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Fig.2 AFM image of CIGS thin film.
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Fig.3  XPS full spectrum of CIGS thin film.

1 CIGS XPS
Table 1 XPS quantification report of CIGS thin films

Position FWHM Raw Area Atomic Atomic Mass
Peak RSF
BE ( eV) (eV) ( CPS) Mass Conc% Conc%
Cu 2p 932. 000 3. 646 75 650.0 5.321 63. 549 25.58 20.78
In 3d 442. 000 2.742 66 213.3 7.265 114. 820 20. 40 12.01
Se 3d 52.000 2.844 7726.7 0. 853 78.982 45. 44 65. 15
Ga 3d 15. 000 3.121 10 556.7 0.439 69. 725 8.98 2.05
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Fig.4 XPS diagram of CIGS thin films. a: Cu high resolution spectrum; b: In high resolution spectrum;
c¢: Se high resolution spectrum; d: Ga high resolution spectrum
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Fig. 6  XPS full spectrum of ALD-ZnO thin film.
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Fig.7 Cls and Ols high resolution spectrum of ZnO thin films.
2 ALD-ZnO XPS
Table 2 XPS quantification report of ALD-ZnO thin films
Position FWHM Raw Area Atomic Atomic Mass
Peak RSF
BE (eV) (eV) (CPS) Mass Conc% Conc%
0 1s 527.100 1. 308 75 792.0 0. 780 15.999 31.57 20. 11
Cls 281. 900 1. 128 33 696.7 0.278 12.011 46.23 22.11
Zn 2p 1 018. 350 1.558 479 639. 6 5.589 65. 387 22.20 57.78
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Fig.8 Zn 2p high resolution spectrum of ZnO thin film.
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Fig.9 Photographs of a Cd<free CIGS solar cell.
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XPS and AFM analysis of key layer of Cd-free CIGS solar cell

LIAO Rong' > ZHANG Hai-yan'~ WANG Dao—ran’ YANG Tie-zheng® FAN Yu’
(1. School of Material and Energy Guangdong University of Technology Guangzhou Guangdong 510006;
2. School of Electronic and Information Engineering South China University of Technology Guangzhou Guangdong 510641 China)

Abstract: Culn, __ Ga, Se, light absorbing film and ZnO buffer layer for Cd4ree CIGS solar cell were prepared by evaporating

selenylation method after sputtering and atomic layer deposition. The two films were analyzed by X-—ray photoelectron spectroscopy

atomic force microscope scanning electron microscope X-ray diffraction and absorption spectrum. The optimized preparation

conditions were obtained. A photoelectric conversion efficiency of 3. 84% was obtained in the Cd-ree CIGS solar cell from the low-cost

and simple preparation method.
Keywords: atomic layer deposition; zinc oxide; XPS; AFM; Cd-ree CIGS solar cell
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