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Improved Full Wave Mode ZVT PWM DC-DC Converters
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ABSTRACT

In this thesis, improved full wave mode ZVT(Zero-Voltage-Transition) PWM DC-DC Converters are
presented to maximize the regeneration ratio of resonant energy by only putting an additional diode in series
with the auxiliary switch. The operation of the auxiliary switch in a half wave mode makes it possible soft
switching operation of all switches including the auxiliary switch whereas it is turned off with hard switching
in conventional converter. The increase of the regeneration ratio to resonant energy results in low commutation
losses and minimum voltage and cuwrrent stresses. The operation principles of the improved ZVT PWM DC-DC
Converters are theoretically analyzed using the boost converter topology as an example. Both theoretical
analysis and experimental results verify the validity of the PWM boost converter topology with the improved
full wave mode ZVT PWM converters.
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Fig. 1 Improved boost converter
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Fig. 3 Waveforms of improved boost converter
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Table 1 Switching conditions of switching devices

[& =74

Semiconductor Tum on Turmn off
device condition condition
Main switch(S1) 7CSs ZVS
Auxiliary switch(S2) ZCS ZCS&ZVS
Rectify Diode(D) AR ZCS
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Table 2 Parameter for prototype converter

Component Value/Model
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Fig. 6 Simulation waveforms of improved converter
A:Gate signal of the main and auxiliary switch
B:Voltage and Current of the main switch St
C:Voltage and Current of the auxiliary switch S2
D:Voltage and Current of Resonant components
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1 Vgt (20V/div, 1us) 2:Vge (20V/div, 1u's)
3:Ve(20V/div, 1us) 4l (2A/div, 1p s)

gy aEa F 299 Bx A9% 9 A4
o]orrt 2ZE A3 oA %X—HSJ
o2 ekl Ed 289 4
718 AMHe A" ZMEH AgEes
s & w sl AHEHEG sdd et

M' = o}m >
Mo kI rot oo o



g i
I - ov
B e R \__
current N i oV

L
i 8 7|E 7iuige] ay
Fig. 8 Waveforms of conventional converter
11Vt (20v¥/div, 0.5 8) 2:Vge (20V/div, 0.5u s)
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Fig. 9 Voltage and current of main switch S1
1:Vger (20V/div, tus) 2:Vee (20V/div, 1us)
3:Vog (20V/div, 1y s) 4l (1A/div, 1 s)

L
~

& 39 11§ §3to] &g 5 gl #3)¢)
ull load}AM= 7189 7i8iE 9} A
s 7t-e BhHY Low loadol A
Bt 24 dEE Lrel 49 odyA)
o2 AR X3l mE LYY F7
Fth dhele= D27F sle 7Ieg)
|79} EEaAde g 2o

= o
i)
it

[a

2{:&

=)
.S
lo

15

otk

po o8 o N
i

{8 E

O
T
e
X
Py E
I
2

o

R
e
fob 2 v R
jan
B
[«

= . .12 .
Pconductionloss“‘0'5 Lr ILr fs

P8 2de wat AAAN AF e FFEL
ez Full loadofiAf& 12 A9 09 74E 29
H > AFHE 7T, Low loaddllAle &9 Huy A
FUE NMNER 2eEAT 580 WHEE FU8
A

7AaE Hafd ZVT PWM DC-DC e 15

A F \ 1
E oV
voltage # *
current + ov
i i~
ES .
I /
e 2
I £ ov
+
N N
I DA
+ |
time

J8 10 Bx Afx] S2e] MYUD M&E ubd
Fig. 10 Voltage and current of auxiliary switch §2
1:Veer (20V/div, 1y 8} 2:Vge (20V/div, 1u s)
3V (20V/div, tus) 4:ilpse (1A/div, 1y )

& 8(%)
2
T

® with diode D2

& without dlode D2

)] | ) I} H oy
0.8 1 1.5 2 2.5

25 ER, 9Y Y20V

I8 11 Fsle] Y| wE a8
Fig. 11 Efficiency according to load change

58 &

s 71 A98 ZVT PWM B9
A aA&S Hosr] A BR 29X
2 volo= D2E F7H sfadd AstE ZvT
PWM DC-DC ZAHEHE AUdstar. FAR=AgA ¥
A A"E Lre] 2% olUAst tele= DI-F 29
A SI-RE 29 S29 YE golo=-3d ddy
Lre] 425 58 =5&42 AeRE qUAE B2
29127 By RedA S st RE T
AUAE gEdos sAgozR AAHA AME
&S SR agln BRE &9F g
E 2938 gouy, 293 48 Fassgn
100W, 100KHz 528 AWEE dAste] 4% 49
£ Arslgen, o2 ol&xq 43 9 AEygol4
g vugony AAE d2d FEAL 4%

A

3% o
o 2Ll

A3z

—



16  ENETEE REE HOE F1E 20045 24

22 ZoTBYED s ol XUof

[1]1 G. Hua, G. H. Ley, Y. Jiang, and F. C. Lee “Novel
Zero—Voltage-Transition PWM Converters” in IEEE
Transactions on Power Electronics, Vol. 9, No.2, pp.
213~219, 1994.

[2] G. Hua, E. X. Yang, Y. Jiang, and F. C. Lee “Novel
Zero-Current-Transition PWM  Converter” IEEE
Power Elecctronics Specialists Conference, Rec., pp.
538~544, 1993.

(3] C. J. Tseng, C. L. Chen “Novel ZVT-PWM Converters
with Active Snubber” IEEE Transactions on Power
Electronics, Vol. 13, No. 5, pp. 861~869, Sept. 1998.

41 D. R. Jang, Y. M. Seo, S. C. Hong, D. Y. Yoon, Y. H.
Hwang “A High Efficiency DC-DC Converter Using
IGBT-MOSFET Parallel Switches” KIPE Transaction
s o the korean institute of power electronis, Vol. 4,
No. 2, pp. 152~158, April. 1999.

(51 T. W. Kim, H W. Ahn, H. S. Kim “Full Wave Mode
ZVT-PWM DC-DC Converters” KIPE Transactions of
the korean institute of power electronics, Vol. 6, No. 3,
pp. 243~249, Jun. 2001.

[6] H C. Choi “A New Zero-Current-Transition Buck
Converter’ KIPE Transactions of the korean institute
of power electronics, Vol. 6, No. 6, pp. 556~563. Dec.

2001.

[71 G. B. Joung “ZVS PWM Converter For Battery
Charger” KIPE Transactions of the korean institute of
power electronics, Vol. 3. No. 4, pp. 375~381, Dec.
1998.

(8] M. G Kim “High-Power-Factor Boost Rectifier with a
passive energy recovery snubber” KIPE Transactions
o korea institute of power electronic, Vol. 3, No. 4,
pp. 298~306, Dec. 1998.

X X A~ A

el (2R )

197413 28 242 M. 1997 F2Z il
HAH O Setnt EYH. 1999 & i
# EAH(MAD, 19994 ~3H = &

HiAbmb.

2SN (2 1E)

HMxiZetn ZY. 1900 BT

o & % AXBB B

29
-
=1

OH ORI 3



