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The Characteristics of Ar/O, Plasma with Dual Frequency Capacitive
Coupling at Atmospheric Pressure

LIU Wenjing, LIU Xiangmei~
(School of Science, Qigihar University, Qigihar 161006, China)

Abstract In this paper, the characteristics of Ar/O, discharge driven by dual frequency at atmospheric
pressure are studied by using a two-dimensional fluid model. We mainly focus on the influences of different
matching methods, such as high and low-frequency source voltage and low-frequency source frequency, on the
plasma parameters. The dual frequency control mechanism of atmospheric pressure Ar/O, discharge is analyzed by
electron heating mode, electron density, neutral particle density, positive ion energy, and total positive ion flux. The
results show that when the low-frequency source voltage increases, the electron heating mode changes from o mode
to DA/a mode, and the plasma density, the total flux of positive ions, as well as the ion energy increase with the low-
frequency voltage; this means that decoupling occurs. Different from the low-frequency source voltage, the high-
frequency source voltage and the low-frequency source frequency have little effect on the electron heating mode.
Furthermore, it is shown that the voltage of the high-frequency source can greatly influence the plasma density and
the total positive ion flux, while the ion energy which damages the material in the etching industry changes little.
The frequency of the low-frequency source has a great influence on the ion total flux and the energy of the positive
ions, which easily affects the reaction in the industry but has little effect on the plasma density. Therefore, the
independent control of plasma density and ion energy is realized.
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1 Ar+e— Art +2e 2.3x 10787998 exp(—15.76/T,) cm’s™! [34-35]
2 Ar+e— Ary t+e 2.5x1079T % exp(—11.56/T,) cm’s™! [34-35]
3 Ar+e— Ar +e 2.5%x 107707 exp(—11.56/T,) cm’s™! [34-35]
4 Ar+e— Arf +e 1.4x 107879 exp(—=13.2/T,) cm3s™! [34-35]
5 Ar,+e— Art +2e 6.8x 1079797 exp(—4.2/T,) cm’s™! [34-35]
6 Ar+e— Ar+e 43%107107,074 ¢! [34-35]
7 Arrte— Arp te 3%x1077 cm3s™! [34-35]
8 Ar+te— Ar +e 8.9x 1077703  exp(—1.59/T,) cm?s ™! [34-35]
9 Arp+e— Art +2e 6.8 1079707 exp(—4.2/T,) cm’s™! [34,35]
10 Arm te—Arte 43x107107,07% cm3s~! [34-35]
11 Arpte— A te 2% 1077 cm3s™! [34-35]
12 Arp+e— Ar” +e 8.9% 107770 exp(—1.59/T,) cm3s™! [34-35]
13 A +te— Art +2e 1.8x 1077700 exp(—=2.61/T¢) cm3s~! [34-35]
14 Ar"+e— Arte 3.9% 10710707 ¢m3s! [34-35]
15 Arf+e—Ar+e 1.5%x 1077795 cm3s~! [34-35]
16 Ar"+e— Ay te 1.5% 10777031 cm3s™! [34-35]
17 Ar; — Ar+hy 2100571 [34,36]
18 Arp — Ar+hy 2% 10%~! [34,36]
19 Ar* — Ar,+hy 3x107s7! [34,36]
20 Ar* — Arpy+hy 1x107'" cm’s™! [34,36]
21 e+0; - 0x('Ap) +e 1.7% 107 exp(—3.1/T,) cm3s™! [34,37]
22 e+0;, - 0+0('D)+e 1.7x 107 exp(=3.1/T,) cm3s™! [34,37]
23 e+0; >20+e 42x107% exp(—5.6/T,) co’®s ™! [34,37]
24 e+0, -0 +0 8.8x 10~ exp(~4.4/T,) cm3s™! [34,37]
25 e+02(!Ag) — Oz +e 5.6%x 1079 exp(—2.2/T.) cm’s™! (34,37
26 et+0; -0, +2e 9x 10710703 exp(~12.6/T¢) cms™! [34,37]
27 e+0, 50" +0" +e 7.1x 1071705 exp(=17/Te) em®s™! [34,37]
28 e+0; > 0+0" +2e 5.3x107197,09 exp(—20/T,) cm3s™! [34,37]
29 e+0—-0('D)+e 42x107%exp(=2.25/Te) cm3s™! (34,37
30 e+0('D)—0+e 81072 cm’s~! [34,37]
31 e+0('D)-> 0" +2e 9% 1079T:"7 exp(~11.6/T,) cm3s™! [34,37]
32 e+0—-0" +2e 9% 107°T.%7 exp(—13.6/T¢) cm3s~! [34,37]
33 e+03>0;+0 1%x1072 cm3s™! [34,37]
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