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Effects of Post-heat Treatment on Performance of Chalcopyrite
CulnSe, Film Prepared by SILAR Method
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School of Materials, Tianjin University, Tianjin 300072)

Abstract: CulnSe, ternary films were prepared by successive ionic layer absorption and reaction (SILAR) method.
The films were deposited on glass substrates at room temperature and subject to heat-treatment under Ar atmo-
sphere at various calcination temperatures, and then characterized by using X-ray diffraction (XRD), scanning
electron microscopy (SEM), X-ray photoelectron spectroscopy (XPS), optical absorption spectroscopy. XRD results
showed that chalcopyrite structure CulnSe, with high degree of preferred orientation towards (112) reflection could
be obtained by post-heat treatment. The compositions of films calcined at 300~400 “C were close to the standard
stoichiometry and Cl impurity decreased after calcination. The direct band gap increased from 0.94 eV to 0.98 eV

with the increase of calcination temperature.
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Fig.1 XRD patterns of the CulnSe, thin films calcined at
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Ao M T,=350 CHF, AR XRD K41 20=
27.3°Kb H BT S (04T S 3K X6 T AT 45
CulnSe, FJ(112)1f , Bl BRE I 0 FH i, (112) 0845 5
JEE NS, BT T3 Y B e AR IR AT LU
s B A R, DT e e T R 1) 445 it RS i — 20 SR
i1, SILAR ¥ 25 19 CIS WERR W58 LY 1,1/ Lgno>3
X % I AR R Y (11 2) T 3R 000 A K A )

S —J5 1, 7E 200 CC<T,<400 CyL N , k%
FBbe I BE Y T, CuSe M2 I 20 I e & T 400 °C
B9 2, X I T 7€ 400 “CHY CulnSe, # B 58 4 4=
A AR Y AR b i B 2 5 2 500 °CJF X AT CuSe AH
AR X T RE S IR T A S R A O B R B
I £ P A R s A B CuSe

Bl 2 J&7E 400 °C T MESEAS R B[] J5 19 CulnSe,
ML XRD &, L BbE 0.5 h i L BT
AR 55 1 B H B 4548 CulnSe, MUFFAEIE | 2 BB be it
i) 35 %5 B CulnSe, 25 i A 58 4 0 4 4B 58 B 1] 3k 3
0.75 h J& W R A0 R AR W s S WY Bk 5 T35 8 5 SR e 7Y
W BRI Be s 18] =1 h 2 )5, (HAE = 1
400 CHBE 1.5 h B 5 7E 500 CHBRE 1 h /Y
R, (1 12) 068 g i B 3 ARUAH 45, 1T ELAR AT CuSe AH Y
B 2R P ) A G O R L PR BRI S
IR T 38 224 2 BB s [i] 5L A TR A 3R

* CulnSez
# CuSe

Iy 15h
/\N\_‘\msh
Mh

T | T T T T T T
10 20 30 40 50 60 70 80
26/()

#(112)
#(102)
# (006)

* (204, 220)
(116,312)

Intensity (a.u.}

2 7F 400 CLRIEAS R BFH] 5 CulnSe, #E XRD
Fig.2 XRD patterns for CulnSe, films calcined at 400 C

for different time
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Table 1 Atomic content on surface of CulnSe, thin films from XPS
Calcination conditions Cu/ % In/ % Se | % Cl/ % 0/ % Cu/In Se / (Cu+ln)
200 C for 1 h 17.5 19.3 40.8 6.1 16.3 0.91 1.11
300 C for 1 h 19.6 20.7 434 42 12.1 0.95 1.07
400 C for 1 h 22.7 20.1 44.9 1.7 10.6 1.13 1.05
500 C for 1 h 253 20.5 44.0 0.0 10.2 1.23 0.96
400 °C for 0.50 h 18.9 20.5 40.2 3.1 17.3 0.92 1.02
400 °C for 0.75 h 20.9 20.3 40.7 25 15.6 1.03 0.99
400 °C for 1.50 h 24.6 20.5 43.7 0.0 11.2 1.20 0.97
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Fig.3 SEM images of SILAR CulnSe, films
(a) as-deposited,
(b) calcined at 200 C,
(c) calcined at 400 °C,
(d) the cross section calcined at 400 °C
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Fig.4  Plot of (ahv) against (hv) for CIS films
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