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Cadmium Sulphide (CdS) thin films were prepared by Chemical Bath Deposition, SILAR and by Spray pyrolysis 
techniques onto a cleaned glass substrates. The films were characterized by X-ray diffraction (XRD) and various 
structural parameters were reported. The spherical   shaped clusters and the presence of elemental constituents 
were characterized using scanning electron microscope (SEM) and energy dispersive X-Ray analysis (EDAX) 
respectively. The absorption coefficient α of the investigated samples was calculated from transmission and  
absorption spectra and the direct band gap energy were obtained from the optical absorption measurements. The 
photoluminescence spectra show the green emission band of the samples. 
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INTRODUCTION 
 
Cadmium Sulphide (CdS) is the most commonly used transparent 
conducting semiconductors for thin films CdTe  and CuInSe2 hetro 
junction solar cells due to its compatibility with the p-type absorption 
layers.Several CdS thin film preparation techniques, including 
vacuum evaporation, Sputtering, chemical Vapor deposition, Electro 
deposition, Spray pyrolysis and Chemical bath deposition have been 
used for the deposition of CdS films[1-6].Among them, Chemical 
bath deposition(CBD), the deposition of CdS films from an aqueous 
solution, is the most cost effective and relatively  easy to be 
controlled process for solar cell fabrication. Solar cell efficiency as 
high as 16.5% has been reported for  CdS/CdTe thin film solar cells 
by using CBD CdS films[7]. However, pin holes presented in thin 
CdS films (50-200 nm thick)small nano crystalline grains and 
irreducibility of thin film deposition process not only affect the 
properties of subsequently deposited CdTe film but also severely 
lower the efficiency of CdS/CdTe Solar cell [8]. In CBD method, 
deposition of metal chalcogenide thin film occurs due to the 
maintenance of the substrate in contact with dilute chemical bath 
containing metal and Chalcogen ions. However, this results into 
precipitate formation in the bulk of solution which cannot be 
eliminated. In order to avoid such precipitation, a CBD is modified 
(M-CBD), which is also known as Successive Ionic Layer Adsorption 
and Reaction (SILAR) method. In this modification, thin films are 
obtained by immersing substrate into separately placed cationic and 
anionic precursors and rinsing between every immersion with ion-
exchanged water. Thus, precipitation formation in wastage of material 
is avoided in SILAR method. Using these chemical methods, a large 
number of chalcogenide thin films have been deposited. Particular 
properties achieved in films, depend on the deposition method and the 
particular conditions of preparation. With this view, the spray 
pyrolysis technique is also used and the results are compared to study 
the effects of techniques on the preparation of Cd chalcogenide thin 
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film. The spray pyrolysis is a simple technique in which an ionic 
solution containing the constituent elements of a compound in the 
form of soluble salts is sprayed onto the over heated substrates using 
a stream of clean dry air. 
 
EXPERIMENTAL PROCEDURE 
 
In the CBD technique, CdS thin films are formed by decomposition 
of thiourea in alkaline solutions of the salts of the corresponding 
cation. The physical properties of the films depend on different 
growth parameters such as bath temperature, the relative 
concentrations of the reactants in the chemical bath, the pH value [9, 
10] and the type and the surface quality of the substrate [11]. The 
chemical bath for film growth consists basically of a glass beaker 
containing the reaction solution and the glass substrate, in a separated 
flask. The temperature of the reactants is typically maintained at 80ᵒC 
during the growth. Substrates are fixed in the hot bath, which usually 
is spinning with a magnetic stirrer to avoid precipitations. The 
substrates were cleaned prior to deposition. Initially they were 
immersed for 10 min in con.HCL acid; thereafter, for 5 min in 
acetone; and lastly, for 10 min in distilled water. They were dried 
with hot air to eliminate airy remaining humidity. Details of CBD 
technique are widely described in the literature [9,12, 13] . Briefly, the 
total volume of (200 ml) chemical bath, is an aqueous solution 
containing the following molar concentrations of reactants: 0.1M 
Cadmium Chloride (CdCl2), 0.5 M Thiourea [CS(NH2)2]as catalytic 
reagent and 5ml of Ammonium hydroxide (NH4OH). The pH value is 
measured as 9.Film deposition starts when thiourea is added. The 
samples were retired after 20 min. The resulting transparent and pale 
yellow films presented high adherence on substrate and bright 
surfaces. The deposition mechanism of CdS by CBD has been 
depicted in detail in Ya-Ping et al., (2009) which can be summarized 
as follows[14]. 

 

Cd[(NH3)4] 2+2OH- → Cd(OH)2ads + 4NH3 
Cd(OH)2ads +S =  C(NH2)2→[ Cd(S=C(NH2)2 (OH2)]ads 

[Cd(S=C(NH2)2 (OH2)]ads→CdS+CN2H2+2H2O 
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The SILAR is based on sequential reaction at the substrate surface. 
Rinsing follows each reaction, which enables heterogeneous reaction 
between the solid phase and the solvated ions in the solution. In the 
actual experiment, 0.1 M Cadmium chloride dissolved in 100 ml 
water is taken in a beaker. Another beaker contains solution of 
thiourea dissolved in 100 ml of water. 100 ml of deionized water is 
taken in two separate beakers. The critical operations for the 
deposition of thin films by SILAR method are adsorption of the 
cations , rinsing with deionised water, reaction of pre-adsorbed 
cations with newly adsorbed anions and again rinsing with deionised 
water. The beakers containing precursor solutions and deionised 
water are alternately placed. The immersion and rinsing of substrates 
are done manually. Each dip is maintained for 30 sec. The above 
steps were repeated for 20 immersions in each beaker.    The Spray 
pyrolysis technique  is simple technology in which an ionic-solution 
containing the constituent elements of a compound in the form of 
soluble salts , is sprayed onto the overheated substrates using a stream 
of clean, dry air with a home made spray system described 
elsewhere[15]. The CdS thin films were prepared by spraying an 
aqueous solution of Cadmium chloride (CdCl2) and the thiourea 
[CS(NH2)2] on a glass substrate kept at 300°C. 
 
RESULTS AND DISCUSSION 
 
OPTICAL ANALYSIS 
 
Light absorption property is one of the most important properties for  
electrodes which determine the overall conversion efficiency of Solar 
cell. The UV-Vis characteristics of the CdS films have been discussed 
below. The transmission spectra of the prepared samples were 
measured by the normal incidence of the light using a UV-300 -400 
nm. Thus we obtained the optical absorption edge, extinction co-
efficient (k), thickness of the film (t) and the optical band gap(Eg), 
refractive index(R) from this study.  The absorption edge for CBD 
(sample a), SILAR (sample b) and Spray Pyrolysis (sample c) films 
are observed at 520 nm, 520nm, 500nm respectively. The absorption 
is gradually enhanced and the absorption onset shift to longer 
wavelength region is known as red-shift and to shorter wavelength 
region is known as blue shift.   
 

The relationship between the absorption co efficient and the incident 
photon energy of a semiconductor is given by the following 
equation[16] 
 
(αhν) = C(hν-Eg)p                                                                                                    (1) (1) 

 
Where α is the absorption co efficient  
hν  is the energy of the incident photon  
Eg  is the band gap of the semiconductor  
p is the 0.5 and 2.0 for direct and indirect transition semiconductor 
respectively. The CdS is a direct transition semiconductor and p is 
0.5[17].  The determined band gap of the CdS films deposited in 
CBD, SILAR and Spray Pyrolysis are found to be 2.25 eV, 2.25eV, 
2.3eV respectively.  According to the equation (1), it is suggested that 
the light absorption range of semiconductor is relative to its band gap 
(Eg) and light absorption range will enlarge as Eg decreases. The 
thickness of the films prepared by three techniques are estimated by 
the formula, 

ݐ =
ݓ∆
ܣߩ

 
 

Where, Δw=w2-w1. w2 is the mass of the substrate after coating and 
w1 is the mass of the substrate before coating. ρ is the density of the 
CdS thin film and A is the area of the coated film. The density of the 
CdS film is 4820 kg/m3. The maximum (minimum) values of the 
thickness were in accordance with the concentration of the thiourea 
solution. The films were crack free, uniform and with good adhesion 
to the corning glass substrates. 
 

The refractive index of the thin film was calculated by  
 

ܴ =
(݊ + 1)ଶ + ݇ଶ

(݊ − 1)ଶ + ݇ଶ 

 
Where n is the refractive index of the substrate and k is the extinction 
co efficient which is related to the absorption co efficient and the 
wavelength as  

݇ =
ߣߙ
 ߨ4

 
The values of n and k were calculated using the above formula and 
the Fig 1 and Fig 2 shows the variation of refractive index and 
extinction co efficient against λ. For all the samples, the refractive 
index and the extinction co efficient of these films decrease with 
increase in the wavelength[18]. Fig 1and 2 shows a sharp down fall of 
extinction co efficient at around 450 nm. whereas, Refractive index 
curves for all the three techniques shows a sharp fall around 450 nm 
for SILAR and Spray pyrolysis, while somewhat uniform decrease in 
the CBD curve.  
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Fig.1.  Refractive index of CdS thin films grown at different techniques 
(a) CBD, (b) SILAR and(c) Spray technique 
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Fig.2. Extinction co efficient of CdS thin films grown at different 

techniques (a) CBD, (b) SILAR and (c) Spray technique 
 

PHOTOPHYSICAL ANALYSIS 
 
The PL measurements were performed at room temperature. PL 
spectrum provides information on defects. The defects formed have 
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influence on the structure transformation. In CdS thin films, the 
cadmium vacancies and interstitial sulphur act as acceptors while 
sulphur vacancies and interstitial cadmium act as donors [19].  The 
well-known green emission bands at 520,520 and at 524nm are 
observed in the samples. The enhancement in PL peak at 520,520 and 
at 524 nm is due to the presence of interstitial sulphur [20, 21]. The 
main cause of the origin of green emission band is explained as 
Recombination of free electrons from the conduction band with holes 
captured on an acceptor level [22]. Recombination of electrons from 
the donor level with holes trapped on an acceptor level[23]. The PL 
spectra of the sample (c) shows the broadening of the peak around 
520 nm can be attributed to the inhomogeneous in size and the shape 
of the crystallites. The PL spectra of the samples (a) and (b) clearly 
depict that the samples have large defect with respect to the 
concentration and so defects are another cause for the position and 
broadening of the peak. This indicates formation of the CdS  nano 
particles in the thin film[24]. Depending upon the deposition of the 
reactants, the films were found to be a polycrystalline in nature. 
Therefore, in this film the blue shifting of the absorption edge showed 
that the prepared film is composed of the nanocrystals of the CdS .It 
is known that the CdS thin film have luminescence in blue , green , 
red and infra-red region of spectra. The PL could be due to the band 
edge related to the surface defect state mediated, recombination 
center in the conventional HOMO-LUMO model [25]. It is well 
known that the surface defect plays a vital role in the luminescence 
properties of non-radiative centers. In the films by CBD, SILAR and 
sprayed, the nanocrystalline increases which causes the increase in 
the PL intensity at high photo excitation wavelength. 
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Fig.3. The energy bandgap of  CdS thin films grown at different 
techniques (a) CBD, (b) SILAR and (c) Spray technique 
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Fig.4. PL spectrum of CdS thin films grown at different techniques (a) 
CBD, (b) SILAR and (c) Spray technique 

 
Table 1. Thickness and Bandgap measurements  for the prepared thin 

films 
 

Sample Thickness 
 

Band Gap(eV) 
 

PL Band Gap (eV) 
Sample  a 5.09 2.25 2.37 
Sample  b 4.95 2.25 2.37 
Sample  c 3.2422 2.3 2.38 

 
Structural analysis 
 
The CdS thin films exist in two crystallographic phases namely, 
greenockite and zin blende respectively. Wurtizite structure is a 
hexagonal structure and the zinc blende is a cubic structure. The 
mentioned crystallographic phases of the films are investigated by the 
X-Ray diffraction patterns. In this present study, the X-Ray 
diffractrograms of the films prepared by the three techniques are 
shown in the figure. Some of the data analysis of the structural 
parameters such as crystallite size, number of crystallite per unit area, 
defects (strain ) have been calculated from XRD data, listed in the 
below table. The diffraction patterns of the films were checked 
against the JCPDS 06-0314 reference pattern [26]. 
 
There are two depositional of CdS films during Chemical bath 
deposition method process 
 

i. Ion-by-ion process (heterogeneous process) 
ii. Cluster-by-cluster process (homogeneous process) which 

results in the pure hexagonal phase or pure cubic phase or 
mixed cubic-hexagonal phase respectively [27,14]. 

 
In this report, the films prepared by CBD and SILAR  technique, 
shows the cubic crystal structure, confirmed by the presence of the 
planes (220) and (331) associated with this crystallite. Results 
previously obtained [28] demonstrates the step-by-step formation of 
the crystalline structure with time duration of 60 minute of 
deposition, the CdS films show a well-defined cubic structure [29]. 
 
 
 
 
 
 
 

The (002) reflections from the XRD for Spray pyrolysis technique 
shows that the crystallites are more stable hexagonal structure seen at 
26.48˚. As the (002) is parallel to the surface of the substrate that is 
the c-axis is perpendicular to the surface of the substrate. The film 
prepared by the spray technique have greenockite structure due to the 
presence of (002), (101), (110), (103), (210) planes. The planes (110) 
and (101) indicate the covellite phase with the hexagonal crystal 
structure for the film. In hexagonal structure, each anion is 
surrounded by four cations at the corners of the tetrahedron and vice 
versa.  
 

The evaluation of the crystallite size was quantified by using 
Scherrer’s formula   
 

D =
Kλ

βcosθ
 

 
Where K is the Scherrer constant 
λ is the wavelength of the X-ray used 
β is the full-width-at- half – maximum (FWHM) of the Bragg 
reflection under the considerations in radians and θ is the Bragg’s 
angle was used for the calculation of the crystallite sizes using  K= 
Scherrer’s constant. 
 

The lattice parameters a and c of the unit were evaluated according to 
this realtion [30]. Using Miller indices of the planes , the lattice 
parameter a and c of the hexagonal plane are evaluated according to 
the relation 

1
݀ଶ

=
4(ℎଶ + ℎ݇ + ݇ଶ)

3ܽଶ
+
݈ଶ

ܿଶ
 

 
Where h, k, l are lattice planes and d is the inter plannar spacing 
determined using Bragg’s equation.  
 

ߣ݊ =  ߠ݊݅ݏ2݀
 

The dislocation density (δ) has been evaluated from Williamson and 
Smallman’s formula,  
 

δ =
1

Dଶ  
 
The dislocation density measures the quantity of the dislocation 
present in a material and in the order of 1010 m2 in a sample. 
The micro strain (ε) is obtained using the relation  
 

ε =
βcosθ

4  
 
Where, 
β is the full-width-at-half-maximum;  
Θ is the bragg’s angle. [31]. 
The number of crystallites per unit surface area is calculated 
 

N =
d

Dଷ 
 

Where d is the film thickness;  
    
The particle size of the thin films increases with deposition time. [32]. 
All the structural parameters of the thin films are tabulated in the 
Table 2.  The change of lattice constant indicates that the crystallites 
were under stress, leading to either elongation or compression of the 
lattice. This might be due to the change of density and nature of 
native imperfections with the deposition of the films [33].  
 
 
 
 
 
 
 
 
 

Table 2. Comparison of  interplanar spacing (d),Grain size (D), Dislocation density( ઼) Strain(ε), No.of grains per unit area(N) 
 

Sample d value D ઢ Ε N Hkl A 
Sample a 3.3682 2.9508 1.1484 1.1437 3.2261 111 5.8338 
Sample b 2.0580 2.7507 1.3216 1.6459 2.3783 200 5.8209 
Sample c 3.3632 1.9533 2.6217 1.7277 4.3474 002 6.7264 
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The decrease in the strain indicates the decrease in the concentration 
of the lattice imperfections. In the films prepared by the three 
techniques, the crystal size increase, and which results in decrease in 
the defects like dislocation density and the strain in the films. . 
Further a uniform compressive strain (macrostrain) results in peak 
shift of X-ray diffraction lines. The energy band gap calculations of 
the films deposited by the three techniques were decreased with 
increment in the grain size. This decrement in the energy band gap 
could be attributed to the grain size and dependent grain boundary 
barrier height [34].  
 

 
(a) 

 
(b) 

 
 

(c) 
 

Fig.5. XRD patterns of CdS thin films grown at different 
techniques (a) CBD, (b) SILAR and (c) Spray technique 

 

Surface Morphology 
 
The surface morphology of the films was observed by the SEM 
images. Fig 5(a)-(c) shows the SEM images of the samples which do 
not have any impurities, porosities and structural defects. The 
distribution of the well-defined grains is not uniform in the samples. 
The deposited film is made of oblate structure units of 0.5μm and 
~250 nm thickness. Quite clearly, excess sulphur in the precursor has 
promoted the grain growth.From these micrographs, the average grain 
size was calculated by intercept method using the equation  
 

݅ܽݎ݃ ݁݃ܽݎ݁ݒܽ ݁ݖ݅ݏ݊  =
1.5݈
݉× ݊

 
 
Where m is the magnification of the micrograph, 
l  is the length of the line drawn on the micrograph 
n  is the number of grains crossed by the line and  
1.5 is the parameter assuming spherical grains.  
The average grain size follows the trend as XRD observation [35]. 
 
The Fig.6(a)-(c) shows the SEM images of the CdS thin films 
prepared by CBD, SILAR and Spray Pyrolysis techniques 
respectively. It is evident from the SEM images that all the films have 
homogeneous and smooth surface eventhough there are some stray 
defective regions. The SEM images depict that the deposition is 
uniform without pinholes and are polycrystalline in nature. The grain 
size for the samples (a), (b) and (c) were 100nm, 165nm and 250 nm 
respectively, it is seen that the top view of the grains are circular in 
shape. From the figure 6, the surface of the samples is uniform and 
continuously covered by the material. Also it is noticed that in all the 
samples, a large density of small number of large grains are scattered 
on the surface [36]. In the sample (b), the overgrown of the CdS 
particles were observed.  Nevertheless,  it was observed from the 
micrographs that all the samples were homogeneous and without 
cracks and covered the substrate well. These results are very much 
agreed with the results of the XRD. 
 

 
 

(a) 
 

 
 

(b) 
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(c) 
 

Fig.6. SEM micrographs of CdS thin films deposited at different 
techniques (a) CBD, (b) SILAR, (c) spray technique 

 
Elemental analysis 
 
The EDAX spectra of the CdS samples deposited at different methods 
shows that all the films contain the elements of Cd and S as expected. 
They also show other elements (Ca, Na, Si) from the glass substrates. 
The EDAX revealed the that the presence of Cd:S ratio in the 
obtained films by CBD and SILAR and Spray pyrolysis, the 
percentage Cadmium is more than Sulphur ions. The sulphur 
deficiency can be correlated to the presence of oxygen in the films, 
because some oxygen ions can be substituted in the sulphur sites in 
the CdS lattice. A strong peak is observed which corresponds to Si 
due to substrate. At high operating voltage the electron beam 
penetrates the film and reaches the glass surface, which results the Si 
peak. Two different peaks corresponding to Cd and S are found in the 
spectrum, which confirms the CdS thin film. [37] 

 

 
 
 

(a) 
 

 
(b) 

 

 

 
(c) 

 
Fig.7. EDAX Spectra of CdS thin films deposited at different techniques 

(a) CBD, (b) SILAR, (c) spray technique 
 
Conclusion 
 
The content of this paper can be summarized by the following 
statements: 
 
The CdS films deposited by CBD, SILAR and Spray pyrolysis 
techniques using a solution of cadmium Sulphide and Thiourea. The 
films were deposited onto a glass substrate. The films have good 
optical quality properties and are well- suited for solar cell 
applications. The results suggested that these methods for deposition 
of the CdS thin Films should be further investigated for applications 
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towards the fabrication of the thin films used for the solar cell 
applications. The optical gap of the material can be controlled by the 
deposition conditions. 
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