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Fig. 1. Schematic diagram of the radio frequency inductive-

ly coupled remote plasma source.
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Table 1. Reactions included in this model.
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Fig. 2. (a), (b) Electron density distribution radially and axially; (c), (d) electron temperature distribution radially and axially;

(e), (f) hydrogen radical distribution radially and axially at a discharge pressure of 0.6 Pa under different input powers.
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Fig. 3. Two-dimensional distribution of (a) hydrogen radicals and (b) hydrogen ions at a discharge pressure of 0.6 Pa under differ-

ent input powers, where arrows indicate the flux.
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Fig. 4. (a), (b) Electron density distribution radially and axially; (c), (d) electron temperature distribution radially and axially;
(e), (f) hydrogen radical distribution radially and axially at an input power of 4 kW under different discharge pressures.
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Fig. 5. Two-dimensional distribution of hydrogen radicals at an input power of 4 kW under different discharge pressures, where ar-

rows indicate the flux of hydrogen radicals.
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Fig. 6. Dependence of the volumetric production and loss rates of hydrogen radicals on discharge parameters: (a) Input power;

(b) discharge pressure.
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Fig. 7. Dependence of the surface production and loss rates of hydrogen radicals on discharge parameters: (a) Input power; (b) dis-

charge pressure.
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Fig. 8. (a), (b) Electron density distribution radially and axially; (c), (d) electron temperature distribution radially and axially;

(a), (b) T2 BEAR M AR M) 4370 5 (c), (d) B B2 42 1) A 3 1) 43

(e), (f) hydrogen radical distribution radially and axially at an input power of 4 kW and a discharge pressure of 0.6 Pa for different

driver region radii.
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Fig. 9. Two-dimensional distribution of hydrogen radicals at an input power of 4 kW and a discharge pressure of 0.6 Pa for differ-

ent driver region radii, where arrows indicate the flux of hydrogen radicals.
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Fig. 10. (a), (b) Electron density distribution radially and axially; (c), (d) electron temperature distribution radially and axially;
(e), (f) hydrogen radical distribution radially and axially at an input power of 4 kW and a discharge pressure of 0.6 Pa for after-

glow region lengths.
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Fig. 11. Two-dimensional distribution of hydrogen radicals at an input power of 4 kW and a discharge pressure of 0.6 Pa for after-
glow region lengths, where arrows indicate the flux of hydrogen radicals.
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Fig. 12. Dependence of the volumetric production and loss rates of hydrogen radicals on geometric parameters: (a) Driver region ra-

dius; (b) afterglow region length.
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Fig. 13. Dependence of the surface production and loss rates of hydrogen radicals on geometric parameters: (a) Driver region radius;

(b) afterglow region length.
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Two-dimensional fluid simulation of a radio-frequency
inductively coupled remote hydrogen plasma source’

ZHANG Yu LUO Qian HUANG Gaohuang GAO Fei? WANG Younian

(Key Laboratory of Materials Modification by Laser, Ion, and Electron Beams (Ministry of Education),
School of Physics, Dalian University of Technology, Dalian 116024, China)

( Received 4 September 2025; revised manuscript received 14 October 2025 )

Abstract

Due to its unique physical and chemical properties, hydrogen plasma is the preferred gas for cleaning
reaction chambers. To better understand the transport and diffusion mechanism in hydrogen plasma, this work
presents a two-dimensional fluid model by using COMSOL simulation software, and systematically investigates
the characteristics of a radio-frequency inductively coupled remote hydrogen plasma source under varying
discharge and geometric parameters. The results show that input power primarily affects electron density rather
than electron temperature. This phenomenon may result from the balancing mechanism between the ionization
rate and the loss rate in steady state discharges. The pressure has an opposite effect on the plasma in the driven
region compared with that in the spatial afterglow region. As the pressure rises, the electron density in the
driven region increases gradually, while the electron density in the spatial afterglow region decreases gradually.
This may be due to the shift from non-local to local electron kinetics as the pressure rises. Increasing input
power effectively enhances hydrogen radical density and diffusion flux, indicating that high power facilitates the
transport of hydrogen radicals into the spatial afterglow region. However, elevating operating pressure has a
similar effect while reducing hydrogen radical density in the spatial afterglow region. Furthermore, under fixed
discharge conditions, increasing geometric parameters appropriately promotes the generation of higher and more

uniform hydrogen radical densities within the afterglow region.

Keywords: inductively coupled plasma, remote plasma source, 2-dimensional fluid modeling, hydrogen

radicals
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