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Table 1. Reactions considered in the study, label
Boltz indicates that the constant was calculated from

the Boltzman equation!'-3,

Tonization reaction Constant rate

Ar+e— A" + e Boltz
Ar +e— Art + 2e Boltz
Fo+e—F +F Boltz
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Ne +e— Ne' + e Boltz

Ne® + 2Ne — Nej + Ne 4 x 1034 cmS /sl
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Fig. 1. 1D model for preionization.
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Fig. 2. Electrons number density distribution between
corona tube and cathode: (a) Electron number density at
25, 28 and 30 ns; (b) electron number density during

preionization process.

194201-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 72, No. 19 (2023) 194201

FEHLEAR LA ] () 0 L B L e, = R
L AR (] 25 BT AR [R], aniEl 3 Fros. FilH 2
LA 13 kV B, % H A4 RR i ) i
2R 4 ns; T EH RN 19 kV B &% A T
HEFFAT A B, 290 13 ns. 76 5 % B W ZEFp it
() 35 1 M) ol 2 0, AT ARRAVR i FieL FEL e, ol B 3
e GINE] A G2 e
16
14t
12}

10 +
8t

Maintenance time of
high density electrons/ns

6

4t

2

0 . . . . . . . .

10 12 14 16 18 20 22 24 26 28
Voltage/kV

3 TR R L AR AR I ) B T A B TR A

Fig. 3. Maintenance time of high-density electrons varies

with the preionization voltage.

TOUEL 5 R R v 2 FL T R R RS R X6 3
F ) Je EL AT TR S Y TR S R R ARG,
THE BRI R R, = %% B 1 AR
(B, PRIk, 2 v R A i P[] A fl & 2 R
0], 255 5 R R BTG . 24 15 2 o
i, HE RO R S R B, AR X s 3 LA
) R AR, AN RE B fi . B AR () P
FEFHE, A% A B TS B E A5 2E ON
THAEL, TRIARRAEAS J2 i H A PRI 30 3 fIE T 7 e
HHE, TR e R T S R R S AR DE L,
T R R E AR T YRR R A, AT
R F A P, SRR TR R TR SO T, BT R G

FEANRI T B FUR A5, REEM TR
T OUATE]. WAL 4 B, Rk 100 B8 % R A [
DN R G VTR YR A, YT & RN 5.2, 13
Ph )% 26 kV B, e RUTELD 3453 51 8 1200, 7300
F1 18000 W. UTAR TR K, 2R Gofi th BB B K,
R RE TR M 18, 26 KV Ry die AR 79 L 72
LR, e B P ZERRIN T 298 12 ns.

R T B G AR5 TR B A T S R 1 R
LT AR EARAL nE 5 R, Hidr 1AREERA
e, 2 FCRIEML, 3 AR 2, 4 A1 5 AR B,
6 Il 7R TR, 8 T WA TR, %
BRSO R AR X R 7 AR fig.

[ (a)

)

Total capacitance
deposition power/kW
[=2}

0 20 40 60 80

Time/ns

70
g 60
g L
£2 0}
Q g
?:“4% 40 I
S g 30
s 2 [
ERE
10
0
18
16
g2 1]
8% 12
200
S|
FE o
4
&2
2
0 1 1 1
0 20 40 60 80
Time/ns

Bl 4 AR S L R IR GIBE L (a) V= 5.2kV;
(b) V=13 kV; (c) V=26 kV

Fig. 4. Energy deposition with different preionization
voltage: (a) V'=15.2%kV; (b) V=13kV; (c) V=26 kV.
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Fig. 5. Two-dimensional geometric model. 1 represents the
cathode, 2 represents the anode, 3 represents the corona
rod, 4 and 5 represent the ceramic plate, 6 and 7 represent

the working gas area.
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min = 9.28x10% (c) t = 30 ns B}, max = 2.44x10", min = 8.28x10% (d) ¢ = 35 ns B}, max = 4.40x10', min = 9.28x10% (e) t =
45 ns B, max = 1.50x10%*, min = 1.74x10~7; (f) ¢t = 47 ns B}, max = 1.62x10%, min = 1.88x10~7

Fig. 6. Distribution of electron number density during preionization: (a) ¢ = 25 ns, max = 1.76x10%, min = 1.37x10% (b) ¢ =
29 ns, max = 4.40x10'%, min = 9.28x10% (c) ¢ = 30 ns, max = 2.44x 10", min = 8.28%x10% (d) ¢ = 35 ns, max = 4.40x10'®, min =
9.28%x10% (e) ¢t = 45 ns, max = 1.50x10%*, min = 1.74x10~7; (f) ¢ = 47 ns, max = 1.62x10%*, min = 1.88x10~".
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max = 7.31x10%, min = 0.009; (b) V = 13 kV i}, ¢ = 30 ns, max = 2.44x 10", min = 8.28x10% ¢ = 44 ns, max = 1.26x10%, min =
1.88x10°7; (c) V = 26 kV B}, ¢ = 23 ns, max = 3.63x 102, min = 1.45x10% ¢ = 44 ns, max = 1.23x10%, min = 0.012

Fig. 7. Electron number density distribution with different preionization voltage: (a) V = 5.2 kV, ¢ = 44 ns, max = 9.67x10'%,
min = 1.54x10% ¢ = 47 ns, max = 7.31x10%, min = 0.009; (b) V = 13 kV, ¢ = 30 ns, max = 2.44x10"Y, min = 8.28x10% ¢ =
44 ns, max = 1.26x10*, min = 1.88x10~7; (¢) V = 26 kV, ¢t = 23 ns, max = 3.63x10?!, min = 1.45x10% ¢ = 44 ns, max = 1.23x10%,

min = 0.012.
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Fig. 8. Propagation path of electrons along the cathode

surface.
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Analysis of preionization effect of excimer laser
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Abstract

Excimer laser plays an important role in the national economic production because of its short wavelength,
high repetition frequency and large energy. In the output characteristics of excimer lasers, high beam quality
and high energy stability are the characters of high-end excimer light source, and whether the excimer laser
system can sufficiently develop the preionization process is the key to output laser pulses with high beam
quality and stable energy. This paper is mainly to study the preionization process of ArF excimer laser, and
establish one-dimensional simulation calculation model and two-dimensional simulation calculation model.
Based on the fluid calculation method of Comsol Multiphysics software, the numerical simulation analysis and
calculation are carried out, with the study focusing on the ionization wave propagation process in the
preionization process and the relationship between preionization and main discharge. The results show that the
spatial structure of corona rod and main electrode should be considered comprehensively when an excimer laser
system is designed. Appropriate preionization structure and voltage can make the main discharge triggered
during the maintenance of free electrons, which can effectively reduce the discharge voltage, avoid streamer and

arc discharge, and improve the output beam quality and system energy stability.
Keywords: excimer laser, fluid model, preionization, electron number density
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