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Fig. 1. Schematic diagram of the simulation process.
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Fig. 2. Single-junction GaAs solar cell structure model.
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Table 1. Structural parameters of the solar cell in the simulation model.
1.1 ZHE 4hth ZHCE
=)= 1 pm, 5x10" cm® n#IGaAs Fet 1.5 pm, 1x10Y cm ™ pHlGaAs
GBS 0.03 pm, 7x10" cm™ n#GalnP i) 0.1 pm, 2x10' cm™ pAIGalnP
KHHR 0.1 pm, 2x10' cm 3 nZ#GalnP T 0.5 pm, 1x10'7 cm 3 pHiGaAs
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Fig. 3. Temperature distribution, maximum temperature, and total current under 80 V sine wave injection.

3 B LR IR AT

TE BRI 1 pm 1Y AR AAE L T, AT
FUEPR ST RE RSN FR TR 2.45 GHz
R R B i 24 090 K IE 5% 0545 5 i A 2 SR a4
B b P B AR LI B DA PR b AR A AR TR BE 35
Ja LR R (1337 K) BB BHE A (1511 K)
KL LA DFEAE R 3 FE 4 iR, B
JEAREI 3B E IR E X ——F B
T BFURR I BH AR B2 Al (37 B, DA R R A PN 45007
H R R F I TE A7 R R L TR A RRAE. L
¥ R G A R BOX R T A B FRALEE.

¥
Il
-
=
M

Y/pm

100 150

X /pm
&4 H Y be BB 22 B Tk BE 43 A
Fig. 4. Temperature distribution of solar cell at the mo-

ment of burnout.
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Fig. 5. Changes in physical quantities of the cell cross-section during the temperature rise process: (a) Temperature; (b) electric po-

tential; (c¢) conductivity; (d) electric field strength.
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Fig. 6. Comparison of current and maximum temperature
changes over time at different voltages: (a) Current curves;

(b) maximum temperature curves.
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Fig. 8. Temperature distribution at the moment of burnout under variable voltages: (a) 50 V; (b) 100 V; (c¢) 150 V; (d) 200 V.
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Fig. 10. Comparison of current and maximum temperature changes over time under varied frequency conditions: (a) Current curves;

(b) maximum temperature curves.
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Fig. 11. Relationship between burnout duration and microwave parameters: (a) Voltage; (b) frequency.
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Abstract

The technology of space-based wireless power transfer presents a potential solution for supplying energy to
spacecraft. However, this method transmits energy through high-power electromagnetic pulses, which may pose
a potential threat to gallium arsenide (GaAs) solar cells. Currently, the damage mechanisms affecting solar cells
in these conditions remain unclear. To solve this issue, the thermo-electrical coupled damage mechanism of
single-junction GaAs solar cells is investigated using a comprehensive multiphysics simulation model in this

work. The damage characteristics of the solar cells

¥
under varying voltage and frequency inputs are o !
simulated and analyzed. Furthermore, the relationship n Lattice temperature/K

between burnout time and both input voltage and

Y/pm

frequency are investigated, and the differences in
damage mechanisms observed at different frequencies
are elucidated. The results indicate that due to high 4

0 50 100 150
X /pm

current density and contact resistance, burnout mainly
occurs at the cathode electrode contacts. Additionally,
the PN junction and the anode contact experience
significant temperature elevations, which is more likely

to affect the cell performance. By deepening our

Temperature/K

understanding of how high-power electromagnetic
pulses damage space solar cells, this study will provide

support for designing electromagnetic protection

systems for spacecraft power architectures.
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