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Discharge Characteristics of Xe Plasma Flat Lamp for
LCD Backlight According to Operating Voltage Pulse
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Abstract Conventional backlight for liquid crystal display (LCD) uses mercury which leads to environmental
pollution. In this study, characteristics of AC coplanar type mercury-free plasma flat lamp have been studied.
Pollution-free Xe-He is adopted as a discharge gas system. Since the Xe gas has a lower efficiency in generating
vacuum ultraviolet (VUV) than mercury, the improvement of luminance and luminous efficiency in the Xe gas
system is very important. The electrode, dielectric, and phosphor layers constituting lamp are formed on the
bottom glass by the screen printing method. The effects of pulse shape, on-time, and pulse frequency on the
luminance and luminous efficiency have been examined. For Xe(5%)-He gas, the lamp exhibits higher efficiency
with sharper pulse shape, higher peak voltage, and shorter pulse on-time (up to 2 us). Higher efficiency and
lower consumption of power were obtained at 30 kHz than at 60 kHz. The collision of ion to bottom electrodes
is a dominant factor to raise the lamp temperature. Therefore the high voltage and low current discharge
system is necessary for reduction of the lamp temperature as well as for enhancement of the luminous
efficiency.
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Fig. 1. Schematic diagram of the system for the study of Xe
plasma flat lamp.
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Fig. 2. Magnified view of some parts of sample. Region A is
the area between the tip and the counter electrode where glow
discharge are generated profusely. Region B is the area
between parallel electrodes. Region A* is the boundary area
between region A and region B.
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Fig. 3. Voltage, current, and power wave forms of the Type I
and IT power supplies at 60 Torr for Xe(20%)-He gas system.
Input pulse conditions : V= 600V, f=30 kHz, on-time=5 Us.
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Fig. 4. Firing voltage (Vi) and minimum sustain voltage (Vs)
as a function of gas pressure and Xe concentration. Input pulse
conditions : f=30kHz, on- time =4 Us.
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Fig. 6. VF and VS as a function of gas pressure and pulse on-
time for Xe(5%)-He gas system. Input pulse conditions :
=30 kHz.
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3.4. pulsee| Fotsof M2 WM H HE SY

F=at Y9 ooyt Axte Yol wkgste] =
doll mzt o)F3tA "t olw FRrE = o] 2ot
AA7Y ol F3o FES A 7T ATt e
Fap7 wE AR FAL o] o] o]Fd]e FE
g AITHE AR Rk 797t Aok meba fEiske)
e whet FERul Yi9] oo} Azl AFe] &
A H=d o]lE dotEy] Y3 d¥ ] on-timed
2 usSt 4 usd W F3b4 30 kHzSF 60 kHzol A o] 3 =9t
FaES vjwsiRge). 7|1Ae] 24L Xe(5%)-Heolt}.

Fig. 119 Y483 F358 30kHz9 60 kHz= 3
A9 A* 999 Fxet FEEL Vel A vl
F3r7F 30kHz) 735 =2 FE &L blankE EA
332 60 kHzSl 739 solidE2 EA3tch F#o] 60 Torr
oA 120 Torr2 F74ste] wet 30 kHz -, 3=
200 cd/m*A4 1000 cd/m*2 ZF7FekR o, 60 kHzo A&
400~800 cd/m®> A =2 IS HA31H Z W3S Ho)
A gkttt wEbA, 60 Torrl A& 60 kHzS A-$-7F ¢
F2 JTE HolA% o] FIHEFE JHE=] 120
TorrolAE 30kHz®] 7497} o & =g Holx ).

olwje] #Ha &S AHBE, 60 TorrllAE 60 kHzZE 30
kHzo} ¥ R3] ee 2-3uA % HUoV FaE&L o
1m/W A2 AL zxpol7F UA] 9kott}. 60 kHzol A2



LCD WelolE8 Xel Zulzvl Hu WELe] 725 HY Pulsed] 270 wle i 54 A7 277

Fa&e g g & et glo] oF 1 mwe @
L e Ao, vhE 30kHzO M 4F bl
we} FF o) 271k 120 Torrol A& 48 Agto] w

2} 25~41Im/We F& Bt YEate] Faert St
3t oMo 98 AY 2 ontimeo] F7VEte B
9} ulAIIRE A G99 %E‘ri‘j}ﬂ A e Z tip §-
2o AFHe o] detsith olgt Fepzate] J
F @42 B 99 dFX= t’“@ stk dgate F
4 Z7tell WE pulse®} pulse?te] off-time TAE ©]
A pulsedlA AR o], AR}, 71E YAEO| off-
time &< 2ol AEEHA &3 kA F Yo zHF3)
o 39 pulseZt 7HHAE W o] HA dojuyrE
gtET), o)e AYAe A7t B & AT dp B 4
o A= 7he] HY A2oA ES=ERuE 44 AdAA
14712‘4 A g doA FH=uE AH Y2 v
T Ao dddt Seizute] JF Aol AT A
%, %’E—'ﬂ A Z7to) wel A G "o TasHA
HY, 3 E Frhe 2 A 999 STl YERdT
oluf, A* 499 =& A, A FGA HF9
Z 3= F7k a3t dehA oAl € mebs, 60
kH24 35, Ea2et JF @ ke A* 99

T 3717F 30kHzell HlE| A dojubA] Futh

Fig. 1291 30kHz9} 60 kHzolA 9 9J& Aste] w}

(o]

r ne, r\m

AFE YA Fig. 7904 vehd vhe}l 2ol &
@ 94 Aol 7Pl A9 Aol me AF Wshe
Al e gstch. ael3, YYste) Fo4t 37}
F45 5 AGAG 3 A7 9 At Wl
—8—60kHz2ps —1+—30kHz2ps
—A—60kHz 4us —4L—30kHz 4 ps
80 P=60 Torr 80 P=80 Torr
g 60- =60 kHz 60- //
P &/' //:/'/
g 40 /- 40 :/-/
: g .
O 204 é_»::é:ée"’ —" 20+ Q;Q—‘;G"" °
0 f=30 kHz 0
500 550 600 650 700 500 550 600 650 700
P=100 Torr P=120 Torr
80 80
< 604 / 60
g A -/- P
P /./ ./.
E 404 e 404 —
B
= . g0
© 204 e¢e—~'é~’ 20{ o—"

550 600 650 700
Applied voltage [V]

0-+— T T T T
500 550 600 650 700

Applied voltage [V]
Fig. 12. Current for various pressure conditions as a function

of applied voltage, pulse on-time, and frequency for Xe(5%)-
He gas system.

—— 2“.5 —ah— 4p.S

f=30kHz —O—6ps ——8ps f=60kHz s

5 1T

4] P=60 Torr [4

3 -3

2 2

1 % ..':‘ﬁﬂA r1

0 T T T T T T 0

5 1T 5
— 4 P=80 Torr L4
% 3 3 %
= L
2] €3 22
= ) ' 1 &
3 1 LEs . g
= 0 T T y T T =
% 5 1 | 5 é
» P=100 Torr 17}
z 4 4z
= 2
.E vO .E
: % E
o] Y =

NS = N W
1.
!-

a
T
-

T T T T 0

1 r 5

4] P=120 Torr L4
3 £ 3

- [e) 1
8t

24 Yo L2
14 5‘ F1

T T T 0
300 600 900 1200
Luminance [cd/m2]

0 T T T
0 300 600 900 1200
Luminance [cd/m2]

Fig. 13. Luminous efficiency as a function of luminance at
f=30kHz and f=60kHz for Xe(5%)-He gas system.

gk AFe Wago] g A JUehson, e nte]
on-time®] Z71& A9, 60 kHzol A 30 kHzo| A B A
79 7 g ZA vEEth ol F3 S ¢
on-time 7o) WE off-time?] AR Q18te] o] pulse
of 93k WA A] AAE ooy} A, Fb el
PR o] FE3] AFEFHA] &2 AEolA] thA] Wre] ¢
ofuf Fetzul Yo HAxpu o] &9 o] U A F
Vehe Aoz Fadn olgdt E3F <3dted 60 kHz
o] AL 30kHzEY 1 & AF7F E2A FHIL on-time
o thgt HfF zbol7t F71sHAl Eoh

Fig. 1391 30kHz$} 60 kHzolM el 3=9 882
ERIGITE 98 AHS 450 volldl 700 VIR E7HA171H
2 w9 =g s Fa &S ASAT 30kHz
AME o] F7184E 3 Fago] Fvkshs 4
g vepsith 283, ggo] S8 on-timed] wE
ztol7t FaakAl VeRt 120 TordlHE 2 usolld 718 =
2 xo FaEE VAT SusolA M B 3z}
FEEE AL AU 60 kHzolM = o] ErlEle

st Fagel Wsht A9 DOm0 TorE A3l
TE B¥ 30kHze ARy ve 3Tl Fago] v
el ol& 60 kHze] A Xd-rer Z71o) Wa A" =

7F2 A8 FEEo] ASHA Hotmr] wEoid.



278 dem
4.4 B

LCD ¥2to|E§ o2 3-8E Xe-Hed Zet=vnt H¥
o] W 5L A7) s 238 Zd" 9
AHE-3l soda-lime glass®| A=, 544, §FA S 2}
2 FPAA AC BEHE @i‘-é At 28, o
& A 71A Y 245 dHo wE bl BT Y
ZE FE3e 98 pulsed ZZA(pulse 2%, on-time,
Fop)e] mE Hd EAS AR

Xe-HeAl B3 71AAA] Xe §Fo] Z71813, ¢Eo)
F7HETE s ¢ dgago] Sk 28y
< ARG HARAHGE FTRIIER, B
4s 7 e A AR ANds 2AHYAME
A=A FEE FFo] FAL FAA FAdol a7dh
FLE TEshe MY FAXY o) JIME Fxe 7
&0l S WAUTE pulsed] on-time A} A HS
peak Y¢S 2= pulse Fe7F o & Fxo Fr S
EA4E EHO™ pulse?] on-timed] Wt & ol =
Al oY ontimeo] HETE 2 FEEEL HYTh
pulse®] F357t 245 HAA 52 AR{IE FoE
o WHEEo| Polgon Pdxel 257t YA s
sz 4171 ek webA pulse®] on-timeS 7Fsdk

r
=D

FAYE - 0)9F

A o 3} ol AP FueE Zolof F} 2
7oA Fhe A W HANME on-time 2 us, F
¢ 30kHz9 2N 4% Wl 54 Byoh

HAR| 2
o] =& 2001d% AT JETATE] AL o3}
o A7HUE. (KRF-2001-041-E00504)
& 0 2 s

1. T. Shiga, S. Mikoshiba and F. L. Curzon, Rev. Sci.
Instrum., 69(9), 3426 (1998).

2. T. Shiga, S. Mikochiba and S. Shinada, Electron. Comm.
Jpn., 84(8), 55 (2001).

3. M. Jinno, H. Kurokawa and M. Aono, Jpn. J. Appl. Phys.,
38(7B), 4608 (1999).

4. M. Jinno, H. Kurokawa and M. Aono, Jpn. J. Appl. Phys.,
38(7B), 4618 (1999).

5. M. Ilmer, R. Lecheler, H. Schweizer and M. Seibold, in
2000 SID International Symposium Digest of Technical
Papers (Long Beach, CA, May 2000). p.931.

6. [On-line] http://www.siglo-kinema.com/database

7. J. 1. Ko, Y. G. Kim, D. I. Kim, C. W. Lee, G. S. Cho and
E. H. Choi, Jpn. J. Appl. Phys., 39(5A), 2825 (2000).



