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Fig. 1. Simulation process of discharge dynamics of excimer.
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Fig. 2. Discharge circuit.
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# 1 ArF D THOGREE TRV (He fEAZEMUE)

Table 1.  Plasma reaction process of ArF excimer laser system (He is the buffer gas).
B 2R B e EAVES SR
Ar 4+ e — Art + 2e TR IR 2GS TR F)
Ar+e— Ar* + e HHPIR G2 TR E
Ar+e—Ar" te HHBUR 252 T 153
R Ar' +e— Art + 2 HWHIUIR G 2 TR 2
Fo+e—F +F HH IR 2 IR R
He + e — Het + 2 TR 2% 2 DT AT 2
He + e — He™ + e HH IR G2 TR 5
He + e > He" + e HHYUR 252 T 153
Art + 2 Ar — Ary™ + Ar 2.5 x 103! cmS-g! [15]
Art + F — ArF* 1 x 100 em?s? [15]
R T Ary" + F—> ArF” 4 Ar 1 10° em?s! [15]
Ar™ — Ar + by’ 1.0 ns [15]
Ar' + F, — ArF* + F 8 x 1010 cm?s! [15]
ArF*—Ar + F + hy 42 ns [15]
SR ArF" + hy — ArF + 2hy 4 x 1016 cm?s! [15]
W +F —F +e 1% 107 cm? [15]
JEHLES
Ar™ + iy — Art +e 1 x 1018 cm? [15]
R 2 AF HED THOGE A T RO (Ne /2 UA)
Table 2.  Plasma reaction process of ArF excimer laser system (Ne is buffer gas).
ey SN e S e PN
Ar +e— Art + 2e TR 2 IR 2
Ar+e— Ar™ + e TR 2 IR 2
Ar+e— A" +e SR 2T
TR Ar' + e — Art + 2e ﬁﬁﬂi‘i%ééf"&ﬁﬁﬁ?ﬂ
Fy+e—F +F HHBUR 2% 2 T 152
Ne" + e — Net + 2e HHPURZE S TR 5
Ne + e — Ne* + 2e HRBUR 2% % T 153
Ne +e— Ne' +e NEE ISyt
Ney" + e = 2e + Ney* (9.75 x 10?) x (abs(Te))*™ x exp(—3.4/abs(Te)) [16]
Neyt + e — Ne” + Ne (3.7 x 10°%) x (abs(Te)) 043 [16]
Art 4+ 2Ar — A" + Ar 2.5 x 103 cmb-s ! [15]
Art + F- — ArF* 1 x 107 cm?s! [15]
Ar," + F- — ArF* + Ar 1 x 10°¢ cm?s™! [15]
Ar™* — Ar + by’ 1.0 ns [15]
rhPRL T S Ar* + F,— ArF* + F 8 % 1010 cmdg ! [15]
2Ne" — Net + Ne + e 5 x 10710 cm3.s ! [17]
Ne* 4 2Ne —Ney* + Ne 4.4 x 10% cmS-s ! [17]
Ne' + Ne + Ne — Ne," + Ne 4 x 10 cmbs! [17]
Ar + ArF* — 2Ar + F 9e x 10-12 cm®s! [15]
Ne + ArF* — Ar + Ne + F 1 x 102 cm?s! [17]
Fy + ArF" — Ar + 3F 1.9 x 10 cm?s™! [15]
RS ArF* + hy — ArF + 2hy 4 % 10 cm3s ! [15]
+F —F+e 1% 10" cm? [15]
JEHLES Ar™ + by — Art + e 1 x 1078 cm?® [15]
Xe 4+ hy—Xet + e BI{EA 12.1 eV, #IH A1 x 10716 cm? [18]
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Fig. 3. Waveforms of discharge voltage, current, and photon

number density (He is the buffer gas).
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Fig. 4. Waveforms of discharge voltage, current, and photon
number density (Ne is the buffer gas).
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Fig. 5. Electron number density spatial distribution: (a) He
as the buffer gas; (b) Ne as the buffer gas.

1.4
—Het

1.2 — He"
» Net
g 1.0f —Ne*
2 08
~
=
% 0.6
& 0.4

[
0.2
0 - 1 1
0 20 40 60 80 100 120 140 160

W) /ns

Kl 6 Ne*, Ne', Het, He § %% B A8 L [K
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Fig. 7. Waveforms of electron number density at 0.2 cm

from cathode: (a) Considering photoionization; (b) without

photoionization.
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Fig. 8. Waveforms of discharge voltage, current, and photon

number density with and without Xe.
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Abstract

Excimer laser is the current mainstream source of international semiconductor lithography. The stable
operation of the laser system directly affects the working efficiency of the semiconductor lithography machine,
so it is very important to optimize the laser system. The buffer gas commonly used in ArF excimer laser
systems is He, Ne. In the early years, Shinjin Nagai and Mieko Ohwa have studied the output characteristics of
the system when using He or Ne as a buffer gas from the aspect of pump efficiency and gain coefficient, and
pointed out that using Ne instead of He has no obvious advantages in terms of efficiency. However, when Ne is
used as the buffer gas, the reaction between Ne and electrons is more complicated. In addition to direct
ionization and excitation reactions, it also contains a large amount of step ionization and secondary ionization,
which releases free electrons. The stability of the system is improved, when Ne is used as the buffer gas. The
ArF excimer laser system discharge characteristics in different buffer gases are analyzed based on fluid model in
the paper. The role of photoionization is discussed. The simulation results show that the width of the electron
depletion layer and the cathode sheath are both smaller, and the discharge stability is higher when Ne is used as
the buffer gas. The expansion of the discharge region is accelerated and the threshold voltage of the discharge is
reduced by adding Xe into Ne to trigger photoionization. The excimer laser discharge process is very
complicated and is affected by many factors. Only two factors of the buffer gas and the photoionization process
are studied in this paper. The simulation model will be extended from one-dimensional case to two-dimensional

case in the future, and multiple physical factors of the ArF excimer laser system will be considered.

Keywords: ArF excimer laser, fluid model, electron density, photoionization
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