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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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Fig. 1. Schematic cross-sectional diagram of a planar

= 3= type Xe lamp.
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o= B=w ITO A= =3} 334 =S FAA AT Dielectric constant 7.3 (Soda-lime glass)
WY Axe AWfRd FAfRe | me) g Gap length L
AL JhAH, Wx Pre)= 106x10" Pael Xe 714 Gas composition Xe(100%)
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2 o3yl Ay ey Ax= 155 m x 87 Gas pressure 1,06X‘10 Pa (80 Torr)
me] W3 s 7R Minimum particle density 1x10” cem

Zo] PEoE k2 B HAYAANEZ ALY Initial gas temperature 0.0259 eV

a‘]j.] ..
o At &L 44 kHze AF3 AEy o 1 MHz Initial electron temperature 1 eV
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Fig. 2. Schematic diagram of the simulated lamp.
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9 (finite difference method, FDM)& A &3+ orm2 uHH & A& on, dAxld dig ol&F
g, +AdeZ A(l-a)v semi-implicity [15], 4 = 2k A4= KINEMAjLAA A=tE gz
(1-b), 21(2)= alternating direction implicit®¥ [16], Boltzmann ‘%}?‘éé‘. 314 =2l ‘BOLSIG [18]&
21(1-c)= Scharfetter-Gummel¥ [17]2.2 o]4tstE  Alg3te] E/P (B AA 4=, P 714 =)o 4=
R A%, Zq*q‘s}oiﬂr

FA A Al ol B FAF i o] =g & FAA FEe A JA FEol diEiM = o2
A ASE B 230 dste wel AA WekA] & 22 AA 23S A

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]1) +e Boltzmann equation
e + Xe — Xe*(6s[3/2]2) +e Boltzmann equation
e+ Xe > Xe +e Boltzmann equation
e+ Xe > Xe +e Boltzmann equation
Stepwise ionization
e+ Xe — Xe' + 2 Boltzmann equation
Penning ionization
Xe" + Xe' — Xe' + Xe + ¢ 5.0x10™ em’s’! 25
Xe" + Xe" — Xe' + Xe + e 5.0x10™" cm’s! 25
Dimer ions formation
Xe™ + 2Xe — Xey + Xe 2.0x10°" cn’s™ 26
Electron-ion recombination
Xe,” +e = Xe + Xe 3.3x107Te™ em’s™ 27
Xe,” + e —> Xe + Xe 1.4x10° cm’s™ 28
Xe' +2 — Xe +e 5.1x10™ cn’s’! 29
Xe' + Xe + ¢ — Xe + Xe 1.0x107%° e’ 30
Xe + e — Xe + hv 6.4x10"°T " em’s™ 29
Deexcitation
Xe' +e—> Xe+e 3.0x10° cm’s™ 26
Xe" +e— Xe +e 3.0x107 cn’s™ Assumption
Xe' + Xe — 2Xe 3.4x10™"° cn’s! 31
Xe™ + Xe — 2Xe 5.0x10™"" cn’s’ Assumption
Neutral kinetics
Xe™" + Xe — Xe' + Xe 1.0x10™° em’s™ 32
Xe'(6s[3/2]) + Xe — Xe'(6s[3/2],) + Xe 2.2x10™ cn’s™ 33
Xe'(6s[3/2]2) + Xe — Xe'(6s[3/2])) + Xe 1.3x10™ em’s™! 33
Xe'(6s[3/2]1) + 2Xe — Xe,'(0,7,v>0) + Xe 5.3x10°2 cm’s™ 34
Xe'(6s[3/2],) + 2Xe — Xe (1,0,,v=0) + Xe 7.0x10™? cn’s™ 35
Xey (0,5,v>0) + Xe — Xe; (0,/,v=0) + Xe 7.0x10™" cn’s™ 34
Spontaneous emission
Xe” — Xe'(6s[3/2])) + hv 1.0x107 s 36
Xe" — Xe'(6s[3/2],) + hv 1.6x107 ™ 36
Xe'(6s[3/2]1) — Xe + hv (147 nm) 7.4x10° " Correction
Xe (0,',v=0) — 2Xe + hv (173 nm) 2.2x10° " 34
Xe; (1,00,v=0) — 2Xe + hv (173 nm) 1.0x107 s 34

Xe, (0,7,v>0) — 2Xe + hv (150 nm) 4.8x10° & 37
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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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