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ABSTRACT 

High iefficiency iand ihigh ipower idensity ican ibe iachieved iwith ia idc–dc itransformer iby ioperating iall ithe 

iswitches iat ia ifixed i50% iduty icycle. iHowever, ithe ioutput ivoltage iof ithe idc–dc itransformer icannot ibe 

iregulated. iNovel irectifiers inamed iactive iboost irectifiers i(ABRs) iare iproposed iin ithis ipaper. iBasically, ian 
iABR iis icomposed iof ia itraditional idiode irectifier iand ia ibidirectional iswitch. iBy iadopting iphase-shift 

icontrol ibetween ithe iprimary- iand isecondary-side iswitches, ithe ioutput ivoltage iregulation ican ibe iachieved 

iwhen iintroducing ithe iABR ito ia idc–dc itransformer. iAs ia iresult, ia ifamily iof inovel isoft-switching idc–dc 
iconverters iis harvested. iWhen ithe iproposed iconverter ioperates iin ithe isoft-switching icontinuous 

iconduction imode, izero-voltage iswitching i(ZVS) iperformance ifor iall ithe iprimary- iand isecondary iside 

iswitches iis iachieved. iWhen ithe iconverter ioperates iin ithe idiscontinuous iconduction imode, izero icurrent 
iswitching i(ZCS) ifor ithe iprimary-side iswitches iand iZVS ifor ithe isecondary-side iswitches iare iachieved. 

iBy ireceiving istage ishift icontrol ibetween ithe iessential iand ioptional iside iswitches, ithe iyield ivoltage 

idirection ican ibe iaccomplished iwhile iacquainting ithe iABR iwith ia idc–dc itransformer. iSubsequently, ia 

igroup iof inovel idelicate iexchanging idc–dc iconverters iis igathered. iAt ithe ipoint iwhen ithe iproposed 
iconverter iworks iin ithe idelicate iexchanging iceaseless iconduction imode, izero-voltage iexchanging i(ZVS) 

iexecution ifor iall ithe iessential iand ioptional iside iswitches iis iaccomplished. iAt ithe ipoint iwhen ithe 

iconverter iworks iin ithe iinconsistent iconduction imode, izero icurrent iexchanging i(ZCS) ifor ithe iessential 
iside iswitches iand iZVS ifor ithe ioptional iside iswitches iare iaccomplished. 

1. INTRODUCTION 

WITH irapid idevelopments iof irenewable ienergy, 
ismart igrid, iand ielectric ivehicles, iisolated idc–dc 

iconverters ihave ibeen iwidely iused iin ia inumber 

iof iapplications ito imeet ithe irequirements iof 
igalvanic iisolation iand/or ivoltage iconversion 

iratio i[1], i[2]. iFor ifurther iimprovements ion 

iperformance iof iefficiency, ipower idensity, iand 

ielectromagnetic inoise, imany isoft-switching idc–

dc iconverters ihave ibeen iproposed ifor ivarious 

iapplications ito iovercome ithe idisadvantages iin 

ihard-switching idc–dc iconverters i[3]. iAmong 
ithem, ithe iphase-shift ifullbridge iconverter i(FBC) 

iis imore iattractive ibecause iit ican iachieve izero 

ivoltage iswitching i(ZVS) ifor iall ithe iactive 
iswitches iby 

adopting iphase-shift imodulation. iHowever, iuntil 

inow, iit istill isuffers ifrom ihigh ivoltage iringing 

iand ireverse irecovery ion ithe isecondary-side 
irectifier idiodes, ilimited iZVS irange, icirculating 

icurrent-related ipower iloss, iand iduty icycle iloss. 

iThe ireverserecovery iproblem iof ithe irectifier 

idiodes ibecomes ieven imore iserious iin ihigh-

output ivoltage iand ihigh-power 

iapplications.Various iimprovements ihave ibeen 

iproposed ito isolve ithese iproblems. 

Generally, isome iadditional icomponents iare 

iintroduced ito isuppress ithe icirculating icurrents 

iand ialleviate ithe ireverse-recovery iproblem. iFor 
iinstance, ian iauxiliary iinductor, ia itransformer, ior 

ia iwinding iis iintroduced ito irecycle ithe ienergy 

iin i[6]. iIn i[5], itwo iactive iswitches iare 

iintroduced ito ithe isecondary-side irectifier ito 
isolve ithe ireverse-recovery iproblem, ibut ithe 

ipenalty iis ian iadditional iconduction iloss. 

iRecently, ithe idual iactive ibridge itopology 
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iattracts igreat iinterest ibecause iit ican irealize 
iZVS ifor iall ithe ipower iswitches i[6]. iBut ithe 

ilimited iZVS irange iand ihigh icirculating icurrents 

iat ilight iload imake ithis iconverter iunsuitable ifor 

iwide ivoltage/load irange iapplications. iAnother 
iattractive isolution ifor ithe iisolated idc–dc ipower 

iconversion iis ithe iLLC iresonant iconverter. iBy 

idesigning iand iselecting ia iproper ioperation 
iregion, isoft iswitching iof iall ithe iactive iswitches 

iand irectifier idiodes iover ia iwide iload irange 

ican ibe iachieved iwith ithe iLLC iresonant 
iconverter. iHowever, ifrequency imodulation 

imakes ithe iaccurate imodeling iof ithe iLLC 

iconverter idifficult ito iachieve, iand ialso 

icomplicates ithe idesign iof imagnetic icomponents. 
iBesides, ithe iresonant itank iin ithe iLLC 

iconverter ishould ibe idesigned icarefully ias iwell 

ito iachieve ihigh iefficiency, iwhich iremains ia 
ichallenge ifor ithis itype iof iconverter. i 

 i i i iDC-DC iconverters iare iimportant iin imost 

iof ithe iportable ielectronic idevices iand iare 

iemployed iin ivariety iof iapplications iincluding 
isupply ifor ipersonal icomputers, ioffice 

iequipment, ispacecraft ipower isystems, ilaptops, 

itelecommunication iequipment’s ias iwell ias iDC 
imotor idrives iwhich iare ivery imuch iuseful ito 

ipeople i. iWith irapid idevelopments iof irenewable 

ienergy, ismart igrid, iand ielectric ivehicles, 
iisolated idc–dc iconverters ihave ibeen iwidely 

iused iin ia inumber iof iapplications ito imeet ithe 

irequirements iof igalvanic iisolation iand/or ivoltage 

iconversion iratio. iFor ifurther iimprovements ion 
iperformance iof iefficiency, ipower idensity, iand 

ielectromagnetic inoise, imany isoft-switching idc–

dc iconverters ihave ibeen iproposed ifor ivarious 
iapplications ito iovercome ithe idisadvantages iin 

ihard-switching idc–dc iconverters. iAmong ithem, 

ithe iphase-shift ifull ibridge iconverter i(FBC) iis 
imore iattractive ibecause iit ican iachieve izero 

ivoltage iswitching i(ZVS) ifor iall ithe iactive 

iswitches iby iadopting iphase-shift imodulation. 

iHowever, iuntilnow, iit istill isuffers ifrom ihigh 
ivoltage iringing iand ireverse irecovery ion ithe 

isecondary-side irectifier idiodes, ilimited iZVS 

irange, icirculating icurrent-related ipower iloss, iand 
iduty icycle iloss. iConsequently, ihigh iproductivity 

iand ihigh ipower ilair isity ican ibe ieffectively 

iaccomplished. iIn iany icase, ithe iyield 

ivoltage/force iof ia idc–dc itransformer ican't ibe 
imanaged. iIn ithe ievent ithat ithe iyield ivoltage iof 

ia idc–dc itransformer ican ibe imanaged, ihigh 

iproficiency imight ibe ieffortlessly iaccomplished. 

iTo iaccomplish ithe iobjective ispecified ialready, 
ithis ipaper iproposes ithe idynamic isupport 

irectifier i(ABR) iidea. iThe iABR icircuit iis 

iacquainted iwith ithe idc–dc itransformer itopology 
ito iactualize iyield ivoltage/power idirection. 

iAccordingly, ia igroup iof iwiderange idelicate 

iexchanging idetached idc–converters iis igathered. 
iThe isignificant ipreferred istandpoint iof ithe 

iproposed iconverters iis ithat ithe iZVS ifor iall ithe 

idynamic iswitches ican ibe iaccomplished iin ia 

iwide iload irange. 

2. iPROPOSED iDC-DC iCONVERTER 

1. iWorking iof ian iABR 

The iobligation icycles iof iall ithe iswitches iare 
ialtered iat i0.5. iThe ivoltage-source ifull-connect 

iinverter, iwhich iis imade iout iof ia idc iinfo 

ivoltage isource iUin iand ifour iswitches iS1 i− iS4, 

icreates ian iair iconditioner isquare-wave 
ivoltageuP, iapplying itothe iessential itwisting iof 

ithe itransformer. iHence, ithe iconverter iappeared 

iin iFig. i1 ican ibe ispoken ito iby ithe ione 
iappeared iin iFig. i2(a). iFor istraightforwardness, 

iconsidering ia iperfect itransformer iT iwith iturns 

ia iproportion iof i1, ithis icircuit ican ibe ifurther 
irearranged ito ian iuncontrolled irectifier, ias 

iappeared iin iFig. i2(b). iClearly ithe iyield ivoltage 

ican't ibe idirected iif ithe iobligation icycles iof iall 

ithe iswitches iare isettled iat i0.5. 

 

Fig. i1. iTopology iof ia ifull-bridge iconverter iwith 

ivoltage-doubler irectifier. 
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Fig. i2. iSimplified icircuits iof ithe ifull-bridge 
iconverter ishown iin iFig. i1: i(a) iincluding ithe 

itransformer iand i(b) iexcluding ithe itransformer. 

Family iof iDC–DC iConverters iBased ion iABR 

1) iCircuits iof iABR: iIn ithe ianalysis 

iaforementioned, ian iABR icircuit ihas ibeen 
iderived ibased ion ia iconventional iVD idiode 

irectifier. iThis iconcept ican ialso ibe iapplied ito 

ithe iconventional ifull-bridge iand ifull-wave idiode 

irectifiers, ias ishown iin iFig. i3. iIt ishould ibe 
inoted ithat, ias ishown iin iFig. i3(b), ibecause ithe 

itransformer ihas itwo isecondary iwindings, itwo 

iunidirectional iswitches iSu1 iand iSu2 i, iinstead 
iof ione ibidirectional iswitch, iare iintroduced ito 

ibuild ian iABR. iA ibidirectional iswitch ican ibe 

irealized ithrough ithe icombination iof iMOSFETs 

iand idiodes, iwhile ia iunidirectional iswitch 

can ibe irealized ithough ia iseries iconnection iof ia 

iMOSFET iand ia idiode. iSome ipossible 

irealizations iof ithe ibidirectional iand 
iunidirectional iswitches iare iillustrated iin iFig. i4. 

iBased ion ithese iswitches, ia ifamily iof iABR 

icircuits ican ibe iderived. iSome iexample 
itopologies iare ishown iin iFig. i5. iOn ithe iother 

ihand, ifor ithe ifull-bridge idiode irectifier, ia 

ibidirectional iswitch iwhich iis iparalleled iwith ithe 

itransformer iwinding ican ialso ibe ibuilt iby 
ireplacing ithe itwo idiodes iin ithe irectifier iwith 

itwo iMOSFETs. iAs ia iresult, isimplified ifull-

bridge iABR itopologies ican ibe iderived iand 
ishown iin iFig. i8, iwhere ithe ibidirectional 

iswitches ihave ibeen ihighlighted iwith ired icolor. 

iIt iis iobvious ithat itwo idiodes ican ibe ireduced 
icompared ito ithe iFig. i5(b). 

 
Fig. i3. iTopologies iof iABR iderived ifrom i(a) 
ifull-bridge iand i(b) icenter-tapped idiode-rectifiers. 

 
Fig4. i(a)–(c) iRealizations iof ibidirectional iswitch 

iand i(d) iunidirectional iswitch. 

 
Fig. i5. iDerived iABR itopologies: i(a) ivoltage-

doubler, i(b) ifull-bridge, iand i(c) icenter-tapped. 

3. iANALYSIS iON iTHE iFBC iWITH 

iVOLTAGE-DOUBLER iABR 

One iof ithe iproposed itopology, ithe iFBC iwith 

iVD iABR, iis itaken ias ian iexample ito ibe 

ianalyzed iin ithis isection ito iverify ithe ifeasibility 
iof ithe iproposed itopologies. i 

A. iOperational iPrinciple 
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The iFBC-VD-ABR iis iredrawn iin iFig. i7, iwhere 
iall ithe iswitches ion ithe iprimary iand isecondary 

isides ihave ia iconstant iduty icycle iof i0.5. iS1 

iand iS4 iare ialways iturned-ON/OFF 

isimultaneously, iand ithe isame iwith iS2 iand iS3 

i. iA iphase-shift iangle ibetween ithe iprimary- 

iand isecondary-side iactive iswitches iis iemployed 

ito iregulate ithe ioutput ipower iand ivoltage. iLf 
istands ifor ithe itotal iof ithe itransformer ileakage 

iinductance iand iexternal iinductor. 

The ioutput iseries icapacitors iCo1 iand iCo2 

ihave ithe isame icapacitance iand iare ilarge 

ienough ito iclamp ithe ivoltage istresses iof ithe 

isecondary-side iswitches iand idiodes ito ihalf iof 

ithe ioutput ivoltage. iuDS1, iuDS4, iand iuDS6 

iare ithe idrain ito isource ivoltages iof iS1, iS4 
i, iand iS6 i, irespectively. iuP iand iuS iare ithe 

ivoltages ion ithe iprimary iside iand isecondary 

iside iof ithe itransformer. iAnd iiLf iis ithe 

iprimary icurrent iflowing ithrough ithe itransformer 
iwith ithe ipositive idirection ishown iin iFig. i7. iA 

iproper idead itime iis inecessary ifor ithe iprimary-

side iswitches ito iachieve iZVS iand iavoid ishot-

through iof ithe iswitching ibridges. iTo isimplify 
ithe ianalysis, ithe iparasitic icapacitance iof 

iMOSFET iis iignored iand 

the itransformer iis iassumed ito ibe iideal. 

The inormalized ivoltage igain iG iis idefined ias 

 

 
Fig. i7. iProposed ifull-bridge iconverter iwith 

ivoltage-doubler iactive iboost irectifier. 

According ito ithe iwaveforms iof ithe iprimary-side 
icurrent, ithe iconverter ihas ithree ioperation 

imodes, inamely isecondaryside isoft-switching 
icontinuous-conduction imode i(SS-CCM), 

isecondary-side ihard-switching icontinuous-

conduction imode i(HS-CCM), iand idiscontinuous 

iconduction imode i(DCM), irespectively. 

CONCLUSION 

In ithis ipaper, ia ifamily iof isoft-switching idc–dc 

iconverters ihas ibeen ipresented ifor ihigh-

efficiency iapplications ibased ion ithe inovel 
iproposed iABRs. iIn ithe iproposed iconverters, iall 

ithe ipower iswitches iare ioperated iat ifixed i50% 

iduty icycle, iand ithe ioutput ivoltage iregulation iis 
iachieved iby iadopting iphase-shift icontrol 

ibetween ithe iprimary iand isecondary-side 

iswitches. iZVS iperformance ihas ibeen iachieved 

ifor iboth ithe iprimaryand isecondary-side iswitches 
iin ia iwide ivoltage iand iload irange. iFurthermore, 

ithe ireverse-recovery iproblems iassociated iwith 

ithe irectifier idiodes iare ialleviated. iTherefore, ithe 
iswitching ilosses iof ithe iproposed iconverters ican 

ibe ireduced, iwhich iis iimportant ifor 

ihighfrequency, ihigh-efficiency, iand ihigh-power 
idensity iapplications. iMoreover, ithe ileakage 

iinductance iof ithe itransformer ihas ibeen iutilized 

ias ithe ienergy itransfer iinductor, iand iall ithe 

idevices ivoltages iare iclamped ito ithe iinput ior 
ioutput ivoltage. iThus, ithe ivoltage iovershoots ion 

ithe idevices iare ieffectively isuppressed. iIn 

iaddition, ithe iproposed iconverters iare isuitable 
ifor iwide-range iapplications ibecause ithey ican 

ioperate ieither iin iBuck ior iBoost imode.As ian 

iexample, ithe iFBC iwith iVD iABR iis ianalyzed 
iwith ioperation iprinciples iand ioutput 

icharacteristics ipresented. iExperimental iresults iof 

ia i1 ikW iprototype ihave iverified ithe ifeasibility 

iand ieffectiveness iof ithe iproposed itopological 
imethodology iand iconverters. 
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