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Finite Element Analysis of Gas Discharge in Transient State
Considering Secondary Electron Emission Effects
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Abstract - To analyze the gas discharge phenomena in parallel-plane electrodes, the fully coupled finite element method
(FEM) considering secondary electron emission effects in discharge column was adopted in this paper. Two coupled
equations of the hydrodynamic diffusion-drift equations for three carriers and the Poisson’s equation for electric scalar
potential should be solved as a system equation. The proposed method including two secondary electron processes of the
photoemission and background ionization has been successfully applied to evaluating the breakdown voltage in
parallel-plane electrodes and is verified by comparing its numerical results with the experimental ones. From the obtained
results, it is inferred that the proposed numerical scheme will be useful for predicting and understanding streamer

transient phenomena.
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Table 1 Breakdown voltage in uniform fields

a5 ga |_2EI AT G0 | Age o e
(cm) aga | Awg | S s
0.06 3.13 3.10 52.16
0.07 3.49 3.48 49.86
0.08 3.84 3.85 48.06
0.09 418 4.21 46.44
0.10 454 4.56 45.40
0.12 5.23 5.26 43.58
0.2 7.90 7.89 39.50
04 14.01 14.03 35.03
0.5 17.0 16.98 34.0
0.8 25.7 25.60 32.13
1.0 31.35 31.21 31.35

Current (uA)
w

Time (ns)
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Fig. 1 Current variation vs. breakdown voltage.
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Fig. 2 Photoemission model due to volume Vi.
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