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Abstract. Thin films of copper indium diselenide (CIS) were prepared by chemical bath deposition technique onto glass substrate at temperature, 60°C. The studies on composition, morphology, optical absorption,
electrical conductivity and structure of the films were carried out and discussed. Characterization included X-ray
diffraction (XRD), scanning electron microscopy (SEM), atomic force microscopy (AFM), energy dispersive
X-ray analysis (EDAX) and absorption spectroscopy. The results are discussed and interpreted.
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Introduction

In recent years, I–III–VI2 ternary semiconductor compounds (CuInX2, X = S, Se, Te) have received considerable
attention because of their possible application in optoelectronic devices. One of these compounds, CuInSe2, with
its optical absorption coefficient exceeding 3 × 10 4 cm–1
at wavelengths below 1000 nm, and its direct band gap
being between 0⋅95 and 1⋅04 eV (Hamakawa and Okamoto 1988), is an excellent solar absorber (Bloss et al
1988). Thin film polycrystalline CIS solar cells with a
conversion efficiency exceeding 14% have already been
achieved (Mitchell et al 1988). High absorption coefficient and low cost methods for deposition of thin films
make CuInSe2 a promising material for photovoltaic devices. Thin film CuIn(S, Se) 2 cells with efficiency of
18⋅8% have been recorded (Nakada and Mizutani 2002).
Various techniques have been employed to prepare CuInSe2 thin films including flash evaporation (Elliot et al
1974; Pachori et al 1986), single source evaporation
(Kazmerski et al 1976; Neumann and Nowak 1980), multiple source evaporation (Kazmerski 1979; Nealkanth et al
1984), molecular beam epitaxy (Grindle et al 1980;
Mickelsen and Chen 1980), spray pyrolysis (Agnihotri et
al 1983; Shirakata et al 1996), and electrodeposition
(Guillemoles et al 1994; Al-Bassam 1999).
It is reported (Bhattacharya 1983; Padam 1987; Garg et
al 1988; Murali 1988) that the copper indium diselenide
films have been prepared by chemical bath deposition
technique. Though difficult, they have successfully pre-
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pared the CuInSe2 thin films using chemical bath deposition technique. Various characterization techniques such
as XRD, optical spectroscopy, scanning electron microscopy, atomic force microscopy etc were employed to
study the films.
2.

Experimental

The chemical bath deposition technique was used to deposit
thin films of copper indium diselenide on glass substrate.
The sources used for Cu and In as starting materials were
cupric chloride (CuCl 2⋅2H2 O, make-sd.fine) and indium
trichloride (InCl 3, make-Lancaster). All the chemicals
used were of AR grade. To obtain films of different compositions of Cu, In and Se, the solutions of different
molarity were used. Sodium hydroxide and ammonia solution were used to adjust pH of the reaction mixture and
to increase the film adherence. To obtain good quality
films time, temperature of deposition and pH of the solution were optimized. The optimum time, temperature and
pH were observed to be 2 h, 60°C and 10, respectively.
The process involved the reaction of Cu + and In 3+ ions
with Se2– ions in deionized water solution. Elemental
selenium (99⋅95%) was dissolved in aqueous solution of
sodium sulphite (pH > 9) at 90°C to form a Na2SeSO3
solution. A solution containing complex ions of indium
and citrate was added to tetraamine copper. Na2SeSO3
solution was then added to the solution bath. In the solution,
partially unstable Na2SeSO3 yielded Se2– and SO 32– ions.
Sulphite ions reduced tetraamine copper and generated
Cu + ions.
The structural properties of thin films were investigated
by X-ray diffraction (XRD) using CuKα ( λ = 1⋅5418 Å)
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Table 1.
Sample no.

Elemental composition of CIS films.
Cu (wt%)

In (wt%)

Se (wt%)

Cu (at%)

In (at%)

Se (at%)

Cu (at%)/In (at%)

43⋅15
42⋅37
47⋅63
56⋅86

25⋅41
15⋅78
14⋅44
12⋅11

31⋅44

52⋅29
49⋅98
55⋅29
64⋅22

17⋅04
10⋅30
9⋅27
7⋅57

30⋅67
39⋅72
35⋅44
28⋅21

3⋅07
4⋅85
5⋅96
8⋅48

1
2
3
4

Figure 1.

41⋅84
37⋅94
31⋅03

XRD of the sample.

radiation. The optical absorption studies of the films were
carried out using Hitachi U-2000 spectrophotometer. The
elemental analysis of the films was carried out using an
energy dispersive spectrometer (EDS) JEOL, JED-2300,
and scanning electron microscopic (SEM) studies were
carried out using JEOL 6300 (LA). An AFM nanoscope
(model-NSE, Serial no-245) digital instrument with a
silicon nitride cantilever was used to probe different portions of the film surface in ‘contact mode AFM’.
3.

Results and discussion

3.1 Elemental analysis by EDS
Table 1 shows the elemental composition of the films
determined by EDS.
Theoretically expected stoichiometric composition of
CIS in terms of at % is: Cu = 25%, In = 25%, Se = 50%.
It is clear from table 1 that the films are nonstoichiometric in nature.
3.2

Structural analysis

Figure 1 shows the diffractogram of sample 4 film scanned
in the 2 θ range of 10–90°. The XRD peaks approximately
matched with standard ASTM data (card no. 23–209)
indicating the non-stoichiometric CIS. Additional peak of
CuSe is observed. This phase may be present due to higher
Cu/In ratio.

3.3

SEM images representing microstructures

Figure 2 consists of SEM images representing surface
morphology of the as synthesized copper indium diselenide films with different Cu/In ratios. The average grain sizes
obtained from the SEM images are tabulated in table 2.
The grains are cubic (except in sample 4) in nature. It
is clear from SEM images that the number of grains goes
on increasing with the increase in Cu/In ratio. Also, with
the increase in at % of Cu there is a decrease in average
grain size. It could be attributed to small atomic radii of
Cu ions as compared to indium. Smaller the atomic radii,
larger would be the nucleation centres and smaller would
be the grains. The amount of feed material available in
the reaction vessel is constant for a particular reaction. If
same material would be divided on the larger nucleation
centres, the grain would not grow larger but remain
smaller (Sinnott 1958; Patil et al 1998; Patil and Wani
2001). This is clearly evidenced from the SEM images.
Figure 3 shows the variation of grain size with Cu/In
ratio. Grain size is found to decrease with the amount of
copper in CuInSe2.
3.4

Surface morphology

A typical copper indium diselenide film was morphologically characterized using atomic force microscopy (AFM).
Figure 4 represents AFM pictures of the film (sample 4)
having Cu/In ratio, 8⋅48, which reveals the granular parti-
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Table 2.
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(a)–(d) SEM images of samples.

Dependence of grain size on Cu/In ratio.

Sample no. Figure 2 Cu (at.%)/In (at.%) Grain size (nm)
1

a

3⋅07

354

2

b

4⋅85

240

3

c

5⋅96

204

4

d

8⋅48

180

Figure 3. Variation of grain size with Cu (at.%)/In (at.%) ratio.

Nature of particles
Relatively small number of grains (as compared
to sample 2)
Relatively small number of grains (as compared
to sample 3)
Relatively small number of grains (as compared
to sample 4)
Large number of grains

Shape of grains
Cubic
Cubic
Cubic
Spherical

cles having spherical or elliptical nature. The spherical or
elliptical grains could be attributed to faster growth due
to higher concentration of copper in the composition.
There was agglomeration of particles in most of the cases
as evident from the 2D micrographs. The root mean square
values of the surface roughness of the film (Rg AFM) from
a number of scans from different areas of the film are
calculated. It was observed that the surface roughness of
the film was 10⋅91 nm/1 µm*1 µm. The average grain size
was observed to be 180 nm. This observation reveals the
films to be microcrystalline in nature. The average grain
sizes observed from SEM and AFM images are approximately equal.

R H Bari, L A Patil and P P Patil

532

Figure 4.

(a)–(d) AFM pictures of the sample.

range 313–423°K. Figure 5 shows the temperature dependence of d.c. electrical conductivity for various compositions of CuInSe2. The activation energies were calculated by using the slopes of the graph and are given in
table 3. It is observed that activation energy goes on decreasing with the increase in Cu/In ratio. Lower activation
energy in case of the sample having higher atomic percent of copper, could be attributed to high reactivity of
copper ions with available anions. Due to high reactivity,
larger at.% of copper ions would be incorporated in the
compositions, which lead to higher conductivity, and in
turn, lower activation energy.
3.6 Optical absorption studies
Figure 5.

3.5

Variation of electrical conductivity with temperature.

Electrical conductivity and activation energy

Electrical conductivity of CuInSe2 thin films were measured by using d.c. two-probe method in the temperature

Optical absorption studies of CuInSe2 films were carried
out in the wavelength (λ) range 800–1500 nm at room
temperature. The variation of absorbance with wavelength
(λ) is shown in figure 6(a). The band gap energies of the
samples were calculated from the absorption edges of the
spectra. The slope drawn from the start of an absorption
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Table 3.

Dependence of band gap energies and activation energy on Cu/In.

Sample no.
1
2
3
4
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Cu/In (at.%)

Grain size (nm)

Activation energy (eV)

Band energy (eV)

3⋅07
4⋅85
5⋅96
8⋅48

354
240
204
180

0⋅62
0⋅55
0⋅53
0⋅44

0⋅92
1⋅08
1⋅20
1⋅30

InSe2 (Wanger and Holah 1977; Horig et al 1978; Fray
and Lloyd 1979).
Figure 6(b) shows the variation of optical band gap
energy with Cu/In metal ratio. It is clear from the graphs
that the values of band gap energy go on increasing with
the increase in Cu/In ratio.
Table 3 summarizes the effect of at.% of Cu (in CIS)
on grain size, activation energy and band gap energy.
4.

Conclusions

Copper indium diselenide films were deposited onto glass
substrate by simple chemical bath deposition technique.
The films obtained were uniform and had good adherence
to the substrate. The EDAX of the film indicated that the
films were nonstoichiometric. The values of band gap
energy and numbers of grains were observed to be increasing, activation energy and grain sizes were decreasing
with the increase of Cu/In ratio.
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Figure 6. (a) Plot of optical absorbance vs wavelength ( λ)
and (b) the variations of energy gap vs Cu/In metal ratio.

edge (the onset of absorbance) and horizontal tangent had
drawn on absorption minimum and intercepted each other
at some point. The vertical line drawn from this point on
wavelength axis gave the absorption edge wavelength.
This value of (nm) was then used in the following relation to know band gap energy, Eg.
Eg = K = hc/ λ = 1240/ λ (nm) eV.
The values of band gap energies are matching approximately with the reported band gap energy [1⋅04] of Cu-
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