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Bridgeless High Efficiency ZVZCS Power Factor Correction Circuit
for PDP Power Module

Kyu-Min Cho, Byung-Gyu Ryu, and Gun-Woo Moon
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ABSTRACT

Recently, many nation have released standard such as IEC 61000-3-2 and IEEE 59, which impose a limit on
the harmonic current drawn by equipment connected to AC line in order to prevent the distortion of an AC
Line. Therefore, Plasma Display Panel{(PDP) which is highlightened in digital display device also has the Power
Factor Correction(PFC) circuit to meet the harmonic requirements. In PDP power module, the conventional boost
converter is usually used for the PFC circuit. However, it comes serious thermal problem on it's bridge diode
due to heat of PDP, and therefore the system stability is not guaranteed. In this paper, the bridgeless boost
converter, which is used for PFC circuit of the PDP power module, is designed and verified the possibility of
the application in a practical product in a view of efficiency, component count, temperature and etc.

Key Words : IEC 61000-3-2, Plasma Display Panel(PDP), Power Factor Correction(PFC), PDP Power Module,
Bridgeless Boost Converter,
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Table 1 PFC spec. of 42" PDP Power Module

948 A% AC 90 Vrms ~ 265 Vrms
29 Y 385 ~ 400V
29 A9 500W
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Fig. 4 Efficiency of Conventional PFC circuit
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3. 9=/ S /et Ba|X| = FAE 76

3171 55

Oe a" 72 BEA fle qEAdERs 7]
F2e HolFrh e AWEy $A
25 AZAAFE EML 29} LC ZE7} gl
oli BEA HF7|7L glo] wE JHEIE 2= 3
E 7 718 42 ben 2o

R
BN
E=)
K



] RES 9% Hex gl 2R & ZVZCS dEANMAIRE 229

EMI Fifter LC Filter Coupled
Inductor
R Lo
+ . iy
- poeer) wr'
L ~ 8y
Hde 1 Yode?
- - ?
= ) Z T e
' & ZT P Tl I i
- E ﬁ]‘ - f‘ JEE

Wode 3 Vodo 4

a8 7 3z ol &
Fig. 7 Circuit and basic operation

Mode 1 (Vin>0) : &3 ATAIH SellA Adg A
F7F 00 H¥ 29X 2707F Ao A o] W A
F7F 021 AeEolA tole=rt AX] wiie]| ZCS
turn-off 7} ®Eth HHFe= M1Y Ada M2 9w
tho]l =& A A49Eol ouA 7} ZolA Hrl

Mode 2 (Vin>0) : A3t %2 o4 At F 29
2 2707t FAll AR AgE o] %2l duA] 7t D1
7} M29 A tole =g AA Rl "

Mode 3 (Vin<0) : Mode 13} <

Mode 4 (Vin<0) : Mode 29 4

32 F4e HE ¥ F %o AUg" dEMNA
B2E ARzt vy 2929 dhte vl o
= 22 she tole=st e v tejo =yt
Ak 9ok, webA 71Ee] QEMASREYG AR
2o g toleert st ZojErh wekr 7]
o] AEINAZ R 5| ZEEAo]l FolEY] wwd

.
= O & O, O =3 A=
o] e 75 F Aok

3

& o fo f

O

a9 78 ®»E F2E A9HZE Coupled Inductor
= < & 7 Juk AA Age s Yy
E R & B 29AY /x AVE 29
3 =] , 99

——————

TR LER

J% 8 Coupled Inductor ALZ
Fig. 8 Using of Coupled Inductor

Coupled Inductor® A3 729 13 27l <
HE7} 2712 el Helup AAZE Y 99 2
o] Fo]E Fo] AMEEII AR I dAH] dem
2 3R e JHE 2 g2 g 2ol #
=3

_ BNV +N,)' 4
eq—_l.—
N4 N, 4
Ll=iull ’L2__u12 (N|=N2)

kA Coupled Inductorg & ¢ EAHE 7447
o Agels 2 Y RiE Jdyda

#oh

Cther
Componets

8

2% 9 Coupled inductor
Fig. 9 Coupled Inductor



230 WHETHE WIE H10% M3 20064 6

33 A%xle M

%A AFFSo] PDOPE FAEEY A5 AdAtA
7} 98 go] ksl W] I} E
Nzee] A )

o

o]
o
of efztel Gelo] P2 FrhgoEM A9 e
g FRPY2 dojmy FozH AL
28 2 4 gvh oy 108 7 A8 By

(o2 > Mol e 2 M op

Vds(M1)
. T _ N -
Ny
Vin == e vin Vo
. - R .
WT OI -
M1 N
Vds{M1) vds{M1)

t 1

Vo

Vgs(Mi) VgstM1)
vin |— — #:
N N
\ , > >

FAY Not Zv5

vo

Jin

(a) Vin < 0.5+Vo (b} Vin > 0.8+Vo

3% 10 GHY AR e
Fig. 10 Principle of ZVS Turn-on

327} BCM (Boundary Current Mode)E &%3817]
o B 204 AFE Y H7Frt ol € v
ooyt AR "R AR 7} A oA Yy
AF7E FolA Pt w294 e st= 294E
A "t ARt o] £3 2HA Y AolE =l
2o ddo| IJRE FUlste] AYAE ARF =A
AFA st 29x dde] A g A Zol |
7HA o

)

Ve, =V, + (V, = V,) coswt where w=2m/LC,

0]

]

AC 90 Vrms

WAVEPILGT

ERARVEAY,

Sme W
12vs
2avacs 5 /s
E W ovoae ? — soEn T syoepen
(a) Vgs(20v/div), IL(10A/div), lin(10A/div)
CHANNEL. 2
e W N
s P ‘-zmn
// v’/, 4 FIND

a |
varisbie

OFFsets i
Valts
[Z1vis tan]

I 40C 14.38

BRI Sual
Quad Octsl

586 M3/s
O sTePRED

(b) Vgs(20v/div), IL(10A/div), Isen(10V/div)

22-May-B4
2:15:57

CHANNEL ©

i leCroy

Trac
o

ERieS

period(i) - - -
rms(§) 1.78 A
mean(3) 168.8 v

v
v
v
v

(c) Vds(100v/div). IL(10A/div), Vgs(5V/div)

]
oc 5 4 0C1EBA
x
i

a8 11 T2 MY oy

ds
B oual

Guad Octal

1 65/s
4 STOPPED

Fig. 11 Key Experimental Waveform



PDP 59

EES Y3 2yA gle nag ZVZCS d8MAslz 231

@t JgHo 22E AfFe g HAdelA e
= AE2 UFE}HJC} Power Factor Correction®] wj-%
R

(el e] 2=
o]_ﬁﬁ_ 011;}

4T Ao *14217} ZVSs tum—on o] Hi &e
HojgE

z
_E
A
§‘2
n fr
JR
n:{m
N
o
o
f
lo
pqy
\[u{o
18
i
’
b
i
S

PDP Y Ee Al%oz Az =A% éﬂ% ® 2
o YerSiTh

E 21 BHEX gl 9ENM s=e a83 HE
Table 2.1 Efficiency, Power Factor of Bridgeless PFC

circuit
, WV | 10V | 220v | 260V
single | =8 | 9508% | 96.07% | 98.129% | 98.42%
stage
prc | 98 | 09 | 09 | 098 | 0%
parallel | w9 | 95459% | 96.34% | 98.1% | 98.33%
stage
Prec | 9F | 099 099 097 | 096
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Table 2.2 Temperature of Bridgeless PFC circuit
( Vin=ac 90Vrms, Vo = 385V, Po= 500W, after 60 min.)

Switch Diode Inductor
Siﬂgle stage 0 0 0
PEC 59°C 53°C 65°C
parallel stage o o 0 140
PEC 55°C 45°C 64°C64°C
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Table 3 Component Count

Conventional Conventional| Bridgeless | Bridgeless
1-stage PFC|2~stage PFC|1-stage PFC{2-slage PFC
BEA | 600V 25A | 600V 54 | oo ae
Holox! lea : lea “' e
2915 500V 22A | 500V 22A | 500V 22A | 500V 12A
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