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Results of spatially-resolved optical emission spectroscopy of electrode microwave discharge (EMD) in nitrogen are presented for pressures of 1-16 Torr and the incident microwave power ranged between 30 and 110 W. To describe the general features of EMD one dimensional quasi-static modeling of stationary nonuniform microwave discharge was carried out for the case of electrodes of spherical symmetry. Self-consistent model includes the equation for electric field strength in quasi-static approximation, the Poisson equation, the homogeneous Boltzmann equation for plasma electrons and the balance equations defining the kinetics of charged and neutral plasma particles.

It is known that EMD in molecular gases is ball-shaped with thin bright near electrode layer. The ball diameter increases with the power and decreases with the pressure. The second positive system of nitrogen (2+) and the first negative system of nitrogen ion (1-) were the major components of plasma emission in the near-electrode region. The intensity of nitrogen ion emission was small, and intensity of the first positive system (1+) and 2+ system were commensurable in the spherical region. This fact shows that the processes under electron impact are dominated in the near-electrode region (the region of high electric field strength), while interactions of molecules and atoms in vibrational and electron excited states are the main processes in the spherical region. The rotational temperature defined by processing of non-resolved rotational structure of 2+ system bands emission for sequences of Δv=0,-1,-2,-3,-4 were the same within the measurement error limits. The gas temperature was assumed to be equal to the rotational temperature which under experimental conditions, increases from 500 to 1100 K with increasing the power from 30 to 110 W and pressure from 1 to 16 Torr. Numerical modelling shows that strong radial nonuniform electric field exists in the discharge geometry used. The nonuniformity is amplified by the plasma resonance effect. This nonuniformity causes the radial dependence of correlation of different plasma processes and leads e.g. to difference in ion composition in near electrode and spherical part of EMD.  Near-electrode region of the discharge is the region of main power consumption. Calculated picture of nitrogen EMD is in qualitative agreement with results of experiments.
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