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MODELING OF ELECTRODE MICROWAVE DISCHARGE IN HYDROGEN AND NITROGEN
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The results of self-consistent simulation of electrode microwave discharge (2.45 GHz, pressure 1-10 Torr) are presented. The object of the investigation is a ball-like plasma formed in molecular gases at the tip of the internal electrode-antenna, along which the electromagnetic energy enters the chamber. Such continuous discharges in hydrogen, nitrogen and argon in the range of pressures 1-10 Torr has been observed and studied experimentally. This plasma structure appears, when the size of the plasma chamber is bigger than the size of a plasma formation.

Several self-consistent models have been developed: one-dimensional quasi-static code with quasi-neutral approximation, one-dimensional quasi-static code with charge separation, two-dimensional code with quasi-neutral approximation. The models include block for field simulation, block for balance simulation of charged and neutral plasma particles, simulation of the Boltzmann equation for plasma electrons.

In one-dimensional codes for the description of the electromagnetic field a model quasi-static field for the system have been used. To account for areas of the discharge with charge separation the Poisson equation has been introduced into the system.

In two-dimensional code the electromagnetic fields are directly solved from the Maxwell equations inside the chamber of given shape [2, 3, 4].

Block for simulation of kinetics of charged and neutral particles in the hydrogen plasma includes the ionization process by direct electron impact, diffusion and bulk recombination. H3+ is the main ion [1, 3, 4]. Block for kinetics in the nitrogen plasma includes balance equations for charged (e, N+, N2+, N3+, N4+) and neutral (N2(A3∑+u) , N2(B3Пg), N2(C3Пu), N2(a(1∑-u), N(4S), N(2D), N(2P)) plasma particles (the scheme consists of 51 reactions [5]). The direct electron impact ionization, step and associative ionization are taken into account. Analytical formula for vibrational distribution function for nitrogen molecules obtained in the diffusion approach is used to account for vibrational kinetics of nitrogen molecules in the ground state. The vibrational distribution function is calculated self-consistently with the electron energy distribution function.
The rate coefficients for reactions with plasma electrons are found by means of the electron energy distribution function, which is self-consistently calculated from the Boltzmann equation. 

The spatial characteristics and properties of hydrogen and nitrogen discharges obtained in simulations are shown. The dependence of matching between the discharge chamber and feeder on the system parameters is analyzed. The results of simulations are found in qualitative agreement with experiments.
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