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Abstract: In order to study the micro-characteristics of the electrode discharge in the spark test device in vacuum,
this paper established a two-dimensional parallel plate discharge model in a vacuum environment with tungsten as the anode
material and cadmium as the cathode material. We simulate the model with the PIC/MCC(Particle-In-Cell/Monte Carlo Col-
lision) method, studies the development process of parallel plate electrode discharge under different electron emission mech-
anisms and the influence of space field strength, cathode surface temperature and field enhancement factor on the changes
of space electrons, and obtains the field emission, thermal emission and thermal-field emission changes in the electron con-
centration and anode absorption current during the discharge process, as well as the spatial distribution of the electron densi-
ty and electric potential, etc. The research has found that field emission is the dominant emission mechanism of micro-gap
cathode electron emission. When the cathode surface temperature reaches 1040K, the boiling point of cadmium metal under
the action of Joule heat, cadmium vapor will be generated, and the current density and electron concentration will gradually
increase. At this time, the thermal emission will start to act on the micro-gap discharge. When the temperature is greater
than the vaporization temperature of cadmium metal, the influence of the field strength will be greater than that of the tem-
perature. When the field enhancement factor is very small, the thermal emission is almost ineffective. As the field enhance-
ment factor continues to increase, the effect of thermal emission gradually increases, leading to a significant increase in the
spatial electron concentration. The micro-gap discharge in a vacuum environment is caused by the combined effect of heat
and field.
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