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A B S T R A C T

Herein we have deposited the Cadmium sulphide thin films chemically on glass substrates using modified spray
pyrolysis technique, at 300 °C. The thickness of the deposited film was found to be 301 nm and the film was
yellow in colour. Deposited CdS films were subjected to elemental, morphological, optical, structural and
electrical studies. XRD analysis revealed that film was polycrystalline in nature and grain size was found to be
15 nm with the hexagonal crystal structure. The EDX analysis confirms the presence of S & Cd elements in film in
the ratio 0.77. The morphological analysis showed the needle-shaped grains with an average grain size 43 nm.
Raman spectra showed that all observed peaks correspond to the longitudinal optical phonon mode. The optical
direct band gap value was found to be 2.43 eV. The room temperature electrical resistivity obtained was
2.2× 106Ω-cm. TEP studies revealed that film exhibits n-type conductivity.

1. Introduction

Cadmium sulphide is one of the very important semiconductor
compounds having applications in solar cells [1], dye-sensitized solar
cells [2], solid-state gas sensors [3], nanorod superlattices [4], field
effect transistor and light emitting diode [5,6] etc., due to its wide band
gap, high transmittivity, low resistivity and high absorption coefficient.
In solar cells, it is employed as a window layer [7]. As it has n-type
semi-conductivity, it is used as a partner for p-type material in het-
erojunction solar cell [8]. The quantum confinement of semiconductor
materials like CdS is very useful in tailoring their electronic and optical
properties. CdS have very good structural and optical properties which
are very useful from the point of efficient solar energy conversion
[9,10]. Hence the investigation of these properties of CdS thin film at
optimised preparative parameters is very important.

Various scientific techniques have been employed for the prepara-
tion of CdS thin films such as chemical bath deposition [11,12], spray
pyrolysis [13], magnetron sputtering [14], electrodeposition [15],
thermal evaporation [16], SILAR [17], vacuum evaporation [18], sol-
gel [19], closed space sublimation [20], molecular beam epitaxy [21],
screen printing [22] etc.

Among all these methods spray pyrolysis is a cost-effective, simple
and easy technique in which pyrolytic decomposition of an ionic so-
lution having the ions of a compound to be prepared takes place on a

hot substrate [23,24]. So, spray pyrolysis technique seems to be very
important and cost-effective to deposit the good quality homogeneous
large area films at optimised conditions. Hence, in this paper, we have
presented the elemental, morphological, optical, structural and elec-
trical properties of the spray deposited cadmium sulphide thin films.

2. Experimental details

Cadmium sulphide thin films were prepared chemically by using
modified spray pyrolysis setup, on to glass substrate. It involves the
spray formation and atomisation of precursor solution which results in
chemical reaction on a hot substrate. The commercial glass slides ob-
tained from Blue Star were used as substrates which were first cleaned
with labolene liquid detergent and then boiled in 1M solution of
chromic acid at 300 °C for 30min. After cooling for 12 h followed by
rinsing in double distilled water substrates were used for deposition.

To deposit the CdS thin films, 36ml equimolar solution of cadmium
chloride monohydrate A.R. (CdCl2.H2O) and Thiourea Hi-AR™/ACS
(CH4N2S) was used. Both these solutions were of 0.025M containing
ammonia and DDW in the ratio 1:4. Before mixing with the thiourea
solution, 0.5 ml triethanolamine (TEA) was added to the cadmium
chloride solution. The pH of the final solution was kept at 11.5 ± 0.5.
The temperature of the substrate was kept constant at 300 °C. Air was
supplied at pressure 1 kg/cm3. The solution flow rate was maintained at
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5ml/min using a peristaltic pump. Nozzle to substrate distance was
27 cm. Under these preparative condition's deposition was carried out
and after deposition film temperature was let to reach room tempera-
ture.

The thickness of the as-deposited thin films was determined using
the weight difference method. The structural characterization was
carried out by using X-ray diffractometer (Shimadzu LabX XRD-6000),
with CuKα radiation (λ=1.5406 Å) in the 2θ range from 20 to 80°. The
morphological and elemental studies were done with the help of a
‘JSM6360 LA, Japan SEM’ armed with EDXS. FT-Raman spectra were
recorded using ‘Thermo Fisher Scientific DXR FT-Raman Spectrometer’.
The optical reflectance, transmittance and absorbance studies were
carried out using a ‘UV–Vis–NIR spectrophotometer’ (JASCO V-570)
and also the related optical constants like band gap were studied and
discussed. The two-probe press contact method was employed to the
study of electrical conductivity. The silver paste was used for good
ohmic contact in electrical and TEP studies.

3. Results and discussion

When the precursor solution was prepared and deposited, following
the conditions mentioned above in experimental part, on a hot sub-
strate, pyrolytic decomposition of the precursor solution takes place on
a hot substrate which results in the formation of yellow coloured CdS
thin film. The film was compact, crack-free and pinhole free. This
uniform film was having good adhesion with the glass substrate.

3.1. Thickness estimation

The thickness of the as-deposited film was estimated by the weight
difference technique, using the relation =

∗
t m

A ρ , where ‘t’ stands for the
thickness of the film, m stands for the mass of film deposited on area ‘A’
of substrate and ρ stands for the density of material (for CdS ρ=4.82 g/
cm3). The thickness of the as-deposited film was found to be 301 nm.
The similar results with nearly the same preparative conditions were
obtained by several other researchers also [25].

3.2. Structural study

Fig. 1 demonstrations the X-ray diffractogram of given thin film
sample with 2θ ranging from 20 to 80° and from it is can be seen that
the prominent peaks are obtained at 2θ values 24.8900, 26.5343,
28.2316, 36.7000, 43.7950, 47.8800, 51.9500 which are associated
with the planes (100), (002), (101), (102), (110), (103), (112) respec-
tively, of hexagonal crystal structure (JCPDS Card No.: 41–1049) and
the corresponding calculated ‘d’ values are 3.57444, 3.35655, 3.15849,
2.44679, 2.06544, 1.89832, 1.75876, respectively. The (002) reflection

peak has the highest intensity which shows that film fabrication is along
this plane [26].

The crystallite size (D), lattice strain (ε), dislocation density (δ) and
texture coefficient (TC) are evaluated by using the Scherrer formula and
other relations as follows [27–30]:

= = =D kλ
β cosθ

ε
β cosθ

δ
D

,
4
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TC was determined along (002) by Ref. [31]:
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where λ stands for the wavelength of X-ray, β stands for full width at
half maximum (FWHM in radians) of the XRD peak, θ stands for the
Bragg angle and k stands for Scherrer's constant which is ‘0.9’ [24],
I(hkl), and I0(hkl) are related to measured intensity and standard intensity
from JCPDS and N is number of reflection and TC value should∼ 1. The
calculated average crystallite size was 15 nm which is in good agree-
ment with reported earlier [26,32,33]. The micro-structural parameters
like lattice strain (ε), dislocation density (δ) and texture coefficient for
(0 0 2) plane are found to be 2.3287× 10−3, 4.513× 10−3 lines. m−2

and 2.840, respectively and which are in good agreement with earlier
reported values [19,24]. Lattice strain is the inhomogeneous local strain
in the material which gives rise to X-ray peak broadening. Dislocations
are responsible for plastic deformation and determination of the dis-
location density is based on the broadening of the X-ray diffraction
lines. The estimated TC value is found to be higher than 1 confirming
the grains orientation along [002] direction. Therefore, lattice strain,
dislocation density and TC values are found to be varied accordingly.

The obtained films show a polycrystalline crystal structure with a
pure hexagonal structure, which shows that the deposition has taken
place ion by ion during pyrolytic decomposition. Hexagonal CdS has
more stability in comparison with the cubic CdS and the hexagonal CdS
is often used in heterojunction solar cell than the cubic CdS [34].

The lattice parameters ‘a’ and ‘c’ for the unit cell of the hexagonal
crystal structure were evaluated using the relation [24]:

=
+ +

+
d

h hk k
a

l
c

1 4
32

2 2

2

2

2

where d is the interplanar spacing. The obtained values of lattice
parameters are a= b=4.1308 Å and c=6.7130 Å. These evaluated
values of lattice parameters are nearly equal to standard values (JCPDS
Card No.: 41–1049).

3.3. Elemental and morphological analysis

The EDX spectra and SEM mapping image of as-deposited thin films
were recorded as shown in Fig. 2(a and b).

The EDX spectra confirm the presence of Cadmium and Sulphur
elements. The elemental analysis showed that S/Cd ratio is 0.77, the
film contains excess cadmium with sulphur deficiency. The reason for
sulphur deficiency within the film may be its great affinity towards
oxygen, resulting in SO2 and evaporated due to high temperature. Other
than Cd and S one more peak is found in the spectra which is due to the
nature of glass substrate [19,35]. Table 1 shows the as taken atomic
percentage and as an observed atomic percentage of Cadmium and
Sulphur elements. The obtained values are nearly the same as reported
earlier [24].

The SEM photograph of the CdS thin film deposited at 300 °C is
publicized in Fig. 3. Morphological properties of the prepared thin film
were studied using SEM photograph. It can be seen from the image that,
the thin films exhibited compact surface morphology which is free from
cracks and voids. It can be also seen that the grains were of needle-
shaped and were distributed over the entire surface of the film, similar
type of behaviour is also observed by other researchers [24,35,36]. The
effect of size of grains, shapes, doping and thickness of films are veryFig. 1. X-ray diffractogram for CdS thin film prepared at 300 °C.
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important parameters as they possess a variety of applications based on
morphology and size of grains [37–39]. The average grain size obtained
from SEM analysis is 43 nm which slightly differs from the grain size
calculated using XRD data. This difference in grain size may be due to
cluster formation because of the fusing of two or more grains [32].

3.4. Vibrational analysis

For the investigation of lattice vibrations of as-grown thin film,
Raman spectroscopy is an important tool [11,19]. The peak position
and width of the Raman spectra can explain the crystallinity quality of
the film [19]. Both crystal structures of CdS i.e. cubic and hexagonal
have the first (1LO) and second (2LO) order longitudinal optical
phonon mode at around 305 cm−1 and 600 cm−1 respectively [11,35].
Fig. 4 shows the FT-Raman spectra, for as-deposited film, measured in

the region of 100–700 cm−1 excited at 532 nm wavelength. It can be
seen from the figure that, each peak is corresponding to the longitudinal
optical phonon mode (LO), 1LO mode is at 297 cm−1 which corre-
sponds to scattering by cadmium sulphide longitudinal phonons and its
overtone 2LO mode is at 580 cm−1.

The observed Raman shift is comparative to the large-scale CdS,
which justify the surface optical phonon mode effect. It can also be
concluded from Raman spectra of deposited film that films exhibited
good crystallinity. The similar behaviour is observed by other re-
searchers also [19].

3.5. Optical studies

3.5.1. Absorbance, transmittance and reflectance analysis
Among all the II-VI group binary, semiconductors CdS is an ex-

tremely light-sensitive material with highly suitable features for op-
toelectronic applications. Fig. 5(a), (b) & (c) shows the measured ab-
sorbance, transmittance and reflectance versus wavelength
respectively, for the as-prepared CdS thin film.

The prepared films possess the low absorbance and reflectance with
high transmittance which indicates films possess excellent optical
transparency which makes them useful in optical window applications.
The highest reflectance value was observed at 533 nm wavelength. The
prepared film possesses the transmittance of more than 75%.
Transmittance at lower wavelength side (λ < 500 nm) is very less this
is because the lower wavelength photons have adequate energy and can
excite the electrons to the conduction band. Such type of behaviour of
CdS thin films is also reported by other researchers also [16].

3.5.2. Optical band gap study
The band gap of semiconductor nanomaterial is one of the im-

portant factors for their applications in optoelectronic devices [19,40].
The band gap of the deposited film was determined using Tauc's
equation [40,41] as = −αhυ A hυ E( )g

s where α stands for absorption
coefficient, hυ stands for the incident photon energy, Eg stands for en-
ergy band gap, A stands for a constant related to the energy of the
material and s stands for the empirical constant which takes values
s=½ for direct and s= 2 for indirect allowed transitions [42].
Fig. 6(a) represents the plot of hυ versus (αhυ)2 and Fig. 6(b) represents
the plot of hυ vs. (αhυ)1/2 respectively. The extrapolation of the linear
portion of curves in Fig. 6(a) and 6(b), up to zero absorption coeffi-
cients gives the values of the direct and indirect energy band gap.

If the holes and electrons have the same momentum in both con-
duction and valence band, a photon can be directly emitted by an
electron then it is said to be direct band gap and if the photon is not

Fig. 2. (a) EDX spectra and (b) SEM mapping image for the deposited CdS thin
film.

Table 1
The used atomic percentage and observed atomic percentage of Cadmium and
Sulphur elements.

As taken atomic
percentage in
spray solution (%)

As observed mass
percentage in the
film by EDX
analysis (%)

As observed atomic
percentage in the
film by EDX
analysis (%)

Compositional
Ratio (atomic)

Cd S Cd S Cd S S/Cd

50 50 82.01 17.99 56.52 43.48 0.77

Fig. 3. SEM photograph of the as-prepared CdS thin film.

Fig. 4. FT-Raman spectra of CdS thin film recorded at λexc= 532 nm.
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getting emitted directly for that an electron has to go via an inter-
mediate state by transporting momentum to the crystal lattice it is said
to be indirect band gap [43]. For the as-deposited film, the calculated
value of the direct band gap is 2.43 eV and indirect band gap is 2.23 eV,
which are similar to earlier reported valued [25,26,35].

3.5.3. Refractive index and absorption index analysis
Fig. 7 (a) shows the plot of wavelength against absorption index (k)

and & Fig. 7(b) shows the plot of wavelength versus refractive index
(n).

Absorption index (k) was calculated using the relation [44], =k αλ
π4

and the refractive index (n) was calculated using Fresnel's relation [45],
=

− +

+ +
R n k

n k
( 1)
( 1)

2 2
2 2 , where R stands for reflectance. Fig. 7(a) shows that the

values of absorption index are first decreasing till 500 nm and

Fig. 5. (a) Absorbance spectra, (b) transmittance spectra and (c) reflectance spectra of as-prepared CdS thin film.

Fig. 6. (a) Direct energy band gap and (b) indirect energy band gap, plots for CdS thin film.

Fig. 7. (a) Absorption index curve and (b) refractive index curve for CdS thin
film.

S.S. Shaikh, et al. Physica B: Condensed Matter 571 (2019) 64–70

67



afterwards with an increase in wavelength they are also increasing. The
decrease in absorption index with an increase in the wavelength sug-
gests that the fraction of light is departed because of scattering. The
speed of light variation, when allowed to fall on a given material, can
be analysed using the refractive index. Fig. 7(b) shows that the values of
refractive index are increasing with the increase in wavelength, the
curve shows a peak in the visible region at 530 nm which arise due to
the optical transition in the valence band and conduction band and with
further increase in wavelength values of refractive index are decreasing.
A similar type of behaviour of k & n is also observed by several re-
searchers [11,19].

3.5.4. Optical dielectric constant study
The optical dielectric constant (ε1) and optical dielectric loss (ε2),

can explain the sequel of loss of velocity of light and absorption of
energy in contrast to the electric field arising from the polarization of
particles within the thin film, which is very helpful in studying the
electron excitation within thin film [39]. The dielectric constant can
elaborate the speed of electromagnetic radiation within the materials
and the dielectric loss can explain the absorption of energy of electro-
magnetic radiation. These parameters were evaluated employing the
relations [46]: = −ε n k1

2 2 and =ε nk22 . Fig. 8 (a), (b) and (c) re-
presents the plots of λ versus ε1, λ versus ε2 and λ versus loss tangent.
Fig. 8(a) shows that the values of dielectric constant are increasing till
600 nm and after that decreasing till 900 nm afterwards becoming al-
most constant.

Fig. 8(b) shows that values of dielectric loss are higher in low wa-
velength region which may be the result of the dielectric polarization, it
can also be seen that dielectric loss is very less which advocates that the
prepared film is defect free which was also confirmed by SEM analysis,
this also suggests that the film can be employed for optoelectronic
applications. Loss tangent (tanδ) is a measure of signal loss as the signal
propagates through the material. A large loss tangent means more di-
electric absorption and a lower loss tangent means the large transmis-
sion of radiation. From Fig. 8(c) it is clear that the loss tangent has very
small values which result in large transmittance as shown in Fig. 5(b).

3.5.5. Optical conductivity and electrical conductivity study
The optical conductivity (σopt) and electrical conductivity (σe) of the

prepared sample was calculated using the relations [47]: =σopt
αnc

π4 and

=σe
λσ

α
2 opt respectively, where the symbols have their usual meaning.

Fig. 9(a) shows the plot of λ versus σopt, the high and stable values of
optical conductivity is the evidence of good photo response and high
absorbance at lower wavelengths possess by the prepared film.

Fig. 9(b) represents the plot of λ versus σe, which shows that the
electrical conductivity increases with the increasing wavelength. The
alike behaviour of the optical conductivity of CdS thin films was re-
ported earlier also [48].

3.6. Electrical conductivity analysis

The electrical conductivity of as-deposited thin film was studied
employing D.C. two probe press method at various temperatures suc-
cessively from 308 to 573 K, under dark. The dc electrical resistivity (ρ)
was calculated by means of the relation: =ρ RA

t , where R is measured
resistance, t is the film thickness and A is the film area under con-
sideration which was taken 2.5×1.2 cm2. The calculated ρ values were
fitted into the equation [49]: ρ= ( )ρ exp E

kT0
a ), where ‘Ea’ is activation

energy, ‘ρ0’ is a constant, ‘T’ is absolute temperature and ‘k’ is the
Boltzmann constant. The calculated room temperature electrical re-
sistivity for the prepared film is 2.2× 106Ω-cm, which is in good
agreement with values reported earlier [32,49]. Fig. 10 shows the plot
of 1000/T versus logρ, which shows the temperature dependence of
dark current in the range 300–500 k. It can be seen from the graph that
the resistivity of the sample is decreasing with an increase in tem-
perature this authorizes that the prepared films are of semiconductor
nature. The value of activation energy Ea is found to be 0.26 eV in the
lower-temperature side and 0.82 eV in the higher-temperature side re-
spectively [49,50]. From these activation energy values also the semi-
conducting nature of the prepared film can be confirmed.

3.7. Thermoelectric power analysis

Thermoelectric power or Seebeck coefficient measurement can re-
veal the type of conductivity showed by the film, in contrast with the
polarity of the thermally produced voltage. For the prepared film, the
hot end voltage polarity is positive which indicate that the film pos-
sesses n-type conductivity.

4. Conclusions

The thin film of CdS of thickness∼301 nm was deposited facilely on
a glass substrate at 300 °C using a modified spray pyrolysis method.
XRD analysis discloses that the as-prepared film was of hexagonal phase
with polycrystalline nature and grown along (002) orientation. The
evaluated average crystallite size from XRD was 15 nm. The presence of
cadmium (Cd) and (S) and their composition was confirmed by EDX
analysis. SEM analysis reveals that grains are of needle shape which
were distributed over the entire film surface and the average grain size
from SEM was 43 nm. Raman spectra showed that the 1LO mode is at
297 cm−1 and 2LO mode is at 580 cm−1. The optical transparency of
grown film is noticed to be high (> 70%), which recommend its use as
a window layer in solar cells. The obtained direct optical energy band
gap is 2.43 eV. The higher optical conductivity values confirm the high
photo response of prepared film. Electrical resistivity at room tem-
perature and activation energy values for the prepared film were found
to be 2.2× 106Ω-cm and 0.26 eV, respectively. The n-type con-
ductivity behaviour of the film is confirmed by thermoelectric power
measurement.
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