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Fig. 1. (color online) Schematic diagram of electon-

beam irradiation.
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Fig. 2. (color online) Schematic diagram of dielectric
sample charging process due to electron-beam irradia-
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Abstract

Charging effect of dielectric material due to electron beam irradiation has a significant influence on the microdis-
charge phenomenon of dielectric microwave component by multipactor. The discharge process caused by internal electron
leakage can relieve this undesirable charging effect. In this paper, we study the transient discharge characteristics of a
dielectric sample after being irradiated by electron beam through numerical simulation. Both the charging and discharg-
ing processes of a dielectric sample are considered with a comprehensive model. The Monte-Carlo method is used to
simulate the interaction between primary electrons and material atoms before the irradiation is interrupted, including
elastic scattering and inelastic scattering. The elastic scattering is calculated with the Mott scattering model, and the
inelastic scattering is simulated with the fast secondary electron model or Penn model according to electron energy.
Meanwhile, the transport process of internal charges in the sample during the discharge period is simulated including
the charge diffusion under the force of charge density gradient, the drift due to built-in E-field, and the trap caused
by material defect. In this work, the discharge process is taken to begin at the very moment of charging reaching
saturation, with the internal charges kept almost unchanged. A polymer material widely used in advanced component
is considered in this work due to its remarkable charging effects. Distributions of internal charges of the sample during
the discharge process are simulated, and influences of sample parameters, including sample thickness, electron mobility
and trap density in the discharge process, are analyzed. The results show that internal charges move to the bottom
of the sample during the discharging, leading to the surface potential reaching an ultimate state which is determined
by trap density of the material. The position corresponding to the maximum internal charge density shifts towards
the grounded bottom. Although a sample with a larger electron mobility means a faster discharge process, fewer free
electrons in this sample result in less discharge quantity. The time constant of discharge process decreases with the
increase of sample electron mobility in the form of similar linearity. Although a sample with a larger thickness can hold
more internal charges, the increase of sample thickness may increase the distance of internal charges leak yet. Hence, the
quantity of discharge first increases and then decreases with the increase of sample thickness. In addition, a larger trap
density of a dielectric sample makes charge leak harder, resulting in a lower discharge quantity. Finally, the proportion
of discharge quantity in saturated charge quantity decreases from 1 to 0 exponentially with the increase of sample trap
density. As a conclusion, those sample parameters have their corresponding effects on discharge characteristics by means
of different physical mechanisms. Sample electron mobility determines the discharge time constant obviously by affecting
the electron transport speed. The sample thickness affects the discharge quantity by shifting the charging balance mode,
and material defect impedes part of discharge quantity from trapping internal free electrons. This simulation method
and results can help to recede the charging effect and estimate the evolution charging and discharging states of dielectric
material during and after electron beam irradiation.

Keywords: discharge transient, electon-beam irradiation, dielectric material, numerical simualtion
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