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NONEQUILIBRIUM NITROGEN KINETICS OF MICROWAVE PLASMA
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The software for data processing of nonequilibrium nitrogen microwave discharge plasma was developed. It allows to numerically simulating the nitrogen emission spectra, the translational Tg and rotational Trot temperature, vibrational distribution function (VDF) in ground and electronic excited states, the electron energy distribution function (EEDF), electron density Ne and electric field strength E. The method of E and Ne determination from the measured emission nitrogen spectra, EEDF and absorbed specific power is presented. The key variables of the method were Tg, Ne and E. The parameters of plasma were defined from modeling of the measured nitrogen emission spectra on the base of detail plasma kinetics and the homogeneous Boltzmann equation for EEDF. The software was applied for determination of plasma parameters of the nitrogen microwave plasma discharges of two types. The first one was maintained in the discharge tube (radius 1 cm), crossing a rectangular waveguide (wave mode H10, the gas pressure 1.7 Torr and specific absorbed power of 1.5 Watt/cm3). The second one was ignited in the tube crossing the prismatic cavity (the gas pressure was of 1.0 Torr and specific absorbed power of 1.5 Watt/cm3). The comparison of EEDF measured by probe method and evaluated by presented method was performed for conditions of microwave plasma excited in rectangular waveguide. It was shown that calculated and measured EEDFs are in the good agreement. This conclusion is important for the probe diagnostics of plasma with alternating fields: the method of supression of electromagnetic field influence on the results of probe measurements (disturbance of probe results) usually used in measurements has no internal criterion of the absence of such distortion. Results showed that experimental methods of suppression have enough efficiency for providing probe experiments in microwave plasma. Values of Ne and E were of 55±6 V/cm and (1.5±0.24)·1011 cm-3, correspondingly. Vibrational temperature was of 4500±500 K. For conditions of plasma generated in the prismatic resonator Tg and Tv measured from nitrogen spectra were equal to 460±50 K and 3500±300 K. Values of Ne and E were of 30±6 V/cm and (9.0±2.4)·1010 cm-3, correspondingly.
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