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Study on CulnS, Thin Films Grown by Ion Layer Gas Reaction (ILGAR) Method

QIU Ji-Jun JIN Zheng-Guo* QIAN Jin-Wen SHI Yong WU Wei-Bing
(Key Laboratory For Advanced Ceramics and Machining Technology of Ministry of Education,
School of Materials, Tianjin University, Tianjin 300072)

Abstract: CulnS, thin films have been prepared by ion layer gas reaction (ILGAR) using C,H;OH as solvent, CuCl
and InCl; as reagents and H,S gas as sulfuration source. The effects of cationic concentrations and numbers of cy-
cle on the properties of CulnS, film were investigated. The chemical composition, crystalline structure, surface to-
pography, deposited rate, optical and electronic properties of the films were characterized by X-ray diffractrometry
(XRD), X-ray photoelectron spectroscopy (XPS), scanning electron microscopy (SEM), ultraviolet-visible spectrom-
etry (UV-Vis) and Hall System. The results show that the crystalline of CulnS, thin films and the deposition rate
have been improved with the increase of cationic concentration, while Cu,S segregation phases appear with further
increasing cationic concentration. The deposition rate is close to constant as cationic concentration is fixed.
CulnS, thin film derived form lower cationic concentration is uniform, compact and good in adhesion to the sub-
strates. The absorption coefficient of CulnS, thin films is larger than 10* cm™, and the band gap E, is in the range

of 1.30~1.40 eV. The dark resisitivity of the thin film decreases from 50 to 10 {):cm and the carrier concentra-

tion ranges are over 10' cm™.
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Table 1 Design parameters for CulnS, thin films by ILGAR
Serial No. a b ¢ d e f g h i

¢,/ (mol - L) 0.010 0.0250  0.050 00750  0.1000 00500  0.0500 0.0500 0.0500

¢/ (mol-L7) 0.0155 0.038 7 0.077 5 0.116 3 0.1550  0.0775 0.0775 00775 0.0775

Cycle numbers 10 10 10 10 10 5 20 30 40
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Fig.1 XRD patterns for CulnS, films grown from different

concentrations

®: Culn:
2:CusS

Intensity (a.u.)

T T T
10 20 30 40 50 60 70
20/()

B2 ORIEE A B % (9 CulnS, #8E XRD Bl
Fig.2 XRD patterns for CulnS, films with different cycle
numbers

F XRD 2 & 58 6 i (HFMW)Scherrer 28 35
HE I b R S XL AR ROE D

b= ﬁf(ia 3

A H :K=0.94;1=0.154 18 nm;B ¥ FH 5 ;0 K
A, S5, BB B VR B BU0E PR U 1 3
Jin, L CulnS, 09°F 3 &0k )RS A ~80 nm 14 ¥
#3120 nms,

22 HENLZFAK

# 24 CulnS, W R WAL IOTR T 70 &
oK 2 Pl LUE AR S5 BB U CulnS,
W In 0955 5 290G & T Cu B9 5 &  (HRRAY fb o
T B R AR, A0, B BT IR W Cu B
TR BERYIE I W T R Cu B9 BRI
R e BE TR T Cu B 110 R EATE R, &
FEHCuS Il A, X5 XRD 45 R AH—

e
#2 BEREESUETENEHAE

Table 2 Atomic content on surface of CulnS,

thin films
Serial No. Cu/% In/ % S/%  Cu/ln S/ (Cutln)

a 239 24.4 51.7 0.98 1.07
b 242 253 50.5 0.96 1.02
¢ 24.6 25.0 50.4 0.98 1.02
d 25.1 254 49.5 0.99 0.98

24.6 25.2 50.2 0.98 1.01
h 24.7 25.0 50.3 0.99 1.00
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Fig.3 High-resolution XPS spectra in Cu2p, In3d and
S2p regions for CulnS, thin films
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Fig.4 SEM micrographs of CulnS, films with different precursor concentrations and numbers of cycle
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Table 3 Electrical parameters of different CulnS, thin films
. . . ) Carrier concentration Resistivity Mobility
Serial No. Ax Ay Semiconductor type Main defects / (10 ) / (Q-cm) / fem® (V-5
a -0.02 0.06 2.2 42.6 2.8
b -0.04 0.01 6.4 38.3 44
c -0.01 0.01 p In, S; 5.2 25.7 5.6
d -0.01 0.01 7.1 20.4 6.5
g -0.01 0.01 15.3 11.5 6.1
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