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MODELLING OF THE ELECTRODE MICROWAVE DISCHARGE.
DOUBLE LAYER CALCULATION.

Yu.A. Lebedev, A.V. Tatarinov, I.L. Epstein

A.V. Topchiev Institute of Petrochemical Synthesis RAS, Moscow, Russia,
e-mail: lebedev@ips.ac.ru
Results of modeling of microwave discharge electrodynamics in the coaxial non-regular system with a plasma ball at the tip of central electrode, is presented.

The appearance of the ball-like plasma at the edge of central cylindrical electrode has been observed experimentally. Stable burning in hydrogen, nitrogen and argon in the range of pressures 1(15 Torr has been studied [1(3]. The study of spatial distribution of light emission from plasma showed that zones of maximum absorbed power, located not only close to the internal electrode surface, but also at the periphery of the discharge.

In the first stage a 1D-model for the microwave discharge in hydrogen in quasi-static fields with radial symmetry has been developed. Stationary radial distributions for density and field, settled in plasma due to the processes of ionization, diffusion and recombination, have been obtained for the cylindrical (spherical) system of electrodes [4]. For studying such processes as matching of the microwave source and plasma formation and, also, influence of peculiarities of the microwave field near the internal electrode on the discharge characteristics a 2D-model has been designed. The time-dependant Maxwell’s equations [5] coupled with the balance equation for plasma density have been solved numerically in a 2D-grid [6].

Static electric fields, which occur in regions of space charge separation (double layers), can play an important role in forming stationary shape of the discharge. For this purpose a 1D quasi-static model, which includes the ion and electron balance equations and the Poisson equation, has been created. At the boundary of the plasma formation the condition of equilibrium between the pressure of the electric field (the Maxwell stress) arisen inside the boundary double layer, and the stagnation pressure of plasma is satisfied [7]: 
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It was shown, that maximum value of the specific absorbed power always located in the vicinity of the internal electrode for all pressures. In this area the density of plasma was close to its critical value and the microwave field achieved its maximum. Simulations were in a good agreement with experimental data in the region of “self-sustained” discharge situated within the internal electrode area [4,6]. The size of a plasma ball depended on the position of the double layer. Its radius is proportional to the microwave power absorbed in plasma.
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