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Fig. 3 Changing law of electron temperature and approximate
field strength in atmospheric pressure air discharge
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Calculation of the characteristic parameters of surface micro-

discharge and the effect of dielectric sheet properties
Xingyu Chen, Chen Lu, Zilan Xiong*
( State Key Laboratory of Advanced Electromagnetic Technology, Huazhong University of Science
and Technology Wuhan 430074 China )

Abstract Dielectric barrier discharge (DBD) has the characteristics of high plasma density, large number of
high-energy electrons, low gas temperature and wide application range, so it has been widely studied and attracts
huge attention. Surface micro discharge (SMD) is a kind of DBD with non-uniform discharge gap. Compared with
other atmospheric pressure low temperature plasma sources, SMD can directly generate a large area of uniform
plasma in the air without special rare gases, and is widely used in many fields, for example, medical sterilization,
material modification, pollution control, agriculture and food industry. The characteristics of SMD are the basis of
its application research. The dielectric sheet properties, working gas and ambient temperature will affect the
discharge characteristics of SMD. The existing researches mainly focus on the influence of dielectric properties
on the discharge intensity and uniformity under uniform gap, while the influence of dielectric parameters on the
discharge characteristics of SMD with non-uniform discharge gap is less studied.

In order to deeply understand the discharge characteristic and the effect of dielectric sheet properties, first of
all, we selected SiO, and Al,O3 dielectric sheets with dielectric parameters of 3.7 and 9.34, respectively, and chosen
two thicknesses of 0.5mm and 1mm; Then, we measured the variation curve of SMD discharge power under
different dielectric parameters through experiments, and selected the voltage and power parameters of two
dielectric sheets and two thickness parameters under three groups of different voltages. The discharge power of

the two groups of data selected from the same dielectric sheet with different thickness kept basically the same.
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Next, an equivalent circuit model of SMD was established based on the physical process of discharge and the
unique discharge structure of SMD. The electron continuity equation was solved by the Boltzmann equation solver,
and the characteristics of gap voltage, plasma resistance and electron density were calculated.

The results show that for the same kind of dielectric sheet with different thicknesses, the discharge area and
the characteristic parameters of SMD are consistent when the discharge power is the same. For different kinds of
dielectric sheets, the discharge power, air gap voltage, the plasma resistance and the electron density of SMD under
dielectric sheets with larger dielectric constant have a larger rate of change with the applied voltage, which
indicates that the dielectric materials with larger dielectric constant have higher sensitivity to the adjustment of
electron density of discharge. Compared with materials with smaller dielectric constant, the same electron density
can be obtained under lower applied voltage input. In the case of similar voltage, the discharge power, the air gap
voltage and the electron density are larger and the resistance is smaller under the dielectric sheet with a larger
dielectric constant and the same thickness. Finally, the correctness of the model and simulation calculation is
verified by comparing the calculated power with the measured power. The error between the calculated discharge
power and the measured power of the SMD circuit model proposed in this paper is in the order of 10-2W, the
maximum relative error is less than 7%.

This paper provides reference for parameter selection and structure design of SMD in practical application.
The consistency of SMD can be ensured by controlling dielectric properties and discharge power. In order to reduce
the applied voltage and improve the discharge efficiency of SMD, it is a simple and effective method to select thin
dielectric plates with large relative dielectric constant.

Keywords: Surface micro discharge, dielectric sheet, gas gap voltage, plasma resistor, discharge power



