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Numerical Simulation of the Characteristics of Dual Frequency Ar/O, Discharge
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Abstract Based on the plasma fluid theory, the effects of high-frequency source frequency in dual frequency
capacitive coupling discharge on the various particles’ density and plasma parameters of argon oxygen mixture
discharge plasma at atmospheric pressure were studied. We simulate the discharge in different high-frequency
source frequencies and have achieved the one-dimensional space-time distribution of the various particles’ density,
electron temperature, electric field and other parameters, and a better understanding of the influence of high-
frequency source frequency on plasma characteristics in dual frequency discharge. The results show that when the
discharge voltage is fixed, the electron density increases with the increase of the high-frequency source frequency;
The electron temperature, electric field and potential have a downward trend; The density of various argon ions and
sub argon atoms increases with the increase of high-frequency source frequency; With the increase of high-
frequency source frequency, the density of various oxygen ions increases, the density of oxygen atoms decreases
first and then increases, and the metastable density of oxygen molecules increases first and then decreases.
Electronic pressure heating, electronic ohmic heating, electronic heating and energy loss are gradually increased due
to the influence of high-frequency source frequency. In addition, the effective current density and effective power
density generally increase with the increase of high-frequency source frequency.

Keywords Atmospheric pressure, Dual frequency discharge, Numerical simulation
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Fig. 1 Schematic diagram of device structure
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Tab. 1 Reaction process in argon oxygen mixture discharge
FR 3L SN FE e
L e+Ar— Art +2e ki = 1.235% 107 exp(18.6/T,)!""
2. e+Ar— Ar"+e ky =3.71x 10 8exp(-15.06/T,)""
3. e+Ar* — Arf +2e k3 = 2.05% 1077 exp(—4.95/T,)!""
4. Ar* + Ar* - e+ Art + Ar ks =1.2x107%(300/T()"™
5 Art +2Ar — Ar;+Ar k5 =25% 10_3|€Xp(—18.6/Te)“8]
6 e+Ar; — 2Ar* ke =5.4% 10-87 0660181
: e
7. e+0; > 05 +2e k7 =9.0% 10710 exp(~12.6/T,)""
8 e+0, >0 +0 ks = 8.8x 10~ Nexp(~4.4/T,)"™
9 0" +0; - 0,+0 ko = 1071307
10. e+0” > 0+2e k10 = 2.7x 1077 exp(=5.5/T,)"™
1. Ar*+0y — Oy + Ar iy = 1.1x 10790
12. Ar*+0 — O+Ar kip = 8.1x 1071209
13. Ar++02—>Oz+Ar k]’;zl.leoill“g]
14. Arj +0y - 05 +2Ar kg = 1.0% 1071009
15. e+0; —» O] +e kis = 1.7 % 1079¢=37/Tc U8
16. 0+0;,—-05+0 kig = 1.2x 107160
17. e+O;—>O‘+O k17=1.2x10716[|3]
18. e+0; —»20+e kig = 2.4 x 1071519
19. Ar+0; - Oy +Art ko = 5.5% 1071109
20. Art+0™ — O+Ar koo =2.8x 1071509
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Tab.2 Boundary conditions in the model
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Fig. 3 Spatial distribution of time averaged (a) electron density, (b)electron temperature, (c) electric field and (d) potential at different

high-frequency source frequencies
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