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A Design and Characteristic Analysis of ZVS-Half Bridge type High—-Frequency
Resonant DC-DC Converter Using Soft-Switching Technique

REY - BARE - eRHET-eRE . E R
(Kyeong-Seob Oh - Seung-Sik Nam - Kyeong-Sik Kim - Dong-Hee Kim - Chae-Gyun Ro)

Abstract - In recent years, the switching source devices have the advantage of small, light and high reliability with the
high-frequency. but, high—frequency switching has disclosed disadvantage of result from stress and tum-on and tum-off peak losses
at the switching instant. Accordingly, in this paper propose ZVS-HB type high—frequency resonant DC/DC converter using soft
switching technique (Zero-Voltage-Switching, Zero-Current-Switching) with safety operating of circuit at driving on inductive zone,
through the circuit design example using the capacitor Cs, Cy4 with soft switching function and division characteristic of resonant
Capacitor C, C,, C.. and, the characteristic analysis of circuit is generally described using normalized parameters. Also, this paper
certified a rightfulness of characteristic analysis in comparison with a theoretical values and a experimental values obtain from
experiment using MOSFET.

Key Words : resonant capacitor(C, Ci, C»), soft switching capacitor(Cs, C4), normalized parameters
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Table 1 Reference values and normalized values

ot 3= DC-DC Hwvieiel HAH ¥ SMM

Component | Reference values | Normalized values
Input Voltage| Es=Vq vi=v/E
Current I=E/Z, =i/l
POWer P5=Esxls P‘ = P / Ps
Impedance | Z,=2V(L/C) A=R/Z,,
Inductance | Ls=L a,=Lo/L
bo=Co/ Cs
Capacitance | Cs=C bi=b2=Cy/Cs=Co/Cs
ba=ba=Ca/Cs=Co/Cs
‘/_(____) M =fo/ fs
Frequency | fs=1/2xV(LC
=f*2xV(LC)
z=1 / Ts y
Ti Ts=1/1%
ime / dz = dt / T
Notice) £, : Operating frequency of converter
fs . Resonant frequency of converter
Ts : Operating period of converter

3. 3=z §4 ¥

a3y 28 29A%KV,)e A=A E vebd ageld, I
FriEl(a)9 #F&& 50~2007+A wEAFICEE EH AL
& 4] HEE ¢ F U ojAL, o]y &8 A
of o&f Ao 4AY HFI &YAHAHA z2B2 2
F=AF o] AAE =ede o F Utk

a9 38 Fa5 AoEs(p)E HAeulHEZ AL 9
FAARANE E@v(bi=by)e] ¥3je] UiF HFF FHAY
(Vo)o) B4 Uehlz glon, Bgurl 19 o #=1212
M ZzYgo] Hurt & ¢ + Ux, £U(bi=b)7}
Hatgojuet &3 WS UEE B+ Uk uebA,
oleidt B ¥l @ FH4HWEE o)W &Y, EHAYT
2 Ao - YL E BAgF3 U

a3 4 FH5 AW (u=1212)% FIAFHESR(A

181



RAPFNEE S0BE 438 2001F 458

=308 ZAHFZ S o9 AHAEHE(b)E 100~5007}
A AHAZ FEAF g Azolgd¥E Uz gl
ooy, a2 M & F UK 7|Fx7AE AR =27
o tlEX A dAT AFz FAAAddd =ty Y&
o C".J_' _,1\_ 9;}\‘;}.[4][9]

o

(

4.0

3.5 1
E ol D ao=50
L 2.5 1 — - 20=100
5 201 —— a0=150
245 e a0=200
2 1.0 4 p=1.212,b1=b2=1.0

5 4
0.0 —r r T T
0 100 200 300 400 500

Cycle

oy 2 Rx|Et z|AdE{s|(g)ol olst AN
o ol m@
Fig. 2 Theoretical transient waveforms of Vo’

a% 3 BTAHWAIE 2#d|(b1=b2) vs. H
o #drgel o|Eaty

Fig. 3 Theoretical waveforms of Vo vs.
resonant capacitor division ratio
(b1=b2)

3.0

w=1.212,2=3.0 |~~~ bo=100
25 L

io* transient

0.0

o 160 260 360 460 500
Cycle
a8 4 XS HIAE{s|(bo)ol fE FAHX
F2o| ol2ztx m@
Fig. 4 Theoretical transient waveforms of s’ vs.
bo

a9 5 FALE FHE(0)E HuEHE ¢ FAL

AAANE D) (bo)oll tHF EFH LS HEEY2E Aol A
g AF7 AMANE e EHdEE T FIol z=2=

182

2 7AAAHal(b)E BIAMNAE AU 2AEL 0.06(%)
ol Z Jehtnz 2T 45 HEEHE HdF
Atk Y 62 FI AAHAE FEE|7F L(p=1212, A
=308 W x-2& FHevgE & F K VA
(L) 58S Yeha vk 2ol p=12128 BA=R
o 4<1212 4 WE £FHoFE FIARZ F HF
27127} A(+)o2 vehvde, 4>1212 A ASLE 27X
AFE FO2 Hel 24 FIE FANL YSE B F
Aot @wetd, FAFY 2ARAFG a7t FC)Y RY
3z dAFE dHo] He, o] BEHANE vFoR
39 AEF R ErHL ¢ F Uk

28 7€ TAHME( a,=100, be=100, A=3.0, by=bs=001 )

Y olg, §3F4eE FFAY
AF7E nE2e AR XEE 438 7
2gg w7z F24 ARAEHYG AY
& 71554 S YErdTH

SAFRF(p)9 B3l wel Ao ¥
2 29AF9LE FEANYE Z47 g8 &9
€ 9L F UJge RoRy, o JE AYEEE Ay
AHAE(C;, CHE AHE #E w(2¥ a)kt FA7FE(2
Y b2 AEA 229 HYAEHE I AE ¢ UE
€ roFa gl

a8 5 fxbest FmAlE{H|(b) vs. EH
Mete|&e o2 &Y

Fig. 5 Theoretical characteristic of b, vs.
Vo _Ripple[%]

i* initial

a8 6 SxIEE Fabe(u) vs, EIIX M
feo ol €4

Fig. 6 Theoretical characteristics of u vs.
i_initial



| p=1.012, b1=b2=1.0

-6 -4 -2 o 2 4 6
ic* transient
ag 7 HAe AEHF vs. HTH Y9
AEfEHHEO| ol &4
Fig. 7 State plane theoretical characteristic
of i’ transient vs. V¢ transient

{b). BT=EE
0% 8 RANE BIiXEA) vs. HE &
HNY &4
Fig. 8 Theoretical characteristics of P, vs.
A

4 =MA

Bz g EAAN 2L ABES o83l A
o WeAde RHsddg. %, ALY VuV), EH¥AHY

Trans. KIEE. Vol. 50B, No. 4, APR. 2001

P(KW), ¥#F351(kHz)7t MAl Algeg Foizlg d,
54 BIIAE 7122 @ AL dAE oSH B2
cHE A

29 8N 4, A, por A,
29 844 Prmax§ A,
AE ANRA 4B (E 1 BE),

- P__P
D=5 =8z
z=E*P2 _1[L

P

.

292 AF, AN 3,

E1& 7oz & 479 dARYE EYE o I
Ak BAE ol8st] Yo AEE HEAHTFES E 2
oA vehla ot

SRS

E:3 2 M8 HR2HYHs
Table. 2 Circuit parameter for experimental

|ACE62 330V, 2,000{uF]
1300w, 30(2]

5. 018 A8 oYy

a3 9= A#MAEY C, Gt FAFEL & w9 §, Vg,
Vo] oJ8(a¢ @) € 48 3382y b))z e A

SZE A%E 7IHE 0l8% ZVvS-HBY 1 FIt 3 DC-DC HE el A % S4H4Y 183



BRP W CEE S0B% 44 20015 4R

o dAFER FAHME oL oM AIHE F
HE TS EN=3

a7 108 293 F3457} £,-82(kHz]Y ®W F2A AdA
Be) HEHYGS o]2(TYW (@) 2 AIYEA(IE bHE =
dFm ek o] T} AL, ALYHN EBE wrA
271 A4Aue grg & R=Age] vy, 3E7)
T 28 ZoAE ¢ F Ao 28y, 43 A3y B4
2 =AY glol FAEd =28 ¢ = U ofg
2, o] B AY Ay Ao Ao UXEE & 5 AUk

O3 118 A4 Azg AgFXe] g vgFa gl
o, Age] AlEE B E 2 AFE 9A AT E 29 2
=3

29 128 FEAUESL) BFAA, & p> 12129 9§ 2
A3 2zle WEzZ HEE dAY 2L ANAEHEG,
Cooll AYPAGVITE FAsted Has ANHEZE »,
AE SeingE &o vehyan gled, o] ¥ gddrMe
13 dalule()g Wde] FARel F-FAXN
Z5el A9 4AE B £ 9o, dAFFILdYE ¢
g itk wehd, o] EAgg wgeg dW=ed(DT)E
AAsA B wref ZLARd dEeyge A4 dAs
ZVSE AHNAE Y BHAF] 24X E TN o =
neyl dAste] 29X 2EHAE FA HE=2 74
dEeld e H4 goz MAs o Fhoh
T, 293422HQ, Q7 FA & 51 noagr d4
dojulmz olE WAy A7 AEAlZY dE
A sto]of g},

fu e or2

o
L
® oX

o

20 ) p=1.212
15 - o 2A=3.0
10{ N b1=b2=1.0
54 / N vez
e [
04 el e
e e, WP A
-5 ver N Pz
10 _ .. rd
———— ~ -
-15 {——- vc1 -
DT ————r
001 2 3 4 5 6 7 8 910
2
(a). ol B3ty

N\

o LT/
0P V& ~><'1L

100V/div. 10A/div. Sus/div
(b). &Yy
a3 9 i, Vo, Vool ol ¥ Y ot
Fig. 9 Theoretical and experimental Waveforms
of I', Ve, Veo'

10
p p=1.212,2=3.0,b1=b2=1.0
6
4
2
L 0
-2
-4
-6
-8
-10 4 T v r + ]
8] 100 200 300 400 500
Cycle
(a). oj2 iy
[0
20V/div, 5s/div, {,=82[kHz)
(b). ¥gud
agd 10 3T AHIMAE(N)E nEMetel olg
g oS oy

Fig. 10 Theoretical and experimental waveform
of resonant capacitor transient voltage

a3 11 AEEXRe o3
Fig. 11 Experimental equipment

007
,-— - et - ———— -+ el . ———— =~
1006 + bi=b2=1.0 |—— p=1.312
.005 ce p=1.512
004 4 ——— 1712
Zd"003 LR I .- ®- - R >

002 -

oo I T T—————— 7

0.000

2.5 3.0 3.6 4.0 4.5 5.0

a8 12 zZVvSE FHIAELl F - UHAIZHZ S
ol &4
Fig. 12 Theoretical characteristic of Z4



29 139 (a), (e 4348 2 54 990449 & B3ty
ol W¥E HAFy gtk I8 (a)E A 23 o 49 o
& Aoz I% ()ETh 29FA 2R (i ¥ i - A A
Aol tole o] AzjHe & HAF/F 29X & YA
wol s & HAAF(Peak Current)’t 521 88 ¢ +
2tk weby, & AEHAE B3 ULE BAF3 ok

19 149 (a), (b)E £ B AER o 4o 294xA1Y ¢
HAB(Ves, Ve, ics, ica)d] ©l8 H3Yoz a7 (a)e) 434 o
W ic; D i Eo AF7F 2Y (b)e) AFEY 4 7N 2EY

27+ & 9 F Ut wEkd, ad (h)e 2907 GAHGNA
Y-S 522 8- o] 2R, T, B-2.8 Ay 29X 2
gl A4 AFY FRe Fio] AaslnE H-ox &4 A
w2y 159 (a), (b= )Y BAHES 712 g9 ¢
BEz A9 F24 Y3t d W, &, 293 S99} {=8kHz]
Y ue] Y BFged ¥ (a)E ztrrE 292(ZVS, ZCS)7)
He HEsR] GRe APoln, 9 ( e e B2

2917 obgol 2Ee27h gol Z%zha}%i%:% 2 % glk

=1.012,2~-3.0

(a). 22y

p=1.412,A=3.0

o N & O

21 —- e

“ —
-6 ——=— ic4
0601 2 3 4 5 6 7 8 9 10
z
b). #=d
I8 13 2R olE Ty

Fig. 13 Each part operation theoretical waveforms

10
8 4! i3 ic4 $=1.012
6 4 b1=b2=1.0
4
2 4 Vea ve3
o o e e e
-2
-4
:g: ic4 ic3
-10

6 7 8 9 1.0

LZE 228 7Y o8 ZVS-HBY 1F

o B DC-DC UHElY MA N S84

Trans. KIEE. Vol. 50B, No. 4, APR. 2001

Mre=1.412
2 41 ic3 ica b1=b2=1.0
Vca Ve3
0
-1 4
2 ic4 ic3
-3 T T T v T v v v v
00 1 2 3 4 5 6 7 8 9 10
4
b). x4
a8 14 2% ZeHVe, Ve X Hfls, e

ol g
Fig. 14 Theoretical waveforms of switch voitage
(Ve3, Vea) and current(ica, ica)

Vs

\WAR WLV AEA
Y

20V/div, 2A/div, 5us/div, fo=85[kHz)
(a). ZvS o|X &

. ,k_.i ; r

=Y /i % \/

A

x

20V/div, 2A/div, Sus/div, f,~85[kHz]
(b). ZvS X &
a3 15 A9x| MFe Mot Ay niy
Fig. 15 Experimental waveforms of switch
current and voltage

6.d &

B =82 4% AHMAMEEC, C, CIE ol &% £EEA
I ZVS, ZCSE 98 £ZE 2943 & ARAEG;, CHE
Heg H2AA AHE Fad VIEe =29 o,
H FAYo] 7l 2EH2E €Y F UE Fsgxn
29 29X SAHE W L H-2% &48 F
8 & d&E gt 283, FAHY 9% B4
BotE B8t ol By R Ay H¥o] Aol A U



BRP WIS S0BE 44 20015 48

31 9ee UG + UATh obgd, FEY I Ao
Aol e1A Sze) 2EH2E O 29 £ UALS Ugke
o, 329 FYFAEL V1Y & YSE BASAT webA,

ol234 R MOSFETE A&3¥ 43S T3l o349
494E A5

m

L |

1] Y.-Q. Kang, and A. K. Upadhyay, Analysis and
Design of a Half-Bridge Parallel Resonant Converter,
Power Electronic Specialists Conference Record, 1987,
pp. 231-243.

2] R. L. Steigerwald, "A comparison of half bridge
resonant converter topologies”, IEEE Transactions on
power electronics, Vol. 2 n.2 April 1988.

(3] K-H. Liu and F.C.Y. Lee, "Zero-Voltage Switching
Technique in DC/DC Converter”, IEEE Transaction on
Power Electronics. Vol. 5. No 3, pp. 293-304, July.
1990.

[4] 1. Batarseh and C. Q. Lee, "Steady-state Analysis of
the Parallel resonant converter with LLCC-Type
Commutation Network,” IEEE Trans. on Power
Electronics, Vol. 6, No.3, pp.525-538, April 1991.

(5] G. Hau, C. Leu, and F.C. Lee, "Novel zero-voltage-

transition PWM converters, "IEEE Power Electronics
Specialists Conference, pp. 55-61, 1992.

[6] Steven Morrison, "Analysis of a hybrid Parallel
Resonant bridge Converter”, IEEE Trans. on Power
Electronics,” Vol. 7, No. 1, Jan 1992, pp. 119-127.

[71 A. K. S. Bhat, "Analysis and Design of a
Series—Parallel Resonant Converter”, IEEE
Transactions on Power Electronics, Vol. 8, no. 1, pp.
1-11, January 1993.

[8] 1. Batarseh, “Resonant Converter Topologies with
Three and Four Energy Storage Elements,” IEEE
Trans. on Power Electronics, Vol. 9, No.1, pp. 64-73,
January 1994.

[9] 1. Batarseh, R. Liu, Ortiz—-Conde, A. Yacoub, and K.
Siri, "Steady-State Analysis and Performance
Characteristics of the LLC-Type Paralle]l Resonant
Converter,” IEEE Power Electronics Specialists
Conference Record, pp. 597-606, June 1994.

[10] J.-H. Cheng and A.F. Witulski, “Simple Design of
Selected 3-Element Converters by Scaling the
Solution of the LC Parallel Resonant Converter,”
IEEE Applied Power Electronics Conference
Proceedings, pp. 284-290, March 1996.



Trans. KIEE. Vol. 508, No. 4, APR. 2001

LAHNRED

19623 149 20¢ A, 19909 AW Fd
Azlasta &9, 19929 ~2001d 49 @
A FFHAEFA FHARLF ZF. A
ARgs ZF 20019 $¥d 2499
gEEol AAAE7E dA. 19999 dgd
T A7FEF S4AD. 20013 @A g IO A7)
Fahz whAbAA £ E. 20000 3¥E~¥A Add FHE
AF4 7Y € AF Mepdo AL

Tel : 053-810-2488, 011-811-1889, Fax : 053-813-8230
E-mail : 01200@chollian.net

=2 S & (F & #)

19643 1194 209 4 19909 ZAYd ¥
o A7 £9. 19923 AGHTd
A7 gsa 2U(AAL. 19923 28 ~19%4
Q69 (F) XT2FE ZHF, 19973 89 o
g Fd AU EA(FH). A
T7u 1dE A7 AQus 2 gddd
3Td71edT4A dTY .

Tel : 053-810-2488, 011-819-8427, Fax : 053-813-8230
E-mail ! ss-nam@hanmail.net

U3 Y E RN

1958 69 139 A, 1987d M &4kl
A712etn 9. 19909 ) Fd A
71Es s 24(MAh. 19983 dddl T
A7t dAbS A 8. 20019 49
HAA 9F ASAENE A7)dv2 =8
. @A $= 29 A v T

2238 o]}
Tel : 054-630-5097, Fax : 054-632-0754
E-mail | kks@mail.kp.c.ac.kr

AZE 294 7|EE 0|88 ZVS-HBE F 4t ZZ DC-DC Hueie] 4 A BYHY

4 S & (& ¥ B

19500 1149 209 A, 19739 99d F
o A71FEs 4. 19759 ddH Fo
A71FEI FQHAD. 19879 A€
Kobe W% &(Fuh). 19873 ~19894d
FZAVAT L AYHA ATEA 1999
d 5¥~2000 4€ A7 AHA
A A3 AR, 2000 99 ~ 20019 29 Y¥ Kyushu
3 @Iy qA Il U HAA - JE FHEE oL
Tel : 053-810~-2488, Fax : 053-813-8230

E-mail : dohkim@ynucc.yeungnam.ac.kr

L2 (KERH

19383 109 79 A 19614 M Ed IH
A7) F&3 &4, 19759 dgd T A
71883 EQ(HAh. 19783 g T
A7 Fen £4(Fh). 19829 ~1983d
vl AE7) FEA Z@uF. A 39
o Fo AR} - JRrFERE Dy

Tel : 053-810-2484, Fax @ 053-813-8230

E-mail : rcg@ynucc.yeungnam.ac.kr

187



