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Mechanism of laser induced short circuit current increasing

in triple-junction GaAs solar cell

Dou Pengcheng, Feng Guobin, Zhang Jianmin, Lin Xinwei, Li Yunpeng, Shi Yubin, Zhang Zhen

(State Key Laboratory of Laser Interaction with Matter, Northwest Institute of Nuclear Technology, Xi’an 710024, China)

Abstract: In order to reveal the degeneration mechanism of triple-junction solar cell under intense light
radiation, an n—on—1 mode irradiation experiment utilizing a 1 070 nm CW laser as the intense light
source was carried out. By summarizing the /-V curves measured after each irradiation, it was found that
the short current in triple-junction solar cell will increase when the laser intensity reach to 11.1 W/cm?,
other than monotonically decrease with laser intensity increasing in single-junction solar cell. Combined
with the relationship between short-circuit current and shunt resistance of current limiting sub-cell and QE
of sub-cell, a theory was put up to explain the mechanism of this phenomenon, which indicates that it is
the reduction of the shunt resistant in current limiting sub-cell failures its current limiting ability, and
finally leads to short circuit current increasing. This theory was verified by equivalent circuit calculation
with a simulation program with integrated circuit emphasis.
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Fig.1 Schematic of laser irradiating facility
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Fig.2 Schematic of GalnP/GaAs/Ge triple-junction solar cell
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Tab.1 Irradiation power intensity used in experiment

Irradiation times 1 2 3 4 5 6 7

ITrradiation power
intensity 7.2 82 9.0 9.7
/W -cm™

104 11.1 11.9
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Fig.3 I-V curves measured after each sequential irradiation
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Fig.4 Isc, Voc and FF vs irradiation times
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Fig.5 QE of solar cell after 7th irradiation
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Fig.6 Reverse bias on current-limiting sub-cell
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Fig.7 Equivalent circuit of triple-junction solar cell
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Tab.2 Original parameters of the equivalent circuit

Parameter n, In/mA I/A R,/kQ)
GalnP top cell 2 5 20x107" 100
GaAs middle 2 10 45%107" 100
Ge bottom cell 2 15 130x107° 100
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Fig.8 Simulation results of /-V characteristics
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