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Composition and morphology of
CulnSe; thin films by electrodeposition
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Abstract: CulnSe, thin films were obtained by electrodeposition, and the preparation conditions and their effect on
performance of CulnSe, films were investigated. The results show that the optimum ranges of potentials for
electrodeposition and annealing temperature are about —0.6—0.8 V(vs SCE) and 440-610 °C, respectively. Annealing is
a necessary step for getting high-quality CulnSe, thin films. CulnSe, thin films can be prepared at different deposition
potentials and electrolyte concentrations. As the potential moves to negative, the concentration of CulnSe, increases,
crystallinity and uniformity become better, and impurity phase decreases. The crystallinity and density improve, and the
grains grow bulkier as the concentration of electrolyte increases. In all electrodeposited CulnSe, thin films, the potential
and electrolyte concentration can influence the mole ratio of Cu to In greatly. At the potentials of —0.7 and —0.8 V(vs
SCE), the mole ratio of Cu to In is very reasonable at about 1. The change of mole ratio of Cu to In has the same trend as
that of CuCl, to InCl; in electrolyte.
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Fig.3 DTA and its derivative(temp) curves of electrodeposited
film
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Fig.4 TGA and its derivative(temp) curves of electrodeposited
film
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Fig.5 XRD patterns of electrodeposited CulnSe,: (a) After

annealing; (b) Before annealing

28kU A\
. 4

E6  HLUTRCIST LR KR Jm iR i TE 3
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Table 1 Composition of CIS thin films before and after

annealing
S‘;nple x(Cu)%  x(In)/%  x(Se)/%  CuIn:Se
0.
a 11.70 441 83.9  2.7:1:19.0
b 21.95 21.59 56.45 1:1:2.6
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Fig.7 XRD patterns of electrodeposited CIS thin films at

different potentials after annealing
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Table 2 Composition of electrodeposited CulnSe, thin films

at different potentials

Sample Potential/V x(Cu)/% x(In)/%
1 —-0.6 17.92 12.92
2 -0.7 21.95 21.59
3 -0.8 23.64 24.04
Sample x(Se)/% Cu:ln Cu:In:Se
1 69.16 1.38 1.38:1:5.35
2 56.45 1 1:1:2.6
3 52.31 0.98 0.98:1:2.17
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Fig.9 XRD patterns of electrodeposited CIS thin films at —0.7
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(b) CuCl,:InCl3:H,SeO;:Na-citrate:KC1=8:100:16:500:500;

(¢) CuCl,:InCl;3:H,SeO5:Na-citrate:KC1=10:100:20:500:500
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Table 3  Composition of electrodeposited CIS films at

different electrolyte concentrations

Sample  CuCly:InCl3:H,SeO;:Na-citrate:KCl  x(Cu)/%
1 5:100:10:500:500 18.46
2 8:100:16:500:500 21.95
3 10:100:20:500:500 24.93
Sample x(In)/% x(Se)/% Cu:ln Cu:In:Se
1 22.95 58.58 0.8 0.8:1:2.55
2 21.59 56.45 1 1:1:2.6
3 13.57 61.5 1.83 1.83:1:4.53
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Fig.10 Morphology of electrodeposited CIS thin films at
different electrolyte concentrations(mmol/L): (a) CuCl,:InCls:
H,SeO;:N-acitrate:KCI=5:100:10:500:500; (b) CuCl,:InCl;:
H,SeO;:Na-citrate:KCI=8:100:16:500:500; (c) CuCl,:InCl;:
H,SeO;:Na-citrate:KCI1=10:100:20:500:500
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