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electrode microwave discharge in the mixture of nitrogen and argon

Lebedev Yu.A., Mavlydov T.B., Epstein I.L.
Topchiev Institute of Petrochemical Synthesis RAS, Moscow, Russia, lebedev@ips.ac.ru
Gas additions to the basic plasma gas enable to change the plasma parameters and can be used for plasma diagnostics. The electrode microwave discharge (EMD) [1] was earlier studied in hydrogen with admixture of Ar and in the mixture of nitrogen with hydrogen [2, 3]. Some results of investigation of influence of argon additions on the plasma emission of nitrogen strongly non-uniform EMD are presented in this paper. Experimental set-up was described in detail in [1, 2]. The discharge chamber was stainless steel cylinder with diameter of 150 mm. The microwave powered electrode/antenna with outer diameter of 5 mm was introduced through the vacuum joint in the upper cover of the chamber. The microwave power supply was medical microwave generator with stabilized anode voltage source (output power up to 180 W, frequency 2,45 GHz). Experiments were carried out at the incident power 50 W. EMD was initiated by spark-gap placed in the channel in the electrode. Plasma gases were N2 with flow rate 10 sccm and Ar with flow rates 0-10 sccm, gas pressure in the chamber was 1Torr. Discharge emission through the lateral quartz window is focused by the quartz lens, collected by the movable optical fiber (diameter 100 microns), and recorded with spectrographs AvaSpec-2048, AvaSpec-3648 and AvaSpec-2048-4-RM. Spatial resolution of optical measurements were 150 microns. Discharge spectra were measured in two points along the discharge axis; in the bright near electrode region and in the middle point of the radius of the discharge sphere.  Changes of the discharge structure with addition of Ar to N2 were recorded with video camera K-008.

It was shown that addition of Ar to N2 with concentrations exceeding 2 %, results in decreasing of the plasma absorbed power at constant incident power. This effect increases with increasing the Ar concentration (the absorbed power in the mixture 50% N2 +50% Ar  is of 2,5 times less than that in the pure nitrogen). At Ar concentrations less than 2% the absorbed power was lightly increased. EMD in the mixture have an increased diameter as compared with pure nitrogen and stretched along the electrode towards the microwave generator at high concentrations of Ar. This is an evidence of the fact that use of small admixtures of Ar for plasma diagnostics as it was done in hydrogen EMD [2] is hardly impossible. The self-consistent modeling of the EMD was fulfilled the mixture of Ar +N2 on the base of one dimensional model which was earlier developed for the discharge with the electrodes with spherical symmetry in quasi-static approximation. Modeling was used for study the processes in the strongly non-uniform EMD in and possibilities to use the Ar admixture for nitrogen plasma diagnostics [4].
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