J. KIEEME
Vol. 24, No. 10, pp. 822-833, October 2011
DOI: http://dx.doi.org/10.4313/JKEM.2011.24.10.822

[H&s Xe E2l=0F HWH
2

822

gIxe g ¥ & 5o et
X

9|
o

Ay, o|AF""

L Jlo)| 2E A A8}

Numerical Analysis of the Discharge and Luminous Characteristics
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Abstract: A Xe plasma flat lamp, which has been noticed as a new eco-friendly LCD (liquid crystal
display) backlight, requires the improvement of the luminance and the luminous efficiency although it has
several advantages. To improve the performance of a lamp, it is necessary to understand the effects of

discharge variables on the luminous characteristics of the lamp. Since it is difficult to diagnose a lamp

discharge experimentally, the numerical analysis can be used instead. In this study, the luminous

characteristics of a planar type Xe plasma flat lamp were analyzed with the variation of an input voltage
and a pulse frequency. The numerical analysis of a lamp discharge was then performed using a RCT
(relaxation continuum) model and a LFA (local field approximation) model. The comparison with the
experimental results showed that the RCT model is valid for the numerical analysis of the flat lamp. The

numerical analysis also showed that the modifications of a high frequency component and a voltage
falling rate in the input voltage waveform could improve the luminous characteristics of the lamp.
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LCD (liquid crystal display)= @A d&] Al&=x
A HEAYA g2 o] 22 AA B3] E7}
T3kl WetolEd= oF FYE e g . 7|E
9] LCD WeolER2E F2 & ZHZnE oL
We3# (cold cathode fluorescent lamp, CCFL)©]
ALEEUT. 22 vl 8 BF EAH4S HolA
T EHEE Yol AHAHY dHE A, ®
3 My FYA CCFLS dd3y LCD2Y HE A
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goh AT Hf{ PFETE 5 ops ool Ek=virt

44 2 2dae AEH BH 54 AN Fgh
zobe) o] 43 ATETh Wb Pzme] B4

g A= FAHY 7Ige Yol F&dit. AA
2 PDP (plasma display panel) d79lA = Xe E&
Zu} A did AT FAHAES T HH 5
el o] o]Fojx st} [5-7]. Xe EetZv HH
Yo wAe] Afox FAHHo] dF FYPHAG
[89]. &A5t PDPIlAM S FAHHAHYE AA FAxZ9
A9 T FASHA AFoA AlFHEH R
gg wd 549 HsE AHE F e FAHY LS
otz o|Folx|A] L AAeoitt. x| WA FH
A7)E PDPY] WA Ao vlste] F4 o o] A=
2 Y= whro £ A 2Q8FHE Alte] A
2 olf ¥l It

E AFqdME A3y Xe S =vl Hu Y=g
Az F UF EA A d7E FIPs¢AG ¥
A, AA A& T3 A7bAY] FH 2F 5
Ao vAe 9%FS #FsAY. 2 7€ PDP
A FAFH A o] AHEHJD LFA (local field
approximation) 29 [5-7]3} rf plasma FolA At&
® RCT(relaxation continuum) =9 [10-12]& °]&
3o FA S FYPsAen, of FAHNY ZAHAE
Ay Aot vmeer £33 FAHAE o] &5
Ydzo] FEAZ FAANE F JdE AMAY B39
AR wh3ke 2w 8ok

2. &8 4H

Azstel A7FAYG HHe Wl
a} EA4E& =AY, 29 19 AlFE dig
g Yo gl AFEE Yl diFy Pz
FHREL ~dg-g9d FEH fo A5, FAA, ¥
B Fure Az 23U ZAY Hoz Ao
skt FAAZE PbO & Agslgon &
¥ FAE 70 melth. 2 m FAS A= ddfeEd
dt %9 170 A3 23 34 92 FHANA
HEd Y=o AdGdy FHFARS 1 me ¢
A& 7HAH, J= YR 1.06x10" Pael Xe 714l
2 FY84% AZY APy PZE 155 m x &7
me ¥F 49& 7o

Pxo] FHole FF4 B2 AAFAE AHLEA
onj AY FFL F4 kHzo A AEF oF 1 MHz
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Fig. 1. Schematic cross-sectional diagram of a planar
type Xe lamp.
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" A 4R 2EH7] Ao AFE frEde AA
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Table 1. Simulation conditions of a planar type lamp.

Simulation conditions

Electrode type planar

Dielectric thickness each 1 mm

Dielectric constant 7.3 (Soda-lime glass)
Gap length 1 mm

Gas composition Xe(100%)

Gas pressure 1.06x10" Pa (80 Torr)
Minimum particle density 1x10° en®

Initial gas temperature 0.0259 eV

Initial electron temperature 1 eV
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Fig. 2. Schematic diagram of the simulated lamp.

ool 7Rz o= WAd FAE fg AFo] viXA
Hoen ztzte] AFde -2 fEs 598
739 §A AFE 7HAE F4A7 1 mme] FAZ
gogle Aoz AAFAT. 28n FF A A
oldlx 1 mme AL 7HAE BHFTo o,
uAd F7h & 1.06x10° Pael Xe 7147t EAstE A
o2 AAsAd. 29 29 FANAE AT PYxo
FxoAE 28 19 Yepddd PbO F3 A uwhet
2L ngskA goked, ol #E9 FHEH] Y
BE Ao fEgel o ZAE7] Qe
A #fAjo] ALgE Rd2E LFA 29 2 RCT
2do] Ed, o] F Ed9 Aot qUA HEH
o] o]¢ {7 we Y g, LFA EddAxe
quA] BEAE AMESE diAl 7 YR M TR
AA Ak 71A e o] 23E&FH A7|&S AL
o Lo wEa LFA 298 AL 4$ oy
A BEAL Aol gloemz FAHM L8HE
Alzte] e FHE XA G FA AN Ao F&
71 "ojAe gdd-& 7HzY. v, RCT 29X
£ AuR BREAE o83t Z XA e Az 2
o st FE HAAE AMNE F HFE AA
g 71Ae] o] 23& or|&S Al HEFH
tt. @&} RCT BdS AHEE 4% oduA BEY
< 132 FAHY AArt o AFSAN F3
Y Al 28HE Aol 2 @HE G & 97
o] A%, LFA 2d¢ FX84 £E+ RCT 2d9
FARHY S F4 o) X WE A2 Yehg
t}. 71& PDP #d FAsAoA= LFA 29d<& &
o] Abg3td k=t [5-7], LFA 2do] PDP WA ®

F7F vl Al 9L A oM FH A AR
g AT A2 A Ud. FZY AS A
7157} PDP&} fAkSHY, WA 3o A7) 4 714
o] ZAF 4Y, AHEHE A/AYGY ¥ 423
g2e2 LFA 2499 A& distd AT 71 ¢l
o maa E dFoME LFA 2 RCT ¥ 2d&
BE A He Y=o WA HAH S dgen,
ol Ay¥ZAe} vustd zZt Ry F34 AEE
A&

Ao FXA A, g Zo] V|E2Her A
A4S 9% Poisson 4, 4&A BES A% d& W
A4, 283 A FF AdE 93 =HZE-FAi
2l go] AMg-EH.

V - (eB)= qunj (1-a)
i

anj-

ry=np;= sgn(q)njqu— D;Vn; (1-c)

714 jE AR @ oL, &F o7]FES veh
“‘], n;, qj, €, E, Pj, Sj, Vi, Bj, Dj‘E‘ ZJ'Z'I' ch], ‘??I.E, Jn‘i
&%, 48, 44, 94 7%, 44 8448 FF, 4
&5, olF %, FAASFE YEtdAY. 283 sgnd 3
A Yol 23 E oulitth o] w), o7]Fol distd
g% sgn(g)E 0& 742

LFA 2d& ¢ 2oz FHHY FF AAZA
Poisson A4 Alitg HAE a2 o] &dH. 1
#u RCT EdolAE oA BE Ao g€ o
S 2 F& AA S F7tE 284 (101

oEfn,] _
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E, AA, g3 AAdYA g o|g Az, Az
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249 (finite difference method, FDM)S #H&3l9E o2z 34" S ALEsidod, Axld 3 ol F
d, FAHo2 A(l-a)t semi-implicitd [15], 4 =9 &4 Al¢: KINEMAjtAA Azd Gad
(1-b), A(2)= alternating direction implicitd [16], Boltzmann 34 d§14 T2 1% ‘BOLSIG’ [18]8
A(1-¢)& Scharfetter-Gummel¥ [17]2.2 o]4tgtE  Al83lo] E/P (B AA 4%, P 7|4 &8)9] g2

&3t

Axt, A &3

T2 ;A Al o] B FAF W ojF=e & FAA FHAAM] dA F&dd A= A&

A AlTe wd 219 Wt wep 3A dEA F

2e BA 21& A3

Table 2. Reaction rate of various reactions in Xe plasma.

Reaction Rate Ref.
Direct ionization and excitation
e + Xe = Xe' + 2e Boltzmann equation
e + Xe — Xe'(6s[3/2])) + e Boltzmann equation
e + Xe — Xe (6s[312]) + e Boltzmann equation
e+ Xe— Xe +e Boltzmann equation
e+ Xe > Xe +e Boltzmann equation
Stepwise ionization
e+ Xe — Xe + 2e Boltzmann equation
Penning ionization
Xe + Xe — Xe' + Xe +e 5.0x10™"° en’s” 25
Xe +Xe — Xe + Xe+e 5.0x10™"° em’s™ 25
Dimer ions formation
Xe" + 2Xe — Xe;" + Xe 2.0x10°" cn’s” 26
Electron-ion recombination
Xe;" + e > Xe + Xe 3.3x10"T " en’s” 27
Xe," + e — Xe + Xe 1.4x10° cn’s” 28
Xe' +2 — Xe +e 5.1x10™" cn’s” 29
Xe" + Xe + e = Xe + Xe 1.0x107% emfs?! 30
Xe' +e— Xe + hv 6.4x10°T% cem’s™! 29
Deexcitation
Xe'+e— Xe+e 3.0x10” cm’s” 26
Xe +e— Xe+e 3.0x10° cm’s” Assumption
Xe' + Xe — 2Xe 3.4x10™"° cm’s™ 31
Xe" + Xe — 2Xe 5.0x10™"" en’s” Assumption
Neutral kinetics
Xe" + Xe — Xe + Xe 1.0x10™ cm’s™ 32
Xe'(6s[3/2])) + Xe — Xe'(6s[3/2]) + Xe 2.2x10™" en’s” 33
Xe'(6s[3/2],) + Xe — Xe'(6s[3/2];) + Xe 1.3x10™ en’s™ 33
Xe'(6s[3/2]1) + 2Xe — Xez (0. ,v>0) + Xe 5.3x10™* cnfs 34
Xe'(6s[3/2]2) + 2Xe — Xes (1,,0,,v=0) + Xe 7.0x10% cn’s’ 35
Xe; (0,5,v>0) + Xe — Xey (0,",v=0) + Xe 7.0x10™"" cm’s” 34
Spontaneous emission
Xe™ — Xe'(6s[312])) + hv 1.0x10" 5™ 36
Xe' — Xe'(6s[3/2]) + hv 1.6x10" s 36
Xe'(6s[3/2])) — Xe + hv (147 nm) 7.4x10° 5" Correction
Xe'(0,",v=0) — 2Xe + hv (173 nm) 2.2x10° 5" 34
Xes (1,0,,v=0) — 2Xe + hv (173 nm) 1.0x10” s 34
Xe; (0,',v>0) — 2Xe + hv (150 nm) 4.8x10° s 37
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1
I; = sgn(q)nu,E+ = 7 UVth.j (3-a)
Fe == n‘e“eE+ %neve‘.he = ’Ysepie (3-]3)
Ve FTES %o] D:] Yoot Tie= 242 fr A A

o HAtst= °]L“ °‘] 719 dAs] o3 o)A Mz}
FE AT 2 75E veEdd a8 RCT 249
AMe 429 FE AA Ao dis] FHA EHAA
Ee7b 091 A 278 H &3

2 dFdA Xe o] 2 Xe 97]F 9§ ojzxtA
A HEAF)E 0018 7HF3H. FX A Al Xe
o] i3l Xel(ground state), Xe'(6s[3/2];: metastable
level, Racah notation), Xe'(6s[3/2];:resonance level),
Xe"(>=6p states), Xe;” (150 nm radiation), Xe;"
(173 nm radiation), Xe', Xe;'s} 22 8719 & 1
H3tAt. B 25 A A Al AHEE ug S B

Fed, 147 nm—l A& ARl G o whg
AdE A71F5FE 12iste] Holstein 4 [19]9] <] 3]
F49 & (2.9><10‘* st = 74x10° s )& AHgEgTh

2 dFdAE FAHY BdE AMEEo QA7tA
o 7] B Fo4e Wyl PE WHOoZREY
147, 173 nm AF A BAo] v = 4FS A4
Bow, ol $ste] ZFALH (VUV) BAES
S AdtsEd. VUV AAHE&S & 5719 ¢rbdgt
Yo s T4 147, 173 nme] A E 4 A
oz Yy golt. agx VUV A E L Wss
F 9 AAE AHRrry] 93t & F7] < <dskd
A8 F AR 5% A9 £&9 piF AR}
Y53 oA F 147 nmE A= Xe'(6s[3/2))
9} 173 nme] B #old= Xe'(6s[3/2]:) 229
o7|gkgo] AEE YA E&9 p.E AiEA
o FASH R d& VUV AAEETH AddA
< B0y ZEE vustd FAIHY ARE HF
3ot

3. 4% ¥ g
WY BTolA AzALGe 27 @ WY 2 F
S8 WHAIWA EEANT o Sote] Az B
Sge FAsnh AHAde 2o1g wIATE 3

5, A7HASE B2+ F99 30 e, EEA (trigger) A&
on-time 2 ps®] Ao 2 HAHon, ETA AT

ot
=}
8
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Fig. 3. Voltage, current and light waveforms for trigger
voltages(Vr) of 950 V in a planar type lamp.
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e 2 oubd A P E2E HAF BT 24
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A Fuyg el wavt G e, A/MAYG B2 A

Aol 47 F& Zx9 Fo] AL LTS B 5 2
tt. Yoon ¢ & [20]9} Tachibana 59 A+
[21]e] @=" Xe'(6s[3/2])e1A EAsE 147 nme
AFAeI A WA x7)0 F2 AAHE wdd)
Xe'(6s[3/2)1 - FHAE = 173 nme] AFALYAHL
147 nm9] FFx Ao vlste 7t @3 ¢ Y
AlZE Helol 2A AAEE Aoz yedd. webA
F49 398dA on-time £7]9 YeEY= # JE
FE2 F2 147 nmel 9)&d Yeyn Yz 28
& 173 nm9t 22 Xe &6 o8 Yegus Ao
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& 37 5% 49 B9y F FEE & F7 F
G 94 HAYgez Yy Pz Fa& e Pd =4
gz A Yehide Ve Wstel] e Fa &9 W3l
g 4989, Vo7b 8650 VoA 1,250 V7R F7}8tel
uel FEL2 9 13% A% #A2s9d. agxn F3
7o Walo] W Fa & WIE AHRY FuF
7} 20 kHzol A 50 kHz7tAl F7}gel wie} 4582
oF 15%AE ZAA3AT B AqelA AFE Py
AZME WA Al BIFANE HHo] TS A, wt
Hol FZ WA FAFHMNME HeEdE A
E37F wiAHo] Q7] wWEd, 2 Ay AR} olF
FA A AdE vusy] Asids Hd fEd o
2 FEg WsleA HeE WA AJFE WA
vt g, U E HAg A =L HMA YrZ
3k WFaL e A -&fﬂ% Xe A7|FEL
Azete] FER ol 23HAY F& & duyA &
A= o715 GAA ¥k3 (stepwise ionization or
stepwise excitation)S A B¢ [22]. 53] 173 nm2]
AE ZAM YA gEd FHPAAEY Xe'(6s[3/2)) =
o] Zo] FAA uhg-o] JFE AA WA HEZ 173
nme] AFae)d WEL Helue whdo] o3 zHagch
upeby FopdolA ¥ FES AlQd volx] FEo

o

Inputvoltage
AAAAAAAAA Gap voltage

RCT

Voltage [V]

LFA

0.00 j\ux
o 2 4 6 0 2 4 &
Time [ps] Time [ps]

Discharge current
density [A/em’]
(=]
=

Fig. 5. Applied voltage, gap voltage and discharge
current waveforms obtained in the LFA and RCT model
as a function of time.
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Fig. 6. The electric field and the charge density
distribution obtained in the LFA and RCT model as a
function of position from the dielectric surface in the
anode side.
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Fig. 7. The VUV efficiency as functions of V¢ and
frequency obtained in the LFA model and the RCT
model.
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