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KEYWORDSABSTRACT

Thin films of cadmium sulphide were prepared by advanced spray pyrolysis
technique onto glass substrates by spraying aqueous solutions of cad-
mium chloride and thiourea. The films deposited onto the glass substrates
have found to be uniform and well adherent to the substrate. X-ray diffrac-
tion analysis revealed that films grown by the new technique are polycrys-
talline without any second phases; with preferential orientation along the
(002), (101) and (200) planes and an average crystallite size of 33.5713 nm.
Atomic Force Microscopy pictures showed that substrates were well cov-
ered by deposit. The electrical resistivity is approximately 1 -cm. The opti-
cal absorption measurement exhibits direct transition with band gap energy
of 2.52 eV. The thermoelectric power measurement indicated n-type behav-
ior of cadmium sulphide thin films.  2011 Trade Science Inc. - INDIA

INTRODUCTION

Cadmium sulfide (CdS) is a wide bandgap (2.42eV
at 300K) compound semiconductor, has emerged as
an important material due to its potential applications in
optoelectronic devices[1], thin film field effect transis-
tors[2], photo sensors[3] and gas sensors[4]. Over the
years, cadmium sulfide thin films have been prepared
by many physical and chemical methods, such as
vacuum evaporation[5], RF sputtering[6], chemical vapour
deposition (CVD)[7], chemical bath deposition (CBD)[8],
successive ionic layer adsorption and reaction
(SILAR)[9], spray pyrolysis[10], molecular beam epit-
axy (MBE)[11] and electrodeposition[12,13]. Among these
physical and chemical methods, spray pyrolysis is the

simple and low cost technique. Most of the CdS thin
films deposited with conventional spray pyrolysis ex-
hibits grain size of the order of micron and high sub-
strate temperature is required to deposit the compound
semiconductor. However, there were a few efforts in
past to modify conventional spray pyrolysis with re-
spect to its most significant preparative parameter
namely the substrate temperature. Some researchers
have evaporated CdS thin films at low substrate tem-
peratures[14-16]. Although, A. Ashour has sprayed CdS
films at 473K, films are of least quality crystallinity[17].
Most recently, K. Ravichandran et al have employed a
simplified spray to fabricate CdS thin films at 543K[18].

In the present investigation an attempt has been made
to operate novel advanced two stage spray pyrolysis
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technique to demonstrate the successful  deposition of
the cadmium sulphide films into glasses at low substrate
temperature. The structural, electrical and optical prop-
erties of the films were studied and results are discussed
at length.

EXPERIMENTAL

Figure 1 shows the cross-sectional view of the Ad-
vanced Two Stage Spray Pyrolysis System (ATS-SPS).
It consists of reaction chamber, substrate heater, tem-
perature controller and nozzle assembly. The nozzle is
mounted on the wooden block, which is fixed. The cy-
lindrical furnace is located on MS stand, whereas the
substrate heater is resided at the top of cylindrical fur-
nace. The reaction temperature and substrate tempera-
ture were controlled by PID temperature controller with
± 3K accuracy. Appropriate exhaust and other required

facilities were provided to control the additional pa-
rameters precisely.

The details of the mechanism of the advanced spray
pyrolysis technique have given elsewhere.

Before deposition, the glass substrates were ultra-
sonically cleaned in acetone solution, and then rinsed in
double distilled water. These cleaned glass substrates
were fitted to the surface of substrate heater. The 0.1M
and 0.05M aqueous spraying solutions comprised of
equimolar concentrations of cadmium chloride and thio-
urea respectively. The atomization of resulting chemical
solution into a spray of fine droplets was achieved by
the spray nozzle, with the help of compressed air as
carrier gas to obtain CdS thin films at 473K substrate
temperature. While deposition, the reaction chamber
kept at 573K. The spray rate of 10 ml/min and nozzle-
substrate separation of 34cm was maintained constant
in order to get uniform and good quality films.

Structural characterization of CdS thin films was
carried out by X-ray diffraction (XRD) and atomic force
microscopy (AFM). A Phillips PW-1710, grazing angle
X-ray diffractometer was used to analyze the crystal-
linity of CdS films using a Cu-K radiation source of
wavelength () 0.1540 nm. The surface morphology of
the resulting films was investigated using Nanoscope
(III-A) AFM equipped with Si

3
N

4
 tips of 4 nm radius.

All AFM pictures were obtained in tapping mode. The
scan frequency was in the range of 0.5 s-1. The optical

absorbance of the samples was studied using a UV-
VIS-NIR spectrophotometer (Hitachi-330) within the
wave length range of 350 to 850 nm. The electrical
resistivity was measured by two-probe method within
the temperature range of 330 to 523K.

RESULTS AND DISCUSSION

Thoroughly mixed solution of basic ingredients was
sprayed through the specially designed glass nozzle.
When the solution is sprayed, small aerosols of the so-
lution enter the reaction chamber and thermal decom-
position of the initial ingredient takes place and fine par-
ticles of CdS were formed by the following reaction.
CdCl

2
 + (NH

2
)

2
CS + 2H

2
O  CdS + 2NH

4
Cl + CO

2
(1)

These particles were pushed upward and further
collected onto the surface of the glass substrates, which
were kept at lower temperature, as compared to the
reaction chamber temperature; this yielded a uniform
film of CdS onto the glass substrate. Keeping other
parameters constant, the thickness of the film was mea-
sured as a function of the concentration (M) shown in
figure 2. The film thickness is observed to increase with
increase in concentration due to the availability of ex-
cess cadmium and sulphur atoms in the solution at higher
concentration.

The structural characteristics were comprehensively
investigated by means of X-ray diffraction (XRD) us-
ing Cu-Ká radiation. The XRD pattern of 0.1 M cad-
mium sulphide thin film prepared at 473K substrate tem-
perature is exposed in figure 3. It exhibits the (100),
(002), (101), (103), (200), (112) and (202) peaks cor-
responding to the hexagonal phase of CdS for all
samples under test. It is supplementary distinguished
that (002), (101) and (200) diffraction peaks are stron-
ger as compared to the other peaks, which show evi-
dence of strapping orientation along (002), (101) and
(200) planes. The results described by Kalafi et al.[13]

for escalation of CdS thin films by spray pyrolysis un-
der illumination are analogous with the present work,
who excessively have reported predominant orienta-
tion in favour of the (101) rather than (002) reflection.
The phase identification was done by comparing
pragmatic�d� values with standard JCPDS data and it

is established that all the max-outs concur with hexago-
nal CdS phase. It further reveals that films are liberated
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from other impurities and traces of initial ingredients.
The mean crystallite size �å� was calculated from

full width half-maximum (FWHM) of (101) diffraction
peak using Debye-Scherrer formula[19]:
 = 0.94 / cos (2)

where,  is the X-ray wavelength (1.548 Å for Cu-
K),  is diffraction angle and  is the full width half
maximum. We have calculated the crystallite size for
intense peaks (002), (101) and (200) which are en-
listed in TABLE 1 and the average crystallite size ob-
tained is 33.5713 nm. This crystallite size is compa-
rable to that obtained by A. Ashour who has obtained
40nm crystallites by employing conventional spray py-
rolysis[17]. So, it is anticipated that our advanced spray
pyrolysis technique can be exploited to prepare better
nanostructured thin films. The quantity of assorted de-
fects existing in the film was determined by evaluating

the dislocation density (ä) using the formula ä= 2D
1

,

where D is the crystallite size[20]. The evaluated dislo-

cation densities are tabulated in TABLE 1.
Further, the information on strain () of the depos-

ited CdS films has been evaluated by the following re-
lation[21]:











 sin1cos
(3)

where,  is average strain, more to the point sym-
bols with their standard implication. Figure 4 demon-
strates the variation of cos/ vs. sin/ for CdS
nanocrystals. The lattice strains are measured for in-
tense peaks (002), (101) and (200), which are speci-
fied in TABLE 1 as well. The average strain evaluated
is found to be -1.673610-3. The lattice strains are nega-
tive if the epilayer is beneath compression and it is posi-
tive if it is under tension[22]. Accordingly, this estimated
value clearly signifies the existing compressive strain.

Figure 5 shows the 2-dimensional atomic force mi-

croscopy image of the advanced two stage spray de-
posited 0.1M CdS film; where small grains of the CdS
particles are grouped to form large clusters. Thus vari-
ous sized grains could be observed on the surface. The
average grain size was estimated from higher magnifi-
cation AFM images. Calculation of grain diameter or
grain size is done using Cottrell�s method[23]. This method
gives the relation between the number of intercepts of
the grain boundary per unit length (P), and total number
of intercept (n) as,

M
r2

n
P 










 (4)

where, �n�, is the number of intersections of grain bound-

aries with the circle, �M�, is the magnification and �r�, is

the radius of circle.
Using �P�, grain diameter (�L�) can be calculated

as,

1P
1

L


 (5)

The measurements were carried out on several lo-
cations of the film in order to obtain a statistical average
value and the grain sizes of the CdS particles are esti-
mated to be approximately in the range of 40-60 nm.

The sample quality was checked through the root
mean square roughness parameter (rms) provided by
the AFM software. The rms roughness was calculated
via the standard formula[24]:
rms

 
= v((Z

i
-Z

avg
)2/N (6)

It shows the rms surface roughness of a particular
image area. This is the standard deviation of the Z value
(height value) within the given area. Where Z

avg
 is the

average of the Z values within the given area, Z
i
 is the

height value at that point, and N is the number of points
within the given area. The 3-dimensional atomic force
microscopy image of 0.1 M sample is shown in figure
6. The sample roughness was found to be approximately
22.12 nm. This analytically observed high surface rough-
ness is attributed to the formation of aggregated
nanoparticles and not to sprayed droplets reaching di-
rectly to substrates.

The electrical resistivity of CdS thin film was stud-
ied by two-probe method. The figure 7 describes the
variation of log () with temperature for the present
samples. The nature of the plot indicates semiconduct-
ing behavior of the material. The room temperature elec-

TABLE 1 : FWHM, Crystallite size, dislocation density and
lattice strain along various XRD peaks for 0.1M CdS thin
film

XRD 
Peak 

FWHM  
(10-3 (rad.)) 

Crystallite 
size (nm) 

Dislocation 
density(ä) 

(1014 (lines /m2)) 

Lattice 
strain 
(10-3) 

(002) 4.3227 32.9537 9.2085 -2.0217 

(101) 4.6786 30.5622 1.0706 -2.0549 

(200) 4.1465 37.1980 7.2270 -0.9441 
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trical resistivities measured for both (0.05 & 0.1M)
samples are of the order of 1.0006863 & 1.00525 Ù-
cm respectively. From figure the activation energy (E

a
)

is calculated by using following resistivity relation[25]:
 = 

o
 exp (-E

a
/KT) (7)

where E
a
 is activation energy, ñ is bulk resistivity, K is

Boltzmann Constant, T is absolute temperature. The
corresponding activation energies are 1.333010-4 &
1.360410-4 respectively. The high resistivity values
might be due to the scattering of charge carriers at the
large number of grain boundaries present in the mate-
rial[26].

The optical transmission spectra of the CdS films
prepared with 0.05M and 0.1M concentration are given
in figure 8. The sharp absorption edge is found around
510 nm for both samples. At 550nm, both the samples
exhibit transmittance above 87%; which is more supe-

rior to the transmittance obtained by A. Ashour[17] and
that obtained by K. Ravichandran et al.[18]. The sharp
absorption edge near the band edge exhibits the direct
optical transition in CdS.

The absorption data was further analyzed by using
the following Tauc�s expression[27] for near-edge opti-
cal absorption of semiconductors:
(h) = K (h-E

g
)n (8)

where, K is constant, E
g
 is the separation between the

valance and conduction bands, and n is a constant that
depends on transition. The n is ½ for direct transition

whereas it is 2 for indirect transition, for direct forbid-
den n=3/2 and for indirect allowed n=3. Since it is well
known that the band gap energy largely depends on the
particle size, crystal structure and strain in the film; as-
suming direct transition in CdS material, the direct band
gap was determined from the intercept of the straight

Figure 1 : Cross sectional view of the advanced spray pyrolysis
system

Figure 2 : Thickness (µm) vs. concentration (M)

Figure 3 : X-ray diffraction pattern of the sample prepared
with 0.1 M concentration Figure 4 : Âcos/ vs. sin/ for CdS nanocrystals
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portion of the graph of (ahõ)2 versus hõ. The band gap
value (E

g
) calculated from extrapolation of linear fit to

the abscissa of this plot is about 2.52 eV. This is slightly
higher than, quoted in the literature[28,29]. This may be
ascribed to the quantum confinement effect in CdS
film[30,31]. Also the increased band gap can be attrib-
uted to the existing compressive strain[26].

Moreover considering practically zero absorbance,
the refractive index (n) in the visible range between 480
to 800 nm is evaluated by using the formula[33]:
n = 1 + R1/2 / 1-R1/2 (9)

Since the transmittance and therefore reflectance
possessed by both the samples is nearly overlapping, it
is originated that refractive index for given samples re-
mains almost same in the studied wavelength array.
Refractive index in such a high transmittance and ab-
sorbance range found to be 1.8970. The present re-

fractive index obtained is in good agreement with the
earlier reported value[29].

The variation of thermoemf developed across each
sample with a change in temperature was measured.
Polarity of the themovoltage reveals an n-type semi-
conducting behavior of CdS. These results are similar
to the results reported by others in case of the films
prepared by physical and chemical methods.

CONCLUSION

The CdS thin films have been successfully depos-
ited by novel advanced two stage spray pyrolysis
method. This anomalous method allowed us to deposit
the CdS thin films at relatively low substrate tempera-
ture such as 473K. A study has investigated different
structural, morphological, electrical and optical assets
of CdS deposits. The X-ray diffraction study exposed

Figure 7 : Variation of the log (ñ) vs. 1000/T

Figure 8 : Variation of transmittance with wavelength of
samples prepared with 0.1M and 0.05 M concentrations

Figure 6: The 3-dimensional atomic force microscopy image
of sample prepared with 0.1 M concentration

Figure 5 : The 2-dimensional atomic force microscopy image
of sample prepared with 0.1 M concentration
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the nanocrystalline hexagonal CdS structure compris-
ing lattices underneath the compressive strain. The
atomic force spectroscopy revealed the film surface mor-
phology exhibiting small grains of the CdS particles
which are grouped to form large clusters. The large grain
boundaries caused the scattering of charge carriers
which in turn caused high resistivity. The existing strain
and quantum confinement effect led the foundation for
increase in CdS band gap energy. In short, novel ad-
vanced spray pyrolysis could be suitable route for fab-
rication of many semiconducting compounds.
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