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Influence of Discharge Voltage Form on Composition and Ion
Energy of Methane Discharge Plasma in Hollow Cathode
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Abstract: This paper is compiled with a view to optimize the discharge voltage form of diamond-
like carbon film prepared by organic gas discharge in a hollow cathode structure, and to under-
stand the discharge plasma composition and energy characteristics. This paper examines the char-
acteristics of hollow cathode methane discharge plasma under different discharge voltage forms
(DC voltage and repetition frequency pulse voltage) through emission spectroscopy diagnosis and
numerical simulation. The results show that when the average discharge current is close, the dis-
sociation degree of methane molecules under DC voltage is higher than that under repetition fre-
quency pulse voltage. The dissociation of methane molecules can be promoted by increasing the
DC voltage or pulse voltage amplitude, the pulse width and the pulse frequency. The proportion
of single carbon ions in methane discharge plasma varies greatly under different discharge voltage

forms. The discharge plasma is not fully developed and its electron energy is higher under repeti-
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tion frequency pulse voltage, which is conducive to the generation of single carbon ions and makes

the proportion of single carbon ions higher. The energy distribution of ions reaching the substrate

under different discharge voltage forms is obtained by the deceleration electric field method. It is

found that the ion energy under repetition frequency pulse voltage is higher and shows a bimodal

distribution while the ion energy under DC voltage presents a unimodal distribution. The ion en-

ergy is positively correlated with the applied DC voltage or pulse voltage amplitude.

Keywords: diamond-like carbon film; discharge voltage form; dissociation degree of methane

molecules; proportion of single carbon ions; ion energy distribution
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Fig. 1 Experimental setup
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Fig. 2 Simulation geometry
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