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Soft-Switching Buck Converter dropped Voltage Stress of Free-Wheeling Diode

Gun-Haeng Lee

Inha University

Abstract - This paper presents a buck circuit
topology of high-frequency with a single switching
element. It solved the problem which arised from
hard-switching in high-frequency using a resonant
snubber and operating under the principle of ZCS
turn-on and ZVS turn-off commutation schemes. In
the existing circuit,it has the voltage stress which is
twice of input voltage in free-wheeling diode. But in
the proposed circuitit has voltage stress which is
lower than input voltage with modifing a location of
free-wheeling diode. In this paper, it explained the
circuit operation of each mode and confirmed the
waveform of each mode with simulation result. Also
the experiment result verified the simulation waveform
and compared the existing voltage stress of
free-wheeling diode with the proposed voltage stress
of that. Moreover, it compares and analyzes the
proposed circuit’s efficiency with the hard-switching
circuit’s efficiency according to the change of load
current.

LM 2

0], PWM DC-DC AHEx 238 283} Ao
9] go]A wj&o B2 WA dakaA ALgHT o
o 293 Fa59] Frke= g8g &L 279 JAYH
o} AHAEHE AHEEA Fok 28, 293 Faie)
F7hs 293 4oy EMI ko2& WAL [1,2]
I+ A) hard-switching.2 153 HWA 243 &
AL 95y 7184 Hn A s Bers At [3] ¥
Ao soft-switching PWM 716 B HQ XA JHE
T 93Y 293 F5L 3] gEd olg3 BAE
88 AFFT. 2R A BEstd SMPSY 7%
€ FA717198 S A9 soft-switching 32
7F AL U[4] 28, ol g e F
2913 Azle] FHAREE 957 A B 29F
2AE ALY o]3F e Aopiyel B
LEFS ITE FAHY B ohzhEL AR AF 2
EY2E 7IAA "o
E =Fde BE 29347 glo] = 294 2%
& 7RI soft-switching 22 FE3= 22 A<k
sttt =3 AgE IZe 71E9 FEU) e 8§ F

gole=9] & AG2EH2E 7 AY olFE P&

AR FHARZE AEdolAS B3l AFdPn, F
d&8 2B0W7HA] 32 & AFstd, 100kHzolA 283}
o AZsAh

22 B

Young-Seok Kim

Inha University

Myung-O Kim

Inha University

2.1 ™M otE Soft-Switching Buck ZitHE

5 %SDI Tec2
c1 D2
Ay Ji §
o R
(—)Vin Bo3
L

#i) ) A3 rcu gk
vin

e

29 2.4¢€ Buck ZWE=Z

2y 29 A¢E Buck AHEIRE 29 19 7|1&9
Buck FAWEIZ([5]0] HlsiA =29 BEFSFE 2o,
FgHRgole=e AYEEH2I} V=V °|EZ 7]E9Y
Buck e 329 FFgole= AHAUY2EFHA
Vo=Vpa+Vez o HIsEA YA} olstz HoixA d
thoiole =9 AUY2EH27F oA HU vholo=
9 Yol AL ARG AEE F Jormz diFe SMPS
E AR ve AAFHez Z o]dL B F Utk

22 Sxtge| 2 3= &N

Ate Buck AWlE3=e) MM $Ae 19 39
Zo] 97)e) B% REZ U¥ 4 Uz, 7 =W Fe
Bae 29 49 2ok med A4 HAe AaA,
RE BEA 245 ol4dHold, 2HARME YA

- 136 -



B AMAE Co A AL Vook §Ys

)
V3@
= 0 T 0 - i
LA 2 R
a0 il ¥ k2
z v 2

®

EE= 1t1-t2) RE 5(t5-t6)
I " S .
= ) i 10 = u i u
¢ Fot e f\;w : o2 Ta lim
! ! .‘
<1 ® £ 2
+ ,la} a1l R I} 3 el %
Fiia T i
B2 2(12-t3) EZ 6(t6-t7)
e e i
3 ) "—‘_‘ ) W
) 2 #m ! (2 2 %on
.AI_‘}_. P
21 w 3 0z .
b Y b
= 3(t3-t4) 2= 7(47-18)
& i bl -
T u T i 10 i : u
' !&" fa Tﬁ ot 2 T
o » . A » 3
Hia 5" ¥ @, s {7 ¥
i £
EE 4(t4-15) 2= 8(t8-t9)

' Z‘F:; Tﬂ 0
SUIC S S S
£1 2 .
@ ol i3
EE 9(t9-t)

29 3.40¢E Buck AWEHIRY SRR

MODE 1(t1-t2) : t=t1 $1 AHolA *W’é} 4:1}7} K
F 2HAA & 2 HY, 2 998y 3 ‘rr ILln_. d
Yo ZrleA = :ﬂ,\}‘i‘i dFciole=e] AF Ine
dexom 7asA ©ch =8 uy LO°1] zVPE!
dize DIDOE FA Rele BgHEth

o] uf,

v

N\ /__—

/}@@\ 5 W -

Mimliwlwe Mﬂwﬁ[ws ARy
23 448 Buck AnEI2Y 2 & 33

Ve

Verlth=V,, , Vetl)=0

Iu = Is = (1)

%
I

t=t2o] A gFriol 2 =9 HF Ino7t 00 HI L=lp7h
2E=%

MODE 2(t2~t3) : the]l &= DOD3 22 dF7}
00] WA, DODIE SEHT ToleE D2E FHY
M ® ol Ak Clol A% oA = CI-SL1-C2
_Txf?z 2 gl 1 AYE Ll 52 A8

ZeYAR 08} FRAF Fog Yehdl

MODE 3(t3-t4) : C1°] S FASEN FAY
A Diel &5wA B 37 A Z}%QLM] 2y AH
7HI07E g W7 2E 3% ALE

MODE 4(t4-t5) : L1°] 32% AH/H7 7t H9H ¢
onventional MX. =9 © & A} ol

MODE 5(t5 -t6) © ool A A9 AAE Q=W &
A Az AFE Cl% DIE B34 Rel&og 58
A EoiLlel 2% AFE A% L2 A& 8o

MODE 6(t6-t7) : 64 Vei=Vir-Ve 74 HEA D3
7b dAGAA 2ojgrt o CZOﬂ AZE JiAE
Fa&E D3E FaA gug s gt

MODE 7(t7-t8) : t791 4 V=Viol WA D27t 9
At o] HI LI 2= AFE L& D,gD
32 S Ao AgHo 2 2AEA Ho,C2oA
= UAag AgstA "o

MODE 8(t8-t9) : L14] 32% HH7 028 HoiA
W D1, D2y @AFoA eX&A Hi, €29 HAo)
2y gy Res AL

- 137 -



MODE 9(t9-t1) : C20l &to] 0°] HHA FFrlo]
2= DOt FAYNA &oldho] =& conventional
M=o X Aeje} o}z

E 1. 293249 243 249 23

WEA £ degd | ®Woex A
F 293 ZCS ZVS
23 NEHAO| A 2 AgA

Aokd ¥ e 9 FAHFES AUy M2 =
EoHME PSpiced o83t AU IS &R ,L9

A F44 100kHz2 TFEHE A292 AFsAch 2 d
o AHgE FF4 WAFH £AE & 29 ¥

¥ 2. 4389 489 2749 sy

Component Value/Model
43 A Vi) 50[V]
23 A%y 25[V]
23 AFW) 1710[A]
Ad 24Py 250W
%{1 A A E(C1) 60nF
TR AHAE(C2) 110nF
%73 QYE (LD 2uH
23 A E(C0) 20uF
£33 AYE(LO) 1.3mH
293 2AS) IRF640

AFE golex PBS 2506

tho] 2 =(DO,D1,D2,D3) D33-02C

a9 AME ALY WAMY 29H 249 A o]
A AGAFAYE HoiTT, 219l 2 FAF/S
A 2N WL/HE B nelET

| 6.2V 15 0ATor— e m— = — — —
¥
. i
10.
004
o
-1 In
910us 5w 920us 925us. 930w 935
m QLM )E! mmy
T

7Y 5A%E Buck WS AR 297
2% A4AF 33

29 62 297 27 AYAR AYAYE el
zdes d PEAFPRERNA R Shhin e
oo e el o 784 UEIA 19 9 &

71&2 HANE Y BFIo|L= DOV} IR A &
Ed2 %ys Jveid Fol1,0¥ 102 AGE ¥Ay

B 9] ?‘}WE}OIS’F D09 A¢2Ed 2~ H3ojrt 19

A & ¢ dRol At IR AY2EH2E %]@3
A ol&te] g 7L 15«1 Az dYzdy ¥ T
o Ao & AY2EHA 7}2]71] .\51_1:} a9y 118
Atd HHAWEY Iz conventlonal AvE 9 B3}
Azl wWE & Wi E Ho Fr) l%Ml*i 2+

So] Aet"d 327} conventional HABIE o} vlal 2-3

%9 ago] ¥ 34\05 ‘45}‘4‘:}7-3}’3%7} Z71shd

A EEo) F718l= AL Soft-Switching] 25, &9

Aol Fylsle B¢ 2H9F &4 A Ay ¢V
Folt}

T A 'ﬁif CTXNS w;M;g,_(;_ggs_g A RS
29 6.4<¢" Buck AWEIF 29 Al EH oA
AsHL AR 913 (4us/div)

.....................

mzeoa PRI Axh TRV
ay 7.9 &4 2913 22 A AR
28 (100ns/div)

.......................................................

i ' i ; N H :
T SR M a00Rs T AL Ll o 51.0 V.

a9y 8" 23X 293 2 AF,AY
33 (400ns/div)

TRTRENY

- 138 -



MBS A TR 7 860V

a9 9719 Buck AW HIAR 9 FFelexs
Ag2EA L 38 (4us/div)

WY IOUA MA4.00ms A i 7 35.0V

19 10298 Buck AWE SR R0l
Agred 2 9 (4us/div)

RISk & AHERIZ

ook

Convertional
2 HHE

£ =idMe 7Ee] A%E 293 Buck AWE S}

X3

RE 2E 7 AAsUN BRTho|ese] AgAE
AAE ¥ ou olalz ZaA7 AHE AZE 293

Buck ZWEE AtsAch a2 2R, SMPSAIZHA
gte] & o] QEE AHEEA AAlE o)dg d&
4 9t} 250W, 100kHz AZE 294 Buck AYEE
AAs 4E Byg AR, olF ojgxe 4
# g AEYold H¥ vuFgoezH AU Y
FERE YFAAT

= 2 8 sl

[1] A Pietkiewicz and D.A.Tollik, "Snubber circuit and mosfe
t paralleling considerations for high power boost- based pow
er-factor correctors”, in proceeding of INTELEC'95,pp 41-45,
1995

[2] Ching-Jung.tseng,etc, "A Passive lossless Snubber cell fo
r Nonisolated PWM DC/DC Converters”, IEEE Trans. on IE,
Vol.45, Nod, pp 593-601, Aug. 1998

[3] Xuezhi WU, Xinmin JIN, Lipei HUANG and Guang FEN
G, "A Lossless Snubber for DC-DC Converter and Its Appli
cation in PFC”, Proceedings of IPEMC 2000, Vol3, pp 1144~
1148, 2000

[4] Masa-aki Shimada and Mantare Nakamura, “Single-Swit
ch Auxiliary Resonant Converters”, Proceeding of PCC-naga
oka.Japan, pp 811-814, 1997

[5] Nakamura, M, Shimada, M, Myoui, T, Sadakata, H, M
oisseev, S and Nakaoka, M, "Performance Evaluations on
Soft—Switching Boost Power Converter with a Single Au
xiliary Passive Resonant Snubber”, Power Electronics Sp
ecialists Conference, 2001. PESC. 2001 IEEE 32nd Ann
ual, Volume: 2, Pages:1057 — 1062, 17—-21 June 2001

- 139 -



