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(A Characteristic Analysis of ZVS-Half Bridge type DC-DC Converter with the Capacity
Variation of Source division Capacitor)
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Abstract

This paper propose ZVS-HB type resonant DC/DC converter have each different output characteristics
using division ratio, not only a source division function but a resonant function and soft switching
technique(ZVS, ZCS) instead of conventional source division capacitor. Circuit analysis generally described
using normalized parameters most of characteristics with division ratio of source division capacitor. Also, this
paper certified a rightfulness of characteristic analysis in comparison with a theoretical values and a
experimental values obtain from experiment using Power-MOSFET.
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Fig. 1. ZVS-Half Bridge type dc-dc Converter
with Source Division Capacitor Capacity
Variation
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[Mode 1, 4]
Mode 1 : (Ki'1/8b, Koi-1/8by, Ksi-1/8hs, Kii1/8by)
Mode 4 (Ky-1/8by, Ko'1/8, Ka'l/8hs, Ki~1/8hy)
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[Mode 2, 3]

Mode 2 : (Ki:1/8b;, Ka:-1/8b2)

Mode 3 : (Kj:-1/8by, Ko1/8be)
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Table 1. Switchs operation state of operation
mode

Part
SarsslszDIDzDstsDe
tage

Mode 1 || off | off | off | off | on | off | on | off
Mode 2 || off | off | on | off | on | off | on | off
Mode 3 f on | off | off | off | off | on | off | on
Mode 4 | off | off | off | off | off | on | off | on
Mode 5 | off | off | off | on | off | on | off | on
Mode 6 || off | on | off | off | on | off | on | off

Ed 2. JI1=g FasE
Table 2. Reference values and Normalized
values

Elements Reference values | Normalized values

Voltage || Es=Vs vV =v/E
Current =EJ/Z; i'=i/L
Power P=E. X1, P=P/P

Impedance || Z, =2V (L/C) A=R/Z,

Inductance § Ls=L a~Ls/L
be=Co/Cs
Capacitance | G=C bi=bp=Ci/Cs=Co/Cs
by=bs=Ca/Cs=Co/Cs
p =1/t
F f=1/2 LC
requency /27 ¥ (LC) £ 42V (TO)
. _ =t / Te s
Time ) To=1/% dz = dt /T,

Remark) f, : Operating frequency of converter
f, : Resonant frequency of converter
Ts : Operating period of converter
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Fig. 2. Simulation waveforms of i, Vo, Ve
with division ratio variation

34 (164)

Hatl (2 ZVS-HBE DC-DC ZHEIQl EMoIA

"

v\\ W
N e P N
’ = <\: i

L
I

100VvV/div, 10A/div, Sus/div
(a) bi1=b2=1

0 — VC 2 ¥!=
Ve y

Tl

25Vv/div, 10A/div, 5us/div
(b) b1 =b2 =10

O—ﬂp 4& — ez L 1

.

20v/div, 10A/div, 5us/div
(c) b1 =b2 =50
a2 3. 28l MSHMIE i, Vo, Vo &8s
Fig. 3. Experimental waveforms of i, Ve, Ve
with division ratio variation

o
Jm
%

3" 45 g, 2 R B o FHF) 27
A+ _inica) 54E HERATZ STk TelA Bl
sl met FEFe 277 o] HE ARl
ol &S B F e, )AL 293 Fu
TE QA7 BE6E AR FaA ol
(PEM) & Hdl 213E o8 & 98-S
o531 gtk

Journal of KIEE, Vol. 15, No. 2, March 2001



10
—a - b1=b2=10 — = =
g = EEE%EE‘&OB |AF3.0, b3=b4=0.01
—e— b1=b2=100.0
4 =
S 2 4 ' \
.E' O 4 2 ;\
LS, . s ]
-4 g M
5 | = & \ /_/
-8 | x
-10

.8 R:] 1.0 1.1 1.2 13 1.4
"
2 4. Es8iHl 1, 5, 10, 50, 1002 =JIx

iz M
Fig. 4. Initial current characteristics for Division
Ratio t, 5, 10, 50, 100

4.0
3.5 4
. 3.0 4 i
E 25 T
2
g 2.0 4 p=1.212,2=3.0
~g 1.5 A e bi=b2=1.0
1.0 4 w— b1=b2=10.0
5 | ——— b1=b2=50.0
——— b1=b2=100.0
0.0 T \ N "
o 100 200 300 400 500

Cycle
a8 5. E8MYo] UiE IiE .
Fig. 5. Transient waveforms of Vo

I8 6. B EEMHY EN
Fig. 6. Theoretical characteristics of Vo

a9 55 A AsAE BEER|(b1=b2)E WA
7S W FHAWUNV)Y A= vehlln glok
oA 28| (bi=b)#& 1.0~10074A] ¥EA7IH
B 2= & dFo] S ¢ + 3ok

1399 - BRABSHE 158 FBK, 2001 38

oAY - WEH - WY = AT

I% 62 EeH|(bi=hy)E delvlEE st FAY
3} Fupgeo] it 2YAAYEALE BRAFH ot &
g)7h 1Y W) BAEYHAYG S 1=1212904
o] Jebdg & 4 Aok wEhA, BE8ust 3
A Z7ksled 500] © wle FAFAYez 2Agad
p=0984 HujHetEel Yeptez FaFaae
sl wel EE el Wbl oo A29% F3

HHgE 28 F U

a9 78 FEAES(N)E FePHE § bod

wale] digt 2¥cke) HEEAEE vehla gloh
agelA At HEL 007(%) s YE

Wi goeuz AR IS5 e &

T 3ok

vo* Ripple[%]

Fig. 7. Characteristics of Vo Ripple (%)

39 8 be=hy=0.01, 1=30¢ AA7|%, E3hy)
£ 1, 10, 5022 WAHE W &¥dRY 127
&S dehin  glew, axmn e
HHI%E i/ii2 Aosta Ae Pk (A
714, i1 9] 7185 AR oz vehid, i i A
nat 2zu JES vehdn Joh. AN s
nzxd YRS A9 fx Y4 nzv ZJET A
e, TP BoldFE, £ AdTE 1
z3 FHES AAA ok "ebs, 129 FH-E

2t ARSFE AAER, FA)S(EBY] D
3wyl AR S(EGH 001hHE & WR
1z% FHEs Y F YSE Uy 28 9
biehe=1d W FRAFS nxs FH-eol @
#EAE Uil gioh

ax rff ode rlo

(165) 35



HAZE HMAE 8

120
— b1=b2=1.0
100 ezzzza b1=b2=10.0
9 b1=b2=50.0
80
= 60 -
s o
40 _
20
0 s — : : : .

0O 2 4 6 8 10 12 14 16 18 20
Order
12 8. 2siHig EHMFO X8 84
Fig. 8. Characteristics of output current HF (%)
by each division ratio variation

2 4 6 8 10 12 14 16 18 20
Order

O3 9. E8AHFO NXIE ASHEY
Fig. 9. Experimental characteristic of output
current HF (%)

Fgh|of mE HohX| 5o

37

T2t 0|29 88

Kk

3B%E 33RE IBIRNE VAZURBYZURNE
1213 104 1.02 100 1.00 —aVo©
1

10 50 100
|BEWUR NE

a8 10, S3TEo 0isil IIE =HEY
Fig. 10. Chart characteristics with resonant
points variation

a9 102 Bae sl me Hox S4se

Az vehin gom, agdd gulst 19 o,
z 152 7H o A 2YA%S 9+ 9
22 HojFa gtk

36 (166)

SO0 (12 ZVS-HBE DC-DC ZAHE{Q] Sl

3. EBalgiol Bl [IE S4glo] ¥t
able 3. Characteristic values variation with
division ratio variation

= HH

§9A| 29 |euy|_13AFAE| 5 4
e\ | R V1 |77 ) | 7 %
1 4258 1 3576 | 1213 102 Z A
3277 3137 1.04 874 =z A

10 3136 30H 1.02 &.7 5 Kl
50 30241 3013 1.00 % AP
100 30241 3013 1.00 & AgEg

5. &

U

B =52 7|&9 HAREEERE s A A
HHAE] dAle] FRALH FAERIIFS BA
e AAEY B8yl e 5*5‘—%% AR
Sk Zpzte] B4 4 A4S VxR
& O 2ok

G, &7t 7% 7HE # HdEdE, 4
EZEHAYTE LS F ULE & F Uk
g W3 27" Z7) oe &Y, 294
¢, 3R Az " AAMEC, el 71F
< WA 7 glon, °l—§- ol-&& + 3t
254 ZVS, ZCS715E 7HEgs 2903
EAE A7 & 5 Qi

aeg A9 22 ARMES Hol & 4 A%
o] BEulE 43| o83 & FHAY F9
FEATE U3 & U Ltk ofE, A
EAlo)ld g F3 olEs43 MOSFETE AHS3 4
HE& B3 olE3Ae] AZEE EAIE 5 Utk

s

(1) I. Batarseh, "Resonant Converter Topologies with  Three
and Four Energy Storage Elements,” IEFE Trans.  on Power
Electronics, Vol. 9, No.1, pp. 64-73, January 1994,

@G Ha, C lew, and FC.  Lee, "Novel
zero—-woltage-transition PWM converters, "HEEE  Power
Electronics Specialists Conference, pp. 55-61. 1992.

{3} A K S. Bhat, "Analysis and design of a series—Parallel
resonant converter with capacitive output filter”, I8E
Transactions on Industry Applications, vol. 27, no. 3,
May/Jure, pp. 523-530. 1991.

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

Journal of KIEE, Vol. 15, No. 2, March 2001



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

{6) Y.-Q Kang, and A K. Upachyay, Analysis and Design of
a HalfBridge Parallel Resomant Converter, Power
Electronic  Specialists Conference Record, 1987, pp.
231-243,

(NS D jhnson and R W, FErickson, "Steady-state
analysis and Design of the Parallel Resonant Converter”,
IBE Trans. on Power Electronics,” Vol. 3, No. 1, pp.
93-104, January 1988.

(8) J-H. Cheng and AF. Witulski, "Simple Design of
Selected 3—FElement Converters by Scaling the Solution
of the LC Parallel Resonant Converter,” IHEE Applied
Power Electronics Conference Proceedings, pp. 284-280,
March 1996.

(9} 1. Batarsch 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,

(10) 244, g4, 4s8|, ST, s, 387, T
28t JHIYAME Sstol 2 2vs+88 DCDC A
HEIQ| SMsHAM,” H8IEIDI88| otAlglslis]l =28
B, pp. 1318~1320 ,2000.

4

r

O NINEAP] R

2 3 d(Re%)

19628 149 2094 1990 AUdd) I A7)F &
£9. 19924 ~20013 3€EA) AR AYFA $HAL
FZF(EA A =) 1999d Fdd U
ANFGY £4(AAD. 2001d @A G Fo A
7)Feta vk R, 20009 3E~8A g A
£974 d7d 2 AF HEkd dig AL

128 - BRRESSHIGE $158 AR, 20015 3K

g & Al(@ER)
1964 119 20940, 1990 Zdd) 3o H7&stsd
9. 1992¢ ddd o AATHH SAHAD.
19929 29 ~1994d 6¥ (F) ¥2F 2F. 19979
g Fd A7 Q0. 84 o 19E
A7 Agas.

2 S sl(&XER)

1950 11¥ 204 4. 19734 Jdl 3 A7 33
4. 19758 9dd I HA7FEHF EAHAD.
1987'd ¥ Kobethdh £4CiHAh). 19879 ~19894
FFANAT L AFAA 752 1999 59 ~2000
d 49 dighar|ehs AP AaxdaTE A, 4 A
Azrers ol 4 ddd A Az ARFE

ki

e
RalEA

= 2(ERH)

19383 108 794, 1961d Agd T A5G
£9. 19753 ddW FH ANFETF EAHAD.
19789 gl Tdl A& ZYHAD. 1982~
1983 "5 ey FHAAS nguas A4

FY A ALFEHR D5

(167) 37



