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parameters of NONEQUILIBRIUM nitrOGEN MICROWAVE PlASMA in the discharge tube in the rectangular waveguide.
Yu.A. Lebedev, V.A. Shakhatov
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The software for processing of results of nonequilibrium plasma emission spectra in nitrogen is developed. It allows to obtain information on translational Tg and rotational Trot temperature, populations on vibrational levels in the ground electronic state (or vibrational temperature Tv) and in the electronically-excited states, electron energy distribution function (EEDF), electron number density Ne, and electric field strength E. The method of E and Ne definition from measurements of emission spectra and the absorbed specific power was described in [1]. The presented method is based on interrelation between vibrational distribution function of nitrogen in the ground and electronically-excited states and EEDF, which is defined by such of plasma parameters as Tg, Ne and E. The parameters of the microwave discharge are defined from comparison of result of measurements and numerical modeling of emission spectra of the second positive system of nitrogen (2+) and the first negative system of nitrogen ion (1-) on the basic of the balance equations and homogeneous Boltzmann’s equation for EEDF.
The software is used for definition of plasma parameters of the nitrogen microwave plasma in discharge system of two types: in the discharge tube (radius of 1 cm), crossing a rectangular waveguide (plasmatrone, operating on wave Н10, pressure 1.7 Torr and specific absorbed power of 1.5 Watt/cm3) [2] and in discharge section of a similar design on a basis of the prismatic resonator [3] (pressure 1.0 Torr and specific absorbed power of 0.8 Watt/cm3). Spectral characteristics of plasma in the spectral range of 400-800 nm were measured in the discharge excited in the prismatic resonator by monochromator MDR-4. The system was calibrated by the band tungsten lamp CI-8-200. Apparatus function of registration system was defined on atomic line radiation of Нα.

The comparison of EEDF measured by probe method and evaluated by present method for conditions of the microwave plasma [2] is performed for the first time. It is shown, that EEDF determined by both methods are in the good agreement. This conclusion is important for the probe diagnostics of plasma: the method of influence reduction of the microwave electric field used in measurements on results of the probe measurements [2] has no internal criterion of distortion smallness. It is known, that correct calculation of EEDF is possible only at the joint solving of Boltzmann’s equation for EEDF and the balance equations for vibrational levels (this task was solved in the present study). Agreement of the measurement and calculation results is the proof of the fact that the probe technique used in microwave plasma is effective. Vibrational temperature is of 4500±500 K. Values of E and Ne are of 55±6 V/cm and (
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) ×1011 cm-3, correspondingly. For test conditions of the microwave plasma [3], Tg and Trot, determined on different bands and sequences of emission spectra of 2+ and 1- coincided within the measurement error limits and are equal to 
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