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Abstract

Inductively Coupled Plasma (ICP) processing is a key enabling technology in the semiconductor in-
dustry and related fields. In this study, a two-dimensional fluid model is developed for Ar/0:z ICP
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discharges under typical industrial process conditions to investigate the discharge characteristics
at varying gas pressures (10-50 mTorr) and coil powers (300~1200 W). The results show that as
the gas pressure increases, the peak densities of all active species gradually shift from the chamber
center toward the coil region. Specifically, the densities of electrons and oxygen atoms increase sig-

nificantly, whereas the O, density first rises and then declines. Increasing the coil power promotes
the synergistic growth of electron density and azimuthal electric field, leading to a continuous in-
crease in the densities of Ar* and O] . In contrast, the peak density of metastable O; remains

nearly unchanged at lower powers and then varies slowly at higher powers, while its peak position
shifts from the chamber center toward the chamber edge. This study elucidates the regulatory
mechanisms of gas pressure and coil power on the densities and spatial distributions of plasma spe-
cies, providing a theoretical foundation for parameter optimization in large-area industrial ICP ap-
plications.
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Table 1. Relevant chemical reactions of Ar and O2 considered in the model

F 1. REPEERN Ar F1 O X SBEUERE

SN i (A= I SN (s 23R
R1 e+t Ar—e+ Ar b ek [9]
R2 e+ Ar— e+ Arn 5.0 x 107 exp(—12.64/Te) [1]
R3 e+ Ar— e+ Ar 1.9 x 1075 exp(—12.6/Te) [1]
R4 e+ Ar — ¢ + Ar(4p) 2.1 x 10 exp(—13.13/Tc) [1]
R5 e+ Arm — 2e + Ar* 1.0 x 10-B exp(—4.2/T.) [1]
R6 e+ Arr— 2e + Ar* 1.0 x 10-Bexp(—4.2/Te) [1]
R7 e+ Ar(4p) — 2e + Ar’ 1.8x107° 7> exp(-2.61/T,) [1]
R8 e+ Arm — e+ Arr 3.7x 10713 [1]
R9 ¢+ Arm — e + Ar(4p) 8.9x107° T exp(~1.59/T,) [1]
R10 e+ Arr — e + Ar(4p) 8.9x107° T exp(~1.59/T,) [1]

DOI: 10.12677/mo0s.2026.153042 48 5 1 A


https://doi.org/10.12677/mos.2026.153042

R11 e+ Arr— e+ Am 9.1x10713 [1]
R12 e+ Ar — 2e + Art 1.235 x 10-13 exp(—18.69/T) [1]
R13 Arm + Arm — e + Ar + Ar* 6.0 x 10716 [1]
R14 Arm + Aty — ¢ + Ar + Ar* 2.1 % 10715 [1]
R15 Ar; — Ar+ hy 1.0 x 10° [1]
R16 Ar(4p) — Arc+ hv 3.0 x 107 [1]
R17 Ar(4p) — Atm+ hv 3.0 x 107 [1]
R18 e+02—e+ 0O E =k 1] [9]
R19 et+02—e+20 7.1 x 1075 exp(=8.6/Te) [1]
R20 e+t02—>0+0 8.8 x 1077 exp(—4.4/Te) [1]
R21 et+02—>2+ O 2.34x107°T " exp(-12.29/T,) [1]
R22 e+02—2e+0+0" 53x107°T," exp(-20/T,) (1]
R23 et02—>e+O0 +0° 7.1x107"7 T exp(-17/T,) (1]
R24 e+0—2e+0" 9.0x107° 7" exp(~13.6/T,) (1]
R25 e+0 —>2+0 2.0 x 10~ exp(—5.5/T.) [1]
R26 e+ O —20 22 %1073 [1]
R27 e+t —e+ 08 1.7 x 1075 exp(—3.1/T.) [1]
R28 e+Or—e+ O 3.24 x 1076 exp(—2.2/T.) [1]
R29 e+02—e+0+0('D) 2.04 x 10 4 exp(—8.18/Te) [1]
R30 e+0—e+0('D) 4.47 x 1075 exp(—2.29/Te) [1]
R31 e+ 0('D) > 2e + O* 9.0x10™° 7" exp(-11.6/T,) [1]
R32 e+ 0 - 0+0('D) 2.11 x 10-13 x (300.0/7)°7 [1]
R33 e+02+0 - 02+ 0" 1.0 x 1074 [1]
R34 0+0+0—-0:+0 6.2 x 10 exp(~750/Te) [1]
R35 0+ 0+0;— 202 2.45x10°° ¢ [1]
R36 0:+0" -0+ O} 2.1 %1077 [1]
R37 0 +0"—20 4.0 x 1071 x (300.0/7)°43 [1]
R38 O+ 0 -0+0 2.6 x 1074 x (300.0/7)04 [1]
R39 0+0 —e+O2 5.0 x 10716 [1]
R40 O+ 0, —-30 2.6 x 1071 x (300.0/7)044 [1]
R41 02+0 +0"— 20, 2.1 x 10737 x (300/7)*3 [1]
R42 0} +O0 >e+0+02 6.9 x 10710 [1]
R43 0:+0('D) - 0+ 02 3.0 x 1077 [1]
R44 0+0('D) - 20 8.0 x 10718 [1]
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R45 o(D)+ 0; —»0j +0" 1.0 x 10718 x (300/7)°3 [1]
R46 e+ O —»20+e 4.2 x 1075 exp(—4.0/Te) [1]
R47 e+ 05 —>0+0" 2.28 x 1070 exp(—1.64/T.) [1]
R48 et O) -2+ O} 9.0x107"°T” exp(~10.9/T,) [1]
R49 et O —e+O 5.6 x 105 exp(—1.55/T.) [1]
R50 e+ 0 —»e+0+0('D) 2.04 x 1074 exp(=6.77/T.) [1]
R51 et O —2+0+0" 5.3x107°T"" exp(-18.4/T,) [1]
R52 e+ O) —e+20 4.2 x 10715 exp(—4.6/T.) [1]
R53 et O -2+ O] 9.0x107"°T? exp(-11.6/T,) [
R54 e+ 0} —»e+02 5.6 x 1075 exp(-2.2/T) [1]
R55 e+ O -0+0° 2.28 x 10710 exp(-2.29/T.) [1]
R56 e+ 0} —»e+0+0('D) 2.04 x 10 ¥ exp(—7.4/T.) [1]
R57 e+ O —»2+0+0" 5.3x107°T exp(~19.0/T,) [1]
R58 e+ O —e+ O 3.24 x 1070 exp(—1.55/T) [1]
R59 O('D) + Ar* — Ar+O* 1.1x 10716 [1]
R60 02+ Ar — Ar+ O} 1.1x 10716 [1]
R61 O+ Ar" — Ar+ 0" 1.1x 10716 [1]
R62 O +Ar* - O +Ar 4.0 x 107 x (300/7)%4 [1]
R63 05 +Art - Ar+ O} 1.1x1071¢ [1]
R64 0} +Ar"— Ar+ O} 1.1 x 107t [1]
Table 2. Surface reactions considered in the model
2 2. B RNRE R K
9T FIH S R R4 ZHE R

S1 Arr — Ar 1.0 [1]

S2 Atm — Ar 1.0 [1]

S3 Ar(4p) — Ar 1.0 [1]

S4 0 — 1/20; 0.163 [1]

S5 0O('D) — 1/202 0.163 [1]

S6 0; -0 0.007 [1]

S7 0 -0 0.1 [1]

TARKATEEE, BAA eV TR SRR, B EER 293 Ks 03105 44lkE&K 0, (a'a,)
10, (b's]) o M il i 4 5 3 RL T2 B Ak i HR AR A bR T R SR A -
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Figure 1. Schematic diagram of the ICP reactor
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Figure 2. Spatial distributions of electron density at different pressures: (a)10 mTorr, (b) 20 mTorr, (¢) 40 mTorr, (d) 50 mTorr
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Figure 3. Spatial distributions of contribution rate to the electron generation at different pressure: (a) 10 mTorr, (b) S0 mTorr
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Figure 4. Spatial distributions of O density at different pressures: (a) 10 mTorr, (b) 20 mTorr, (c¢) 40 mTorr, (d) 50 mTorr
4. AESRET,O EFHZEZE ST : (a) 10 mTorr, (b) 20 mTorr, (c) 40 mTorr, (d) 50 mTorr
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Figure 5. Spatial distributions of O; density at different pressures: (a) 10 mTorr, (b) 20 mTorr, (c) 40 mTorr, (d) 50 mTorr
Bl 5 AESET O ZEZES%: (a) 10 mTorr, (b) 20 mTorr, (c) 40 mTorr, (d) 50 mTorr
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Figure 6. Spatial distributions of electron density at different powers: (a) 300 W, (b) 600 W, (c) 900 W, (d) 1200 W
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Figure 7. Spatial distributions of E; at different powers: (a) 300 W, (b) 600 W, (c) 900 W, (d) 1200 W
B 7. FEMETHEBIATE S (a) 300 W, (b) 600 W, (c)900W, (d) 1200 W
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Figure 8. Spatial distributions of Ar" density at different powers: (a) 300 W, (b) 600 W, (c) 900 W, (d) 1200 W
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Figure 9. Spatial distributions of O3 density at different powers: (a) 300 W, (b) 600 W, (c) 900 W, (d) 1200 W
9. FENERT 02 BESEIS: (a) 300 W, (b) 600 W, (c) 900 W, (d) 1200 W
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Figure 10. Spatial distributions of main reaction mechanisms of O at different powers: (a) 300 W, (b) 1200 W
10. FEINET O - FEERMMZTIE S : (a) 300 W, (b) 1200 W
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