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Fig. 1. Schematic diagram of the calculation region.

2.4 FiffEEE

AR SR R SO R, AR — 3t
2186 Pl RN, 430l Sk B 5 3 A R A s Al
T PR R R E B R (G 1, 2, 3), 5L
RS 1) f 5 4 AR A AR (S5 4 A 6),
DL RO RS R 2 8] ) HE S Al (G 6), Qi 1
Jr4l.

215201-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 2 3R Acta Phys. Sin. Vol. 73, No. 21 (2024)

215201

R 1 AEEE TR REE N HR R
Table 1. Collision reactions and rate coefficients in argon plasma.

i eSS R FREL/ (s ) SCHk
1 et Ar— e+ Ar 2.336 x 10~ 14771609 exp [0.0618(lnTc)2 ~0.1171(In TC)S] (1]
2 e+ Ar — e+ Ar* 2.48 x 1071479-33 exp (—12.78/T¢) 1]
3 e+ Ar — 2e+Art 2.34 x 1071470-59 exp (—17.44/T.) [1]
4 e+ Ar* — 2e + Art 2.05 x 10~ 13 exp (—4.95/T¢) [22]
5 e+ Ar* — e+ Ar 2.0 x 10713 [22]
6 Ar* + Ar* — Ar+Art +e 6.2 x 1016 [22]
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Fig. 2. Schematic diagram of the grid.
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Fig. 3. Schematic diagram of (a) the single-coil chamber
structure and (b) the single coil.
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Fig. 4. Three-dimensional spatial distribution of the (a) electron density, (b) electron temperature, (c) induced electric field amp-

litude, and (d) induced deposited power density. The gas pressure is 2 Pa, the discharge power is 100 W.
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Fig. 5. Distribution of electron density in the r-¢ cross section for different axial positions: (a), (d) 8 cm below the quartz window;

(b), (e) 5 cm below the quartz window; (c), (f) 2 cm below the quartz window. The gas pressure is 3 Pa and 13 Pa, the power is

100 W.
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Fig. 6. Distribution of electron density in the r-¢ plane which is 1 cm above the substrate: (a) 200 W; (b) 300 W; (c) 400 W;
(d) 500 W. The gas pressure is 2 Pa.
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Fig. 7. Single circle coil with different opening sizes: (a) n/15; (b) n/5; (¢) w/3; (d) Tn/15.
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Fig. 8. Effect of the size of the coil opening on the azimuthal distribution of electron density: (a) n/15; (b) w/5; (c) @/3; (d) 7a/15.
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Fig. 9. (a), (b) Distributions of electron density in the y-z plane at different z-direction positions with coil openings of n/15 and

/15 ; (c), (d) the distributions of electron density in the z-z plane at different y-direction positions with coil openings of mn/15
and 7n/15. The gas pressure is 12 Pa and the power is 300 W.
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Fig. 10. Effect of coil radius on the azimuthal distribution
of electron density: (a) 3 cm; (b) 9 cm; (¢) 12 cm.
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Fig. 12. Distribution of electron density in the r-¢ plane for different relative positions of the inner and outer coils: (a) case 1;

(b) case 2; (c) case 3; (d) case 4. The pressure is 12 Pa, the power is 300 W, and the coil current ratio is 1:1.
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Abstract

In this paper, the effect of the coil structure, as well as the gas pressure, on the spatial distribution of an
inductively coupled argon plasma is numerically investigated based on our developed three-dimensional fluid
model. The model is based on a modified ambipolar diffusion model, in which the electron density is solved
under the quasi-neutral condition, the ion density and neutral particle density are obtained by solving
continuity equations, and the ion flux is achieved by solving the full momentum balance equation. In addition,
the inductive electric field is governed by the Maxwell equations, which are solved in the frequency domain. The
results show that the electron density is nonuniform along the azimuthal direction due to the asymmetry of the
coil structure, and the uniformity becomes better as gas pressure decreases. Besides, the plasma azimuthal
uniformity can also be improved by reducing the opening of the coil. As the coil radius increases, the plasma
density decreases, while the radial uniformity of the plasma improves, and the azimuthal uniformity
deteriorates. In addition, the influence of the current amplitude ratio between the inner coil and outer coil on
the plasma uniformity in dual-coil discharge is also investigated. It is found that the plasma radial uniformity
becomes better by reducing the inter-to-outer coil current amplitude ratio. The results obtained in this work
demonstrate that the plasma uniformity can be improved by optimizing the coil structure and adjusting the

discharge parameters, which is of significant importance in etching and deposition processes.
Keywords: inductively coupled plasma, three-dimensional fluid simulation, plasma uniformity, coil structure
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