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Analysis on breakdown voltage and discharge path in
micro scale air gap discharge

JIA Bin, ZHAO Laijun, CHEN Yun, LI Yansen, SUN Yanzhou

(School of Electrical Engineering and Automation, Henan Polytechnic University, Jiaozuo 454003, China)

Abstract: In order to analyze the breakdown discharge characteristics of air gap at micrometer scale, a microgap discharge
experimental platform was built to study the change of breakdown characteristics of air gap with the air pressure and
electrode spacing in the range of electrode spacing between 1-100 um. When the air pressure or electrode spacing was
adjusted to make the breakdown voltage reach the lowest point, it was found that the breakdown voltage curve appeared a
plateau, and corresponding to different external conditions, the length range of plateau was different. Through the simulation
of microscale electric field, it was found that the electric field at the edge of electrodes was still in a higher range, within the
range the self-sustaining discharge can still achieve. The collisional ionization process can reach breakdown between the
electrodes through a longer path rather than the shortest distance, so that the breakdown voltage maintained at the lowest
point, thus the plateau period was formed. When the electrode spacing was less than 10 um, the ion-enhanced field emission
mechanism was involved in the breakdown, and the lowest point of breakdown voltage continued to decrease from the
plateau period. The number density of cathode ions was not only sensitive to the electrode spacing, but also influenced by
the external air pressure, and the generated ion-enhanced field would enhance the intensity of field emission and further
reduce the breakdown voltage. Combined with the analysis of air pressure and electrode spacing, the traditional Paschen’s
law is no longer applicable in the micro-scale range, and the breakdown voltage is no longer determined by the product of
the electrode distance d and the pressure p.

Key words: micrometer gap; variable gas pressure; plateau phase; long-path breakdown; ion-enhanced field emission
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Fig.6 Simulation of interelectrode path breakdown
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