QS 9w | allie ylgie 9 dulas axal e DaneshResan.com wuslvn 4 allie (gl WORD Jold ang g
Jublise 39390 walw rpl S S Hld Allie Hoalue ¥ )l yin

of - . . . | N . :
YW 015 55 4508 S o bo 5 s pled sldddn 53 ZVSledy) siluand 5 (v 2

T s shgedeze 5 (6 ke Lo pdaw (3 BA1) B pmme
C)W‘Wﬁ@h ‘Jsmts‘,‘jﬁzm‘,};

CAYIVIY 2 ol asens by = AV/A/Y0 tdllis il )

Ol 9 59 55 Sz g b a4y cunblising Sl JS15 g (G5 5ls’ (S Sl PWM iz g (sladimo MM 31 (S — 0 4SS
Sl (Fials Gl fals g (il Bl BIL) Juwe (339 9 x> ol jglido 2 .08 (o0 dguma |y 0 )Sdae (pilS 13 &5 Cowl oo i
dmlio g (A rmo Jy Sldouo jO(ZVS) Yoo jUg 50 (Fiuals (Lolfig) sl lio ol 53 39 o0 Slesiion yoo L2 b g L]y 5o (—juals
30 Silp0 2 (SW391d 3 (Lh3,5 (5551 ZVS i 3l e3g0e Wbl ZVS Jguan 5L 590 a8 slesley Bl 31 gy sl ol -iloud
3kw olgi )0 ZVS Jy Jomo diged S hoe gulh Ll )0 wiloud duslie po b 4153l (Lpogid (g9, (ilr Clilawgig 0 )55, slade

Lol 418 )5 )18 (o2 g L 330 0T ST (il Wlilwgl clSy

ZVS (slang; « (ZVS) yauo 515 55 5394lS  PWM Sz g Jous Yl foF Juo 1 58 O 50,

Analysis and Simulation of ZVS Methods in Full Bridge Converters and
Realization of a 3 KW Prototype

H. Farzanehfard, S. R. Motahari and, M. M. Tavasoulkhamseh
Department of Electrical and Computer Engineering Research Center, Isfahan University of Technology

Abstract: one of the difficulties with PWM switching converters is high switching loss and electromagnetic interference due
to switching at non-zero voltage and current, which limits the operating frequency. In order to reduce the converter volume and
weight (by increasing the frequency) and reducing switching losses, zero voltage and current switching methods are
recommended. In this paper, four main zero voltage switching (ZVS) methods in full bridge converters are introduced and
compared. These four methods are compared on dead times required to obtain the ZVS, load range at ZVS condition, circulating
energy in the switch anti parallel diodes during freewheeling periods and voltage oscillations on rectifying diodes. Finally, the results of a
3 KW prototype full bridge ZVS converter with a clamp circuit for rectifier diodes oscillations are presented and analyzed.

Keywords: High power converter, PWM switching converter, Zero voltage switching (ZVS), ZVS methods

J.w)l JwLM..«JlS S oo :'.\.)—*** JJ‘_** _)L“JLT.VJ\—*

Yo YYAY ol ¥ 55k YT Jle e


http://daneshresan.com/

QS 9w | allie ylgie 9 dulas axal e DaneshResan.com wuslvn 4 allie (gl WORD Jold ang g
Jublise 39390 walw rpl S S Hld Allie Hoalue ¥ )l yin

FONPICNY

o Ol Ko M S
A.;jj\ L L;".J.J I le
oS mLL.u e Ly

Ao Sy 53 Sz s ZVS

Fility GlaldS 5L s e 055w Ol T

Con 29 7 O3 Crs
o e 03 Crr
555 855 Eire
ZVS 3k 5550 855 Sl (p %S Enin
TSl IS el dand 3 sl 0L I

oS mLLMdL\AUL”J} I,

Lyl s Jam polod (Gl A el B 5y, S sls)
53 el o 35l S Sl s pds el 55 ZVS
o b S G5l A gl s S e Gledhe ST S
Al )3 5 XS ey Wl FRo N oS IS st
3,8 0 Dype o Lo, Sy 5 WS sk,
A or i gl 53 ZVS bl b Jpas S5
O3 Silwand 5l ol L5 ke O58 s Dler
Ll 5l Gas oler cnl A i 53 o e sl U
Sy SLAS ZVS J s 5ls 555 058w slgile
Sl G ds 5 (Wl oo Jpels 15355 45 (mladls)
CZVS o5l os gdome (Lsd o0 selt 55 a8 LlallS)
Sless 0> S5lseds Glas s s3 e kisS 2o, S (g5
Ly an 5l glas ps g5, sl Slluy 53,558
alie oo U L) 3lmtnd s oy Sz 5
PWM | oled Jds S s w8 ole o 5o Li
ol adsl 2l il leslaal b e SW 5s S5dS L
e oS S il bl g S L 5 3KW Ol s

Pyt

A Uy 53 GadS ol gleds, (B Y
PWM ; ol Jie

il 3l eslinad L PWM J oles s IS sla (1) JSC

sl 0L 5 5y ler s IS 5 (A s)) el 5 s

SWs s adsl 0Lz 5 W (ssleand w5 () JS0 5 il 5

VAT el 3 las TF Jl o5zl

aodao —\

5 5 05 sl sl Golie SlaS sl s !
Dlainl 53 ol 0 slgtiy Ko s DLl 2alS Uy
(ZVS-FB-PWM) PWM J, =S LZVS |, oL slgios
b 548 o ) 5,8 o 513 o3lid 3,50 ps 5y b
el 31 Byt e J S il S it PWM S
Wi 3 5 oyl it il Wi s nshk
Sl s Sz L ZVS Ll 15 6 S e 3litel Loy 5
SPWM Jx8 Ssle sblse Lo ool S ol 5 Jlad
03 e Lla 1y il slgdide p 5 S o G2zl
S 10 | el sladie Lol Coylas 45 s
Sl Ok b o SRl S i ) s Sz 5
055 Sl e o dle a5 3 55 sl Glodas ulda WS
e ol Wl sls plonil ) s g ol b 015 e S 3
3 0L el (s DU Ll S ) e I
3 oliS 1S5 sl s 5L Sl gy o S
Ols o oledss ol ealatl b oS den L sl s e
18 2)] sls 28l 5 5 Lenssdoms 5 ulas ol
o jio SW 5 Soads ol s sl e ol s
33 ik D]l s il 3l eslizd Uy s
il 5 [ ol 5 adsl ps glal BB ol il 0]
Sldsy 4 e a s slastl o e [V] Ss o blas
Aledd amlis K0S, L Al € LSD S C, B, A

s o QLI |y Ledg, ) S Glaa (T 5 Y ) sl

AN


http://daneshresan.com/

QS 9w | allie ylgie 9 dulas axal e DaneshResan.com wuslvn 4 allie (gl WORD Jold ang g
Jublise 39390 walw rpl S S Hld Allie Hoalue ¥ )l yin

4 By
L, o ‘+j':r?
Oy O+
L .

B
ﬂl'—l_r Oy

.
]

A
T——
O

£

(&) (.

B 5 Aglgss) O sl g JSE -0 ol i i LZVS s Jae — Y S

0 s | Oy p—
4 |-h L I.j D=
WalZ) = =

&
s g Gigpp— b=
BICES
: b |
I-.-
A &
:. K ] E,:Hl.'\i_
L=
A &
Q1 omy
Q: Q
-
(<) (N

(Cpa) OF Slezsn JS3 -0 plal b e LZVS Jue -1 -Y JSCs

WA Ll ¥ 55led YT Il (Ml


http://daneshresan.com/

2 ] Li
— =™ =1
== [ == l:' -
“ ™ o T :;k
e 35 ¥
'—J_--—H_
T
oS
4
Wized
2
&
L= 5]
&
i3

Qg

L )

J

|

by by by ighs tgly LI

(D 3sy) OF slgzge JK& 5 (SaS Gubline cihu LZVS Jy Jus -¥ S5

WAY el oY & 5led Y Jle 5zl



400V

wottage [

=400

curren &L

=
g
 peide
T B
E’
L
g
[
i

——
1=
S—

d}'..ﬁbﬂuleZVS J-L.a JUuiﬁbLiv s JS.’-'»—O JS.’-'» ad jlﬂj—uﬂ‘ gd‘;.ﬁJLﬂQZVS J-L.a L5L€".'.9‘J§':_£ JSJ)
BBE 6\#:,1; RBL 3\:.3}—9 aw,yé.:fﬁbb g.JLg:—J.” oxJSM b\gﬁ—b ;4.:3_3‘ b‘.ﬁﬁ—cu\{ju jlﬂ}—g
LIS o Kae (55150 3923 Ob o =3 Slidy AIS 0L -

Sl e s e (@) *aiby b S syls spms s 0L | (et Sl L ol as) s s a5
0320 LS o s |y Gl sl s et sloml Gledl SIS L pled e disiles Jae ol oS IS

el 5 R ZVS Ll s Sy SIS Olges i sl 4 8 S8 ol b el e
5 il QL5 QRIS e LS o S35 it o I 5 ey Jl sladS o vl JL

Y4 YWAY sl (¥ 55leds YV Jle (Dl



oy oalS Bl LS ) el (B sy) il 4l
dd anlS aiby ol al ) s pd e SU S Al b
(DS & a5 L (g gn GBI 35 ok oS aihy oy
5 eulS 1 adsl 0l o sl s i il iyl
g g ol oS Jlall eIl Sl 55 4 56 slas s
Ok r Sy (b e Ol i alws 1= il
S Sl (St ol &S b Rl ad sl s e s
S B, e Sl s pd e Lol s cd )

wibaiby oo B Sy 0 0 Bk Sl d A Sy
e U5 4 plaws Gl pel sl adsl Sl 2eS 5l
S5 Jeod b glasgs azms 55 52538015 il 5 s o
e L) i oo a1 S el g 56 s VL
Slasgs s O3 b il e a el e 8l (o
LA pl a8 0 0 456 555 SUleg slanl Cel a5
oaliial gbr 4 C s, 5o sl e Sl 4 505U L) 531
ol gl 53 pludl B il 51 o ar U5, il
Obr e o b 3 ol o83 (G551 [0] 5 i s
3 ZVS Jga= 8 Jdoe Shams 55 ol aaly il
Ssm S5l YO L JalS U 55 oy b el L YT
L Ll V] 3508 gl Sl bt 5 sl 5L 5L
Ie 31 e el 53 50 bl oS il 5l eslan
Jbe STl b dile o ol (s gLl gt 0L )
gLl (b DL 7Y s pldl LB il oS 55k b g5k
O3 55Las 5L sy Sle pl il pLdl (65 1 5 55
5 AS o Jee ZVS o ol LT s Jde il Lthes
2 S 0L Sl e bl s bl Gl (6551 05
5 il Sl pan o o5l 3 Ggb (651 o e ol
Dbl g o3 gdma s Ll BB il by Jbe a5 o
eslinal LB (nlas Oll) sus (3,8 (6550 Laalsl 05
Jdoe 4 by o Gler 5o K05 Jde sla (V) S ol
A e 0L 1 eyl pludl LB il L

Gl g M DU EalS C i, Sos sble S

YYAY Szl ¥ 55l YT Jle (D!

Azes 55,Q3 5 Q4 slanls

O3 adsl Ob = (Gl A1) Q4u s bl L
5 kS o 5oL L QL s = O3 5 LS 1, Q4 = &
Bl5 o QL « DI s, bsgs o opdsy D1 sgs of 51
0L ealdslob o b ol 3 a0 gy o Sy o
SLAS ZVS ol by cnl ad gl an oai Ji"—“ =Ty
ol gilwand 5, (0) J.(M Sudh g Jel ol sl
5 My GAS 5l (S s 0 5 e S5
s o OLES 15 OF (53l5m s 3503 5 Cods IS IS OL
Silse dd 3503 311,08 0L > 558 0 sdaline a5 55 bolans
s 02 e JB A= 0 (s e+ 1l i)
Odawsy 3l JB 0AS Sho (gl (B8 Oley oy s (53 Sl s
Gling 1) Q3 IS osals L njls oy oS 315
b 5 5L Q3 s O3l cadsl s ekl 3L 0L,
5555 sm iy D2 0Tl ey 5 S o 55005 1, Q2 s &
Ll s Jam lp s sy Ao Sty 5o 1S e Q2
31t S ik 53 e 3 (65 i b ZVS iy,
8 03 Al s s 2 Sl s el o s (65
By o Joee S bl 55 Sl GLAUISZVS & 50
bl s il adsl s il (550 Bl

[ 2, 1 2

5L1k12 > Cinos Vin +5CTRVin M
Crr s 255 O3 Crnos cadsl i alw Ly 45
ST el dlad 3 sl 0L s el S e 05
ooz LS el (Silaans S, (V) JSKa V] el Uiy
5305 5 Sidens O 5 Sl LIS 51 SO s 00 5
O, (0) S L aslie s s e OLES ) Elg 5l e
03 Sy OAd Jio Ole 5 2eS (g5lpe ds 3503 51 1,48
5 Sl S a5l s Jlasl ) iy e s
S A ZVS o S S ol s oS ol sl
el Jie ity slalS

S slasl 5o G K00 05,5 13 sl S S
L Soss e SO Slhaslinal b 280 il ol



L0

«Sams 5. Shma
12)
adgl 5Uy - Saus bl il LZVS Juw -V ISS
S8 ubline Gl 0 4l O~z s SHs -0
(ohs &3 JK3) FS Subline il 0L —>
oeeblse cile (65 5l 5l eslaul L Olss o D ) 52
JQZ:;JL‘I_«JJL)H)ZVS objpucw,i\)a" L;/J...S
B ..XAJ@ ‘_)L.Z.’ b Ji’)) Lﬂ-‘ LSLG"'}‘ Ji.i') ‘;LSLSLQ.J: (Y’)
Sy e osla ] @}_..»jsjl ol S a6l s a0l

Ol s b s el St ) Slemmy 5 at by o 5

AR

Wr—TTT T T 7T 7T 7171

—400y 1 1 L ‘

' ' ' [
b T e T ]

9. 50ns 9, 53ms 5. 54ms 3.55
[2)
5 LZVS Jue 56 s a5L5 lgr g0 ISE 1 IS
oz 9200 Mmoo &5 s -
WS 5K (55 g0 3,923 Ob o =3 Glbey A OL 2 -2

235 Semd b il g g gbad by oy o Ll el o
3 4ol Slezm s 0L Sy 03 S ol JL (6 2aS
el a3 B 9558 e eS 4 B0 slas s S

Db pp feS 45U

WA Ll ¥ 55led YT Il (Ml



S5m0l il Tosdm 5 s 2 Ol Sy
el (Izys) ZVS
4CmosVi
TI(D) = —NI (‘A’)
m

B )Ld.wg” LSL@P,,L:—;)*A fjf‘;- LELGJJB-C)B, ALSL'é—‘;)) 02

\ . . o
Jﬁﬂ; O)gw uu)jéj.&g;aj)\_&b W""’L)J gL-“?-;g_“:
el el

T |8
T2ABC) T gcmos-Lr (£)

;il_ij ulj)):wil_;j);il_erijALng_\ijjjb

Syl g g L5 Sl € gy 3 0 g gl

1 1(8
2 2
E(le + Lr )(NIZVS) = E(ECmos jvin

ol
4n CmosVin

RO TS Ny ©
@ ) sl Sl Sl s 08 Ol D 2ss 03 omes
Al e s

4n C, o Vi
B T )

m

wB s A L 055w gl g e edalin &5 bOLen
035050 53 ZVS L5155 )8 SasIpys 4 o sSae 5b
23 ek ol S lgley (b 5L 55 LU Sl ol
0> el Al Sl el 0 S Ak by g e
s L % 4 (0) 5 (8) SLISE ot (53 mapdt mlis
0L Js kS s (B3 daly L o Chy) 5o el 0l
53 e o3 (853 s 3ol 5L Ol 4 (S ZVS
055w Ol D gy 5o ol el o s plil il
IV] A3k 65l e 15 n oS ool Lt Tpys Ol

L s e 0L (1) Ui 3 sl ol 5 5 boLes
o Ol il amd 5o 5 b s Ol JEl Oley Ll 3l
Al R e 5w ZVS (sl 5l 5550 058 Ola

YYAY Szl ¥ 55l YT Jle (D!

o e Jlel ol Sy 5U Gl s i
Q)HH}JUJJ ﬁ)jﬁ-jujé)ﬂy;)_}ohjjj:_:ﬁ
M:lgg\élﬂbjjjjnJj_i.»;i_l)'\‘t_u.}t?):.sﬂ_fw
Jﬂwupjﬁ:rlwa:w‘u;—jfwdbnﬁo_&:ﬁ
&%}AZVSJW&‘f&@%J)&MGK}&}f‘
eMQ)w&SdAﬁmAb)M 6[.@_2;&),&2\/8 “_5,\..5
sz oo 5 T3-T4 Sl o5l ys A3 Sledis, b o) o=
S5 Smm 03 o ol 3 el Slies Gl 5w ZVS
eebliae cili 50l 5L e s gL el IS Lo g 4 50
5555 a3l daldS s 2 O3l b by, gl Saes

.[W]wl&l}\&@rﬁéjl{&bUZVS

T A e e
J el

)\YL 6LW)) e.LS:JSJZVS uirj))l.é?; Comnd O—.’.l.)J
Sl 5 5l Sl e Sl 20 e 055w slgle L
93 S G ZVS Cos )L essdme ZVS Uy sl
5 oS Sy slas g3 s SUla g 55,55, las g

A o dslie 0a b

Sl g ZVS d g 5l 55 g0 0 55w slgile —\-Y
Sy o 5lady
S ol S il el a5l B b s
Gling 5 5led) axls on 53 Kos o B0 5 s
by b e S 05K Ol 53 Ll AL s 35
Ol oo i Vsl sleslenul Ly alS ol JAs 550
38wl oo bl 5Ll Slemn s 058 el

T (A B C) _ 4CmosVin _ 4Cmos in )
1 sy - -
Ip +1, NIz

e o S Tys (SAS ebline il 0L Im ool 5

vy



Agf&j)ZVS 03 9dowe u’.}j& C)Llﬁjﬂ—\ J‘,..L>

SLgs S b oS L
Sz s 3302 20 ps 20 us
g A o sle 8.28 s 9.4 ps
Ji s ol Jlast ol 5.88 us 7.4 us
Sliieg Jb 5L 555 0w Ol 1.72 ps 0.6 us

Al e oa Sl alis Sl Ll S e
Sy ol 31 iy el il G5 IA 3B gy e
ZVS 5L 5550 6551 ke a8 B S1 5 Sl ZVS 5L
E=5LI2 Sl 4 W) o o) 50,5 5 Lk

|
Ecirc(A,B) = Emin(lo_utJ2 V)
ZNS

bl 2l 8550 Rl C oy 5o
4 2
Ecirc ©)= Emin = gcmosvin )
J—!G u,iilj'_%l OJ/.L.S ‘J.«.:_ELM ] Y L;jj_l\Du.ij) 3
L® Lﬁ‘lﬂ{)j")KLf 4.3)‘5\ &im_w)\ M}))\: LS‘A_IQ:-W
1 2
Ecirc(D) ZELmIm»Emin CY)

.k;.wl ;)fL';w,J)\Jiads

4ol glasgs b Olleg_tY

b b e Sl esliad e s By Al oo
Glp a5 5 ol 3L 0 diS g (glas 3 (555 S5V
D 552 o eslinad ol e 51 Sblag 055 |0

gLl mlaw @y (ilr DUl (65 ) e s SLC 55 03
el I3 s 53 51 a8 5 3l (S adol b (6 i
ol Dbl (55D iy o3 45t S Sl eslinal e«
S 4l SadS 558 glas g 5o 1y el io Ly

ﬁwéﬁ;l}&jf‘@ﬁj“b&

ZVS ¢ b njw,e.x.:rf@s, TR A ¢
Sl S by il sy e OB 25 0
5 Ol S gLl 3 (ZVS s 035050 J 5a>
Oug@bj%ﬂpuﬁjﬁ@ﬁ,ﬁ@muw
Slaesgdome 55 lis sy ARy pl b 558 00 b5 e
055 Ole 3 s oo OLES (3l S Cend ZVS s
33 e Laim ¢ ZVS s Canglin Sl 5l UYVe s b ot
C sy 5o Wl aiS o a1y ZVS e ol 5l i Siel5il
bl wlen S sl 23 3 e Cade sl Ol
B T L e g e
s oS aiby b plply 258 e e gLl BUS il
S St BZVS S 053ms 5 Sl B 2y, 5|
a5 sl dle 85 0L Dt ot il LS
G0 b 5 AL oS Sl Ll e sl il Do oS e
AL a3 ZVS Wl e ob 5ol o oo oS ol s, L
S s 5 e dlas ol ekinS AU (Slwand il
o aslie Gl dee Sl alie sdd (g5laa o
LZVS (o (5 63k () ol S il gm0 d s
33 Sl 3l ol s (V) s 3ol 03,5 Josis

Nl ot e ilise sl 53D S A s,

3R G g p 53 5 S 83T
S5 Sz g S 2 Ol Jil 4>l a5 ey
233558 Spgo a oilis by (25 e j3 el 0 )
3 ol O 338 o p e 0 L 5 WL e asalsl Jas
(Boire) 53,5 6550 Ol a 3,l0 Ol Jlasl ey oy

YPAY el ¥ 6l YV Jle (Ml



ZVS C;:J)L: 83 gh>wo Ll }‘D}Adl@.ﬁ}) 4...._”‘.:14—\' dj.l?

(D):o S pbliae il L 36 oz
20 us

4.58 us
300 v
30Q

300 kQ

(A) i i LB i
20 us

5.88 us
300 v
30Q

51Q

ZVS s,
Sz 5 352 2
Jb s Ol JWast Ol
oA W
b e~ b
ZVS o b anslie pa SLe

Jlesl 51y 4kl & o 5 b oo SRl331V0 v G 5L e
L 058 lstotem pole [lis G ool ai b 5y b
52SC1226 5 npn 2N4124 Kooy s oo slay st ;515
sl 2SA1357 5 2NAI26,pp Koy 5or (SLa s 5y 3 5
4l Cand e VL OIS 5o 53 5 Slas 5500 5 5ks
—ov 35 4 s akb 5 eSSl el Gl S
370V G oS IS S d Sl b o sd e et
dalS o oS gy o el b WS S 5 ey VoV
oalial m o L3 Sl smlps ab s Al (6
SLla s bl DGl 5 lgdes 05,5 (55150 e 4y 555 e
sslizal £/VQ glgraslin 51 oS 1a (35,5 L5 (oS )
QS 5 ey Slgann B Sl 8 alS gl ol ol
2 g Sl s s 5 o VLI L Ll o5l
bl G EE o 3 aten (655 45 ool 81 0l 5 50 S
336 5 el G505 53 el T80 6 ez 1-100EE
5 ad 4 6305 S Jdnd ¢l DC el Sb sl s
Sl (o G o3 st odlanad Wpf
53 o2 5k O Ll el e 3l FEPIGHT o Sl
13 35y Y (38 3 DUl g (63 523 oS 5y (s &
CealS el et 58 e eslinad (4) K8 CelS e
ot osls 8 [V] e 3
U yons ROD sl bl 51 20 Sl Slie ol oLils
3 b Dbl g e (lS O3l b b e a5 oo

\)e,\xs,,&“diyu-sﬁao)'l_i-} rmo“:‘.k_dm. ww._:l;))

YYAY Szl ¥ 55l YT Jle (D!

5 eslazwl L ZVS-PWM | Jiaw Jus cb =¢
ol adg) s il

Jpled Jds €500 Sl o il s o0l o

dSoTeevde s 5 ed G edd eSS (925,55 L TRw
o S5 3 SIS L0 KHZ S e 5w 318 5 5 00
S eslinal s 55k e o tae sl i il (65530 Ja
ZVS s e 5l 51K ede 5 Jhe VL Ol A s,
ol oslial LTl (2 cpl e (Sl 5 Lamn 5
Dt 5 A SO, A S s g ol (V) IS asles
Alodd (55150 a4 o [SC25 IRFPA60 opls Cidvns
el IS s BB 0L o e gdoee (2058l el e
53 Sl VIH 550> 5 S5 s il 5 i calw |3
6lr s b SRl Jos ol s o S ai by oy s s
5333 ad sl Ok Sy el B 3550 U155 I s
IS 55 W5 gl p TLA9 sl 51 J S Jlas > b
33 USTN e 0y 500 KHZ DS 3L ass e ol
Slhes LS 5ls 6l IS 55 ol il sl a3liz
w )y slady gbdls gl oS J—<,> & 5 20 08 A
Sy b st Slol sl g Aelie Sl3)ls sdge
6wd@am@f3ujﬁ144w Sy o e
by )8 4 Sl e 3 &S Cllax oS CogE o S
Byh g wid S ol s 2 S Sl e S e
ONI3T oy Sl b oS SIS 05N 5

oS C,q”j;u"g_ii.la_sz6N137 u_'q-jji-jbj_ﬁio_n rl_>u‘

AR



a0oy

—qnowd -

9.54x= 9, 55me

qu'ju}—g.) M.:JJ‘}M}—J‘ M.&_,J‘jju} QUL»J} Qb; AJWJ;?ASJIM;I—AJS.Z
0 S 4y (sl ges 0L > - ;4.:3310\.1)?—6

(elS O3 b b alS L e glie i Rl ais s
‘) OMMJL:J} g_)‘“j:-"'" uﬂf‘)b Ld‘ J‘}.JI‘J_AJZASA:,_A.,LS
S Sl s Olojon oisy L oL el S Jlasl 3l b

Yo

(/\)JQ.L.S@ S gd>we 4_1}.’\3 u_AL; jLZ_b/\T' S9d>= >
Sl g 058 39 35 ) madS Sl (glwa i @L:_}
M}&A)bo,\ﬁi;ﬂ]ub}ww,\ﬁ:&uu J..L._A 4_3).’l3
RCD i b Sl il 52 515 ST das o 0Lt ol

WA Ll ¥ 55led YT Il (Ml



s o203 (sSL) oosw o8 5 -V IS (YL ossw 0203 (55L) ossw o5 35U -4 JSs
Sy SIS (VL) g 20 iy glaads

TG Oﬂ)bjw‘g IS %4 gf)kJS.’;}lM—\Y JS.; w,y@,:jlﬂ;au AS/J}}JSJQJN—\\ JSJ&
)La...‘.i L;LAJ.:JS (;;-_.'3\.3’) SIS C;:fjw‘,‘g (u-;\lb) )\4..;.3.; L;LAJ.:JS (;;-_.'3\-;) SIS C;:fjw‘,‘g (dg\lb)

(5 4iby a2 L) ol 5 sl Lz 55Uy -V E IS (L aby o L) il 5 adsl 0L 55U, 1Y IS

YWAY el (Y ;)Lo...:: Y JL\.»: LJ‘)A.EJ..«:\



()

a5 00 Hz oy (V) IS dias e 025 1 5l s 56
s e 0L s 2 Sy 55 00 KHz Ol 5 a8l
S e oS Gl Ao 1/0 il dds Bt 050N S
e SYsb Slilesl rmen das o 0L 1) SO s
0330 Sk Sl Sol Sl ddee ol s e OLLS L 55
oS St b 4 3l L e ey b ol e
ploil o a1y Sl s OF (sl e S et 5 o
g V| P ! FYCOUUO- g Cj_la aalsl 53 Ay e
a5 S5 w5 ThW (5l se sl sie 5l eslinl (Y okw)
S Vs 3 el S o o plonil SL e ol
Ols Ck.wﬁ Jdes ol il § oo 53 355 e Syl
Ly Cmad O350 5 (A gems Slezmn s Sl esliul Ly 5 YKW
5 Sl slaels m Gliwly 53 (Son Codb e Ol yS s
4 suS l mlo o past 4 e mlio Gl
5o el sble s o e ol 3l eslid 351 ol
SlerY (bS5 ol 08 5 e Ale plgats
2288 Sl Gy 00 5 LS (6,50 5 Laedias Ll RF
plsil 4l S5O Ol ol 3 05SE )08

] 0l

v

()
gr.als Slde L‘(u) g__,AlS Slde NERY (quri])) ‘d’:’)‘; A.L'.;S}...i._»' QUL‘«‘,S-\O JSJ‘/

O 6ol 1t 503 b Ol a8l CBlim e oy L
nd J 28 e 55 TLA94 | 5wl wlad Ole 3 Lyl 5 oS5l
ssb IAT e 3 el Sl 335 ol b o sl
O RN W
S o 0 5 s oS Sl (V) IS
0% 3 o oS St (V) S8 5 sliiy glaa s
S Hsbolen das o 0L 1) Sliy ladlS 51 SO e s
iy LS s 00 S Cl =15 (V) JSO 50
iy el gl =Y Tapus S U o 51 s
ZVS 55 oo Sl S sl AIS (o ,8) o SU5 5o
S sl 5o OLa g5l 5n b (oo g Lol Wl s (i
ZVS 5505 050l S Ly idig; 8l eSS s
cros el e o (O0F) K8 1S Jase | bt IS,
L ol adsl 0L = 5 55 (V) K aas e 0L
Sl Glpeea (V) IS o5 sou 4 a8 deas 0L
Lslel L) oS aiby oo sl s Shas (10) JS2
SIZVS 558 e edalin &S 5 sbilan cas e 0L, (o5
oS e 3 Shes 0520 (V1) S0 53 ol and; cows

sl e gy, dul;- obla g U;';.AlS): S5 wLASA_lfL

YWAY el (Y ;)Lo...:: Y JL\.»: LJ‘)A.EJ..«:\



ZVSJZJJ‘CJLL;LQ&MJJ.JJBMMUJVAL;...)
Jdwe YL Ol e a il 5 ad sl s cal sl esle ol U
5 YRWOIS 55 5ol ol sy ple 4 cund O o
Ls‘f' Q}UMJJ}&M 4.:;-\...4)0;-“}.}9 O'KHZJMJKSJ,@
L;Le;lj;,;d?,;awrsﬁguuycbo;;;,,\_m
RCD (sla sl 5 a8 jls S L mdS e 51YL
Jles LSLG'kg";' B CJ.LL;LQ&GEJ ol ol osla il £ o= 1

.wb&lbjd))::@l:.}l{ja.x.jn\:am

bébj.\é'
;H\S}éﬂom_gkjh ﬂﬁﬁCJ—bgﬁ.‘d‘J—’\
Ll 438 8 oy o Olginl s oK1

. zero voltage switching
. dead time
3. lagging switches

N —

1. Sabate, J.A., Volatkovic, V., and Lee, F.C., “Design
Consideration for High-Voltage High-PowerFull-
Bridge Zero-Voltage-Switched PWM Converter,”
Conf. Rec. IEEE APEC'90, pp-275-283, 1990.

2.Song-Yi Lin, and Chern-Lin Chen, “Analysis and
Design for RCD Clamped Snubber Used in
Outputrectifier of Phase-Shift Full-Bridge ZVS
Converters,” Industrial Electronics, IEEE Transactions
on, vol.45 Issue, 2, Apr. 1998.

3.Nederson do Prado, R, “The Behavior of the
Rectifying Diode Reverse Recovery of ZVS
Converters in the Presence of a Saturable Inductor,”
Industry Applications Society Annual Meeting,
1994.,Conference Record of the 1994 IEEE 6-2, Oct.
1994.

4. Do Prado, R. N, “Effects of the Saturable Resonant
Inductor on the Rectifying Diode Reverse Recovery of
ZVS Converters,” Power Electronics Congress, 1994.,
Technical ~ Proceedings. CIEP'94., 3rdInternational
25-21, Aug. 1994.

YYAY Szl ¥ 55l YT Jle (D!

S S 4o -0
23 o Sy 5 Soads Jol Sy sl i ol s
ol alw E) f\J_bY’KWQ\)S BE 4 S ZVS d.’u—ﬂ‘)\ 4_:)&.3
PWM le.@j-)\.«ﬁ DL rf M/.*.’*”}aﬂ LSL'G";')) C,..w‘ Y8 A Cj_bﬁ
2R dds 035 5 e SRS 5 3 5l 0Ll
L;a}_d;:"’ 6[.@.4.\,«)‘ ol CJ.’AA f})}\.@.z- BE Jujfa
ool S S ubliae 5 adsl 5o gLl LB - sl L (g
Silge Ao Slas s iy s 3y 65,5 sl Sl
&3)4.34.;)‘&: JJ:.S&;M\ IS4 ebu.’l.wl 4.;.‘_5\ (_}i 6[.@_2;3‘)_.«0
3o e Wday 38 e oo sl 5L Ca s

ZVS 5L :))AQ#.«OLA}O)QMNLSLAJ&\)L; .EBJ)'\

4l o3l 9
4. leading switches
5. duty cycle
6. duty cycle loss
&l

5.Hua, G., Lee, F.C., and Jovanovic, M.M., “An
Improved Zero-Voltage-Switched PWM Converter
Using ASaturable Inductor,” Conf. Rec. IEEE
PESC'91, pp. 189-194, 1991.

6. Watson, R., and Lee, F.C., “Analysis, Design, and
Experimented Results of a 1-kW ZVS-FB-
PWMConverter Employing Magamp Secondary-Side
Control,” IEEE Trans. on Ind. Elect., vol. 45, No.
5,pp- 806-813, Oct. 1998.

7.Chen, W. Lee, F.C., and Sabate, JA., “A
Comparative Study of a Class of Full-Bridge ZVS
PWMConverters,” Conf. Rec. IEEE APEEC'95, pp.
893-899, 1995.

oled lditon 3 05 Sz g Sledins s p ( Jmss A
wbobl kw155 53 ase S& ol s PWM |

\Y'\//\ tdL@—w‘ L;:M GK.:'J.\) g.\.\:ijl L;\AL.\:JJKS

YA



