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COMBINED MICROWAVE AND DC DISCHARGE IN HYDROGEN

Yu.A. Lebedev, E.V. Yusupova, I.L. Epstein
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It was shown earlier that non-equilibrium electrode microwave discharge (EMD) can be used as plasma cathode for non-self-sustained DC discharge [1]. Results of study of DC field influence on near electrode nitrogen and hydrogen plasma were presented in [2, 3]. This paper presents results of experimental study of influence of external DC field on properties of EMD in hydrogen at pressures 1-15 Torr along with study of DC discharge near the additional flat electrode when DC voltage is applied between this electrode and EMD. Surface plasma plays the key role in different processes: plasma modification of surfaces, etching, deposition of coatings, crystals growth, etc. So results of this study are important both for study of microwave plasma and for understanding the physical processes in surface plasma.

The discharge chamber was the stainless steel cylinder with diameter of 15 cm (the experimental setup was described in detail in [1]). The microwave antenna was inserted in the chamber through the vacuum junction in the cup of the chamber. The antenna was isolated from the chamber. Microwave plasma was ignited near the tip of antenna. The incident power was below180 W (2.45 GHz). Additional flat electrode was placed at distance of 3cm from the antenna end. DC voltage between the antenna and the electrode was varied between -300 and +500 V. Spatially resolved emission spectra of EMD (resolution was of 100 microns) was analyzed with spectrometer Avaspec-2048 equipped by the optical fiber. Electron optic camera К-008 and digital photocamera were used for visualization of the discharge.

DC voltage–current characteristics of EMD were measured. Method of relative intensities of H( and H( Balmer series assuming the coronal model (dissociative excitation by electron impact and radiative decay) was used for study of dependencies of microwave field in the antenna region on pressure, microwave power, DC voltage and distance from the antenna and DC voltage near the additional electrode. Emission spectra of hydrogen EMD contain molecular bands of hydrogen, lines of atomic hydrogen, bands of the second positive system of nitrogen (residual gas) and pronounced dissociative continuum with maxima at 350 and pseudo-continuum with maxima at 600 nm. The energy distributions of H atoms were defined from emission of H(, H(  and H( lines. They are slightly changed with DC voltage and changed with distance from the antenna. DC voltage changes dimension of EMD and its shape and changes the spatial distributions intensities of nitrogen bands in the antenna region.
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