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Diagnostics of nonequilibrium nitrogen plasma by emission spectroscopy of the 2-nd  positive systen of nitrogen

Yu.A. Lebedev, V.A. Shachatov
A.V. Topchiev Institute of Petochemical Synthesis RAS, Moscow, Russia,
e-mail: lebedev@ips.ac.ru
The method of determination of electric field strength and electron concentration in nonequilibrium plasma of electrical discharges was designed on the base of plasma emission spectroscopy. The method is based on the modelling of measured vibration distribution function (VDF) of nitrogen molecules in electronic excited state 

. The measured VDF, specific absorbed power and gas pressure were the data for calculations. The model of plasma processes in nitrogen was developed on the base of balance equations for plasma components and homogeneous Boltzmann equation for plasma electron. The gas temperature was estimated from the heat conductance equation. The following plasma particles were taken into account in the model: nitrogen molecules in the ground state 

 (47 vibrational levels and level 

was supposed as the level for nitrogen dissociation through vibrational excitation), molecules in the electronic excited states 
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; nitrogen atoms in the ground 

and excited sates
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, electrons. Reliability of the model was verified by the modelling of the plasma condition of LTE, by the modelling of the literature data on excitations constants of electronic states of nitrogen, electron energy distribution function, drift velocity of electrons, first ionization coefficient, characteristic electron energy, and by the modelling if glow DC plasma with known values both the VDF and electric field strength and electron density. Qualitative agreement of measured and calculated values was achieved. For example good agreement was obtained for measured and calculated VDF in electronic state  

 in the glow DC discharge. The method is non-disturb and have obvious advantages for diagnostics of plasma generated by RF and microwave fields. 

Measurements of electric field strength and electron density were fulfilled in plasma of cavity microwave discharge and electrode microwave discharge at pressure of 1 Torr. In the last case the Abel inversion was used to obtain the local plasma parameters. Measurements in the plasma of electrode microwave discharge were made in the region close to the bright near electrode plasma sheath and in the bulk of the spherical discharge part. 

Mechanisms of population of vibrational levels of 

 state were analyzed. It was shown that the key role plays the associative processes with participation of molecular nitrogen in electronic state
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. It was also shown that the electric field strength in nitrogen electrode discharge is lower than that in hydrogen discharge. This is caused by the difference in the mechanisms of excitation and ionization in both plasmas. In contrast to nitrogen, the key role in hydrogen discharge plays the direct electron impact.
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