578 ENETES MGE BL0E FOHE 20054 124

Ee | 10-6-7

2 FGAYG 2=9A HYE %=
d sl PDP% -n-xl AEE Q3 158§ A W3 =

st wrx

A High Efficiency Power Conversion Circuit with Wide ZVS Range for
Large Screen PDP Sustaining Power Module

Kyung-Hwa Park and Gun-Woo Moon
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ABSTRACT

Recently, due to the launch of digital broadcasting service, the demand of Flat Panel Display (FPD) is
sharply rising. Among them, the PDP is expected to be one of the most promising digital displays of next
generation because of its large screen size, high resolution, thinness and board field of view. Meanwhile, the
PDP uses ADS (Address Display-period Separation) scheme which divide one subfield into address and
sustaining period to express the grey scale of images. Since the output of sustaining power module is mostly
used for sustaining period, the load of the sustaining power module can be considered as a pulsating load. Due
to this particular load condition, if the wide ZVS range of the power switches is not guaranteed, the hard
switching causes large amount of switching loss and serious thermal problem in power module.

In this paper, a high efficiency power conversion circuit for 60" PDP sustaining power module which achieves
wide ZVS range with the help of additional ZVS tank is proposed. According to the various gating” methods,
the different operations of the proposed converter are presented. And, to confirm the properties of the proposed
converter, an experimental prototype of 900W power converter is constructed and tested. As a result, more than
92% of high efficiency is obtained at 10% load condition, and the ZVS operation is achieved from full load to
109 load condition.
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Table 1 Conditions of the devices for the graph of
the DC conversion ratio

Specifications Values
Input voltage : Vi 39V
Output Voltage : Vo 206V
Turn Ratio : n 28/16
Switching Frequency 68kHz
Leakage Inductance 25uH
Magnetizing Inductance 2mH
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Table 2 The specifications for 60" sustaining power module

Conditions Value
Switching Frequency : Fs 68kHz
Input Voltage @ Vin 395V
Output Voltage : Vo 200~220V
Nom. Output Voltage @ Vonom 205V
Output Current : Io 44A
Max. Qutput Power : Pomax 968W
Nom. Output Power : Poxom 902w

hv
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Table 3 The values of devices used in 60" sustaining

power module (68kHz)

Devices Parts
Qar, Oy, Qaz, Qve : FQA2ANBOG00V, 24A, Rason=0.24Q)

Dy, Dy, D3, Dy STTH3003CW(300V, 30A)
Transformer Core EER4930
Primary 0.29, 30Strings, 2EA, 283Turns
Secondary 0.2¢, 34Strings, 3EA, 16Turns
Capacitor: Cy, Cr 630V, 1uF
Capacitor: Cy, Cy 630V, 2.2uF
ZVS Tank Inductor Core EER3435

Method 1 Cyvs - 630V, 2.2uF, 2EA in Series
Method 2 Cyvs 630V, 2.2uF, 1IEA
Method 1 Lzvs 730uH
Method 2 Lzvs 288uH
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Table 4 The values of devices used in 60" sustaining
power module (200kHz)

Devices Parts

Qa1, G, Qaz, O : FQA2ANGO(G00V, 24A, Rason=0.249)

Dy, Dy, D3, Dy STTH3003CW(300V, 30A)
Transformer Core EER4445
Primary 0.29, 30Strings, 2EA, 28Turns
Secondary 0.29, 34Strings, 3EA, 16Turns
Capacitor: Ca, C2 630V, 1uF
Capacitor: Ci, & 630V, 2.2uF
ZVS Tank Inductor Core EER2828
Method 1 Czys 630V, 2.2uF, 2EA in Series
Method 2 Czvs 630V, 2.2uF, 1EA
Method 1 Lzvs 242, TuH
Method 2 Lzvs 92uH
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Fig. 15 Size comparison according to the switching frequency



W& Ak 294 WeE 2E v PDPE FAHAUS A% nEg 4 WPsE 585

it

_ 99.00
g
> 94.00
b
g 8900
&
84'00 ‘/ ;;;;;;;;;;;;;;; T P D PP
7900 1 L Driving Method 2_68kHz
74.00 ——  Dyiving Method 2_200 kHz
"7 10 20 30 40 50 60 70 80 90 100
Load Variation (%)
——— e = {a) Proposed converter
| Output Capachor ][ '
Towl Cost | 99.00
o o = X iy i hey W
yase 2008 fromn ww,,,‘?::ﬂzm é\‘, 400 b e T g e g
Estimation of Sam-hws corporation a p f ).d___,.&’
- — 4 g 4
38 16 A9 Fmof w2 PP modulee XMEH|E H|m $ 89.00 // ...... / ............................... IR
. . . . N . s [(xe/
Fig. 16 Price compar ison according to the switching frequency § sa00l. .. R
19 159 719 1690 747F 68KkHz9h 200kHz= B2 TRODT /T~ PSFBLVDR BkHz
e r-4
AlF] AL = A E A 27} o Xk 74.00 < ——
]‘—o"TOﬂ_EHBH dFell g sl F719t A% %0 20 30 40 50 60 70 80 90 100
H)-2 Wlwale] Hteh 200kHzolA E2F A7 A% Load Variation (%)
o= magnetic £2AE A&st= Ho ®e =9 = {b) PSFB with voltage doubler rectifier

017}:\};8“54 915—’2 j% 7Q MOdi 13} Mode 4l A ‘:} a2 18 A9 R Fmdol 2 &8 Ul
e 33 AFE Y8 o 2 ¢ AsA g 2 Fig. 18 Efficiency comparison according to the
a3tk olggd olfE 200kHzE HAAZ AR switching frequency

-

68kHzoA A A7l 9B} 2549 A &H8-&

Y F AT A7) JME 18%AEY TAAE o2 AMg3lA il transformeroll A ZrolEl )

dE T Utk fEo =& 25 HY
rempooraturs of Devices 18] 189 71&9] voltage doubler rectifierg A&
» (Fs= 68 kHz Vs. 200 kHz, After 60 minutes) 3l PSFB #vlE19} Aotd AWEo] Zhzho] tisiA
§ j:ﬁz [ Driving Method 2 68kHz B 68kHzeF 200kHz9] F+ F3oll Al 524171 &&8
S e | rvimeMehod & S0kH: ot 29 18a)= AdH AWEe] §&8 19
Sescl 18(b)% voltage doubler rectifier® A}4-3 PSFB 71|
T e Bl &85 RoFT} voltage doubler rectifierE A}
§5°C |- 43k 7|9 PSFB 7¥E 9] 4, Fa4E WA
jg:f o ek full load Al 71E2) ZAWE} Altd AW
4(’% ! Blo] & faZo] AL HlsstAw A Fotr A
Switches Diodes Fransformers 2 71E AWEY g&o] F4sA Aaste] 10%
T 7 AYE FHgo| mE AXle| 2% fltﬂmw loa(i?; 734%0”%0 8704% O]SEE LQOVJHI]: lﬂrj ?i‘j
Fig. 17 Temperature of devices according to the i]‘o‘ T ?S’]H«] OOT’ l»OAAloadoﬂ 1= 8% ol

switching frequency E2 B83 His HIR 4 sl

Ag7A Aokd ZAWE disiA ForE 28 &
9 172 Method 291 dlair Fupdrel] whE 2t A AA 7|EY AT A 5 Al Ao A
9o L& el g zolt) FaE 28 A & 9 Axsl vluste Rt Agtd AWEHL FuE
7te) 2ALEIF 5T Wwo R Fa4E Holngn 200kHz= oAl HH A4nlgs} 7] HoA fga
2re AeFel AL Ag 4 F U FHaw o aHE B £ Ax 7|E9] zAHH H3|A &
transformer®] 73-%, leackage YEHE 3o R4 HAHE stk A A9e &8 € 4+ Uitk



g
i
&
&
LH
1B
18
2
al
%
<
cH
&
@
5
e
&
B

dXE 607 PDPE §AHYHS
Aekatgdch Aotd A
wAslr] flsiA ZVSE *‘.E
27} F7 Ak w}ﬂw AR
} EAdE B7Eta =
TAE Hxst & F UL
A B2 34 T F
VA8 Botn A9E
o ngith Aokd  AwvE
al

r
o
o

f
o
I, fe

m{m
i)

off MY
19
o

N
XA
o

mioﬁmgﬁr

ok

E
o I
¢
¥ rr T o ju

"U
3
-z
ol
¥

o

20
£

ox ¥ H

flo N lo g Jo i
s O
Ao rle — &

m‘
0
2
s
i
rok N
3
T
2o
X
T

2 2YdgE 2 293 &4
nE %ﬁ%#% o] 200kHz]

_>I::

off 1%
o 4 o

>

Y 4

)

¥2

ul

o 2, i

o
2 opje)
o HaN &
e

e

=3 BX 2
X
> Yo

This research was supported by university 1T
research center project.

it

1 5]

Mo

[11 SKHan, J.YLee, GW.Moon, M.J.Youn, C.B.Park,
N.S.Jung, and JPPark, "A New Energy-Recovery
Circuit for Plasma Display Panel”, Electronics Letters,
18th July 2002, Vol. 38, No. 15, pp 790-792.

[2] CWRoh, IL]JKim, SHLee, and M.J.Youn, "Multilevel
Voltage Wave-Shaping Display Driver for AC Plama
Display Panel Application”, IEEE Journal of
Solid~State  Circuits, Vol. 38, No. 6, June 2003, pp.
935-947.

[3] Han Sang-Kyoo, Moon Gun-Woo, Youn Myung- Joong,
“A High Efficiency ZVS PWM Asymmetrical Half
Bridge Converter for Plasma Display Panel Sustaining
Power Modules ", Journal of Power Electronics,
1598-2092, Ab¥ 1%, 2005 pp. 67-75.

[4] =39, &4f, A4S, 299, “PDP AgAAr|e”, &
gz} ghglx] 1229-623X, A8H5E, 2003, pp.23-32.

(6] #71d, 4L, 249, 9F, ‘POP A A4dE 9
s %33 ARG 294 HHYE 2= Z&E DO/DC A
WE”, A3 =75 1229-2214, A10F2F, 2005,

pp.177-185.

[6] J.ASabate, V.Vlatkovic, RBRidley, FCLee and
BH.Cho, "Design Considerations for High—Voltage
High-Power Full-Bridge Zero-Voltage-Switched PWM
Converter”, in Proc. IEEE APEC, 1990, pp. 275-284.

o P |

ut A St (4 B #)

19804 98 6M. 20034 & TA
3sin 2. #A sh=miET|sd ©Y
HRZEn SH(MAL, sixf F=abet
IZALAFME] A7

=

=UPEEX
19924 E=ately|sd MY 2 ®MASE
3 SAAAD, 19964 shmniEy|edl H©
7l & MASE EU(SH. 1996~1998
SN Mo HEASHATA MY
AR, 19989 ~20004 (F)7IEl 2 =%
1 MEN MAZetn =u4 20008 98~
MAMMET FMI|WHAZESHE R



