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Research of laser irradiation effect on monocrystalline silicon solar cells
and single junction GaAs solar cells

ZHU Rong-Zhen', WANG Rui'*, JIANG Tian', XU Zhong-Jie', CHENG Xiang-Ai'"
(1. ollege of Photoelectric Science and Engineering, National University of Defense Technology, Changsha 410073, China
2. State key Laboratory of High Performance Computing, National University of Defense Technology, Changsha 410073, China)

Abstract: Monocrystalline silicon and single junction GaAs/Ge solar cells irradiated by 16 ns pulse-duration with the la-
ser at 1064 nm wavelength for different fluences (energy densities) were studied. It was found that solar cell is easily
damaged when laser spot was focused on the metal gridlines, meanwhile, monocrystalline silicon solar cell was almost
undamaged when laser spot was focused on the surface, GaAs/Ge solar cells’ performance didn’ t decrease greatly.
Theoretically, the damage of nanosecond pulse mainly commons heat and dynamics effects. The high temperature melts
and gasifies materials and the dynamical effect is along the laser’ s transmitting direction vertical to the surface of materi-
als. Investigation also indicates that monocrystalline Si cells and the thick germanium base intrinsically absorb 1064 nm
strongly, while the GaAs/Ge is transparent to 1064 nm, The melting point of germanium material is lower than that of
silicon, so its damage threshold is lower. These experimental conclusions were proved and verified by scanning electron
microscopy (SEM) and X-ray photoelectron spectroscopy ( XPS).
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Fig.1 Beam path of solar cells under laser irradiation
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Fig.2 [I-V curves of monocrystalline silicon solar cells ir-
radiated on the surface by different pulses ( single-shot pulse
fluence is 150 J/cm*)

3.0
27k
2.4
2.1
1.8
1.5

12
L—=—0

0.9 —e— 10 pulses

0.6 [-|—— 50 pulses

03 H=—= 100 pulses

J/(mA/cm?)

0.0 1 1 1 1 1 1 1 1 1
0.000  0.110 0220 0.330  0.440 0.550
ViV

3 Bl ik R AN [ Bk P B SO e R A 2 i) -
Vi (FLk i BE B 150 J/cm”)

Fig. 3  I-V curves of monocrystalline silicon solar
cells irradiated on the gridlines by different pulses
(single-shot pulse fluence is 150 J/cm?)
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Fig. 4 I-V curves of GaAs/Ge solar cells irradiated on the
surface by different pulses (single-shot pulse fluence is 70 J/
cm?)
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Fig.5 I-V curves of GaAs/Ge solar cells irradiated on the
gridlines by different pulses ( single-shot pulse fluence is 60
J/cm?)

0.0 0.1

H Y A A R B 3 22 T L AT R, BRAAE GaAs/Ge 1
Tt ) P, BEL R B2 U /)N, 56 4451403 J H vl v, BHL S S+
JUIRAE: , #H 4 T L b 1 A i S
3.2 R EBERKPEER G BES

fdi ] COMSOL #fF 52 AR B RHE K 9E 16
ns, B 1 Hz, CBEEAL 0.2 mm WG H
AR [ 1 T 100, 8K A 52 e 7 TR RS D16 18 W i
FEY AR

Al AL,
FT 19T 8T QU,T) _pC IT(r,z,t)
or’ Hrr Az TR Tk ot (1)

Ho p,C, Ttk 53 BIJEM R % 2, LV
IR BfTE], SR B AR B S R R £ BT

Ko Db RiBe Fmdi g, i Si it (a)
PR (b) BT ; 5045 GaAs/Ge HLIB (¢) Hil i
AT d) i Otk

Fig. 6 Morphologies of solar cells irradiated by pulsed la-
ser under optical microscopy. Damaged monocrystalline sil-
icon solar cell (a) surface and (b) gridline irradiated by
ten pulses at 150 J/cm’. Damaged GaAs/Ge solar cell (c)
surface and (d) gridline irradiated by single pulse at 70 J/
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Fig.7 Changes of the percentage of output Pmax of Si solar
cells irradiated by increasing pulses( surface)
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Fig.8 Changes of the percentage of output Pmax of Si solar
cells irradiated by increasing pulses ( gridlines)
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