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Damage Effects of Tri-Junction GaAs Solar Cells Irradiated by Continuous-

Wave Laser in Vacuum
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(1.State Key Laboratory of Space Power-Sources Technology , Shanghai Institute of Space Power-Sources,
Shanghai 200245, China; 2.State Key Laboratory of Laser Interaction with Matter,
Northwest Institute of Nuclear Technology, Xi’an 710024, Shaanxi, China)

Abstract: The tri-junction gallium arsenide (GaAs) solar cells are irradiated by a continuous-wave laser with a
wavelength of 1 315 nm in the vacuum. With comparisons of the characterization data such as the quantum efficiency
(QE) and current-voltage (IV) parameters before and after irradiation, the damage effects of tri-junction GaAs solar
cells are studied, and the mechanism is analyzed. The results show that when the laser power density is 8 W/cm” and
the irradiation time is 60 s, the electrical properties of tri-junction GaAs solar cells after irradiation significantly
decrease, and the conversion efficiency degradation is over 70%. This damage is a combined thermal and stress
damage, causing the series (R,) and parallel (R,,) resistances of the cells to deteriorate. R, is a key indicator for the
solar cell damage. These results can provide some references for the research on the laser damage mechanism and laser
wireless energy transmission of tri-junction GaAs solar cells.
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Fig.1 Structure diagram of tri-junction GaAs solar cell
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Fig.2 Laser irradiation system of solar cells in the vacuum
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Fig.3 Solar cell sample in the vacuum chamber and
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Fig.4 Temperature change curves of the solar cell samples

during irradiation
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Fig.5 Opening voltage change curves of the solar cell

samples during irradiation
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Fig.6 Front and back appearance of the solar cell samples

after irradiation
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Fig.7 I-V parameters of solar cells after irradiation
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Tab.1 Relative I-V degradation rates of the solar cell

samples after irradiation %

=S Dy Dy Dy, D, Dyr Dgge
2w60s-1 0.1 0.1 0.1 0.1 0.1 0.1
2w60s-2 0.1 1.7 0.1 1.3 0.1 0.1
5w60s-1 2.9 4.1 6.7 5.7 5.0 12.9
5w60s-2 3.7 6.6 6.6 6.2 3.1 13.3
8w60s-1 5.2 12.9 18.9 18.7 18.1 34.7
8w60s2 35.8 8.5 61.4 44.2 37.0 78.7
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Fig.8 Resistance values of the solar cell samples in series

and parallel after irradiation
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Fig.9 QEs of the solar cell samples after irradiation
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Tab.2 Spectral response current of sub-cells of the solar

cell samples after irradiation mAscm *
i LR oL IESREER
o 7HE HL il 17.57 17.75 28.52
MAAHM (2 W/em?, 60's) 17.49 17.73 28.49
IR (5W /em?, 60's) 14.41 17.16 22.47
M AA L (8 W/em?, 60 's) 4.21 15.57 2.19
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Tab. 3 Element mass fractions of the back electrode
surface before and after irradiation %
- 45;&4.@@ ﬁ”mﬁfﬁﬁiﬁ}é&
Wit 73 2 BERIXB | ORI
Au 89.79 — 11.16
Ag 5.38 3.90 56.25
Pd — — 8.36
Ge — 91.66 24.22
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Fig.10 SEM images and EDS spectra of the back electrode surface before and after irradiation
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Fig.11 SEM images of the solar cell sample section before and after irradiation
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Fig.12 Equivalent circuit diagram of the solar cell
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Fig.13 I-V characteristic curves of the solar cells
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