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Quasistatic modelling of electrode microwave DISCHARGE WITH electrodes of spherical symmetry
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Results of one dimensional quasistatic modeling of stationary nonuniform microwave discharge are presented for the case of electrodes of spherical symmetry in nitrogen at pressures 1-8 Torr.

Self-consistent model of hydrogen quasi-neutral discharge described in [1] was modified for nitrogen taking into account regions of charge separation. Model includes the equation for electric field strength in quasi0static approximation, Poisson equation, balance equations defining the kinetics of 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, homogeneous Boltzmann equation for electrons. Processes of direct, stepwise and associative ionization, recombination of charged and neutral particles in plasma bulk and on the walls, ion-molecular reactions, processes of excitation and deactivation molecules and atoms are taken into account. Non-Boltzmann vibrational distribution function from [2] was used for description of vibrational kinetics. Self-consistent vibrational temperature (defined by the first levels of distribution) was calculated under condition of equalization of rates of vibrational energy dissipation and that for “pumping” of vibrational states. The latter are defined by the Boltzmann equation.


It is shown that in discharge geometry used strong radial nonuniform electric field (nonuniformity is amplified by plasma resonance effect) exists. Nonuniformity results in difference of physical-chemical processes in different part of a discharge. This effect is pronounced at low pressures. Near the electrode in this case, where high electric fields are realized, the processes under electron impact are prevailed over others (e.g., electron impact direct ionization from the ground state of N2 is the main channel of ionization). Ion N2+ is the predominant ion. In the region far off the electrode ion N4+ is predominant ion and processes between excited states (N2(A3∑+u,), N2(a(1∑-u), N(2D), N(2P)) define plasma properties. Near electrode part of the discharge is a region of main power consumption. Presented picture of nitrogen discharge is in qualitative agreement with results of experiments with the electrode microwave discharge [3].
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