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ABSTRACT

Surface morphology of materials can be changed by the application of temperature. In this work, changes in
surface morphology of cadmium sulphide (CdS) thin films have been studied by annealing them at different
temperatures. CdS thin films were prepared over glass substrate by spin coating technique and then annealed
for 30 minutes at different temperatures (100 °C, 200 °C and 300 °C). These films were characterized by UV-Vis
spectroscopy, optical microscope and Atomic Force Microscopy (AFM) before and after annealing. AFM images
showed changes in the surface morphology of the films and reveals that surface roughness increases with
annealing temperature.
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1. INTRODUCTION
Cadmium sulphide (CdS) has gained immense interest
because of its various advanced technological applica-
tions in field effect transistors,' light emitting diodes
(LED),® environmental® and biological sensors,* photo
catalysis,’ water purification systems,® improved per-
formance in UV-shielding,” flame retardant?® scratch
resistance,” chemical resistance,'®™® nanomedicine,'* '
photo-electrochemical activity,'® photo catalysis'’"'® and
mycobacterium activity'®?' etc. It is a direct band gap
material, with energy band gap 2.42 eV at 300 K with
cubic, hexagonal or mix crystal structure depending on
growth and deposition 225

Its size dependent properties® and real stage applica-

tions are got enhanced as thin films?’ like for synthe--

sis of light emitting diodes (LED),”® flame retardant,”
dye-sensitized solar cells,”® gas sensor,’! solar energy
conversion,* UV detectors®® and ultrasonic sensors.
Spin coating is an easy and fast method of obtaining
thin and homogeneous from solution.”® The solution is
prepared in solvent that evaporates fast at room temper-
ature, like ethanol, acetone etc.®?® Solution is poured in
large amount over the substrate and then rotated at high
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speed (~ 6000 rpm) to spread the fluid uniformly due to
centrifugal force.®

During thermal annealing, the sample was exposed to
some temperature in oven, as a result its surface mor-
phology and structural properties changes that are useful
for improving surface-interface properties.®?'* So it is
important to investigate effect of low temperature thermal
annealing on structural properties and surface morphol-
ogy of materials. In this paper we have synthesized CdS
nanoparticles using chemical root, characterized them in
terms of nano range using various techniques. CdS NPs
thus obtained were re-disperse an acetone and used for thin
film synthesis using spin coating method. Low temperature
thermal annealing was performed at atmospheric pressure
to modified surface morphology and structural properties
of thin films. Surface and structural modifications were
characterized using AFM.

2. MATERIALS AND METHODS

0.1 M cadmium acetate (10 ml), 0.1 M sodium sul-
phide (10 ml) and 0.1 M ethylene diamine tetra acetate
(EDTA) (20 ml) solutions were prepared in distilled water,
and allowed to stir for 1 hour. Cadmium acetate and
sodium sulphide solutions were then poured, simultane-
ously and drop wise, into EDTA solution, with contin-
uous stirring. The mixture was stirred overnight, which
was then centrifuged using distilled water, and the final
solution was prepared in acetone. The particle size and
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morphology of CdS NPs are determined by transmission
electron microscopy (TEM). The imaging is performed
using a Technika TEM instrument operating at 200 kV.
Optical Absorbance and Emission Spectroscopy was per-
formed for NPs membranes by using a double beam UV-
Vis spectrophotometer (Shimadzu 1800) and PL (RF5301
PL SHIMADZU) spectrometer respectively.

The thin films, from the so obtained solution, were
prepared over glass substrate using spin coating tech-
nique at 6000 rpm. Prior to this, the substrate was
thoroughly cleaned by immersing it in detergent for
15 minutes and then washed them with acetone and
ethanol solution sequentially. Atmospheric thermal anneal-
ing of the thin films was done, by keeping them in
oven at different temperatures (100 °C, 200 °C and
300 °C) for a constant time period (30 minutes). UV-
Vis spectroscopy generates absorption data correspond-
ing to absorption wavelength, from which energy band
gap can be calculated, to ascertain formation of thin
films and modification band gap. Optical properties of
these films were characterized by UV-Vis spectroscopy
and surface modifications were recorded using optical
microscope and AFM. LABOMED microscope is used
for recording optical images. NanosurfeasyScan 2 AFM
was used to identify surface modification before and after
annealing.

3. RESULTS AND DISCUSSION

Yellow colored precipitate was obtained after mixing of
chemicals. UV-Vis absorption of the solution was recorded
by Shimazdu-1800 spectrophotometer in wavelength range
200-900 nm. The maximum absorption was observed at
~490 nm (blue shifted, relative to bulk CdS) and energy
band gap calculated is 2.53 eV (Fig. 1), which proves
the presence of CdS nanoparticles. The photoluminescence
spectrum was recorded by Shimadzu RF-5301 spectrofiuo-
rometer using 332 nm excitation wavelength. Xenon lamp
is used for PL excitation. Figure 2 shows PL spectra of
CdS particles. It shows two emission peaks at 520 nm
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Fig. 1. UV-Vis Spectra of CdS nanoparticles.
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Fig. 2. PL spectroscopy of CdS particles.

and 400 nm, confirming presence of nanoparticles. CdS
NPs were dispersed in acetone by ultra-sonication and then
film was prepared using spin cotter. Figure 3 shows TEM
image of CdS NPs synthesized having spherical shape and
particle size ranging from 25-35 nm. Individual particles
in TEM images can be identified easily, which shows no
aggregations among CdS NPs.

The color of the thin films darkened from yellow to
orange as the annealing temperature was raised from
100 °C to 300 °C. The optical microscopic images of
CdS thin films (Fig. 4) taken at 40X magnification, shows
that surface morphology is modified after annealing. Sur-
face becomes rougher and some pours were formed after
annealing of films.

AFM images (Fig. 5) show surface morphology of
thin films. It shows that surface roughness increases
with increase of annealing temperature. UV-Vis spec-
troscopy of annealed thin films (Fig. 6) show red shift in
absorption wavelength, hence decrease in band gap, sug-
gesting increase in size of particles with increase in anneal-
ing temperature (Table I). At temperature above 200 °C,
band gap increases due to changes in crystallite size and
inter-planer distance of annealed CdS films, i.e., surface-
interface properties are got modified after low temperature
annealing.

Fig. 3. Transmission electron micrographs (TEM) of CdS NPs synthe-
sized, having spherical shape and particle size ranging from 25-35 nm.
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Fig. 4. Optical microscopic images of CdS thin films. (a) Without Fig. 5. Atomic force microscope images of CdS thin films. (a) Without
annealing, (b) Annealed at 100 °C, (c) Annealed at 200 °C, (d) Annealed annealing, (b) Annealed at 100 °C, (c) Annealed at 200 °C, (d) Annealed
at 300 °C. at 300 °C.
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Table I.  Band gap of films at different temperature.

) _ Band gap calculated
Thin film 4 . (in-eV)
Unannealed - e 2.15
Annealed at 100 °C : farf 2.00
Annealed at 200 °C : ; - 1.85
Annealed at 300 °C X : 1.82:
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Fig. 6. UV-Vis spectrograph of CdS thin films-unannealed, and
annealed at 100 °C, 200 °C and 300 °C,

4. CONCLUSIONS

The study investigates the effect of annealing temperature
on CdS thin films. CdS nanoparticles were prepared by
wet chemical method. Their thin films were prepared over
glass substrate by spin coater. Upon annealing the thin
films at 100 °C, 200 °C and 300 °C for constant time (30
minutes), it was found that particle size and surface rough-
ness increases with increase in temperature. These results
are useful for applications in semiconductor industry as
many of their applications (e.g., as LED) are temperature
dependent. These results are also useful to study thermal
annealing effects on structural properties for analysis and
modifications of surface-interface properties of materials.
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