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ABSTRACT 

This ipaper ipresents ia inew ihigh istep-up idc/dc iconverter ifor irenewable ienergy isystems iin 

iwhich ia ihigh ivoltage igain iis iprovided iby iusing ia icoupled iinductor. iThe ioperation iof 

ithe iproposed iconverter iis ibased ion ia icharging icapacitor iwith ia isingle ipower iswitch iin 

iits istructure. iA ipassive iclamp icircuit icomposed iof icapacitors iand idiodes iis iemployed iin 

ithe iproposed iconverter ifor ilowering ithe ivoltage istress ion ithe ipower iswitch ias iwell ias 

iincreasing ithe ivoltage igain iof ithe iconverter. iSince ithe ivoltage istress iis ilow iin ithe 

iprovided itopology, ia iswitch iwith ia ismall iON-state iresistance ican ibe iused. iAs ia iresult, 

ithe ilosses iare idecreased iand ithe iefficiency iis iincreased. iTherefore, ia imain ipower 

iswitch iwith ilow resistance iRDS i(ON)can ibe iused ito ireduce ithe iconduction ilosses. iThe 

ioperation iprinciple iand ithe isteady-state ianalyses iare idiscussed ithoroughly. iTo iverify ithe 

iperformance iof ithe ipresented iconverter, ia i300W ilaboratory iprototype icircuit iis 

iimplemented. iThe iresults ivalidate ithe itheoretical ianalyses iand ithe ipracticability iof ithe 

ipresented ihigh istep-up iconverter. 

 

1. INTRODUCTION 

Demand ifor iclean iand isustainable ienergy 

isources ihas idramatically iincreased 

iduring ithe ipast ifew iyears iwith igrowing 

ipopulation iand iindustrial idevelopment. 

iFor ia ilong itime, ifossil ifuels ihave ibeen 

iused ias ithe imajor isource iof igenerating 

ielectrical ienergy. iEnvironmental 

iconsequences iof ithese iresources ihave 

imade iit inecessary ito ibenefit ifrom iclean 

ienergy isources isuch ias iwind iand isolar. 

iTherefore, idistributed igeneration i(DG) 

isystems ibased ion irenewable ienergy 

isources ihave iattracted ithe iresearchers’ 
iattention. iThe iDG isystems iinclude 

iphotovoltaic i(PV) icells, ifuel icells iand 

iwind ipower i[1]- i[3].However, ithe 

ioutput ivoltages iof ithese isources iare inot 

ilarge ienough ifor iconnecting ito iac iutility 

ivoltage. iPV icells ican ibe iconnected iin 

iseries iin iorder ito iobtain ia ilarge idc 

ivoltage. iHowever, iit iis idifficult ito 

iignore ithe ishadow ieffect iin iPV ipanels 

i[4]. iHigh istep-up iconverters iare ia 

isuitable isolution ifor ithe iaforementioned 

iproblem. iEach iPV ipanel ican ibe 

iconnected ito ia iparticular ihigh istep-up 

iconverter. iTherefore, ieach ipanel ican ibe 

icontrolled iindependently. iThese 

iconverters iboost ithe ilow iinput ivoltages 
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i(24-40 iV) ito ia ihigh ivoltage ilevel i(300-

400 iV). iThe imain ifeatures iof ihigh istep-

up iconverters iare itheir ilarge iconversion 

iratio, ihigh iefficiency iand ismall isize. 

Theoretically, iconventional iboost 

iconverters ican iachieve ihigh ivoltage igain 

iwith ian iextremely ihigh iduty iratio. 

iHowever, ithe iperformance iof ithe isystem 

iwill ibe ideteriorated iwith ia ihigh iduty 

icycle idue ito iseveral iproblems isuch ias 

ilow iconversion iefficiency, ireverse-

recovery iand ielectromagnetic iinterference 

iproblems. iSome itransformer-based 

iconverters ilike iforward, ipush-pull ior 

iflyback iconverters ican iachieve ihigh 

istep-up ivoltage igain iby iadjusting ithe 

iturn iratio iof ithe itransformer. iHowever, 

ithe ileakage iinductor iof ithe itransformer 

iwill icause iserious iproblems isuch ias 

ivoltage ispike ion ithe imain iswitch iand 

ihigh ipower idissipation. iIn iorder ito 

iimprove ithe iconversion iefficiency iand 

iobtain ihigh istep-up ivoltage igain, imany 

iconverter istructures ihave ibeen ipresented. 

iSwitched icapacitor iand ivoltage ilift i 

itechniques ihave ibeen iused iwidely ito 

iachieve ihigh istep-up ivoltage igain. 

iHowever, iin ithese istructures, ihigh 

icharging icurrents iwill iflow ithrough ithe 

imain iswitch iand iincrease ithe iconduction 

ilosses. iCoupled-inductor ibased iconverters 

ican ialso iachieve ihigh istep-up ivoltage 

igain iby iadjusting ithe iturn iratios. 

iHowever, ithe ienergy istored iin ithe 

ileakage iinductor icauses ia ivoltage ispike 

ion ithe imain iswitch iand ideteriorates ithe 

iconversion iefficiency. iTo iovercome ithis 

iproblem, icoupledinductor ibased 

iconverters iwith ian iactive-clamp icircuit 

ihave ibeen ipresented. iSome ihigh istep-up 

iconverters iwith itwoswitch iand isingle-

switch iare iintroduced iin ithe irecent 

ipublished iliteratures. iHowever, ithe 

iconversion iratio iis inot ilarge ienough. 

In iorder ito isave ithe inatural ienvironment 

iof ithe iearth, ithe idevelopment iof iclean 

ipollution ifree ienergy ihas ihad ia imajor 

role iin ithe ilast idecade i[1]. iFor idealing 

iwith ithe iissue iof iglobal iwarming, iclean 

ienergies, isuch ias ifuel icells i(FC), 

iphotovoltaic i(PV) isources, iwind ienergy, 

ietc., ihave ibeen irapidly ipromoted i[2], 

i[3]. iGenerally, ithe imaximum ipower 

ipoint i(MPP) ivoltage iof ia itypical iPV 

ipanel iis iin ithe irange iof i15-40 iV 

idepending ion ithe ipower icapacity iof ithe 

iPV ipanel i[4]. iThus, ia ihigh ivoltage igain 

iconverter iis irequired ito iobtain ia ihigh 

ioutput ivoltage ifrom ia ilow iinput 

ivoltage, iespecially iin igrid iconnected 

iapplications. iConventional iboost iand 

ibuck-boost iconverters ican ibe iused ito 

iprovide ia ihigh ioutput ivoltage. iHowever, 

ithey imust iwork iwith ian iextremely ihigh 

iduty icycle. iThis iis ilimited idue ito ia 

inumber iof iissues isuch ias ithe iimpact iof 

ithe ipower iswitches, ithe idiodes, iand ithe 

iequivalent iseries iresistances i(ESR) iof 

ithe iinductors iand icapacitors. iMoreover, 

iits icontrol iand istability iat ihigh iduty 

icycles iis ivery icomplex. iOne isolution iis 

iutilizing iflyback iconverters. iHowever, 

ithe itransformers iused iin ithis ikind iof 

iconverter iincrease ithe icost, ithe isize iand 

ithe ivoltage istress ion imain iswitch, iand 

ithe ileakage ilosses ibecome ilarge. iThe 

iuse iof iactive-clamps iand iresistor-

capacitor-diodes i(RCD) ican ilargely 

ieliminate ithese iproblems, ibut ithey iare 

inot ivery ieconomic idue ito ithe ihigh 
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ipower iswitch idriver icircuit. iIn ihigh-

voltage itransformers iwith ia ivery ihigh 

iturns iratio, ithe icharacteristics iof inon-

ideal ielements iare igetting iworse iand 

iworse. iTherefore, ithe ileakage iinductance 

iof ithe 

transformer iresults iin ian iadverse ivoltage 

ispike. iAs ia iresult, ithe icircuit ielements 

iexperience ifailure. iIn iaddition, i ithe 

idistribution icapacitors iof ithe 

itransformers icause icurrent ispikes. iBoth 

iof ithese inon-ideal ifeatures iincrease ithe 

iswitching ilosses iand idecrease ithe 

iefficiency iof ithe iconverter. iSeveral 

iconverters iwith ia ihigh ivoltage igain 

ihave ibeen iproposed. iCoupled iinductors 

iare iused ito iget ia ihigh ivoltage igain iin 

inon-isolated iconverters. iThe imain 

iproblem iwith ithese ikinds iof iconverters 

iis ithe ileakage iinductance iof ithe icoupled 

iinductor, iwhich iincreases ithe ivoltage 

istress ion ithe imain iswitch. i 

2. OPERATING PRINCIPLE OF 

THE PROPOSED CONVERTER 

The icircuit iconfiguration iof ithe iproposed 

iconverter iis ishown iin iFig. i1. iThe 

iproposed iconverter icomprises ia iDC 

iinput ivoltage i(VI), iactive ipower iswitch 

i(S), icoupled iinductor, ifour idiodes iand 

ifour icapacitors. iCapacitor iC1 iand idiode 

iD1 iare iemployed ias iclamp icircuit 

irespectively. iThe icapacitor iC3 iis 

iemployed ias ithe icapacitor iof ithe 

iextended ivoltage imultiplier icell. iThe 

icapacitor iC2 iand idiode iD2 iare ithe 

icircuit ielements iof ithe ivoltage imultiplier 

iwhich iincrease ithe ivoltage iofclamping 

icapacitor iC1. iThe icoupled iinductor iis 

imodeled ias ian iideal itransformer iwith ia 

iturn iratio iN i(NP/NS), ia imagnetizing 

iinductor iLm iand ileakage iinductor iLk. i 

 

Fig. i1. iCircuit iconfiguration iof ithe 

ipresented ihigh istep-up iconverter. 

In iorder ito isimplify ithe icircuit ianalysis 

iof ithe iconverter, isome iassumptions iare 

iconsidered ias ifollow: i1) iAll iCapacitors 

iare isufficiently ilarge. iTherefore iVC1, 

iVC2, iVC3, iand iVO iare iconsidered ito 

ibe iconstant iduring ione iswitching iperiod. 

i 

2) iAll icomponents iare iideal ibut ithe 

ileakage iinductance iof ithe icoupled 

iinductor iis iconsidered. i 

According ito ithe iaforementioned 

iassumptions, ithe iCCM ioperation iof ithe 

iproposed iconverter iincludes ifive 

iintervals iin ione iswitching iperiod. iThe 

icurrent-flow ipath iof ithe iproposed 

iconverter ifor ieach istage iis idepicted iin 

iFig. i2. iSome itypical iwaveforms iunder 

icontinuous iconduction imode i(CCM) 

ioperation iare iillustrated iin iFig. i3. iThe 

ioperating istages iare iexplained ias 

ifollows. 

1) iStage iI i[t0<t<t1 isee iFig. i2(a)]: iIn 

ithis istage, iswitch iS iis iturned ion. iAlso, 

idiodes iD2 iand iD4 iare iturned ion iand 

idiodes iD1, iD3 iare iturned ioff. iThe iDC 

isource i(VI) imagnetizes iLm ithrough iS. 

iThe isecondary-side iof ithe icoupled 
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iinductor iis iin iparallel iwith icapacitor iC2 

iusing idiode iD2. iAs ithe icurrent iof ithe 

ileakage iinductor iLk iincreases ilinearly, 

ithe isecondary-side icurrent iof ithe 

icoupled iinductor i(iS) idecreases ilinearly. 

iThe irequired ienergy iof iload i(RL) iis 

isupplied iby ithe ioutput icapacitor iCO. 

iThis iinterval iends iwhen ithe isecondary-

side icurrent iof ithe icoupled iinductor 

ibecomes izero iat it=t1. i 

2) iStage iII i[t1<t<t2 isee iFig. i2(b)]: iIn 

ithis istage, iswitch iS iand idiode iD3 iare 

iturned ion iand idiodes iD1, iD2 iand iD4 

iare iturned ioff. iThe iDC isource iVI 

imagnetizes iLm ithrough iswitch iS. iSo, 

ithe icurrent iof ithe ileakage iinductor iLk 

iand imagnetizing iinductor iLm iincrease 

ilinearly. iThe icapacitor iC3 iis icharged iby 

idc isource iVI, iclamp icapacitor iand ithe 

isecondary-side iof ithe icoupled iinductor. 

iOutput icapacitor iCO isupplies ithe 

idemanded ienergy iof ithe iload iRL. iThis 

iinterval iends iwhen iswitch i(S) iis iturned 

ioff iat it=t2. 

3) iStage iIII i[t2<t<t3 isee iFig. i2(c)]: iIn 

ithis istage, iswitch iS iis iturned ioff. 

iDiodes iD1 iand iD3 iare iturned ion iand 

idiodes iD2 iand iD4 iare iturned ioff. iThe 

iclamp icapacitor iC1 iis icharged iby ithe 

istored ienergy iin icapacitor iC2 iand ithe 

ienergies iof ileakage iinductor iLk iand 

imagnetizing iinductor iLm. iThe icurrents 

iof ithe isecondary-side iof ithe icoupled 

iinductor i(iS) iand ithe ileakage iinductor 

iare iincreased iand idecreased irespectively. 

iThe icapacitor iC3 iis istill icharged 

ithrough iD3. iOutput icapacitor iCO 

isupplies ithe ienergy ito iload iRL. iThis 

iinterval iends iwhen iiLk iis iequal itoiLm 

iat it=t3. 

4) iStage iIV i[t3<t<t4 isee iFig. i2(d)]: iIn 

ithis istage, iS iis iturned ioff. iDiodes iD1 

iand iD4 iare iturned ion iand idiodes iD2 

iand iD3 iare iturned ioff. iThe iclamp 

icapacitor iC1 iis icharged iby ithe icapacitor 

iC2 iand ithe ienergies iof ileakage iinductor 

iLk iand imagnetizing iinductor iLm. iThe 

icurrents iof ithe ileakage iinductor iLk iand 

imagnetizing iinductor iLm idecrease 

ilinearly. iAlso, ia ipart iof ithe ienergy 

istored iin iLm iis itransferred ito ithe 

isecondary iside iof ithe icoupled iinductor. 

iThe idc isource iVI, icapacitor iC3 iand 

iboth isides iof ithe icoupled iinductor 

icharge ioutput icapacitor iand iprovide 

ienergy ito ithe iload iRL. iThis iinterval 

iends iwhen idiode iD1 iis iturned ioff iat 

it=t4. i 

5) iStage iV i[t4<t<t5 isee iFig. i2(e)]: iIn 

ithis istage, iS iis iturned ioff. iDiodes iD2 

iand iD4 iare iturned ion iand idiodes iD1 

iand iD3 iare iturned ioff. iThe icurrents iof 

ithe ileakage iinductor iLk iand 

imagnetizing iinductor iLm idecrease 

ilinearly. iApart iof istored ienergy iin iLm 

iis itransferred ito ithe isecondary iside iof 

ithe icoupled iinductor iin iorder ito icharge 

ithe icapacitor iC2 ithrough idiode iD2. iIn 

ithis iinterval ithe iDC iinput ivoltage iVI 

iand istored ienergy iin ithe icapacitor iC3 

iand iinductances iof iboth isides iof ithe 

icoupled iinductor icharge ithe ioutput 

icapacitor iCo iand iprovide ithe idemand 

ienergy iof ithe iload iRL. iThis iinterval 

iends iwhen iswitch iS iis iturned ion iat 

it=t5. i 
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Fig. i2. iCurrent-flow ipath iof ioperating 

imodes iduring ione iswitching iperiod iat 

CCM ioperation. i(a) iMode iI. i(b) iMode 

iII. i(c) iMode iIII. i(d) iMode iIV. i(e) 

iMode 

3. CAPACITORS iAND 

iINDUCTANCE 

The imagnetizing iinductance iof ithe 

icoupled iinductor iis idesigned iaccording 

ito i(28) iand i(29). iTo iassure ithe iCCM 

operation iof ithe ipresented iconverter, ithe 

ivalue iof imore ithan i_Lm,B. iTherefore, 

ithe iminimum ivalue iof ithe imagnetizing 

iinductance ican ibe icalculated ias ifollows: 

 

According ito i(30), ithe imagnetizing 

iinductance ishould ibe imore ithan i148μH. 
iA icoupled iinductor iwith ithe 

imagnetizing iinductance iof ithe i300μH iis 

iemployed ito iguarantee ithe iCCM 

ioperation iof ithe iimplemented iconverter. 

iIn iorder ito idesign ithe isize iof ithe 

icapacitors, iit ishould ibe ifollowed ifour 

iconditions iregarding ithe iripple iin ithe 

ioutput ivoltage. iThe iconditions iare iripple 

iof ithe icapacitor icurrent, iripple idue ito 

ithe iequivalent iseries iresistance i(ESR) iof 

ithe 

capacitor, iripple idue ito ithe iequivalent 

iseries iinductance i(ESL) iof ithe icapacitor, 

iand ithe ihold-up itime irequirement ifor 

iload istep iresponse iwhich ithe ilast 

icondition iis ifor ithe ioutput icapacitor. 

iFirst, ithe idesign iis istarted iby 

iconsidering ionly ithe ifirst icondition 

iwhich iESRs iand iESLs iare inot iknown 

ibefore iselecting ithe icapacitor. iThen, 

iESRs iand iESLs iare iobtained ifrom ithe 

icapacitors’ idatasheets. iThe itotal ioutput 

ivoltage iripple iis ichecked ito imake isure 

ithat iit iis ibelow ithe iadmissible ivalue iby 

iconsidering iESRs iand iESLs. iIn 

iaddition, ithe iripple iof ithe icapacitor 

icurrents iare icalculated iand icompared ito 

ithe ivalue imentioned iin idatasheet ito 

imake isure ithat ithe iselected icapacitors 

iare iin iconsistent iwith ithe ipractical 

iconditions. iIn iorder ito icalculate ithe 

ivoltage iripple iof ia icapacitor iESR iand 

iESL, ithe ifollowing iequation iis iused. 

 

Since ithe iaverage icurrents ithrough 

icapacitors iC1, iC2, iC3 iand iCO iare izero 
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iunder isteady istate, ithe iaverage icurrent 

ivalues iof idiodes iare iequal ito iIO i 

CONCLUSION 

In ithis ipaper, ia inew istructure ifor ia ihigh 

istep-up idc/dc iboost iconverter iwas 

iproposed. iIn ithe iproposed istructure, 

ihigh ivoltage igains iwith ilow iduty icycles 

iare iachieved iby iusing icapacitors 

icharging itechniques iand ivarious iturn 

iratios. iA icomparative istudy iwith iother 

isimilar iconverters ihighlights ithe imerits 

iof ithe iproposed itopology. iIn ithe 

iproposed iconverter, ito ieliminate ivoltage 

ispikes ion ithe imain iswitch, ia ipassive 

ivoltage iclamp icircuit iis iused. iDue ito 

ithe ilow ivoltage istress, ilow iON-state 

iresistance idevices ican ibe iused, iwhich 

iincreases ithe iefficiency. iBy irecycling 

ithe ienergy iof ithe ileakage iinductances, 

ithe ilosses iare ireduced iand ithe 

iefficiency iis iincreased. iTo iconfirm ithe 

icorrect iperformance iof ithe iproposed 

iconverter, iseveral isimulation iand 

iexperimental iresults ihave ibeen 

ipresented. 
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