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Soft-Switching Buck Converter Dropped Voltage Stress of a free-Wheeling
Diode Using a Single Switching Device

FRIT-&%2E &R
(Gun-Haeng Lee - Young-Seok Kim - Myung-O Kim)

Abstract ~ This paper presents a buck circuit topology of high-frequency with a single switching device. It solved the
problem which arised from hard-switching in high-frequency using a resonant snubber and operating under the principle
of ZCS tum-on and ZVS turmn-off commutation schemes. In the existing circuit, it has the voltage stress that is almost
twice of input voltage in a free-wheeling diode. In the proposed circuit, it has the voltage stress that is lower than
input voltage with modifing a location of free ~wheeling diode. In this paper, it expained the circuit operation of each
mode and analyzed feedback-loop stabilization. Also it confirmed the waveform of each mode with simulation result.

The experiment result verified the simulation waveform and compared the voltage stress of a free ~wheeling diode in
the exsiting circuit with the voltage stress of that in the proposed circuit. Moreover, it compares and analyzes the
proposed circuit’s efficiency with the hard-switching circuit’s efficiency according to the change of load current.
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LM 2 Aztstel 100KHzN A gstel AFshavh
}250), PWM DC-DC Z¥EE 238 £93 709 2.2 =
ol W2e] We MANA dEsA AHgHD Ao 2.1 MetEl Soft-Switching Buck 2H1El

2913 Fa5e Fvte gy 22 2719 Ad49E 9 A
HAANEE AMSSHA dch oy, 293 FR$5d Fte
293 &£doly EMI *olZ2E ZAPAAZT[12] 1F A
hard-switching© 2 F&aA HA 293 &42 Hg
F748A H3, SAZvE ESSAC[3] wtde]  soft-
switching PWM 71&2 8 2 & o IA JAF £+ 9
AG 29% 5L 87 Wi ol EAE FEI &)
A 2903 FA9 #dso SMPSY 7lsE FY A7
71 98l o w9 soft-switching 27 AL HA
thl4] ey, olgjg dirRe 32 F 2303 Ax9 F
AR E wEy] 8] BEx 29HA2AE AL sgch o
Hg 2 Aojyye] s, ERAN J=2E FAHAG a8 1. 7129 & &2(Vp = Vpst Ve )

. B =RoAE B2 AYALA Qo] = 29% Azw Fig. 1. The conventional circuit(VD0=VD3+VC2)
& J}A 3, soft-switching 2.2 FE3tE 32 E AQstgth
T3 A F2E YEY A2y MAE Rl
2 AY2EG2E 98 HAG oFE #HAAFG E
gy £x0) QAR JZE FAFLEZN 1FHA A
Balo A @AsE= Noise SpikeE E¢th FAEEE AR
dolae Fsled AFTIRR, HAEH 600W7HA HRE L

(_ﬁvm 03 rco ?R

Lo

x BARR : QYEa A7 T A3

t RYAA, EQA : Atz Ao Tt 2s
E-mail : youngsk@inha.ac.kr

BEEAT 20044 55 19H a3 2. HetE g 2(Vp = V)

BT © 2004% 7TH 21H Fig. 2. The proposed circuit(VD0O=VC2)

576



a9 29 A<td Buck #HEH =& 29 19 7€
Buck ZAWE =[5l uvlsiMd sze] RESFE 2oy, 3
Foole =g AYAEHATE Vpp=Ve: 122 7]E9 Buck
AWH 29 #BFHoE AY2E# A Vp=Vps +Veeoll
HlgAy e B3] 2 {3 Cats AR o=2A ¢
HAg ol3lR oA A Hr} tro]e=e] MY AEHAV}
oA A HE tole=e o] &HE AL ALET £ gl
soz f=e SMPSE AATHE AAH o2 & o9&
B gt

22 Sxtaal o sz

A etd Buck ﬂtﬂﬂili«l AQH] F&L 1Y 339 ¢
o] 9/ F3 RER :
28 48 zoh 2ed HAAdH ML
A A2AEL ojFHH, £ AF(ne '24_7@6}“' R ?H
HAE Coll FAHE AYe 4FAY Vingd 59 sidxn
7+ gt

ey (4 —t)
1ol 2934227 AF
pe APFHoz i

L
It
Nﬂ
e
>

27404 HL.

’s
— ,_f;.l R R,
....... - rvesabidnanss A S
PGS : 1] :
Af 1. ;
s t’*" ; o
cl 2 g T
gl) S i e
vin :
...... i
BE2 (h— 1)

t= 1ol DOD3 B2 AFIF 0 o) HWUAM D2
Aol BL. Clo] AFH oY== C1-S-L1-C2-D2R =
g S84 24

of

chel A2ALXE 0| 8310 EFCIOILES HMYAEAE ZiAZ &

3=
tional Buck 229 € 2

Trans. KIEE. Vol. 538, No. 8, SEP, 2004

is

p m‘a I

-

§ ¢l ipz 0 E ,
: :K
: 5 TS
B3 P

@m & :

.
.
»
.

L]

grsnsrenn

.
anxERsaINNRIRRsRRRssnssninninnnninsrrsnnifcunsnnn

=3 (i3 — 1)
A = H A °§7‘4?}°¥V\1 D1o] #
g o 717 m=3L

....... ee - NFi N
sb
b1 TC? A
4
T K . A
P 02 ‘
s P p
W 4 S ¢
H ik} N 4
P $ s
TamaNiiiveaRRaANANII SRR ISR NNSRE RERE s i ..... 2
RE4 (4 — 1)

t=tyo) A Lloj £ AF7 L7t =l8A Conven

Aeys} gohn,

ot 'l_cz b0

4 ! :

s R :

14 LI v E

¢l hd

PYPPTRMTRPRII H
: S s ¢
.}, : 2;93 ty

b8 =4 :

RE5 (5— 1)
t=to)N 293 228 o= 293 23 AF isk
Cl3 D1 53 #35e= 38

2918 ¢ HE 577



REPF R EE 538% o 2004%F 9R

e
,.......E&........

BEg (t— U)
t=tgo]A] Vg =V,—Varst HdA D37t FHA
1 2 C20 ARF quAE Ra&3m DI FAMA LA

BET (L—t)
t=tolq Vg =V,o SlEAN D27b 4N & 2
Lldl 32% AFE 253 D3-D2-DIE T3 HAFH2
7 7+A5 5, C2AE D3 S8 ¥de ASdr

“d

* it
it

Cl

O

il
8 L]

1L

p}

andhesna

neg (5 b)
t= tgo) A i 0] 0o] HAEA D1, D2& FHFAM Z
C29) Aol Bdurzx R ALdrh

578

(

Vin . H

2E9 (h— 1)

t=tyol X C29 Aol 0o HAA FFriole= DO
A A B & o] Rt Conventional Buck =9 2
=z aelo) golzitt

a3 3. MotsEl Buck AHE EH=2e S RE
Fig. 3. Operation modes of the proposed circuit

Ve

1 /\ |

(2% —

Vel

AN

x/uuu (AT
Cwomlmiw wlw vwiw w|wlw]

O 4, MotsE 3 2o REY ni¥
Fig. 4 Each mode waveform of the proposed circuit

23 o8 x 32ol 7Y

a7y 5= AR R FAL dehdth 2xF5E74%
Blmre 71FE e AL EE PWM Chip?}oﬂ 23d

. &3 PWM Chipe t& o8 715g 7ot 234,
YRE ]E 016}10}71 AMA =, 9.1}"37154 LR s
wsfole ok P Aol Fate W ] A7l=
&8 AL V 91 3}° Wate SxFEV)Y -AHA o) 7
A=, oxAEZ7)e +dde Avdx AL viudn
AZEr) e 8L thAl w9 -jFe A4 dAdH



Hlaslo] ~AARe] AOE AE2 EriA "ok 4F
Aol F7tstA =Y 2HHY Vot F7HstA Hol, &9
Age Frte LAFEVY £¥E BaAPT 23 FF
71 &89 Fat dZns vasA Aok A5 =FT
He E01A "ok "M, EHA4L d3le gz Eof
A s Zelth dtdle] 9, dEAYe] FUteA He
A9, AClE A5 mEFIke] FIeHA S d3te g
FAsHA Bt

Gate signal

Vo
Co 72 L
— bt
R Z1 Rs1
1 R
: R1
TEEAARYS
o T
Comparator E.A .
Rse2
Vii Vref ﬁ—'?

O3 5. EMUYS oHE AlFIV] ST HEr=sz
Fig. 5. Feedback circuit to make output voltage stable

231 SHHE 32 24 Y A4 [6]

29 5914 Rs,Rsp= Bl Ade]st, R1L,R2,C1LC2E
Z 320 "Had 2AEZH I gE FIHEC
9.4, EA Gaing 73] 29,

oX

Vo 2 (R2+1/uwCl)(1/juC2)
C=4VI 71 “R1(R2 + 1 /5uCl + 1 /juC2)

oq71A, ssjw 2 whEm

(R2+ 1/5C1)(1/5C2)
S RI(R2 + 1/5CL +1/5C2)

AUk 0 2 C2<<Cl ¢l A& ol-&3ted AHelstd

i 1+ sR201
G=3SRI(CL+ C2)(1 + sR2C2) W

AN A, Zero 3 Pole H2) FRFE FIY

1 1
Fo=onR2Cl - PP 2xRI(CL + C2)
1
Fp= 27 R2C2 2)

Fpox= Fzold -1 SlopeE Wazd o, EA Gan #el
0dBe} whts we] Fyl4eo|r}t Venable's Schemes A&
3led  Fco/Fz=Fp/Fco=K& A¥dtt. «7]4, Feot
Crossover Frequency24 293 F34:9 1/568 A& g}

Kl
4
Iy
B
%
k>

XE O|2310 SFClO|RLES MUAEHAT UsIAMZ AT E-A4F ¥ AUBE

Trans. KIEE. Vol. 538, No. 9, SEP, 2004
AgH 3= 100KHz0| B2
Fco=20KHz 3

Fesr& 2851 H A8 Coo ESR 9% F3+ZM Total
Gain(Gt)9} Gain Slope7t -2914] -1 SlopeZ ®H& F3
o)},

Fesr=m
1
27 (65 *10%)
(A&7 AN E ol A ResrCo=65+10 ° 22 U Asit})
=2.5KHz 4

A3} (4)9) Feo/Fesr?] BlE T34 Fesrd ¥3 o
2 o A7]= FeodlM e LoCo BE] 2] Phase Lagd 734
g7°0lt}. 45°¢] Phase Marging 7}A3lH total phase shift
= 360°-45°=315°¢]t}. E.A9] Phase Lagd +3t¥ 315°-97°
=218° ojt}, ol HGF§ Kgt& 73w 31t 48 MHH
ale 283kl mabA FeoolAl Phase Margin= 360°-
(208°+97°)=55°2 ¢rA 3t 32 9] Phase Margin 45° °©]4-&
&g}

{(K=44 v E.A2] Phase Lag2 208°) (5)

Total Gain{Gt)=LoCo Filter Gain(Gf)+Modulator
Gain(Gm)+Sampling network gain(Gs)

Gm=Vav/3(Vav=28 < V.9 F#A)
= 100/3=33.33=30.5dB (6)
Gs=Vs/V=0.025=-32dB (7
1 1
2my/LoCo  27/1.3%¥107 3% 2076 ~0He

(Lo,Cox gl AL Hetng g& °18) B

Fo

Gte Gm+Gs=-15dBZ Fo7tA Adez 7itirt A(4)9
Fest7H A& -2slopes, 1 o3 8% -lslopeR Gain@ts #
£t} Feodl4l EA Gain % Total Gaind Z 7 E.A Gain
e T Fzt Fp Atele Adez adx 1 ofF&
-1SlopeZ E.A Gaing 7%tk I¥ 62 AAFE 3z F
gd mE REMAEE Yeld

.

o \
T a0

a5 AN &

. AN

\ Total open-loop gaid=Gt+E & Gain
&

E.A Gain

099(Fo) 7 Slfeur) Feo)
= T

F ] U S
o

¢ oo

"r,,—-Gx
- ~

ag 6. T 2=2e Fogo e 2eEdx
Fig. 6. Bode magnitude diagram of stability circuit according
to frequency

579



WEPNANEE 53B% 9% 20045 9A

714, 919 g& EUE R1R2C1C2E T34 R,
R2/R1E= #9229 EA Gaingteldh uelA,

20 x log(R2/R1) = 356
R2/R1 = 60

Ri=1Kf20 2 Hsw R2=60K12e] a1} ©)
Fco/Fz=Fp/Fco=K& °| &34 Fz9} Fpg 7354%
Fz=5KHz, Fp=80KHz (10)
2(2)E oj&3le C13 C28 T34
C1=530pF, C2=33pF 11
A9} (11)o- F3 RI,R2CI,C2E o] &3l 32&
A A3t
2FEFGA EA Gaing Z2/Z1=Xc/R12 F3457 &
= 3o e Jeid, nFEsed ¢ EA Gaine &

HAede] nF Noise SpikeE ok EF ARS7H A
¥ LoCo Filter= £ Resonant Bump& ¥d23 4 3ltl.[6]

24 AlE2dold A MEHA

A¢E Buck AHE S FAAFS U7 AAM, 2
w&AME PSpiceE °]83td AEHNAE FHAL, &9

R #34 100KH2 7% A29e ARRAs 239
72 ALY Buck WWEH 29F Az AEHoA A,
A% A2 v E9 29 8e ABAOAD ge 21
o2 AR} 4¥74gL g dd 1 dAE "94%‘ .’1\.
o) 294 24 Uehied, 480 AEE 2E 3
I} FAE= 29 2o
(BN, B

L

L+ L1 L1
1‘0‘1 5.0
o >
-L‘ 9108 958 °0s @58 |os | @S5

w08 s
[ o NQ:LMs) [2 ¢ IBM)
Tm

a8 7 AlEdolM AAAXel Mot MR EEH(Po=250W)
Fig. 7 Voltage and current waveforms of the switch S in
simulation (Po=250W)

T TN ST T L i
R BT s R T oo A ST 7 ETo v

33 8. 29z84X Mo, dF o8 (Po=250W)
Fig. 8. Voltage and current waveforms of the switch S

£ 1. A48 axtel AF=EH

Table 1. Switching condition of switching element

wMEA A% g Ay H X g
F 294 &% ZCS ZVS
E 2. Adgol A2E 4Xte] ni2lolH
Table 2. Parameter used in experiments
Component Value/Moldel
dE A Vi) 200[V]
=4 AY(Vo) 100EV]
29 AF0o) 1~6[A]
Hd = (Po) 600W
TR AR E(C) 40nF
3 AAAE(C) 80nF
3 JEHE(LY 3uH
9 ANRAE(Co) 20uF
29 AYE 1) 1.3mH
2813 A2HS) IRF840
58 rhole= PBS2506

a8 9= E2 o A8E FAvEHE AMSste HUEH
600Wol A Age 293 &2 MY, AF FFE& dEd
Zolx, 27 10, 11& & &3 | 2= A ZCS, ZVS T23&
B7)9I8A 2@ 99 ARRAE 94 B g 1¥
oA BEeol, @ A AR/ AAE Frista, LA Ak
o] A3 FrtatHA 293 &HE FYE B T U



BT N I T T i M T X

a8 9. AEaxte M, MR mtE(Po-eoowWe )

Fig. 9. Voltage and current waveforms of the switch S
(When Po is equal to 600W)

Chib ooV

TR ?1%‘
o O S Ol oI Ob. . . L.

v AR SlhlefFEnE Y
e i S A NE

Chi| 100V ¥ 20.0A  ¢,100ns A Cni J 296 V

O 10, © 2A] AFEaX}e Mo, M& mg (100v/div,
20A/div, 100ns/div)

Fig. 10. Voltage and current waveforms of the switch S
when switch S turns on(100V/div, 20A/div, 100ns/div)

AP X MR
AME,

-
/-
- S e e )

R ed

Ag

R[OOI F0.0A M 400ns Al Ch1 7 296V

a3 11,8 2EA] Azlaxiel Mt MR oHE (100V/
div, 20A/div, 400ns/div)

Fig. 11. Voltage and current waveforms of the switch S
when switch S turns off(100V/div, 20A/div, 400ns/div)

9 128 9FAGE JEd Zolx, 29 13e 29A
43 AFE dehd Aolth YN Hzel JFAYe
200velx, E8AUT FF+ 100V, 6AZ A &3 600W
AN FEHE welZoh

Trans. KIEE. Vol. 53B, No. 9, SEP, 2004

iy
.

. 1 N il . '
Chii 100V [Wi¥ 10.0A

I A
M:100ms; A Chi J 152V

a2 12, =™ et mE (100V/div, 100ms/div)
Fig. 12. Waveform of input voltage (100V/div, 100ms/div)

e
EEme !
/faa%

o

CRIT e R TO A M T60ms; A Chi 720V

a3 13, 23, MFIHE(100V/div, 10A/div, 100ms/div)
Fig. 13. Waveforms of output voltage and current(100V/div,
10A/div, 100ms/div)

a9 14E 712 59 BRUILE AYLEAL Y
o), 1Y 15t ALY H2Y BROC|LE AYsEd A
Hgg vehdth 712 Bye QPAde F ouuge
9aHE AU, ARE Y2 RPe YAAG ol 3
2% ¢ F Atk

Ch2i 20.0A Mi4.00us A Chi S 112V

émé‘movv

Y 14. 7|2 329 gRC0IRE NYgAER A niy
(VDO=VD3+VC2) (4us/div)

Fig. 14. Voltage stress of free-wheeling diode in the

conventional circuit (VD0=VD3+VC?2) (4us/div)

B AYHAXIE 0|85 HECIIRES MYAEAE YoM AZE-298 ¥ Auel 581



VAP FEIEE 53BE 9 2004 9A

;m—‘:muv; ;chzz[ 20i0A %M[d.t;ousi A (;h.t 3 11;944\2

a8 15 MokE =zl #Rcol2E TYAEA Iy
(VDO=VC2) (4us/div)

Fig. 15. Voltage stress of free~wheeling diode in the

proposed circuit (VDO=VC2) (4us/div)

aY 16, 17 GAE = BHY TP EN, 1Y 16
2 Feedback LoopE FA43A %2 Open LoopE F+&F
ol ~etg AFS A divE ZA #AM HER Rolxn
a¥ 17¢ dA=E 32E ¥ 3 Feedback LoopE T4
€ "o F¥E vebd Aojth. 1@ 1794 2" Al 19
164 JElueE FzAHGE A= J2E FAHAFLEN
AATS & 5 AU

.....

&ﬂ' R ALY AR FZoomsT e

3% 16. Open loopd of &M tmd (light load:150 ohm-
50V/div, 200ms/div)

Fig. 16. Output voltage in open looplight load:150 ohm-
50V/div, 200ms/div)

T | TR > 1 X T S }igzsy

a8 17. FeedBack loop2 mh &M tuty (light load:150
ohm- 50V/div, 200ms/div)

Fig. 17. Output voltage in feedback loop (light load:150

ohm- 50V/div, 200ms/div)

582

a9 182 A tE Buck@WE 329} Conventional Buck
AvjEle Rzt W2 §§ ¥IE rdEg Ag"
3] 27} Conventional BuckZ # Ejo] B]a) 3-4%9] &&°] ¥
Aoz yepdrh RaAFIT FsEAM g &0l FUbE
AL Soft-Switching?] 74, &8 HFo] Frtste F
293 &4 A9 Wist glv] fFol

e e e

4 -

9ot —HUES

90

o — Hard-Switching &l &

86—~ \1“

84 - 7]
82
25EE
80 —
s U

14 25 4 5
]

ag 18, F#SIHFe #stof w2 86l
Fig. 18. The comparison of efficiency as changing ioad
current

E 244 Buck #AMESS ¥
EF5E 2 AdASEA ZFrhelese] HUG2EH2E 2
ujoldt 2 7stAzl MY AZE 294 Buck AWHE
At 22log, SMPS A zA digte] &L rhole=
g ARFoZH AAH odg S F UL Aot ok
g, AAE F2E TAToEN A2" FFA 29 JYS
A FA AT 600W, 100KHzAN M TEsHe £2TE =93
Buck AHEE AAsY 43 ¥ S& AAMSRLeH, ofF
o2 Ay d ANEHH #EH duFozy AL
329 84S 4FsAt

[m

zAtel 2
of EEE HYRARAA AP AFAHAT

AE SAALAG o8 FAHAEUS.

a2 Z

e

[1] A.Pietkiewicz and D.A.Tollik, “Snubber circuit and
mosfet paralleling considerations for high power
boost-based power-factor correctors”, in proceeding
of INTELEC’95, pp. 41-45, 1995.

[2) Ching-Jung.tseng.etc, “A Passive lossless Snubber

cell for Nonisolated PWM DC/DC Converters”, IEEE



Trans. KIEE. Vol. 53B, No. 9, SEP, 2004

Trans. on IE, Vol. 45, No. 4, pp. 593-601, Aug. 1998.

[3] Xuezhi WU, Xinmin JIN, Lipei HUANG and Guang
FENG, “A Lossless Snubber for DC-DC Converter
and Its Application in PFC", Proceedings of IPEMC
2000, Vol. 3, pp. 1144-1149, 2000.

[4] Masa-aki Shimada and Mantaro Nakamura, “Single-
Switch Auxiliary Resonant Converters”, Proceeding
of PCC-nagaoka.Japan, pp 811-814, 1997

[5} Nakamura, M, Shimada, M, Myoui, T, Sadakata, H,
Moisseev, S and Nakaoka, M, “Performance Evalu-
ations on Soft-Switching Boost Power Converter
with a Single Auxiliary Passive Resonant Snubber”,
Power Electronics Specialists Conference, 2001.
PESC. 2001 IEEE 32nd Annual, Volume: 2, Pages:
1057-1062, 17-21 June 2001

[6] Abraham 1. Pressman, Switching Power Supply
Design, Mc Graw Hill, pp 427-460, Second Edition

A A 2

oldde(FT & 7
1975 11€¥ 1694, 20029 29 <U3id) A
71%3&s £4. 20029 99 F oy A7
Fr A AAabaA.
Tel : 032-860-7397 Tel : 032-860-7397
Fax @ 032-863-5822 Fax : 032-863-5822
E-mail : jameslee33@hanmail.net E-mail : happymo052@hanmail.net

22 (4y R
1978\ 29 4¢ 4. 2003 2€ sty A7)
o7 £, 20039 38 5 gete WAF
SEREPEE

? N (2B A
19513 6¥11 YA, 19774 Asty A7F
g3t 2919873 A& Yaopd) sty A
71283 £d(FEh). 1987:d ~1989d 7]
A7 AAFAAATAL dA Jstd A
718383 A
Tel : 032-860-7397
Fax : 032-863-5822
E-mail : youngsk@inha.ac.kr

e AHLXE 0230 BRCIO|RES] HALENAE LA 2ZE-AQA ¥ HHE 583



