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Quasi－Resonant

FbrwardCompositeDC－DCConverter

YukihiroOHTA†a），ChikaWATANABE†，

SUMMARY AD（ブーDCconverteruslngtwotransfbrmersis

proposed・Onetransbrmerdeliverstheenergytoaloadwhena

SWitchisonandtheothertransftrstheflybackenergytoaload
Whenaswitchisoff・Theprlmarywindingsofthctwotrans－

formersfunctionaschokeinductancealternately，andthusthe

OutputVOltagecontrolbymeansofthedutyratioandthezero＿

VOltage－SWitching are possiblewithout an additionalinductor．

Thebreadboardedprototypesofthesingleoutputandthetwo

OutPutShaveconfirmedtheprinciplesofoperationandderIlOn＿

StratedthehighconveI．Sionefficiency．
たeywoγゼβ二　かC一βCcom眠rkr動αCも♪汀ひαrd ZVg

l．Introduction

Transfbrmerize。switchingDC－DCcoIlVerterSuSIIlgOIIC

SWitchingdeviccca；1beclassifiedintothenybackan（1

forwardconvertersl1日2］・Theflybackconverter，Ⅰ・。－

ftrredoftentoasttleringingchokecoIlVert・er（RCC），

isthesameasthet）uCkconverterintheprirlCiplesof

OperationlaIl。theoutputvoltagecaIlt）eCOntrOlle。by

meansofthedutyI・atiooftheswitchiIlgSlgIlal．SiIICC

SuCh a controlfurlCtioIICarleaSily be accoHlmOdatc（1

intotheself－OSCillatlngCOnfigurat・ioll，itiswidelyap－

pliedtoalow－COSt，eff－1ineswitchingpowersllpplywith

theoutputcapabilityuptoseveraltensofW・Abip0－
1artransistrorisuseiastheswitcllingdeviceandthe

SWitchillgfrequeIICyistyplCallyseveraltcnsofkHzt．o

avoidtheexcesspowerlossduetotheswitchiIlgde－

lay・Amuchhighe】・switchillgSpeedispossiblewith
apowerMOSFET，butthepowerlossduetothediH＿

ChargeoftheparasiticcapacitancebetweeIltlledrain

andthesourceincreasesint．urIl．

Thepowerlossduetothecapacitance。ischarge

Can be grcatly redllCed by the quasi－reSOnant zero－

VOltage－SWitching（ZVS）tecllniquel3日4］・IncoIヤOrat－
lngtheZVSfunctio］1illtOtheflybackcoIIVerterlSdif－

ficultっifIlOtimpossjble・alldthc丘）rWardcoIIVertCris

bettersuitedbecausetheprimarywindillgOft・hetraIIS－

brmerwhenthcswitcllisoffisavailablefbrtheindllC＿

toroftheresonaIltSVitch・IlladditioIl，tllet，ranSfbrn1er

transfbrstheeIlergyWitholltStOrillgit・Thercfbre，a

high－efBciencyandahighpower－densityareachievable

ManuscrlPtreCeiv∋dSeptember28，2001．
ManuscriptreviseiDecember20．2001．

FinalmanuscriptreCeivedFbbruary25，2002．

†TheauthorsareviththeResearchInstituteofElec－

tronics，Shizuoka University，Hamamatsu－Shi、432－8011
Japan．

a）E－mail‥Watanabe・k＠rie・Shizuoka．ac．jp

Flybackand

andKenzoWATANABE†？RqgularMembers

Withtheforwardarchitecture・TbcontroltheoutI）llt

VOltagebymeansofthedutyratiolhoweverlitrequires

thebuckcoIlVerterCOnSistingoft・hecllOkeillductance

andt・heflywheeldiode・ThisbtlrdeIISthefbrwar（lcoIl＿

Verterespeciallywhellmulti－OutputSarerequiredbe－

CauSeeaChsecoIldarywin。illgShouldbebllowedby
thebuckstageofitsown．

TIlebur。enwillber（一duce。ifthebllCkstageis

incorporatedintotlleprilllaryHi（1eofthetrarlSbrIIler

SOthatitiHCOIIlnlOIltOalltlleSeCOndarywiIldings・

Basc。oIlthisi（1ealaflybackaIldfbrwar。coIllI）OSit（－
architcctllreisdeveloped・TheR）rWaI・dconvertertakes

aIllaiIlI）artOft・lleenergytraIISfbrwlliletheflyback

COIIVCrterplaysapartofthebuckstagetocoIltrOltlle

Output voltage・This paper d（）HCribes simlllated aIld

IlleaSuredperbrIIlaIICeSOftheprototypecoIIVerterS．

2．Architectures

FigurelshowsabasiccircllitofacoIlVeIltioIlalfbrward

DriveIlbytheHWitclliIlgSigllall，theswit・ChQcoll－

V（？rtStIlelIlI）lltDCvoltageV；TlilltOt・heACvolt・age．

TheACvolt・ageissteppe（lupor。owIlt）ytheturnm－

tioTtOfthetransbrmerTandrectifiedt）ythe（1iodeDl，

TllCdiodeDlalsooperatesastllCSWitcllOfthcbuCk

COIIVerter COllSiHtingoftlle ChokeiIlductor L aIl（lt．he

flywheelingdio。eD2・AssuIIllIlgthecolltiIluOuHI10de．

theoutputvoltagetもisglVeIlby

β

lLここ1㌦い
rl （1）

WhereT～istlleturnⅠ・at・iobet・WeCIltlleprlIllarya11（lsee－

011darywindiIlgSandDisthedut・yratiooftheswitch－
lIlgSlgnalglVenby
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Fig・1AconventionalfbrwardDC／DCc。nVerter
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（a）Buckconverterwithatransistorswitch・

〔㌢
T

（b）Buckconvertcrwithadiodeswitch・

Fig．2　Forwardconvertertopologiesfbrprecedingbuck
COnVerSlOn．
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Fig．3　The zero－VOltage－SWitching quasi－rCSOnantflyback and

forwardcompositeDC－DC coIIVerter．
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（2）

IftllCtrallSforl11erisprovidedadditiollalsecolldary

Win（liIlgS R）rIIlllltiple outputs、t・hell eaCh secondary

WiIldingshouldbe丘）11owe（lbythebuckconverterStage．

Thisduplicationcanbeavoid（－diftheDC／DCcoIIVer－

SionbythebuCkcollVertCrpreCe。estlleDC／ACcoモ1－
VerSioIl．Such straightfbrwardtopologleSareShowlllll
Fig．2．

These top010gleS requlre additionalswitches，the

t・ranSistorQlinFig・2（a）aIldthediodeDlinFig・2（b）
［5日6］．wllichdegra（let・11eCOnVerSioIle侃cieIICy・Inaddi－

tiolltOt・11epOWerlossduetOad（litioIlalHWitChes，SOIlle

Of tlle eIl（－rgy StOr（－din the cllOkeillductorislostiIl

tllebuckcollVerterbecauseitloadsdi鮎relltlyfromt・h（－

SWitchQ20nalldoff．

Theseissu・eSOfthestraightbrwardtopologleSCan
be（1issoIvedbVreplacIIlgtlleCllOkeiIlductorbytllefly－

baCk traIISbrIller．Tlle tOPOlogy t・hllS SyIlthesizedis

SllOWniIIFig．3．The transfbrnler7l aIld the switch

Q R）rmtheflybackcoIIVerter．Whereas7ちaIld Q brnl

the fbrward co・nVerter．Capacitor Clis connectedin

ParallelwithQIbrthequasi－reSOIlaIltZVS．Theequiv－

alentcircuitSWhenQisonandoffareshowniIIFig・4．

＋
㌦
一

十
兆
一㌦

一

・′［圭
＋
析
「
一

（a）　　　　　　　　　　　　（b）

Fig・4　Equivalentcircuitswhenswitchison（a）andoff（b）．

WhereRistheloadresistancerefbrredtotheprlmary
Sideofthetransbrmer．tbisthevoltagedropacross
thercctifyillgdiode，LplandLp2aretrheinductanceof

theprlmaryWindingsof7l and7ち、reSpeCtively．

ReferringtoFig・4（b），OneCaIlObtainthecurrent

i（t）flowingthro11ghandthevoltagel）C（t）acrossClaS
bllows．

申）＝
杭，1＋711（佑＋tb）

山上p2
SiIl山f＋坤）cos山上（3）

畑）珊調1（鴨＋嘲（トcos項卦叫
（4）

where

LJ　＝

＼7手√㌻

alldI（0）istheinitialcurrentwhenQisoff．Refbrring

tOFig．4（a），I（0）isgivenby

パ0）＝
Vγ1－γと2（佑＋l匂）

上pl

Where7bγlisthetimeduriIlgWhichtheswitchQison・

ThevoltageL，C（t）assumestheminiTumValueinthe
ViciIlity OfLJt＝（3／2）7T・ZVS requlreS the minimum

value to be negative．The ZVS conditionis thuseX・

pressedas

箸叩）＞帰れ・項叱＋晦）　（7）
AssuIIllngtllattlleloadcurreIltissuppliedby7ち，One

caIlderivetheexpressionbrtheoutputvoltageVLaB
bllows：

叱＝
凡が／2胸1

1＋月か2／2胸1
（警句，（8）

wll。r。fisth。SWitchingfr。q。。IICy．S。bstituting（6）

and（8）into（7），OneObtainstheZVSconditioninterrnS

OfcircuitparaIneterS：

箸（1－γ竜）－（1＋岩）等
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＞讐（1＋堵）　　（9）
Equation（9）indicates that the resonantimpedanc。

僻muchhigherthantheimpedanceofth。Pri－
marywindingofIlisrequiredbrtheZVSconditi。n
tobemetoverthewiderangeoftheload．

3．　Performances

A mainapplicati（）nOftheproposed旦ybackand hr＿

Wardcompositeconverterisano別ineswitchingpower
Supply・Theperfbrmancesundersuchanapplication

aretestedbySPICEsimulationsandthebreadboarded

prototypeconverters・Tablelliststhecircuitparame－

tersinthesimulatedandprototypeconverters．

TheinputisAClOOVwhichisrectifiedbyadiode－

bridgeandfilteredbyacapacitor・TheDCinputvolt－

agel弓moftheconverteristhusabout140V・Figure5

Showssimulated andmeasuredwaveformsofthecur＿

renti（t）throughandthevoltagevc（t）acrosstheMOS－

FET Q・The switchingfrequencyis80kHz and the

dutyratioisO・5・Goodagreementbetweenthesimu－

latedandmeasuredwavefbrmscanbeseen・Theramp

CurrentiduringTon andthequasi－Sinusoidalvoltage

Vcduringtheswitchoffdemonstratetheproperoper－

ationandvalidatethecircuitanalysesintheprevious
SeCtion．

Figure6showsthesimulated andmeasured。ut＿

put voltageasanlnCtionofthedutyratio．Inthese

experiments，theswitchon－time7bnischangedwhile

theswitchofF－time7－oHiskeptfixedto6・25FLStOaS－

SuretheZVS・Theseresultsindicatethattheoutput

VOltagecanbecontrolledbymeansofthedutyratio

and（8）isavailablefordesigningtheconverter．

Figure7showsthemeasuredAC－tO－DCpowercon－

VerSionefBciencyaEafunctionofthedutyratio・ToHIS

againfixedto6・25usR）rtheZVS・Whenthedutyra一

tioisO・5，theapparentinputpower，thee鮎ctivelnput
power，andtheoutputDCpowerare26W，13・4W，and
ll・9W，reSpeCtively・ThepowerhctorandtheAC－tO－
DCconversionefBdencyarethus51・5％and89％，re－

Tbblel Circuitparameters．

Input：AClOOV

Transformers

l‥　句戸425弼　山＝26．7／〟

CoupLingfhctor k＝0・96

Tummtio J7＝4

ち：匂戸5850腫山＝342／〟

Coup，lngfactor k＝0．988

Tumratio　　　〝＝4．14

C叩aCitor：Cl＝20qpFl q＝100FLF

Load：　　点上＝50n

SpeCtively・Thelossanalysesshowthatthediodebridge

brrectifyingtheinputACvoltageandthediodeat

thesecondarywindingofthetransformereachdissi－

pateO・5W・TheDC－tO－DCconversionefBciency，the
efBciencyoftheconverteritself，isthus92％．The

diodelossesdominatetheconversionefBciency・The

COnVerSionefBciencydecreaseswithdecreaslngdutyra－
tio・Thisisbecausetheoutputpowerdecreaseswith

thedecreaslngdutyratiowhilethepowerlossinthe

COnVerterhardlydependsonthedutyratio．

WhenthedutyratioDisconstant，theoutput

Fig・5　Simulated（a）andmeasured（b）wavebrmsofthecur＿

rentithroughandthevoltagevcacrosstheswitchQ．
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Fig・6　Theoutputvoltagevs・thedutyratio．
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Fig・7　AC－tO－DCpowerconversionefBciencyvs・theduty
ratio．
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Fig・8　Theoutputvoltagevs・theinputvoltage・

l
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lnputVO此ago［∨］

Fig・9　Thedutyratiovs・theinputvoltagetokeeptheoutput

voltageat24V・

voltagechangeslinearlywiththelnput VOltage・Fig－

ure8showssuchalineardependence．Fbrthe士10％

changein theinput voltage，the output voltage also

changes by±10％．Figure9shows the duty ratio to
keeptheoutput voltage at24Vas afunctionofthe

inputvoltage．

These measurements confirm that the regulation

brtheinput voltageispossiblebymeanoftheduty
ratio．

Similar perbrmances are also measuredfor the

prototypeconverterwithtwooutputs・Thecircuitdi－

agram and parameters are shownin Fig・10and Ta－

ble2，reSpeCtively・Figurellshowsthemeasuredout－

put voltagesas afunctionofthedutyratio・Inthis

experiment，the switch on－time Tonis changed while

theswitcho掛timeToHiskeptfixedto6・25FIStOaS－
suretheZVS．Itcanbeseenthattheflybackconverter

operatesasthebuckstagecommontothetwooutputs・

ち

〃2：1，〃3‥l

Fig・10　TheZVScompositeDC－DCconverterwithtwo

OutputS・

TAble2　Circuit parametersofthetw0－0utputCOnVerter・

Input：AClOOV

Transformer

rl：匂戸425〃玖　上∫＝26・7／〟

Couplingfactor k＝0・96

Tumratio nl＝4

ち：上ク2＝8590／岬，

山2＝522〃玖　山3＝120／〟

Couplingfactor k＝0・99

Turnratio n2＝4．14，n3＝8．46

Capacitor：Cl＝20QpFI C2＝C3＝100FLF

Load：　　兄上1＝点上2＝50n
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Fig・11　Theoutputvoltagevs・thedutyratio・

Figure12shows the measured AC－tO－DC power

conversione航ciencyasafunctionofthedutyratio・7，OH

isagainfixedto6・25〃SbrtheZVS・Thelossanalyses

similartotheslngle－Output COnVerterShows thatthe

conversionefBciencyoftheDC－tO－DC converterstage

itselfexceeds88％．Comparedtotheone－Output COn－

verter，theefBciencyislowerby3％．Thisisduetot・he

additionaldiodelossinthesecondarywinding・

Figure13shows the duty ratio required br the

iIlputregulation・ComparlngitwithFig・9，0nenOtices

that the smaller changein the duty ratio covers the

sameinputvoltagechangefrom90tollOV・Thiscan
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Fig・13　Thedutyratiovs・theinputvoltagetokeeptheoutput
VOltageatl1．5Vand22V．

beexplainedasfollows・Di鮎rentiating（8），On。。an
Obtainthedutyratiofortheinputregulation：

∂81＋凡が／2脇1瑚れ
8　　　　　2　　　　坑れ

（10）

In deriving（10），the contribution ofVb tol克is

neglected・Equation（10）indicatesthatthechang。

indutyratiotocompensatetheglVenlnPutVOltage
Changebecomessmallerwiththeheavierload．Theload

Roftheslngle－Outputprototypeconverterrefbrredto

theprimarysideofthetransformeris8600approx－

imately，Whereasthatofthetw0－0utputCOnVerteris

about6900・Thisdiffbrenceinloadcorrespondsto
thatinFigs・9and13．

4．Conclusions

AZVSquasi－reSOnantDC－DCconverterconsistingof
twotransformershasbeenpresented．Thesimulated

andmeasuredperformanceshaveconfirmedtheprln－

Ciplesofoperationanddemonstratedthepowercon－

VersionefBciencyhigherthan88％・TheefBciencyis

dominatedbythediodeloss・Replaclngthediodeby
pOWerMOStransistorforsynchronousrectificationwill

furtherimprovetheemciency・TheoutputDCvoltage
regulationagainstthelinevoltageandtheloadisalso

pOSSiblebymeansofthedutyratio．TheDC－DCcon＿

Verterdescribedhereinisthusquiteusefu1forano掛line

SWitchingpowersupply・

Miniaturizationbyincreasingtheswitchingfre－
quencyandimprovementinthepowerfactorarefuture
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