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Damage characteristics of the solar cells irradiated by nanosecond

pulsed lasers and the effects on photoelectric conversion

Chang Hao, Chen Yifu, Zhou Weijing’, Guo Wei

(State Key Laboratory of Laser Propulsion & its Application, Department of Aerospace Science and Technology,

Space Engineering University, Beijing 101416, China)

Abstract: Damage characteristics of triple-junction GaAs solar cells irradiated by nanosecond pulsed lasers and
their effects on photoelectric conversion were studied. The experimental system was established including
damage morphology, voltage-current characteristics, and electroluminescence. The gradual decline characteristics
of the photovoltaic performance of the cell was analyzed from the material ablation morphology, electrical
performance output, and internal damage. On the basis of analyzing the influences of laser energy density, the
influence of laser irradiation regions, such as the grid line part and non-grid line part of the cell, was further
analyzed. Nanosecond pulsed lasers can cause obvious damage to the cell due to its high peak power. The damage
effect of the grid line part of the laser was stronger than that of the non-grid line part, mainly because the function
of the grid line electrode was used to collect photo-generated carrier. When the laser radiation fused the cell grid
lines, which was used to collect photogenerated carriers, the output power of the cell was reduced. The research
conclusions are of great significance for improving the protection capability of the solar cells.
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Fig.1 Three-junction GalnP,/GaAs/Ge cell sample
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Fig.2 Variation curves of voltage-current characteristics of the non-gate
line part of a triple-junction GalnPy/GaAs/Ge cell irradiated by
laser
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Fig.3 Variation curves of power-voltage characteristics of the non-gate
line part of a triple-junction GalnP,/GaAs/Ge cell irradiated by
laser
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Fig.4 Morphology changes of the non-gate line part of the triple junction GalnP,/GaAs/Ge cell irradiated by nanosecond laser. (a) Original shape of the

cell; (b)-(i) Morphology changes by laser irradiation when laser energy density is 3.3, 9.2, 19.4, 33.6, 66.5, 105.5, 129.5, 163.5 J-cm respectively
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Fig.5 Electroluminescence changes of the non-gate line part of the triple junction GalnP,/GaAs/Ge cell irradiated by nanosecond laser.

(a) Electroluminescence results with no laser ablation; (b)-(h) Electroluminescence results by laser irradiation when laser energy density is 3.3,

19.4, 33.6, 66.5, 105.5, 129.5, 163.5 J-cm “respectively
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Fig.9 Morphology changes of the gate line part of the triple junction GalnP,/GaAs/Ge cell irradiated by nanosecond laser with different laser energy
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Fig.10 Electroluminescence changes of the gate line part of the triple junction GalnP,/GaAs/Ge cell irradiated by nanosecond laser.

(a) Electroluminescence results with no laser ablation; (b)-(d) Electroluminescence results by laser irradiation when laser energy density is

3.3,6.5,105.5 J-cm * respectively
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