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on transition to the stationary mode of nonequilibrium electrode microwave discharge in nitrogen and hydrogen at reduced pressures
Karpov M.A.*, Lebedev Yu.A., Mavlyudov T.B., Shakhatov V.A., Epstein I.L.
Topchiev Institute of Petrochemical Synthesis RAS, Moscow, Russia, lebedev@ips.ac.ru
*Moscow Institute of Radioelectronics and Automatics, Moscow, Russia
The processes of ignition and transition to the stationary mode of the electrode microwave discharge (EMD) in nitrogen and hydrogen are studied in experiments and modeling. Experimental set-up was described in detail in [1, 2]. Stainless steel cylindrical discharge chamber with diameter of discharge vessel R=7 cm have been used for experiments. Tubular antenna with diameter of 5 mm has been introduced through the upper cover of the chamber. Microwave medical generator with stabilized power source for magnetron (frequency 2.45 GGH, output power 180 W) is used for plasma production with absorbed powers of 5÷50 W. Gas flow system provides the total gas flow rate 0.5 - 200 sccm and gas pressure 1-6 Torr. The flow rate and pressure are controlled by automatic measuring system with adjustable valve (MKS Instruments). Time evolution of the EMD is studied with nanosecond electron-optic cameras (EOC) K-008 and K-011. EMD is initiated by high voltage spark-gap placed in the channel of the electrode/antenna. The photo diode sensor provides the synchronization of EOC and breakdown process.  
Self-consistent modeling of transition from ignition to the stationary mode of the EMD is based on one-dimensional quasi-static model for non-uniform microwave nitrogen and oxygen discharges in a spherically symmetric electrode system, described in detail in [3, 4]. This model was modified for description of non-stationary processes. Gas breakdown at zero time is simulated by creation of initial electron density near the central electrode which exceeds the critical density (nc(7(1010см-3). The after-effects of this initial disturbance are disappeared at times of 10-7s. This time correlates with the time of disappearance of breakdown flash on the photos.  Since then the model describes the process of the EMD time evolution.
It was shown that the characteristic time of bright near electrode plasma region generation is of the order of 10-7s, whereas spherical part of the EMD is forming with times of the order of diffusion times  (10-3 -10-5s). The region of space charge is generated near the inner electrode at initial moment. This region moves towards the outer electrode and becomes weaker and broader. The main body of the EMD is quasi-neutral in the stationary mode. All these confirm the assumption that EMD can be conditionally divided into two parts. The first one is the near electrode region which is responsible for generation of charged and active particles. The second one is the spherical region wich is sustained by the diffusion processes.
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