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Abstract—In this study, the Mo-electrode thin films were 

deposited using two-stepped process and the high purity copper 
indium selenide-based powder (CuInSe2, CIS) was fabricated by using 
hydrothermal process by Nanowin Technology Co. Ltd. Because the 
CIS powder was aggregated into microscale particles, the CIS power 
was ground into nano-scale particles. 6 wt% CIS particles were mixed 
and dispersed into isopropyl alcohol (IPA). A new non-vacuum 
thin-film deposition process, spray coating method (SPM), was 
investigated to deposit the high-densified CIS absorber layers. 0.1 ml 
CIS solution was sprayed on the 20 mm×10 mm Mo/glass substrates 
and then the CuInSe2 thin films were annealed in a selenization 
furnace using N2 as atmosphere. The annealing temperature and time 
were set at 550oC and 5 min, and 0.0g~0.6g extra Se content was 
added in the furnace. The influences of extra Se content on the 
densification, crystallization, resistivity (ρ), hall mobility (μ), and 
carrier concentration of the CIS absorber layers were well investigated 
in this study. 
 

Keywords—CuInSe2, isopropyl alcohol, spray coating method, 
annealing, selenization process.  

I. INTRODUCTION 
CIENTIFIC interest in renewable energy resources, in 
particular, solar energy technologies that employ efficient 

and robust photovoltaic cells have been high-lighted. 
Cu(In,Ga)Se2 (CIGS) [1] and CuInSe2 (CIS) [2] are two of the 
most promising. Used as a light absorbing material, CIGS is of 
high interest to the areas of solar cell research and production. 
The CIGS and CIS systems are known to have some advantages 
such as non-toxicity, long time stability, and high conversion 
efficiency. Several methods have been reported to fabricate 
CIGS and CIS absorber thin films and sputtering and 
co-evaporation are two of the most popular methods. R. Wuerz 
et al. used the co-evaporation process to fabricate the highly 
efficient CIS absorber layers on different substrates [3] and Hsu 
et al. used the sputtering and selenization processes to deposit 
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the CIGS absorber layers [4]. Traditional vacuum methods are 
too complicated and difficult because those methods require a 
large number of expensive equipments, when the number of 
process parameters increases.  

The spray pyrolysis method (SPM) is a very important 
deposition method to fabricate thin films because it has the 
merits of relatively simple, non-vacuum, and inexpensive for 
large-area coating [5]. In this study, the CIS precursor was 
synthesized by using the hydrothermal process by Nanowin 
Technology Co. Ltd. Even having nano-scale particle sizes, the 
formed CIS powder was aggregated in the microscale, for that 
we needed to grind the CIS powder into nano-scale particle 
sizes. A SPM was used to investigate the CIS absorber layers 
with high densification structure. However, only few efforts 
had been made to systematically investigate the effects of 
thermal-treated parameters in a selenization furnace on the 
physical and electrical properties of the CIS absorber layers. 
We would investigate the effects of extra Se content on the 
physical and electrical properties of the CIS absorber layers. 

II. EXPERIMENTAL PROCEDURE 
Back electrode layer functions as a barrier that hinders the 

diffusion of impurities from the substrates into the absorber 
layers. In this study, the corning eagle XG glass (thickness was 
0.7 mm) with the size 20 mm×10 mm was used as substrates to 
deposit the bi-layer-structured Mo electrode at room 
temperature in pure argon. After the surfaces of the glass 
substrates were cleaned then they put into the sputter. At first, 
the chamber was pumped to 8×10-6 Torr, the first layer of Mo 
was deposited at the deposition parameters of power of 50W, 
working pressure of 10 m Torr, and Ar flow rate of 70 sccm for 
6.5 min; The second layer of Mo was deposited at the 
deposition parameters of power of 50W, working pressure of 5 
m Torr, and Ar flow rate of 20 sccm for 29 min, respectively. 
The first layer had a thickness of ~ 116 nm and the second layer 
had a thickness of ~ 327 nm. The high purity copper indium 
selenide-based (CIS) powder was synthesized and formed 
using hydrothermal process by Nanowin Technology Co. Ltd. 
Because the CIS precursor was aggregated into micro-scale 
particles, as Fig. 1 (a) shows, the milling ball with the average 
diameter of 0.2 mm was used to grind them into nano-scale 
particles. The morphology of the ground CIS powders were 
observed using transmission scanning electron microscope 
(TEM). As Fig. 1 (b) shows, the ground powers were really 
showed the nano-scale particles. After finding the optimum 
grinding time and KD1 content, the 6 wt% CIS particle was 
dispersed into isopropyl alcohol (IPA) to get the solution for 
SPM to prepare the CIS absorber layers. The organic/CIS 
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