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Abstract

A topology decreased switching loss and voltage stress by zero voltage switching is presented
in this paper. Generally, Switching mode converting productes voltage stress and power losses due
to excessive voltage and current. which affect to performance of power supply and reduce overall
efficiency of equipments. Virtually, In flyback converter, transient peak voltage and current at
switcher are generated by parasitic elements. To solve these problems, present ZVS flyback
converter topology applied a auxiliary circuit. Incorporation of auxiliary circuit into a conventional
flyback topology serves to reduce power losses and to minimize switching voltage stress. Snubber
capacitor in auxiliary circuit serves ZVS state by control voltage variable time at turn on and off
of main switch, then reduces voltage stress and power losses. The proposed converter has lossless
switching in variable load condition with wide range. A detailed analysis of the circuit is presented
and the operation procedure is illustrated. A (50W 100kHz prototype) ZVS flyback converter using
a auxiliary circuit is built which shows an efficiency improvement as compared to a conventional
hard switching flyback converter.
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Fig. 1. Citcuit of proposed converter.

ARt B2 HEs| R AR Edlliz
9] z3t dYRiae} xs2uje] ~us FAdAE 2t
o FARERE] 2ls w9 He] Le=A] gAY
g5 AlZsiA ok =3 Eaagre Ay s
o Bz Rle] AaAY q-e]e] S8 Axlo)] 9
3 2~91x]9] ofxte] Hslol dAEA FAHEE Fo
24 vdx9)x] 2 B9 e~ 3

% 2914

(504)

Seho] ) el ¥ 5t

&A171A "k

2. £2h4le
Alekgt sl29] AubAql Fxb B9 FHels ¢3)
29 AYAEHe= 53] Ax) &

HAgge] At 3
l

b APl S5l BE AUt A%} 3]
Aol & 2913 F71ol sl FAR Aeld Bt

I AR 29043 el o= o)A elrly s
ot 3R] FaR2 ddas)xe} BFRaxe] &
2zl we) oAl AR F=sAIR )

(1) ALFAFZE (ANTF3E: 1<t<t)

a3 2@l AlFRTZR SRS Vel
stk Al Hjdag)x Qe ezAlEelxn
UE] Lot AHE=2 AR 9ls B2:a9x] Qv
dAFAEelA 'estA "o HEsgixel Mgk
w53 Aadth Rxadx Q2r) s | sk

Tr Do Io
e + +
Auxiliary CoVo
' D. cireuit! NgyNs _"sho
E ifs ‘l_ar: i '
, h i «
G+ D1 ' I
[ ! lim =
M ! '
DL %'—ap lesi
: . [Cspb @}m
; T 6
E Q2 :
' N i
\b2
\Y
(a)
Do 1Io
Tr 0 3
e B L] +
Auxiliary | 3 Cévo
) 2 circuit: Ns E_ Ro
| | .
| ——
; ' L
' D1 ! ls
! , lb( =
2 LoQl
! \rlBP
: T 1wl
5 2 1
! G
: W}:@\éz

(b)



200062 12A EBETI2eH
Tr Do Io
R —
T Auxiliaty chy
P2 Cgcuir I NgiNs “Vo¢Ro
1 bp E ’
P 'h1 0
| ch! D1 ! ‘_is
1‘ [l i [h‘ =
Vléﬂ i j%L ap |
' Gnb
! ' V’EF ni \é;@}m
j Q2
i \b}:; \G2
v
(c)
Tr Do Io
R >
: Auxiliary Cov
circuit! NgiNs  =§Vos Ro
L]
i ! s
; li:n =
,Gn:P Al
T ;m@
v
(@)
Tr Do Io
-~
,'"""""""""""A """ ) |""""| ¢ +
Y gfr'clj'?‘ N Ns Cayo Ro
iai & « AL
‘ ; b ("—‘j, «
Cipi D1 ' Is
.: 1 ) lhﬂ =
Vin : !
r Laglap o i’
1 L Q1
e el
E Q2 !
‘ 5 !
E \b{ﬁ \b2
v
(e)
a3 2. AWE Y 5dA 2R
(@) A1FATZE (b) ﬂl‘—iﬂﬂ"‘?‘ﬂ ) A2

FTATZE () NARZHLTFIE (e) 1?1:7"7 b
5-Stage of operation mode of converter

(a) first resonant stage (b) energy storage
stage (c) second resonant stage (d) energy
transfer stage {(e)recovery stage

Fig. 2.

==
Bl

(505)

$31% TER %5% 113

oB‘:

v ARAE Capst AHE Lot FAFZE
Aste] 2 ARAE Can’t LS 31 WA
7] AERle 7 £ t=teelld ATV 489 1
= "R AU AAE Can A2 022 o]
At o A3 dld2$ix] Q1Y =dQl Hsle] 00 =
o] wlela9x] QIFRA] dAdzAE AlFsA ok

jﬂ

ts “t14Ts t

ta ta t3 ta

ag 3. Agks AL o] 24 7y
Fig. 3. Theoreitical waveform of proposed converter.

Va8 = Viucos[w,(t—#)] (1)
Wy, = V—-l (2)
" Lap ‘ Csnb
A e dAZ0E A= AR e oH
o ek
Z.alz(t)z Vim'tV (Csnb/Lap) " Sin[wn( = tl)] (3)

(2) AMARAAZTZE (A27R3Y: t2<t<t3)

a8 20X PR AAe] AL viehd
T glek ke AatelA slalag)x] Qle] At
Hela wW2shAl "ol weby A9jAeAe] glod
SR Pat=t Pavd gd £t |2

Tre] z3Ige] o] A Vieol e A= T )
A220#] QIAF iwel A¥HoE Z7shA Hx o]
AR igoll A Bzl Z=low AvEe) w3y}
AR Tre coreel oUA7} AR}t FAl] Bzs
A Q27 | 2¥Zsed Lydld AR 3538 3



114

23A AbaAgIgE ] 34
= D27} 25314 ok old) 5= AE
AgAdee) Zol AR URE glHEleR
FF8IEA st t = taollA] 00) Ha tele= D2
= o Hulolejz Aeirt Flck

tlolo = D27t 255 QY Lol A Vil
7t=El s ARt o8] ukdsl Fshe] Lyoll A

ol o)A ’eZA BE 29X HYAEHA
2 AgsPEch Lol tidt Lo vE F71geas
HAGAEYAE He) 722 4= glon 'ex 29
AEAdE Had T 5 ik

BEARQ] A Vo thes) 2tk

—
®
1z

ViV L/ L (t2<t<ta) (1
Ve(d= 0 (ta<t<ts) 2
Val(d) (ta<t<t;+Ts) 3)

A Qe o|AEe AR ' vk 2k

. Csn Vi
iD= Vi “L_“b‘ - T(t_ ty)

4)

z'@(t)=—LVj‘(t—t2) ®)

(3) A2FA FZHAZTAE: ta<t<ty)

a3 2(0)elA A2 FF Tk FEAEE GER
I ek BERAYA Qe LEAtEe)w welae]]
Qle}l "e=slA Hrt old vl 29 QI2E =
29 AR vy AR 3294 vy A
AElE 43 AAsket o)A HdaH A =
dlAdste] AlsS dusiA sFe Aspdez 'l
= A FAsH AeiE FualA =

Tre] dx59] AR 2 AAAE Cont A5}
AHEA 1,9 FAlel| s A e Tre] =
A& aAF]A =k

woD

7. (6)

Vald=V{1+ sin[wo(£— #)] — cos[we(t— t3)]

1

Wy = ]'_‘“‘“““—Lm_ Csnb (7)

(4) ANAR AL AL 1<t <t5)
I3 2Dl ARG AR Tk E Y
2 ok witax QI BEA9A] Q2E LZAN

(506)

Eefo|d Z1uE] EFE 5t

ofck. SAgukdel 2sf Tre] o359 Agte] E{A
gt Vool Esid tlole= Dol == AF i
7t z2A Hu FHA%AE CoF AFHsln 29
AFE FFUck olg} e wpHoz o AT
(t2<t<t)ell4] Trell AA= =7} EHZ02 A2
ek

A tholRE Do =S EdAEw Tro ol
ol AAF AY Vort 2= s o3E dASF
of A4dr]el ofa) wredd Hgte] ANEEE st} 2
Ao ddadlx QIAME AR FEoZE F9Y
Z3A "k

EQ2¥r] o350 AR ive bt 2ok

iD= Isp—?‘%(t— ty) (®)

1
Iy= n

[y Lo (v Ly ©)

Vad=V+ —}’L Vo 10

n= EdsEHe] AHNIAS L, = ol AUFY =gk

5 EBATTE (A5TZE: t5<t<t1+Ts)

a8 2(e)elM BATE AAEE e Q)
ok WlAa9A QIEEAS)R] Q2 SZTAfeelth -
7re] 7)ol BEalaxzw Trol AR ouixs 3}
2 3] Ad=Ez FHAF|LE Dox tH] o
ulololx Ae|R ok o] wf EHFAHAIE Cor} thAl
FHAFE It

Ef~ZH O] o]xGe] FHgle] ©] o)At <rlEHZR
¥ 2 AR wda$)H] Qlel® Agte] FRIEHZA|
weth 2z 2UWAAAE Cupot ARSRIGEA
LnZtell a3le] Alzfslgia o] F2ke] wdla$]x] Q1
o) e FAST t= 1+ TsollA] AAA )
Aol =RFA FHiL o714 o] AolEE vbE3]
A el

(11)
(12)

Va(d=Vi+-L Vicoslug(t—£)]

Vir= Vi + _}1 Vocos[wo( Ts+ #,— £5)]

m. AlZ8jjolM

ol AZFE 418l Pspiced o]83te] A&l

& a5tk



20004 128 BEFILBEHGE

. Do
! e ____jw
# 0z ] ¢ Lo 3°°
Loux 01)7 P
y y

b e
,

IJ
o
o
—
L
__N‘:
¢ o]
=
o
R
n
1o
5
2.
(@)
o
>
{d
k3
o
oL
EE"

BOBOU [ o e
|
\

-
o UCQ1zd)
AR = e m e -
F’//L_____ﬁ_}""//L
i —
e |
1.6 1 .65ns 1T.66ms

- OLams
o Xd{Q1)
Time

32 4(b). Wl2sA ckste) Mgk B AR T

912us
B ULNF )

O 4(c). 281x]ekde] S A 33

a3 4la)e ARk BRI 2E o83t A 24
A Zelolw ZAnE]] AEHoA FR2me|ck AAlE
o] ke 2913 Fa: 100kHz, JEAYL: 120V, &
HAg: 5V, E¥AF:10A, 34 22E2 3 Com
4.3nF, Lo 15uH, TR ¢ 4394 80uH, TR ©)3
A4 04uH 23 4(a)e} 4(b)2] oA Hole ule}
Zro] 29AA] 2904 obdelld A g A3t
I A 2B S o 5 ok

w3 FR R ofd FolAlE Zee] dA FFS

o
299 H: AL HAY 5 9k

f

¥ % TER H5%K 115

V. A48 Zn

Aakgr slge) AW Ak 2903 Qs Q2
power MOSFET(IRF450), tie]l£= D1® D2: fast
rectifier (MURHS60), A3& ¢+ 91,53 =712 9
H Aot 120V, 8 Agk:5V, 23 AR 104, 29
A Fil100KHz, 23 42359 3 Cem 4.30F,
Lo 15uH, EAXZH Tre] Ax A4 80 uH, E#H
22%w Tre o]z} @Al 04 uH

AEL 1. Wl A9 2(Q1)e) At Fe(=#14% - 50
V/div)
Photo1. Voltage waveform of main switch(Q1)

AR 2. BRz2A9(Q2)9) gt I8 (=450
V/div)

Photo2. Voltage waveform of auxiliary switch (Q2)
(drain voltage : 50V/div)(drain voltage : 50 V/
div)

V.2 8

B EPMe BXIZE o83 dAY EolelH
ANEE Akl o 249 QFHEe Ade
Feg e W Afdl Eeol] EE=A AHH
ek

F3E 29129 PWM A4 2913 Ae)7zlelA

(507



116

AR} sl EdaEr ] QdE AR F3e
7\RAAEL R Qleix o] & MAE HAATNA Hok

webs] 29)x|ofke] gt AAS B RE
EdA] ARE B3 29A cEwae) dHEHNE W
A& FaAo] difsctk

B mRode At 2904 Zefely AElE Al
okslz olu WhAlsle 29]x] ofste] FHAYE UAs)
A e Agkez FAPAY)Y] 7 BRI RS W)
s WAlS AR AlEHelds FEiA AN
EEZZR A 29AA G3g a9Ae] s A
ZFalgdtt =3 YA s 29A ofde] A
& dAEA e HYoz Fuggonn HYF
9] <AS wAsldy A%l PRCel 93 &g
g WAAZE AS3c

& % HEER)
19644 38 1384 1938« 24
Fedsm AR U@
AP, 1990 29 sdiEka st
4 AT FUEIHAD.
19904 2 HeeHshr ek A
AT BT, <FBAY
gop> WAER FF, A4 TEE A AW,

weje) 207

B2 2E o 43 dHY 29

3

Fetold ZAniE R it

1

o3
[t

Ho

)

[ 1] Mohan, Undeland, Robbins, “Power Electronics,
omverter, Application, and Design”, John Wiley
& Sons.

[2] Daniel W. Hart,
Electronics”, Pretice Hall.

{3] PESC 1990 pp.181~188 Koosuke Harada,
Hiroshi Sakamoto, "Switched snubber for
high frequency switching”.

"Introduction to Power

- [4] Koosuke Harada, Hiroshi Sakamoto. "Switch

x X2 7H

(508)

snubber for high frequency switching”. pp.
181-188, PESC 1990.

% B F(E&R) TEHR #3748 F25% 2R



