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Electric Properties of Mercury—-free Xe EEFL
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(Seong-Jin Lee"®, Nam-Goon Kim', Jong-Chan Lee?, Noh-Joon Park', and Dae-Hee Park')

Abstract

This paper had mentioned about CCP light source application for increasing the efficiency of Xe
lamp the mercury—free lamp. In order to increase the efficiency of Xe EEFL, we designed and
manufactured the lamp used by mixture gas of Xe, Ne and He. Also, we have analyzed the electrical
and optical properties with the firing voltage, sustain voltage, paschen’s curve, wall charge, and
capacitance. As a result, the firing voltage decreased by increasing the ration of mixture gas. and, It is
owing to include the gas with high ionization energy. The firing voltage decreased in condition
happening the penning effect, Because the ion of metastable state created from penning effect, Which
can encourage the ionization phenomena. Also, the wavelength of 467.12 is increase. because of the
energy transition in the wavelength of 147 nm. therefore, we can know about the affection of phosphor
with UV emission properties. Through an experiment, Xe 100 % and Xe 75 % confirmed same
spectrum properties by each mixture gas ratio. In the case of Xe 50 9%, spectrum properties appeared
Xe discharge and Ne-He discharge. That analyzed an electrical and optical properties. Therefore,
confirmed that is excellent because properties of firing voltage, wall charge, capacitance in Xe 50 ¢
Ne : He = 9 : 1. We offered parameter in inverter manufacture and lamp manufacture by electrical and
optical properties.

Key Words : Mercury-free, Xe discharge, EEFL
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Table 1. Discharge characteristic of the noble
gases.
Wavelength Tonization
Cas Excitation | Metastable| of resonance ener
energyleV]|energyleV] line [eVg]y
[nm]
He 21.21 19.80 584 24 58
Ne 16.85 16.62 734 21.56
Ar 11.61 1155 107.0 15.76
Kr 10.02 9.91 1240 14.00
Xe 8.45 8.32 147.0 12.13
E 2 A% Xe wHoIAY 289 B 37,

Table 2. The collisional and radiative processes
in the low pressure Xe discharge.
Collision Process

Process Reaction
Direct N
L. etXe—Xe +2e
Jonization
Ionization . e+Xe'CP)—Xe'+2e
Stepwise .3 .
o etXe (P2)—>Xe +2e
Tonization . .
etXe —Xe +2e
e+Xe—>Xe CP)+e
L etXe—Xe (CPy)+e
Excitation ”
etXe—Xe +e
e+Xe—>Xe+e

Radiation Process

Process Reaction
Xe"—Xe(CP1)+hv(828 nm)
Spontaneous - 3
L Xe"—=>Xe('P2)+hv(823 nm)
emission .3
Xe ' (°P1)—Xe+hv(147 nm)
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Fig. 1. Diagram of external electrode fluorescent

lamp.
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a3 2. Xe EEFLe] A #h4
Fig. 2. The sample of Xe EEFL.

a2 3. Xe EEFLY &7 4wl 9 AJ2d,
Fig. 3. The measurement equipment and system
of Xe EEFL.
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Table 3. Properties of firing voltage in 0.5 Torr.
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Table 5. Properties of sustain voltage in 0.5 Torr.

Ne:H Xe Xe Xe Xe Ne:He Xe Xe Xe Xe
CHe 1 309 | 50% | 75 % | 100 % e 30% | 50 % | 75 % | 100 %
10:0 1.2 0.87 0.88 1.02 10:0 0.63 0.54 0.49 0.46
9:1 1.02 0.6 1.01 9:1 0.68 0.52 0.48
55 1.24 1.25 0.93 [kV] 55 0.70 0.44 0.46 V]

E 4.1 TorrdlAe 8%

Table 4. Properties of firing voltage in 1 Torr.
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Table 6. Properties of sustain voltage in 1 Torr.

Ne:He Xe Xe Xe Xe Ne:He Xe Xe Xe Xe
: 30% | 50 % | 75 % | 100 % ) 30% | 50 % | 75 % | 100 %
10:0 1.34 1 1.09 1.15 10:0 0.89 0.67 0.53 0.57
9:1 1.29 0.99 1.09 9:1 0.88 0.66 0.52
55 | 116 | 129 | 104 ] V! 55 1 062 | 0514 | 052 | KV
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Table 7. Properties of brightness in 0.5 Torr.
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Table 9. Peak brightness.

Ne:H Xe Xe Xe Xe Ne:H Xe Xe Xe Xe
CHC Y 309 | 509% | 5% | 100 % CH Y 309 | 50% | 5% | 100 %
10:0 | 7148 | 2140 | 905 702 10:0 1 7460 | 286 175 | 1800
91 6761 | 1604 | 9.5 . 91 7335 | 23.9 155 ,
55 31.9 875 o 55 31.9 168 Ta7 ] lcd/m]

£ 8. 1 TorrolNel 3% 54
Table 8. Properties of brightness in 1 Torr.
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Table 10. Visible energy transition in Xe gas.
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' 30% | 50% | 5% | 100 %
10:0 | 3471 | 033 506 516
91 31.27 | 033 2.05 ,
55 242 500 516 ] led/m]
o} 23 X7} & Ne, He 712 E o] 23} AlA
T2 A7 BE3, o] T A= Xe-Ne-
He 7l 29 olede H% A&A7E Aoz
AL E T

3.2 .T'él-il-x-l EM

i s =1

k29l ko] 05 Torrd # Xe 7}29 9o
HAE 5 HEV mode Hdddon, Hed
ol FIME £F =T AHstEe A4 =
g Xe 30 %, Ne : He = 10 : 09]A] 71.48 cd/m*S.
2 7M1 B3

7t29 ¢&Eeo] 1 Tord W% 05 Torrsd w3k
7FAZ Xe 30 %, Ne : He = 10 : 09  7}% =
& HEE FAANSH Hed %ol /¥ 4%
A=t Astde FAstAh

X 9% AYE 01 kVEE 20 k7R & a7}
¥ Xe EEFLY o =ge 4% otk &
A BE vl 2ol Xe 75 %9 Xe 100 %% H]

=1
w2 55

147 nme) AA7\ 57 &
Atk Xeo| 93k

rlo o
M

o
oy o
tio ¢l i

oluix Holsh wdo] Q7 W] FHA UV
o WEEAE SdPomH Wme FHHI o
F& wHRE YA 9% 9T =¥ FaAg
% gleH19]

aY 98 EPkeS e 2¥EY 54¢ U

9 Aojrh £ 103 Zo] Xe 100 %Y w 467.12 nm,

655

Wavelength (nm) | Energy transition
1 467.12 nm *pg—>'S5)
2 480.70 nm (°p5—>'s4)
3 491,65 nm Cp>'sa)
4 633.22 nm (°ds—"ps)
5 711.96 nm (°dr—"pg)
6 78374 nm )
7 796.73 nm (*pr—"ss)

480.70 nm, 491.65 nm¢] #}F& YEHE A
Hom Xe 75 %Y WE Neoltd Hedl =go] 3
o] Xe 100 %4 "ot Ao FdFTE Feldl
oJAL Xe 7l29 o]&3 HE YA 7} Ne, He
7te=gE 7] A7 FEER @] WiEes A}
9.

% 105 Xe 50 %Y ) Xe-Ne-He &37}29)
Egvd e ~9EY EA4S vehd Aot o
g 8% 28 Ne: He = 10 : 09 w 467.12 nm,
480,70 nm, 491.65 nm<} o] Xe 100 %<t vl

0.0016
——— Xe 100%

0.0014 467,12 um ~-Ne:He=10:0
Ty i 'a Ne:He= 9:1
£ 0.0012 o Ne 1 He = 5:5
4 00010 at Xe 75% i
1 v
KA
2 0.0008 - M ’
oL
< 0.0008 H h [
£ T

T

i‘ %491 88 nm
0.0004 : i
Al L

1 R A A V' |
N VRS Y iV
500 600
Wave length [nm]

0.0002 |-/

0.0000

ad 9.
Fig. 9.

E7lzd 2 2H9EY EA(Xe 5 %).
The spectrum properties with mixture
gas(Xe 75 %).



I. of KIEEME(in Korean), Vol. 20, No. 7, July 2007.

0.0022

0.0020

0.0018 — Xe 100%
= e Ne : He
g 0.0016 Ne : He
G 00014 [ Ne:He= 5:5
= 0
& 00012 at Xe 50%
- g
-"-,:,‘- 0.0010‘
@ 0.0008
e i 78
= 0.0006 |-

0.0004 454,68 nm

0.0002 N

0.0000 L

400 500 600 700
Wave length [nm]

a2 10. EfVEee mE 2H9EY 54 (Xe 50 %).
Fig. 10. The spectrum properties by mixture

gas(Xe 50 %).

3 ol & #lsi Ne : He = 9 ¢
Xe 100 %<t wlusE Ao FLdEE A4
T3 o] o 660~700 nmtle] FF3 740~780 nm
e H3= FrEgS delsdsd ole Xed &

AEYEGH Ne, Hedl A= ol 50
derde #AsgEh 3, Xe b0l o3 2
A7 52

£ R 7+ Ne, He 7}é§_— o] -3}
& o]yl WELE AtsHTt
1‘% 11& Xe 30 %¥ W Xe-Ne-He &372
e AdHEeEdn EAS el Aot}
9 2% 103+ ©d 467.12 nm, 480.70 nm,
491.65 nme IFo] AAHoZ ozl g i
ME% 4ol HHe o
L 59 A E
of uls kst

4. 8 E

B =FRoMEe ferdé Xe EEFL &7t~
o) WA E4L wopsty] §is A= E AAA
w3 Pgxzel F&L JAE] fsld EFUI2E
Agste] ZgzudAS 29T Xe 100 %
o) AN AZE AAste] Z42be] xeA A
714 BEAR F3td 54E& 24T B3 Ne,
Hed] &3tulsl ¢tedo] wE WASAS B39
. HA drzzldAe A &dE A
e 2o A2%4s 48 5 AT

656

— Xe 100% ]
Ne:He=10:0
% Ne:He= 9:1
S -~ Ne:He= 5:8
g at Xe 30%
5,
2
‘D
@ 00014l
[
E .
|
i
[in
AN
ARV g R%
500 600 700
Wave length [nm]
ag 1. E7led 0E ~IdEH EA4(Xe 30 %).
Fig. 11. The spectrum properties with mixture

gas(Xe 30 %).

©o

F7}stel e gawth a9
T, FE A5t FARAT FEA AW oA
Wae] o] Mojd Aow AR oA BE
Al A4+e AR B AT, Xe 50 %,
Ne : He = 9 ¢ 19 EF(05 Torrz7)e] A%
102 KVAlA 060 kVE EZ wgte] zhadtgic),
AL 718 Ne, Hedl FH4 4wlel o v}

Xed] ol€3h ofuxn %7 ¥ e Y W,

gele] ojuA7t Xed]

olests WY AA Zzke olessl #ws
o]

b sty MAEHE YRy S EE A
Ao AR RAor AmHT

2) ~29Edg EAdA, Xe 100 %, Xe 75 %
7} EEhdE Fdd ~¥EY BEA4S F2le9
o Xe 30 %9 4$ol= Ne-He WHe 54¢
660~700 nm, 740~780 nm o] ZsiH-e el

ey
3k 3 Xe 50 %A= Xe WA Ne-He
e 2HEZoe] FA4 ‘/}E]r‘fkq ol gt

)
s %5 YBA

9: 19 FAA #HY &z}
A& E o] o]L3l o A7 &L Ne, Hedl ©
2387t v 2 vE] SastA JEEHe Ao



E ATE 59 Xe 50 %, Ne : He = 9 : 19
oA BE Aol A vizm, wHs X4
AANEL S4o] w2 Aoz FAsdnt. wd
Ne-He ¥4 2¥EHo] &3d-g gelsgnt 2
2408 2 YA ¥ A5H4HE 9% EEFLY
AToA EF7E~e EFHS @Eo] & gFgs
T Ao 39,

ZALel 2

B =E2 AgAdRes Agee ggaga

THE £ A DA (1-2004-0-074-0-00)2) A 4,

Post BK21¢] A& wol o]fojx =&Yt}
olfl AFE XYd FA BEA ALY Lo

=gy,

il

L]

Sl
ret

[1] J. R. Coaton and A. M. Marsden, "Lamps
and Lighting”, Arnold and Contributors, 1997.
G. S. Cho, J. Y. Lee, D. H. Lee, ]J. H Koo,
E. H Choi, B. S. Kim, S. H Lee, M. S.
Pak, J. G. Kang, and ]J. P. Verboncoeur,
"Pinhole formation in capacitively coupled

(2

external electrode fluorescent lamps”, J.
Phys. D: Appl. Phys., Vol. 37, p. 2863, 2004.

Ads, A9gn), 495, 2U%, AL, 23

4, 4%% A4%, 2D, “daat 223
= wgoled A74d $75 TE, HE
2, 464, p. 277, 2003.

W =A%, 290, 99, 49T, BEd, AL
3, 23, AT FAP=e] A3 7o)
a4, /‘Hgﬂ 4438, p. 42, 2002.

(5] olej, “F-4= LCD WekolEE g fri-
£33 Ax WA 54 27, g g

(6] A7, 152, “F5e Wez gFP=g
A D B4 B AARATE=ER 104,
p. 53, 2001.

[71 =47,

“LCD ¥zol=g 9% dHA= 7
B4 %d QME 24, Ayggae
MALEH A =8, 2005.

o181%, “EEFL 75§ ulg 44 2 29
4 BA, AFUGE o A e T
=+, 2003.

Y.-H Kim, M.-S. Cha, W.-H. Shin, and

(8l

[9]

657

(101

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

A7V AR A B =ER), A208 A7E, 20074 79
Y.-H. Song,
barrier
frequency generator in nitrogen”, Journal of
the Korean Physical Society, Vol. 43, p.
732, 2003.

K. Rajaraman and M. J. Kushner, “A Monte
Carlo simulation of radiation trapping in

"Characteristics of dielectric

glow discharges with a low-

electrodeless gas discharge lamps”, J. Phys.
D: Appl. Phys., Vol. 37, No. 13, p. 1780, 2004.
J. V. Dijk, B. Hartgers, J. Jonkers, and J.
V. D. Mullen, “A collisional radiative model
for mercury in high-current discharges”, J.
Phy. D: Appl. Phys., Vol. 33, p. 2798, 2000.
J. M. Depond, “High voltage, mercury-free
fluorescent lamps with cold cathodes: state
of art and future developments”, Industry
Applications Conference 2000, Conference
Record of the 2000 IEEE, Vol. 5, p. 3322, 2000.
M Born,
pressure discharge lamps”, Plasma sources
11, No. 3, p.

“Physics of mercury—free high-

science & technology, Vol.
AB5, 2002,

T. Shiga and S. Mikoshiba, "Monte Carlo
simulation of imprisonment of Xe resonant
photons and luminous efficiency considerations
of colour plasma displays”, J. Phys. D:
Appl. Phys., Vol. 37, p. 1221, 2004.

T. Shiga, S. Mikoshiba, J. H. Ko, K. Y.
Lee, 5. H. Cho, and H. T. Choi, "Lateral
Multi-Channel Flat Discharge Fluorescent
Lamp for LC-TV Backlight”, SID 04
DIGEST, 47: 3, p. 1330, 2004.

J. Kawanaka, A. Ogata, S. Kubodera, W.
Sasaki, and K. Kurosawa, "Improved output
characteristics of a vacuum ultraviolet
xenon gas jet discharge lamp with amagnetic
field”, Appl. Phys. B, Vol. 65, p. 609, 1997.

W&, “AC Plasma Display Panel® =4
WAZbE EH] Wl oE gAE 97
T gkl AP T =R, 2001
AL “LCDE F4o FFddmo Au @
HoA EARAY, AEdsn gEy Aalat
AT =5, 2005

FE74, ‘B9 B39e 9% DBDY AAH /
A BEAd #3 A AdFgstn A}
91 =5, 2005



