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Abstract: An experimental and simulation approach was used to investigate the impact of copper
(Cu) content (Cu/In+Ga, CGI) in nanoparticles ink on the performance of copper indium gallium

selenide selenium (CIGSSe) solar cells. Firstly, CIGSSe solar cell devices was prepared using differ-
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ent CGI inks and their absorber layers were characterized using scanning electron microscopy (SEM),
Hall effect measurements, and Raman spectroscopy. The results showed that as the copper content in-
creased, the crystal growth of the absorber layer gradually improved, and the carrier concentration in-
creased. However, the Cu,,Se phase became more prominent on the surface. The best experimental
conversion efficiency was achieved with CGI of 1.03, and a photovoltaic conversion efficiency of
10.09%. Then a corresponding device simulation model was established to obtain the photoelectric
conversion performance, device band structure, and recombination rate distribution of CIGSSe devic-
es with different CGI. The simulation results showed that as the copper content increased and the carri-
er concentration increased, the open-circuit voltage of the device increased. However, when the carri-
er concentration exceeded 10" cm”, a steep band bending phenomenon appeared on the absorber layer
surface, which increased the occurrence of tunneling interface recombination, thereby affecting the de-
vice efficiency. Therefore, both the experimental and simulation results suggested that it could be nec-
essary to control the Cu content when preparing CIGS thin-film solar cells to promote crystal growth,

reduce interface recombination, and improve device efficiency.
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Fig.1 The synthesis route of nanoparticles
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Tab.1 Material parameters of functional layers of device
S8 ITO i-Zn0O Cds CIGS
JERE /pm 0.3 0.03 0.05 1.5
TR eV 4.43 4.4 4.2 4.5
PIIERTE 9 9 10 13.6
N, P L AE R/ (cm ) 3% 10" 2.2x10" 2.2X10" 2.2X10"
N, B TFAH MR FERE/(cm *) 1.7x10" 2.2%10" 2.2X10" 2.2 10"
HB eV 3.3 3.3 2.4 1.15
HFEE R/ (em™V 's™h) 100 100 100 100
2 REBH/ (em®Vles™h) 30 30 25 AT
N, it = i e )3/ (em ™) 1X10% 1X10% 1.1x10" 0
N, % EBFHEERE/ (em ?) 0 0 0 CIRGR
N, B2 %/ (em ™) 1x10" 1x10" 1Xx10% 1x10"
B bE s Y iti 3= iti 3= iti 3= ZF
fiegt/ev 1.65 1.65 1.2 0.6
2/ eV 0.1 0.1 0.1 0.1
Hili 3k #L - /em” 1x10 " 1x10° " 1x10° "7 5x10°"
25 U /em” 1x10° " 1x10° " 1x10° " 1x10° "
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Tab.2 The ICP results of nanoparticles
CGI CuWt/(%) InWt/(%) GaWt/(%) S Wt/(%)
0.77 16.47 26.69 7.03 16.40
0.89 15.26 21.49 5.68 15.94
1.03 18.16 22.09 5.88 18.12
1.14 17.04 18.74 4.98 17.86
1.22 19.73 20.46 5.28 20.53
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Fig.3 The SEM images of the surface of absorption layers of
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CIGSSe films prepared with different CGI nanoparti-
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Tab.3 The J-V parameters of devices prepared from the
inks with different CGI

cor JEe MEELWERE / WMRPET /) R/
J& /mV (Ascm™?) (%) (%)
0.77 465.58 28.36 56.77 7.05
0.89 505.98 34.16 51.99 7.56
1.03 479.96 35.44 59.31 10.09
1.14 512.52 28.82 54.60 8.11
22 FJ/HMHE

P DA S 6 0 5 4R T AN R A S B X T
AN TR 9 80 T R S O R R R A 1 S
0 AR S0 B A L ST T B R CGI
oy K ik 28 K 4% B9 CIGSSe oK BH BE Ha i 25 4 #5
AL Hoh R [E] CGIYA K F5URL 55 /K il 45 19 CIGS 45 14
XN R B T E SR TR RS IR 457
LA BN TV LA R AN A 6 T

7 R A B AS B)B RS TF CG 3 1R
J-V il g i B R AT b AR BT AR



4l

Sl A gl ok WUk B K 3 A5 1 CIG SSe K FH BB HL i Cu 2 B i 45 5 07 LA 303

x4 ARECCIHEFENREEEENZTNIRESTIHE
Tab.4 Hole concentration and mobility of absorber films

prepared with different CGI
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Fig.7 Simulated J-V curves of the device with different CGI
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