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The surface charging effect causes an inverted potential gradient at the triple junction of solar cells, which may easily trigger the
primary discharge and threaten the safe operation of the spacecraft. In this study, based on the current balance equation, the PIC
(Particle-In-Cell) method is used to simulate the surface charging effect of LEO (Low Earth Orbit) spacecraft solar cells under three
operating conditions: shadow, illumination, and polar, and the surface potential distribution under different operating voltages is
obtained. The electric field distortion distribution at the triple junction is also obtained by the finite element method. This study can
provide important theoretical guidance and technical support for evaluating the primary discharge risk of spacecraft solar cells.
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|. INTRODUCTION

S THE main power supply source of the spacecraft, solar

cells play a vital role in the safe and reliable operation of
the entire spacecraft. When the solar cells are in the plasma
environment, the surface charging effect occurs, and an inverted
potential gradient (IPG) is formed among the coverglass, the
metal interconnects, and the substrate (also called “triple
junction”) [1]. Due to the irregular geometry such as micro tips,
the electric field distribution is distorted. Under the combined
action of surface field effect emission, secondary electron
emission, and collision ionization, the primary discharge is
caused, which affects the power transmission of the solar cells
and causes signal interference [2].

NASA developed the NASCAP-LEO surface charging
module [3]. The finite element method was used to simulate the
plasma interaction and LEO characteristics of high density and
short Debye radius. ESA has developed the Spacecraft Plasma
Interaction System (SPIS) [4], which can model and analyze the
interaction of spacecraft in different plasma environments by
using the finite element method, PIC method, and particle
tracking method. Quan et al. proposed an inversion model based
on back propagation neural network, which can quickly derive
the surface charging potential of the non-detection area through
the detector potential in the same charging environment [5].

I1. SURFACE CHARGING EFFECT

A. The surface charging model

The interaction between solar cells and space plasma is
shown in Fig. 1.

When the dynamic equilibrium is reached, the surface
electrostatic current is 0, and the current balance equation can
be expressed as:
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where, I, is the incident electron current, /; is the incident ion
current, /.. is the secondary electron current, Iy is the
backscattered electron current, I, is the photoelectron current,
and ¢ is the surface potential.
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Fig. 1. The interaction between solar cells and space plasma.

The movement of particles in the plasma mainly comes from
the influence of the internal electrostatic field, so it is necessary
to solve the Poisson equation:
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where, M, and Q, are the mass and charge of the particle cloud
respectively, r, and v, are the position and velocity respectively,
E and B are the electric field and magnetic field respectively, p
is the space charge density, and & is the vacuum dielectric
constant. In the simulation process, in order to simplify the
calculation, Boltzmann approximation and PIC particle
tracking are used for electrons and ions, respectively. The
Neumann boundary condition is used for the outer boundary
condition, and the Dirichlet boundary condition is used for the
inner boundary condition.

To simplify the distribution of the field in the calculation
space, it is assumed that the space environment has a static
magnetic field, that is, the magnetic field is constant. The finite
difference method is used to solve the field distribution in the
Cartesian grid.
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B. The equivalent circuit model

The equivalent circuit of the spacecraft is shown in Fig. 2.
The corresponding electrical nodes are set on different parts of
the spacecraft, and the material is equivalent to the parallel
connection of capacitance and resistance. Under the action of
low-energy electrons and ions, the current is emitted and
absorbed into space until the dynamic balance is reached, and
the surface electrostatic current is 0.
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Fig. 2. The equivalent circuit of the spacecraft.

I1l. RESULTS AND DISCUSSIONS

At present, the operating voltage of spacecraft mainly
includes 28V, 42V, and 100V. In the future, the voltage level of
high-voltage solar cells may reach 400V. Therefore, the surface
charging simulation of solar cells with 28V, 100V, 200V, and
400V voltage levels is carried out in this study. The simulation
results of surface charging at 100V are shown in Figs. 3 and 4.
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Fig. 3. Surface potential distribution of solar cells.
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Fig. 4. Electric field strength at the triple junction of solar cells.

As shown in Figs. 3 and 4, the highest charging potential of
the solar cell coverglass is -0.46V, the lowest charging potential
of the substrate is -80.7V, and the maximum potential difference
at the triple junction reaches about 81V. The electric field
distortion is formed among the side of the coverglass, the metal
interconnects, and the substrate, and the maximum electric field
intensity reaches 1.05x107 V/m. The surface charging results in

the illumination region are shown in Table 1.
TABLE 1
SURFACE CHARGING RESULTS IN THE ILLUMINATION REGION

Operating voltage Charging balance time Ernax
™ (ms) (V/m)
28 0.55 2.36x10°
100 1.30 1.05x107
200 1.55 2.30%107
400 3.28 4.36x10’

From Table 1, it can be seen that with the increase of the
operating voltage, the surface charging potential of solar cells
is more negative, and the charging balance time is longer. The
main reason is that as the operating voltage increases, the
stronger the ability to attract electrons, the greater the electron
incident current. Although the ion incident current and the
secondary electron emission also increase at the same time, the
net absorption electron current of the spacecraft is still
increasing. Therefore, more electrons are attached to the surface,
that is, the surface potential is more negative, so that the
maximum potential difference at the three junctions is larger,
resulting in a gradual increase in the maximum electric field
intensity.
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