinductors. 

2. TOPOLOGY iAND iOPERATION 

iPRINCIPLE iOF iTHE iPRESENTED 

iCONVERTER 

The iderivation iprocedure ifor ithe iproposed 

itopology iis ishown iin iFig. i1. iThis icircuit ican 
ibe idivided ias itwo iparts. iThese itwo isegments 

iare inamed ia imodified iinterleaved iboost 

iconverter iand ia ivoltage idoubler imodule iusing 
icapacitor-diode iand icoupled iinductor 

itechnologies. iThe ibasic iboost iconverter 

itopology iis ishown iin iFig. i1(a) iand iFig.1 i(b) 
iis ianother iboost iversion iwith ithe isame ifunction 

iin iwhich ithe ioutput idiode iis iplaced ion ithe 

inegative idc-link irail. iFig.1(c) iis icalled ia 

imodified iinterleaved iboost iconverter, iwhich iis 
ian iinput-parallel iand ioutput-series iconfiguration 

iderived ifrom itwo ibasic iboost itypes. iTherefore, 

ithis ipart ibased ion iinterleaved icontrol ihas 
iseveral imain ifunctions: i1) iit ican iobtain idouble 

ivoltage igain iof iconventional iinterleaved iboost; 

i2) ilow ioutput ivoltage iripple idue ito ithe 
iinterleaved iseries-connected icapacitors; i3) ilow 

iswitch ivoltage istresses. iThen ithe idouble 

iindependent iinductors iin ithe imodified 

iinterleaved iboost iconverter iare iseparately 
ireplaced iby ithe iprimary iwindings iof icoupled 

iinductors iwhich iare iemployed ias ienergy istorage 

iand ifiltering ias ishown iin iFig.1 i(d). iThe 
isecondary iwindings iof itwo icoupled iinductors 

iare iconnected iin iseries ifor ia ivoltage imultiplier 

imodule, iwhich iis istacked ion ithe ioutput iof ithe 

imodified iconverter ito iget ihigher ivoltage igain. 
iFortunately, ithis iconnection iis ialso ihelpful ito 

ibalance ithe icurrents iof itwo iprimary isides. iThe 

icoupling ireferences iof ithe iinductors iare idenoted 
iby ithe imarks i“∗  i” iand i“·”. iThe iequivalent 

icircuit iof ithe ipresented iconverter iis 

idemonstrated iin iFig. i2, iwhere iLm1, iLm2 
imagnetizing iinductances iLk1, iLk2 ileakage 
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iinductances iC1, iC2, iC3 ioutput iand iclamp 

icapacitors iS1, iS2 imain iswitches iD1, iD2 iclamp 

idiodes iDr, iCr iregenerative idiode iand icapacitor 

iD3 ioutput idiode iN iturns iratio iof iNs i/Np iVN1, 

iVN2 ithe ivoltage ion ithe iprimary isides iof 

icoupled iinductors

 i 

 
Fig. i1.The iprocedure ito iobtain ithe iproposed iconverter iwith ihigh ivoltage igain.(a) iConventional iboost 
iconverter. i(b) iOther istructure iof iboost iconverter. i(c) iThe imodified iinterleaved iboost. i(d) iA ihigh igain 

iinput-parallel ioutput-series iDC/DC iconverter iwith idual icoupled-inductors. 
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Fig. i2 iThe iequivalent icircuit iof ithe ipresented iconverter 

Fig. i3 ishows ithe itheoretical iwaveforms iwhen ithe iconverter iis ioperated iin icontinuous iconduction imode 

i(CCM). iThe iduty icycles iof ithe ipower iswitches iare iinterleaved iwith i180°phase ishift, iand ithe iduty 
icycles iare igreater ithan i0.5. iThat iis ito isay, ithe itwo iswitches ican ionly ibe iin ione iof ithree istates i(S1: 

ion, iS2: ion; iS1: ion, iS2: ioff; iS1: ioff, iS2: ion;), iwhich iensures ithe inormal itransmission iof ienergy ifrom 

ithe icoupled iinductor’s iprimary iside ito ithe isecondary ione. iThe ioperating istages ican ibe ifound iin iFig.4. 

 
Fig. i3 iKey itheoretical iwaveforms 

 
Fig. i4 iFirst istage i 
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Fig. i5 iSecond istage 

1) iFirst istage i[t0-t1]: iAt it i= it0, ithe ipower 
iswitch iS1 iis iturned ion iwith izero icurrent 

iswitching i(ZCS) idue ito ithe ileakage iinductance 

iLk1, iwhile iS2 iremains iturned ion, ias ishown iin 
iFig. i4. iDiodes iD1, iD2 iand iDr iare iturned ioff, 

iand ionly ioutput idiode iD3 iis iconducting. iThe 

icurrent ifalling irate ithrough ithe ioutput idiode 
iD3 iis icontrolled iby ithe ileak-age iinductances 

iLk1 iand iLk2, iwhich ialleviates ithe idiodes’ 

ireverse irecovery iproblem. iThis istage iends iwhen 

ithe icurrent ithrough ithe idiode iD3 idecreases ito 
izero. 

2) iSecond istage i[t1-t2]: iDuring ithis iinterval, 

iboth ithe ipower iswitches iS1 iand iS2 iare 
imaintained iturned ion, ias ishown iin iFig.5 iAll 

iof ithe idiodes iare ireversed-biased. iThe 

imagnetizing iinductances iLm1 iand iLm2 ias iwell 

ias ileakage iinductances iLk1 iand iLk2 iare 
ilinearly icharged iby ithe iinput ivoltage isource 

iVin. 

CONCLUSION 

For ilow iinput-voltage iand ihigh istep iup ipower 
iconversion, ithis ipaper ihas isuccessfully 

ideveloped ia ihigh-voltage igain idc–dc iconverter 

iby iinput-parallel ioutput-series iand iinductor 
itechniques. iThe ikey itheoretical iwaveforms, 

isteady-state 

operational iprinciple, iand ithe imain icircuit 
iperformance iare idiscussed ito iexplore ithe 

iadvantages iof ithe iproposed iconverter. 
iPerformance iof ithe iconverter iis isimulated iusing 

iMATLAB/SIMULINK isoftware. iFrom isimulation 

icircuit, iwe ican isee ithat ithe iconverter ican 
iachieve ia imuch ihigher ivoltage igain iand iavoid 

ioperating iat iextreme iduty icycle iand inumerous 

iturn iratios. iThe imain iswitches ican ibe iturned 
iON iat iZCS iso ithat ithe imain iswitching ilosses 

iare ireduced. iThe icurrent ifalling irates iof ithe 

idiodes iare icontrolled iby ithe ileakage iinductance 

iso ithat ithe idiode ireverse-recovery iproblem iis 
ialleviated. 
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