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A Novel ZCS PWM Boost Converter with operating Dual Mode
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ABSTRACT

A novel Zero Current Switching(ZCS) Pulse Width Modulation(PWM) boost converter with dual mode for
reducing two rectifiers reverse recovery related losses is proposed. The switches of the proposed converter are
operating to work alternatively turn—on and turn-off with soft switching condition in the every cycle and the
proposed converter reduces the reverse recovery current, which is related switching losses and EMI problems,
of the free-wheeling diode(D;, Do) by adding the resonant inductor Lr, in series with the switch Sz The
switching components(S;, So, D, Di) in the proposed boost converter are subjected to minimum voltage and
current stresses same as those in their PWM counterparts because there are no additional active switches and
resonant elements compared with the conventional ZVT PWM converters®. The operation of the proposed
converter, in this paper, is analyzed and to verify the feasibility of the characteristics is built and tested.

Key Words: ZCS, PWM, Soft Switching, Reverse Recovery Current, Boost.
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Table 1 Switching conditions of switching devices

Semiconductor Turn on Turn off
device condition condition

Switch S1, S2 ZCS Pseudo ZVS

Diode D, D1 ZVS ZVS/ZCS
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Table 2 Parameter for prototype converter

Component Value/Model
d8 A (Vs) 50[V]
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48 dYE (L) 200 «H]
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Fig. 4 Qperation waveforms of proposed converter
10 Vesr(20V/div,5u s) 20 Veso(20V/div,5u s)
30 Vogt(50V/div,5u s) 4: 1. (2A/div,5u s)



Dual 228 F3slE A2 ZCS PWM Boost ZAHE 351

.

ol gt
N
o
ol
b
2

o Jim

of 12 &t ox

0,
T o

p

N xqoll/]_

*%’47‘4 Si, S0 =914
e =9l
d Aotk 292§

N
1"
ol
S
1‘1
ol
o r
i
o

|
fe
-
15
>

>

=

i

>,
do %

2,
2.

S |
o
2, o
Jo ~

{Fol A
Wk AdAel &8 AAEA Coss—460[pF]
& AYH Lr=13[xHIo ¥7F AA A et
Al gtk 2HA 2993 el §3 71341/«]151
Cr=1[nF1& 27}sle] 323 Ao Wze &
A= NG S A A Dl'ol
e A S
Ae s 2AA ﬂx]

B
IS

Lo Ay Yt
2
°
o Lo
R
-
S|
[\]
i
g
%
-~
—H
\i

2oy
o ™

o

a8 5 29X So Men MF ntE

Fig. 5 Current and voltage of switch S
10 Ve 20V/div,2u s) 20 Ve {20V/div,2u s)
3: Vost(50V/div,2u 8) 47 lpsi(28/div,2u s)

s amiil
o

I8 6 2flA Se dyn M7

Fig. 6 Voitage and current of switch S
17 Vet (20V/div,2u s) 20 Vesa(20V/div,2u s)
3: Voe(50V/div,2u s) 40 Ips2(2A/div,20 8)

AAAd &L 8 A=S 100[W]~200[WIAH
o =A% Axrt 93%oldolA TATES Ll
b 2% 4~89 HyPo2HE AtE ZIMEI} olE
2o wg(ay 33 vwstd A=E e}t AHAMNE @
of we} AE(scale)ol M zkel7b TS 7 &I}
(Parasitic effect)ol]l <3 el W& FAAL o
= YAt

° 5

a8 7 Clo|E pe| Metw MF

Fig. 7 Voltage and current of diode D
10 Vesr(20V/div,2u s)  A: Vp(50V/div,2u s)
4: |p(2A/div,2u s)

T

d8 8 Cio|2E D1 Mtz M7

Fig. 8 Voltage and current of diode D1
10 V2 20V/div,2u s) A Vp(50V/div,2u s)
4: Ip(2A/div, 2u s)

BN e ol
[
2
X

::’4
B
2

ot



352 ENMTEE F AT B4 A0 B

goz 294 E4% EMI kol2E

a8zt 29 A 9 tolenge] AFe A 2EY
2% 7129 ZVI-PWM ABEPel] wmste) 718
=94 v XY KBFe] glong 7EY =
22914 PWM 4% 7HE} 719 2ok 293 F
#ro] gk Alo]Zof shipe] 2o A Tt dojrpmg T
FYRY HAEEAS ok 47y 294 S, St
AA Azdle] 294 Fagd 122 $48 o=
aEgrR FAA7IEY ke Al BlE] Ags
wx] k=l Agrl o2 DC/DC PWM W E =
Hgo] shFaith adA AgE AWEHE 1y
Zro] golaty 1Y WE Al2¥S THIE A

3ot

= =28 a3t ste o7 Xl 2|5t

P

[1] J. Bazinet and J. O’Connor, "Analysis and design of a
zero-voltage-transition — power factor  correction
circuit”, in IEEE Appl. Power Electronics Specialist
Conference Rec., pp. 590~59, 1994

[2) G. Hua, C. Ley, and F.C. Lee, "Novel zero-voltage-
transition PWM converters”, in IEEE PESC Rec., pp.
707~713, 1992.

[3]1 M.S. Vilela, EA.A. Coelho, ]JB. Vieira Jr, LC. de
Freitas, V.]. Farias, "A Family of PWM Soft-
Switching Converters with Low Stresses of Voltage
and Current”, IEEE Applied Power Electronics
Conference. vol, 1, pp. 299~304, 19%.

[4] RL. Lin, F.C. Lee, "Novel Zero-Voltage-Transition
and Zero—Current-Transition PWM Converters”, in
IEEE Power Electronics Specialists Conference Rec.,
pp. 438~442, 1996.

[5] CJ. Tseng and CL. Chen, "Novel ZVT-PWM
Converter with  Active snubbers”, in IEEE
Transactions on power electronics, vol. 13. No. 5,
Sept. 1998.

[6] AKS Bhat, " A Soft-Switched Boost Converter for
High-Frequency Operation”, IEEE Power Electronics
Specialists Conference, Rec,. pp. 463~468, 1999.

[7] RL. Lin, Y. Zhao, and F.C. Lee, "Improved Soft-
Switching ZVT Converters with Active Snubber”,
IEEE Power Electronics Specialists Conference, Rec.,
pp. 1063~1069, 1998.

[8] Ray L. Lin and F. C. Lee, "Novel Zero-Current-
Switching-Zero-Voltage-Switching Converters”, IEEE
Power Electronics Specialists Conference, Rec., pp.
438~442. 199%.

O] SH Ryuy D.Y. Lee, SB. Yoo, and D.S. Hyun,
"New ZVZCS PWM DC-DC Converter With One
Auxiliary Switch”, IEEE Power Electronics Specialists
Conference, Rec., pp. 445~450, 1999.

[10] CM.O. Stein, H L. Hey, "A True commutation for
PWM converter”, in IEEE APEC Proc., pp. 1070~
1076, 1998

[11] N. Mohan, T. Undeland, and W. Robbins, Power
Electronics: Converters, Applications and Design, New
York: Wiley, 1989, Second Edition, pp. 538~530.

X X oA A

ZUEl 2 (& ZHF)

19744 2% 24204 19974 2eETys
o MAHOIZ T ZY. 19094 gt
2 HMAF | Z 8T S(MAD, 19991~
M5 ety gl

A=

x
S.

H(EBE
18 2224 19883 22z neh=t
Setot Y. 19904 gt=oel|e
% ARSIt SUMAL. 1994
thekel ®7| & dASHY EY
19944 ~3 % F2I32ste H™
g o



