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Yu.A. Lebedev, M.V. Mokeev, A.V. Tatarinov
A.V. Topchiev Institute of Petrochemical Synthesis RAS, Moscow, Russia,
e-mail: lebedev@ips.ac.ru
Microwave electrode discharges, are the discharges produced in the vicinity of powered electrode when characteristic dimension of plasma region is much less than dimensions of discharge vessel. This is the fundamental difference from conventional discharges where the plasma volume is controlled by the discharge vessel. This discharge property defines peculiarity both the electrodynamics of the discharge and plasma parameters and leads to self-organization of plasma. Discharge in molecular gases has non-uniform structure with pronounced ball shape periphery with sharp boundary and bright thin region surrounding the exciting electrode-antenna. Slight increase of the light  intensity in plasma periphery is observed. The discharge in argon has a thread-like form.

During last years a lot of experimental results were obtained [1-10] but the physical processes occurred in the electrode microwave discharges are still far from a complete understanding. Some results of plasma chemical applications of such a discharge for diamond growth and CNx-coatings deposition  are presented in [3,4].      

One of important features of these discharges is the absence of electrode erosion in contrast to the electrode discharges at lower frequencies [2,3]. This is related with absence of spraying of the electrode by ions accelerated in the near electrode sheath. 

This paper summarizes the properties of the discharge and give some new results of optical and probe diagnostics and modelling in the light of design of the picture of physical processes which can explain the observed discharge phenomena.

The structure of the discharge in molecular gases can be interpreted as follows on the base of experimental and theoretical results.

The narrow plasma layer with high electric field gradient is generated close to the surface of an antenna. This part of discharge is self-sustained discharge and is characterized by high specific absorbed power, high electron (overcritical) density, and high intensity of plasma emission. This region is surrounded by ball-shape non-self-sustained region where the electron density can be less than critical one. All experimental data lead to the conclusion that sharp outer boundary of the discharge is caused by presence of the double electric sheath. The luminous discharge region is surrounded by dark afterglow where the electron density is ten time less as that in active discharge.
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