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Table 1. Collision reaction type in the simulation.

e i HAEZR H{EH eV

1 e~ +Ar — e~ +Ar [z 0

2 e~ +Ar— e +Ar WOERRI 115

3 e~ +Ar — 2e~ +ArT HLERERE  15.80
4 Art + Ar — Art + Ar BRI 0.00

5 Art + Ar — Ar+ Art HLfTACH:  0.00

6 e~ +CHy — e~ +CHy HEREE 0

7 e~ +CHy — e~ +CHy (V2) BARHE 0.162
8 e~ +CHg — e~ +CHy (V1) BEREE 0.362
9 e” +CHy — e~ +CH3+H AR 75

10 e~ +CHgq — e~ +CHo+Ho ¥KHHE 9.1

AR 155
12 e~ +CHy — e +CH+Hy+H AR 155
HLBRE  12.63
14 e +CHs—2e~ +H+CH] HIEHHE 12.63

11 e~ +CHy — e~ +C+2Hy

13 e~ +CHy — 2e~ +CHJ

15 e +CHs4 — 2~ +Ho + CHJ R 162
16 e~ +CHy — 2e~ +CH3+HT HEHE 211
17 e~ +CHy — 2¢~ +2Ho+CT  MIEHHH 22
18 e~ +CHy — 2~ +H+Hy + CHT HERiE 22.2
19 e~ +CHg — 2e~ +CHo+H] HIESHERE 223

Pl BT B A

Fig. 1. Simulation setup diagram.
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Fig. 2. Spatiotemporal distribution diagram of the (a) electron density, (b) charge density, (c) high-energy electron density with low
frequency at a fixed magnetic field strength of 20 G and Ar:CH, = 0.85:0.15.
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Fig. 3. Spatiotemporal distribution diagram of the (a) electron temperature (eV); (b) electron heating rate; (c) electric field (V/m)
with low frequency at a fixed magnetic field strength of 20 G and Ar:CHy = 0.85:0.15.
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Fig. 4. Distribution of the electric energy probability func-
tion with low frequency at a fixed magnetic field strength of
20 G and Ar:CHy = 0.85:0.15.
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Fig. 5. The ion density distributions of electron, CH,", CH;", Art with low frequency at a fixed magnetic field strength of 20 G and

Ar:CH, = 0.85:0.15.
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Fig. 6. Distribution of the average value of the energy of CHI and CH; particles arriving at the pole plate at the angle between

each velocity direction and the axial direction with low frequency at a fixed magnetic field strength of 20 G and Ar:CH, =

0.85:0.15.
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Discharge characteristics of dual-frequency magnetized
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Abstract

In recent years, dual-frequency capacitively coupled plasma discharge technology has demonstrated
remarkable advantages in the fields of material processing. In this paper, a one-dimensional PIC/MCC (particle-
in-cell/Monte Carlocollision) simulation method is used to discuss the influence of low frequency on the
discharge characteristics of capacitively coupled argon/methane plasma driven by dual-frequency (20/100 MHz)
dipole, with an external magnetic field added. The simulation results show that when the high frequency is an
integer multiple of the low frequency, the superposition of high and low frequencies is significant, and the sheath
oscillation is more obvious. As low frequency increases, the electron density, charge density, high-energy
electron density and electron heating rate all increase. Specifically, as low frequency increase, the electron
density increases to 14%, the electron temperature near the sheath decreases by about 12%, the electron energy
probability distribution (EEPF) shows a double Maxwellian distribution, the populations of both low-energy
electrons and high-energy electrons increase, and at the same time, the densities of various ions and the angle
and energy distributions of CHf and CHF particles reaching the electrode plates are influenced.

In the Ar/CH, plasma driven by dual-frequency, with external magnetic field added, the controlling of ion
energy can effectively optimize the structure and performance of carbon-containing films. By regulating
discharge parameters to control the incident angle of the ions on the substrate, carbon-containing atoms can be
deposited in a specific direction, thereby achieving the directional growth of carbon-containing films. This is
significant for the preparation of graphene films, carbon nanotube arrays, etc. Meanwhile, the regulation of the
incident angle of ions is helpful to improve the binding force between the carbon film and the substrate. It is
found in this study that when the incident angle of the ions is around 0.32, the average energy of the ions
reaches its peak. This peak is most significant at a low frequency of 15 MHz. The results in this paper provide a

theoretical reference for preparing carbon films.
Keywords: capacitive plasma discharge, Ar/CH, plasma, particle-in-cell/Monte Carlo collision
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