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Preparation of CulnSe, thin films by a chemical solution method

ZHU Xiao-Jing', MA Jian-Hua'”*, YAO Niang-Juan’, LIANG Yan’,
JIANG Jin-Chun®, WANG Shan-Li’, CHU Jun-Hao'?
(1. National Laboratory for Infrared Physics, Shanghai Institute of Technical Physics,
Chinese Academy of Sciences, Shanghai 200083, China;
2. Shanghai Center for Photovoltaics, Shanghai 201201, China)

Abstract: A low cost chemical solution method for the preparation of CulnSe, thin films was proposed. The changes of
film properties were studied, which were caused by several parameters of the experiments, including the annealing tem-
perature of the precursor films, the annealing temperature for selenization and different substrates. Copper nitrate and in-
dium chloride were used to prepare the precursor solution. The precursor films were processed by the spin-coating meth-
od from the solution, and then selenized at 480°C to obtain CIS thin films. XRD results show chalcopyrite structure with
high crystallinity. SEM images show large grains and relatively smooth and dense surface. EDX analysis results indicate
that the ratios of components were in a reasonable range, slightly poor in copper and rich in selenium. The sample films
were sandwiched into CIS prototype solar cells as the absorbing layer. The photovoltaic response of a single CIS layered
cell reaches 1.6% .
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Fig.1 Schematic diagram of CIS film processing
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Fig. 2 XRD results of CIS selenized at different tem-
peratures on FTO substrates
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Table 2 EDX results of stoichiometric ratios in CIS films

Ak = Cu (at %) In (at %) Se (at %)
480C 18.50 21.40 60. 10
450C 21.26 22.38 56.36
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Fig.3 SEM images of CIS films selenized at (a)

450°C, (b)480C respectively
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Fig. 4 XRD results of CIS films pre-annealed at different
temperatures
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Fig.5 FTIR results of samples pre-annealed at different
temperature before selenization
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Fig.6 FTIR results of samples pre-annealed at different
temperature after selenization

B (CdS) WA I AL EB40 (Zn0: AL, AZO) i
B AR, For CdS 2R M2, 5 CIS JE AL pn 455
AZO SR FHAEAL IS ) 25, AR R/ 3 mm x 3 mm,
AR A 00 EE AR A . A T R BHAE F b i R 48 Su-
nAds-841R, 75 AM1. 5 AR IEGIE S5 4T X 1 J5t 2
FLEA T T S AR e 0L 4 0 A5

D33 I D 780 e gt o H B R e 7, R G
9(a) iR, WTIAENZ9 0.9% | iX Ui SR AL 0 Wi 7
il A& Y CIS AR AT AR A BH il L Tt Y TR A2

[FIEp A FH A P SR 56 R Ae G ) CIS SRR T4 B
Jr U R gt 04t s L A R o T L FTO 3858
FEF BRSNS, 35 1.6% , G & 9 (b) 7k, JitH Al
feJE T4 5 CIS Z (Al #gE 224 FTO fiK, A ifij 38
AR TIERS 4 TR, RS R T L
ARG L B B8R 5 T RE A0 I, 4H R A R CIS
g, X 20 SR A T IR

SRS E i D 7 Rt ORI, (TR e ) H
W IKZ CIS R B AL 2 500 nm , Ff FL AL H 3t



3 4t SRIGE A 45 : CulnSe, WA AL-2 W 5 07 15

235
0.000 9 \ 0.000 1
L 0.000 1
el S 0.0000
< 00005f = icoxes Lt
= 000041 50T 0.000 0 <
0.000 34 o S8 o0 0.000 0
0000 2 ISn : 1000 W/m*
0.000 1| //2om: 200 © 0.000 0
0 0.000 0
0 0.02 0.04 0.05 0.07 0.09 0.11 0.13 0.14
%
(@
[AccV  Spot Magn Det WD ———{ 5pm 0.001 8 0.000 1
100kv 40 10000x SE 5.0 0.001 6
- . 0.000 1
0.001 4F 1% 0 ooto s
0.001 2 Vm : 0.071 V 0.000 0
< 0.0010 . h 00000 3
= 00008k 5 v 0.0000 =~
0.000 6 Rsh : 99.671 Q
o 0.000 0
0.000 4f 1= P iel 2
0.000 2 Temp: 25.00 C \ 0.000 0
0 0.000 0

¥ Sl
Det WD p—— 5pm
10.0kV 40 10000x TLD 49

ccV  Spot Maan

K7 B B RT SR AR AE (a) FTO & Jr 4, (b)
AL R HTIE By SEM JESIA

Fig.7 SEM morphology images of precursor films on (a)
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