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A Study on the Design of the High Power Active Clamp ZVS Flyback
Converter for Semiconductor Plasma Etching System

Jun-ho Kim*, Woo-suk Leex, Jung-jun Ahn* Chung-yuen Wonx,
Dae-kyu Choi**, Sang—don Choi**
Sungkyunkwan Univ.*, New Power Plasma CQO. LTD=**

ABSTRACT

This paper deals with the active clamp ZVS
flyback converter {or semiconductor plasma
etching system. The proposed converter has the
characteristics of the good power facter, low
swithcing noise and efficlency improvement. The
characteristics are verified through simulation
results, Furthermore, the ringing effect due to
putput capacitance of the main switch can be
eliminated by use of active clamp circuit.

1. AE
A @A AL EE 35 AYAxE 1 B2
Aol wletd FkHz ~ FAMHzow] 82 4=
W ~ FKWREeoz gofaih, 9EA 2 s
Azke] #4 gl RF Generatoriz TJ}TOI e}

AR T FAA P FuIA A8
A et iR Fue RF Generators ¢
A dlEskn fe AFeln 7o) AFA,
500 Inzulaled
Tuner [ ZL / Feeclirough
Elaclode
Chamber Subslrate
Poves EOJIE
Supply
iy
AF Generator

3y

1% 1 Parallel 8 Plasma Etching 73H]

AR g FdgAol glol Al age H27E Fo]7]
Hee A 29xe]l Hasr sy nFuE
AF 223 £4 Zv, 58 AY AEHS, a3z
EMIEMC &4 39 o|fZ2 7 &8 AlsHE W %

2 ol ofn H2 QAT 249 Ju o
PWM AWHE FAs 298 S48
A7l 2ws) AR gleh I

AU F48 2add AE e AR
e wE 49, ﬁaﬂﬂ-ﬂrﬂﬂﬂ
2913

ali
>

l>~

E R =) = ) z{
Aol 2522 dAE
el AR7I(he] 2. =)
ge] 243 wolz2g F9
zojzE Y 4 vkl 293 Fagrt
100kHz, #9448 2% v ~ 250\7011%1 2§ 50V

SOW =2 Fepoiw FMElE A7 skl
2. =&

2.1 Active clamp ZVS flyback #He{E{ 2| SZHalz|

/1Ee PWM zigldHd 35 9% 3lz2g
AReR ~29Ae] AedagE 4P $T opy
G, FaAA} BE 2302 BFe gHg 294
£ ZHeatA @l o2 Qe 29 £4E
Pomm L EES 9L 5 gl 5L Fagos
o 28] A el 7heE

- 400 -



CTUT R T B W AR
W H PR SNAY A 2=
L _f"ﬁ- { Ve 7le dAsER, 7|
L W L 2wy AmEx
P i A& Aske] W\Fed e
r “{Bs o se] ~83 A} 254
g %L 27 WMslslE Ao W

a9 7 s w3 zax O AE AT Mk ~E
zepolwl puy  ASF A& F gl

A} 293 PWM Zehelw o

2 A
HEe 712 T3 okdlAq 2w PWM S2he
W oW E e} Zow, YA F2A des olde 7
N BER 2
BN

R T

== rE

lcg’_tl "FI'L{'F tgoﬂ ‘?’]i] Sl% 'QAE]—T —H—Z}‘%i] 82
= omAwelt 3 Dl 9E D 294 $9 #)
GeloEg} el o wpolols Heof ik T AdE
g TEE A% s AN Frioly zuH
EaAY dysoz %;ﬂ%ﬁ‘r.

«

285 T by~ iy

186 P B— 1t

= ®r=

ity T Bl Col Vie=V,+ Ve & 23
HelAE 59 nirchel 2 =7 EEHT] AAETh (5]
AL " £ 2. F, oA sBere Ad AR
B2A i GFoRst 2] AFE

-ty T 4o1A 233 B4 Age] g 2 A
BE FEE AYe] Hd V.= At 2 &9 A
BHoj d& 2Axoen NV,2 ZRZ HojAd. ¢ 9
L% Copm® AL A7tk 4714 §yf 43

g 22 87 A E L, Wkl Wit =71

1.
Ao © & Hojok gk

b=t T2
2E2Y -t%asq
MOSFET® 714 2 1¢ A}oloﬂ g e,

t—t Tt Lo AR uRst CH 4748 o
WA dnh 2 sl A C,e 9 vk

celesst B5els] FReA wAL ¥ Al

te—t; T4 0 o) 2ol
Hu FH ddgze AR
7b Frkge mek 2ats A
FE #adT g 233
AFe el Hxn (23
L Bl B RS R R v
2o, il '—‘ﬂﬂ‘rowf*ﬂ-
Hedel F40] rrhﬂf% =

212 Dead Time 3|28 =82
A FERE 7HX 1 F 2R REARE
A il

b AR A9 AANAAL H 25 A
2 Wam B AQATE 2ANAAE A
olfzsl Edo) Awaf AN AREE ol §
¢ H=EY NRE o8 & gl

29 10 Az A #ze =te|d

- 401 -



N

"
: | A
— T~ I .

2 11 5F FUE ZVS Fekeld] fuE AR 5y

slo] zvsﬂ =7 2 el Al
& Hojo} gy IE€A god, EA
:@vﬂ shA A Hel C,o] A FWEG. 2
Vipsol ThAl o2 o] ZVS
a8 nE S¢ 2378 $4 2 4
<] z]oﬂ A 7ol ZVS FFe] A ARbe) T}
7he) Mg LA Lpgge L3 Co A%
F719) 1/40]t}.

59l ty Aholel)

/%9 2917 As|AE7 gAsHA
Zolojor g, o mAe
A S ( sk @

E z=E. (S7F & 224

wheh A9 A AEE g
ARk Lo A73Ee sa
BT A (el M fret A
o7l F2 e e A 7HJL £l
RA‘%E} A (5 ZVSE 4

4o g e
AdA7]7] He HAE
] {i’,{i IQ»‘QD}\_H /\]--%5017? ) on:},_

gelsl dAY
7 A9€s ge A
e gom A4Sy € 2Pz

AAME C, g3 FlR AHE FHHAA &-T-Ei

A L& =93] 714 A
| 7171 S5-8F =7]of
Eia= AANA Tyl F3 998 3
I (\-HIPNVO)T—] Hl&he] AdiFez =i 2F)
2 ZVSE 7teekA &) 48l Ha=E se L,
<] %*}2% H2ZE 42 & vk F2 F
Aot 7HA A i‘:ﬂ% AtolZe] 249
FES V&V, +NVe oEE S digt 93

Rul
i
~

%L,ii,z% C,Vh, (S OFF) (8)
CLVyt NV
LAZVSE—(_LM—k-l ( Vo=V, +NVoy (9)

23 Z = FofAlE] ME
gz A Fe AAdse AL L9 @74]

e
=
ofh
o,
s
rir
of
i,
_1
_K;’-_i,
4 =
ir
te ol
FIE
Ho —11-' i
L,
ﬂ?r.
o
_‘1

= ir
i
)
2

)
AAREE TR Frle wo] 5
OFF A13bg Z78A st A E
= etk 52 g OFF Al{Eth
9] Bb& AA ok E2EolAM ohgel A

l>~
S
©

&
1

U

N b o ol off
T e w T T | = S

B

mﬂo oli o
f.

A

T, codump _ o L >(1—=D)Ts (10)

2 c.iam,ﬁ

Cowsdl TNEA B0 Co» S22

L %
A EY oM 2 A

Agtsl 55 2Un ZvVS Zzbolw wwHY
3 He A7 £ AgAeld

S A8 W R ENS

(PSIM Ver4.l and PSPICE Verl) & 833
o, B =&elME PSIM Ver 4185 F—GP 43
A, 74y BEe Ased BAnA LA

e AC 110VellA AF7IE A3 DC Link %ol
% DC 150v7h HEuva spete] AEdolAL
Hgsigrh. T AdEEaE fo] FA%Ed
e wel, 7[R A (IRFA502] 73+ buF,
HadE oul 9 g AR 5%elA

- 402 -



10%

Arel grol 7uHz Askdck  AHA F
= 100kHzE 39z 2532 Zo] zvsse 29

1 (=Y =
of HE Ae HAEH
) -
L T o
R R S H;’g_)—.—’ - —

— - Sl ¥ ‘t
f?}l = 1.5u gl 2Is)f :’n"U’ g
‘;‘- 7 EE Aelde j

Y 12 FF YT ZvS Fetold] ME

s e
- I -
an f
B AR % J&ws:ﬂ ‘ui_ £ nEaEeen B | [meadadt s ¥ i
i SFLATE LT x.l; é “"“"’ﬁ ;‘,
] - - -

g TR T WEL BRI . Caan T s

=5 - ARSI T LI R e
¥ ! 5 - Y - 1 T - 1
i Lo A LR Lo 5

o RGBT AT S

p-- b -

i i
= H i
m R A -

i
[ ¢ ‘&W““n.. g
o P FACERZARNLL N
= S — »\\\_ JPURES 2 SN E
- - - - - . N - . -, -
oL T e T e LT . Lo T

o T LR RRERRAE D . _ o o

2B S . -

i —— —— e N [l -
ﬂewﬂ "4\55&!‘-] R : tr

= : T, ey e
g e A S e e
i e - - s T - -~ -

2% 13 Aol Astsl A% Ty

o B E o) Fﬂ?fL AA 2 /"] C’H‘i% eyt ch
gk b)) ZelZol S A AEst7] g
07 o] 7120 o] JKWE2 RF Generator?] 5

A2 58 oA ghul

i

]
2 o xze|EZckel oy x| HoknlH|
slé of ¢ Zel& (20005 ~ 2002.4)

il

-

Ho
[

[11 Robeart Watson, Guichao C. Hua, and Fred C. Lee,

“Characterization of an  Active Clamp Tlyback
Topology lor Power Factor Cerrection Applications”
[EEE Transactions on Power Electronics, Vol 11,

No.1, January, 1996.

[2]1 R.Watson, F.C. Lee and G.C Hua, “Utilization of
an Active-Clamp Circuit te Achieve Soft Switching in
Flyhack Converters” IEEE Transactions on Power
Electronics, VOL.11, NO.], January, 1996,

[3] CT. CHOL CK. LI and SK. KOK, "Modelling of
An  Active Clamp Discontinuous Conduction Maode
Flyback Converter under Variation of Operating
Conditiens”, IEEE International Conference on Power
Electronics and Drive System, PEDS'99, july, 1999,
Hong Kong.

(4] Linear Integrated Circuits Data and Applications
Handbook, UNITRODE Company, Merrimack, NH,
1990.

[5] C.Henze, HMartin and D.Parsley, “Zero-voltage
switching in high frequency power converters using
pulse width modulaton” in Proc. 3rd Ann. Appl
Power Electronics. Conf, pp. 33-40, 1988,

[6] W.Tang,Y.M Jiang,G.hua, and F.C. Lee, “Power
factor correction with flyback converter emploving
charge control” in VYPEC Power Electron, Sem.Proc,
pp.91-96, 1992.

[71 Gun-Woo Moon, “Design of high efficiency
interleaved clamp zero voltage switching
forward converter”, INT.]. Electronics, Vol86, NO.J,
275-888, 1999,

active

(8] Akira Takeuchi, Satoshi Ohtsu and Selichi
Muroyama, “A Zero-Voltage-Switching Controlled
High-Power-Factor Converter with Energv Storage on
Secondary Side”, IEEE PESC'S6. June, 1996

[0] Henry Chung, SY. Hui and W.H. Wang “An
Isclated ZVS/ZCS  Flyback Converter Using the
Leakage Inductance of the Coupled Inductor”, IEEE
Transactions on Industrial Electronics, Vol 45, NO.4,

Aug, 1998,

- 403 -



