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Preparation of Polycrystalline Cu(ln,Ga)Se;, Thin Film with Nano-metal Oxide:
the Chemical Reaction Process and Its Properties
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(Department of Materials Science and Engineering, School of Aerospace Science and Engineering, National University of De-
fense Technology, Changsha 410073, China)

Abstract: Polycrystalline Cu(In,Ga)Se, (CIGS) thin film was prepared by non-vacuum method with nano-metal
oxide as starting materials. The evolution of the composition and structure during the preparation process was in-
vestigated by field emission scanning electron microscope, high resolution transmission electron microscope, en-
ergy dispersive analysis and X-ray diffraction. The properties of CIGS film was characterized using Hall Effect
tester and absorption spectroscopic analysis. The results show that the nano-metal oxide is consist of CuO, In,0a,
Ga,0; and copper-indium, copper-gallium binary alloy oxides. The metal oxides gradually transform into Cuy;lng
and Cugln, during the reduction reaction. Moreover, it forms a large number of pores, which is benefit for the se-
lenide reaction. The selenium vapors enter the film along the pore, react with the reduction product and form CIS
and CGS in the selenide process. Then, the polycrystalline CIGS film with the chalcopyrite structure forms. The

carrier concentration, mobility and the resistivity of CIGS film are about 2.3x10"® cm™, 217 cm?/(V-s) and 36 Q-cm,
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respectively. The obtained thin film is a p-type semiconductor with a bandgap of about 1.15 eV.

Key words: oxide; Cu(In,Ga)Se, thin-film; optical properties; reaction process
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Fig. 1 SEM (a), HRTEM (b) images and XRD pattern (c) of
the mixture of nano-metal oxide
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Fig. 2 Changes of elemental ratio of CIG film reduced at

different temperatures
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Fig. 3 XRD patterns of CIG film reduced at different temperatures
(a) Nano-metal oxide film; (b) 400°C; (c) 450°C; (d) 500°C; (e) 550°C;
(f) 600°C
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Fig. 4 Surface (a) and cross section (b) SEM images of CIG film reduced at 500°C (Ar: H,=50: 50)
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Fig. 5 SEM images of CIGS film selenided at different temperatures with CIG film reduced at 500°C
(a) 450°C; (b) 500°C; (c) 550°C
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Fig. 6 XRD patterns of CIGS film selenided at different tem-
peratures with CIG film reduced at 500°C
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Fig. 7 Preparation process of polycrystalline Cu(In,Ga)Se; thin film and its chemical reactions
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