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ABSTRACT
Cadmium sulphide (CdS) thin films were deposited by chemical bath
deposition method (CBD) on glass substrates at solution temperature of
75°C for 60 min. Anhydrous cadmium chloride (CdCl2) and thiourea (CS(NH2)2
were used as sources of cadmium and sulphur ions respectively. The influence
of [S]/[Cd] ratio in the solution on the structural, morphological, chemical
composition and optical properties of these films were investigated. X-ray
diffraction (XRD) studies revealed that all the deposited films were
polycrystalline with hexagonal or cubic structure and exhibited [002] or [111]
preferential orientation, respectively. The film deposited with [S]/[Cd] ratio
= 2.5 was found relatively well crystallized. It showed large final thickness
and its surface morphology was composed of small grains with an
approximate size of 12 to 21 nm and grains grouped together to form large
clusters. Energy Dispersive X-ray Analysis (EDAX) revealed that this film
was nonstochiometric with a slight sulphur deficiency. This film exhibited
also an average transmittance value of about 79 % in the visible and infra red
regions.
 2011 Trade Science Inc. - INDIA

INTRODUCTION
Amongst of the chalcogenide thin films like PbS,
CdS, ZnS, MnS, CdS appear as an interesting material
for using as n-type window layer for p-CdTe and
chalcopyrite-based solar cells such as p-CuInSe2, and/
or p-Cu(In,Ga)Se2 (CIGS)[1]. This is because CdS has
high transparency, wide and direct band gap transition
(2.42 eV), photoconductivity, high electron affinity and
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n-type conductivity. CdS can also be used in a lot of
applications including electronic[2] and optoelectronic
devices[3]. Undoped and doped CdS thin films have
been reported using different methods viz. Sol-Gel dip
coating (S.G)[4], spray pyrolysis (SP)[5], chemical bath
deposition (CBD)[6], RF-Sputtering (RFS)[7], metal
organic chemical vapour deposition (MOCVD)[8],
successive ionic layer adsorption and reaction
(SILAR)[9], and pulsed laser ablation (PLA)[10]. Among
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these methods, the CBD technique is relatively simple,
low cost compared to other methods requiring vacuum
environment and its capable to yield films with good
quality at optimum growth conditions.
The aim of this present work is to study the influence
of [S]/[Cd] ratio in the solution (thiourea to cadmium
chloride concentration) on the crystalline structure,
surface morphology, chemical composition and optical
properties of CdS thin films prepared by chemical bath
deposition.
EXPERIMENTAL PROCEDURE
CBD is a technique in which thin films are deposited
on substrates immersed in dilute alkaline solution
containing metal ions and the chalcogenide source. This
method of deposition usually uses a complexing agent
to control the slow release of metal ions (Cd2+) and
sulphur ions (S 2-) to produce the controlled
homogeneous precipitation of the film on the solid
substrate. When the complexing agent is ammonia
(NH3), the possible chemical reactions to form CdS
films are as follows[11]:
Cd( NH 3 ) 42   4NH 3  Cd 2 

solution was added under stirring condition to ensure
homogeneous distribution of the chemicals. The total
volume of solution was 150 ml. After deposition, the
substrates were removed from the chemical bath, and
cleaned for several times with de-ionized water, then
dried in air.
The as deposited films were yellow in colour and
found to be uniform, pin holes-free and strongly adherent
to the glass substrates. Their thickness was calculated
by using gravimetric method and it was found to vary
from 400 to 800 nm. The structure, crystallinity and
phase of the CdS thin films were determined by the Xray diffraction (XRD) analysis, using CuKá radiation
with 2è ranging from 15° to 70°. The surface
morphology of the films was characterized by scanning
electron microscopy (SEM) and atomic force
microscopy (AFM). The chemical composition was
performed with an EDAX spectrometer attached to the
scanning electron microscope. In order to determine
the band gap energy of CdS in thin film form, the optical
transmission studies were carried out in the wavelength
range of 300 to 2500 nm, using a SHIMADZU 3101
PC UV-VIS-NIR spectrophotometer.
RESULTS AND DISCUSSION

SC( NH 2 ) 2  OH   SH   CH 2 N 2  H 2O
SH   OH   S 2   H 2 O
Cd

2

S

2

 CdS

(1)

Crystal structure determination

Figure 1 shows the X-ray diffraction diagrams of
In this work, the initial solutions to elaborate CBD- CdS thin films prepared with different [S]/[Cd] ratios
CdS films were prepared from anhydrous cadmium at solution temperature of 75°C for 60 min. A single
chloride (CdCl2), thiourea ((NH2)2CS), ammonia diffraction peak at 2 = 26.7° is observed for the all the
(NH3), ammonium chloride (NH4Cl). Cadmium deposited films. The interplanar spacing value
chloride of 0.12 M and thiourea of 0.3 M were corresponding to this diffraction peak (dhkl = 3.34 Å) is
employed as the cadmium and the sulphur sources, compared with the ASTM DATA[12]. This suggest that
respectively. Ammonia of 10 M was used as a the obtained films are crystallized in the hexagonal or
complexing agent. Firstly, 3.75 ml cadmium chloride cubic structure with a preferred orientation along the
solution was added to 112.5 ml of de-ionized water. [002] or [111] direction, respectively. However, M.
Thereafter, 15 ml ammonia solution was added at the Karimi et al.[13], A.
Cortes et al.[14] and H. Moulkia et al.[15], using
same time with 15 ml ammonium chloride solution of
0.01 to 2 M to adjust the pH at about 10 under the chemical bath deposition and other techniques, have
control of a pH meter. Pre-treated commercial been found a cubic structure of CdS films. In fact, demicroscope slides (1.5×2.5 cm2) were inserted vertically pending on the preparation method, cadmium sulphide
into the bath and the solution was heated at appropriate can exist in both sphalerite cubic and hexagonal forms,
temperature (between 60 and 90°C). Finally, when a but the latter structure is more stable[16]. In addition the
desired temperature was obtained, 3.75 ml of thiourea hexagonal structure of CdS films is preferable to use in
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Figure 1 : X-ray diffraction patterns of CdS thin films elaborated with different [S]/[Cd] ratios at 75°C for 60 min : (a)
[S]/[Cd] = 1 (b) [S]/[Cd] = 2, (c) [S]/[Cd] = 2.5, (d) [S]/[Cd] = 3
and (e) [S]/[Cd] = 5.

FWHM, indicating a degradation of the crystallinity.
Figure 2 depicts the variation of CdS film thickness with
[S]/[Cd] ratio. It shows that the films thickness increases
when [S]/[Cd] ratio increases up to 2.5 and then decreases afterwards. The increase of the film thickness
with [S]/[Cd] ratio is probably due to the decomposition of reactants and production of ions which are necessary for films formation, while the decrease one is
explained by the dissolution of the preformed CdS films
and the desorption phenomenon. The same behaviour
is also observed for other chalcogenide materials prepared by CBD method such as ZnS[17] and MnS[18].
The lattice parameters aH and cH or aC are calculated
from the peak at 2 = 26.7° using the formula of hexagonal (Equation 2) or cubic (Equation 3) system, respectively. The values are found to be aH = 4.13 Å,
cH= 6.70 Å with cH/aH = 1.63 and aC = 5.78 Å, which
are close to the values published in the literature[19].
1
4(h 2  k 2  hk ) l 2

 2
2
2
d hkl
3a H
cH

(2)

aC

d hkl 

(3)

(h 2  k 2  l 2 )

The average crystallite size (Dhkl) of CdS films are
estimated from the X-ray diffraction patterns using the
Scherrer formula[20]:
D  0.9

Figure 2 : Variation of CdS film thickness with [S]/[Cd] ratio.

solar cell applications because the lattice parameter mismatch with CuInSe2 (1.2%) compared to that of cubic
CdS (0.7%). Furthermore, Figure 1 shows that the
whole X-ray diffraction diagrams exhibit a broad hump
near the (002)/(111) peak at 2 = 26.7°, which is due
to the glass substrates. It is also observed that the intensity of the (002)/(111) peak increases and it’s full
width at half maximum (FWHM) decreases when [S]/
[Cd] ratio increases up to 2.5, indicating an improvement of the crystallinity. In contrary, films prepared with
[S]/[Cd] ratio greater than 2.5 show a decrease of the
(002)/(111) peak intensity and an increase of its


 hkl cos( hkl )

(4)

Where ë is the wavelength of incident radiation (ë
= 1.544 Å), âhkl is the full-width at half maximum
(FWHM) of the respective diffraction peak and hkl is
the Bragg diffraction angle. The calculated values are
reported in TABLE 1. As it can be seen the values are
found in the nanometer region (10 – 21 nm), indicating
that the polycrystalline CdS films are made up of
nanocrystal particles.
TABLE 1 : Average crystallite size (Dhkl), band gap (Eg) and
average transmittance values (% T) of CdS thin films with
varying ratios of [S]/[Cd].
[S]/[Cd]

Eg
(eV)

Average
transmittance (%)

Average crystallite
size (nm)

1
2
2.5
3
5

2.37
2.39
2.44
2.42
2.36

69
71
79
75
66

12 ± 3
17 ± 4
21 ± 5
19 ± 4
10 ± 2
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Surface morphology
SEM micrographs of the surface morphology of
CdS films prepared with different [S]/[Cd] ratios in the
solution (1, 2, 2.5, 3 and 5) are shown in Figure 3.
These micrographs show that the obtained films have
good adherence on the substrates without pinholes or
cracks. In addition, the films are covered by spherical
grains, whose their size and density increase noticeably
when [S]/[Cd] ratio increases from 1 to 3 and then
decrease afterwards. It is also observed from the
micrographs (Figure 3(b), (c) and (d)) that a small
particles are grouped to form larger clusters discreetly
distributed in the films. This indicates that the mechanism
film formation is may be due to cluster-by-cluster
deposition (homogeneous mechanism). The average
crystallite size of these films varies between 500 and
1000 nm while that estimated by Scherrer’s equation
varies between 12 to 21 nm. These values are much
less than those obtained from SEM analysis. This is can
be explained by agglomeration of small particles of CdS
to form large clusters. To have more details on the
surface morphology of CdS films, Atomic Force
Microscopy (AFM) analysis is used. Figure 4 presents
3D AFM images obtained by scanning an area of 20µm
x 20µm of the surface of CdS films deposited with [S]/
[Cd] ratio = 2.5. It shows that the surface is composed
of small grains with an approximate size of 15 to 30 nm
and grains grouped together to form large clusters like
a cauliflower with a mean size of 200 to 500 nm,
confirming the results obtained by X-ray diffraction and
SEM analysis, respectively.

Figure 3 : S.E.M micrographs of CdS thin films deposited
with different [S]/[Cd] ratios: (a) [S]/[Cd] = 1, (b) [S]/[Cd] = 2,
(c) [S]/[Cd] = 2.5, (d) (d) [S]/[Cd] = 3 and (e) [S]/[Cd] = 5.
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Figure 4 : 3D AFM micrograph of CdS thin film deposited
with [S]/[Cd = 2.5.

MSAIJ, 7(6), 2011

B.Elidrissi et al.

403

Full Paper
and good stiochiometry of these films as it is shown by
X-ray analysis and EDAX analysis.
By using the Tauc relationship which is given by the
formula[21]:
(5)
In witch (hv) is the photon energy, (Eg) is the optical band gap of the semiconductor, A is a
(h )  A(h  Eg ) n

Figure 5 : EDAX spectrum of CdS thin film deposited with
[S]/[Cd] = 2.5.
TABLE 2 : EDAX analysis of CdS thin film deposited with [S]/
[Cd = 2.5.
Element
Percentage

Cd
7,6 at.%

S
7,2 at.%

O
37,7 at.%

[S]/[Cd]
0,94

Composition analysis
Figure 5 presents the EDAX spectrum of CdS thin
films prepared with [S]/[Cd] ratioequal to 2.5. It shows
peaks of Cd, S and some impurities like, Si, Ca, Na
and O which are originated probably from the glass
substrates and deionised water, respectively. The atomic
concentrations from EDAX analysis and the calculated
atomic ratio are presented in TABLE 2. As it can be
seen, the [S]/[Cd] atomic ratio is 0.94 suggesting the
presence of sulphur vacancies (excess of cadmium) in
the deposited films, which act as donors, leading to ntype

Figure 6 : Optical transmission spectra of CdS thin films
prepared with different [S]/[Cd] ratios.

Optical properties
The optical properties such as transmittance,
absorption coefficient and band gap energy of CdS thin
films are determined from the variation of the optical
transmission with wavelength (ë) in the range of 300 to
1500 nm. Figure 6 shows the optical transmittance
spectra of the CdS films elaborated with different [S]/
[Cd] ratios. As it can be seen, the films elaborated with
Figure 7 : Variation of (h ) 2 with photon energy with pho[S]/[Cd] ratio equals to 2.5 exhibit a high transmission
of about 80% in the visible and near infra-red regions. ton energy (h v) for CdS thin films elaborated with different
[S]/[Cd] ratios
This can be explained by a relatively better crystallinity
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conductivity constant and n = 1/2 for direct band
gap semiconductor such as CdS, the optical band gap
value of the CdS thin films is estimated by extrapolation
of the straight line of the plot of (ah v)2 versus photon
energy as it is shown in Figure 7. We found that the value
of (Eg) for the films prepared with different [S]/[Cd] ratios
varies from 2.36 to 2.44 eV, which is in agreement with
the value reported by other authors[22, 23].
CONCLUSION
CdS thin films were deposited by CBD method on
glass substrates at 75°C for 60 min. Anhydrous cadmium chloride (CdCl2) and thiourea (CS(NH2)2 were
used as sources of cadmium and sulphur ions respectively. The optimal [S]/[Cd] ratio was found to be 2.5.
The film prepared with this ratio was relatively well crystallized and had hexagonal or cubic structure with a preferential orientation along the [002] or [111] direction,
respectively. It has showed also large final thickness and
its surface morphology was consisted of small grains with
an approximate size of 15 to 25 nm and grains grouped
together to form large clusters like a cauliflower. The composition study showed that this film was nonstochiometric
with a slight sulphur deficiency leading to n type conductivity. This film exhibited also a good transmittance of
about 79 % in visible and near infra-red regions of the
electromagnetic spectrum so it is possible to us it as a
window layer in high efficiency thin film solar cells based
on CdTe and Cu(In,Ga)Se2 (CIGS).
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