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Abstract
The thin films of Cadmium sulphide (CdS) materials were prepared on glass substrates by thermal vacuum evaporation
technique. X-ray diffraction (XRD) pattern of the deposited films showed cubic structure with a preferred orientation along
the (111) plane. The grain size and lattice constants were measured from XRD data. The optical properties such as
transmittance, reflectance, absorption co-efficient and band gap were investigated. The band gap was found from 2.59eV to
2.67eV for thickness varied from 100 nm to 50 nm. The thickness of the film was measured by insitu thickness monitor. The
compositional parameter showed that the presence of compound CdS of the films. The deposition condition and the
deposition technique showed its suitability for photovoltaic application.
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1. Introduction
CdS is a II-VI compound semiconductor material. The
material is well known for application in optoelectronic
devices such as photoconducting cells, photosensors,
transducers, laser materials, and non-linear integrated optical
devices. CdS is an n-type direct energy band gap of 2.4 eV at
room temperature and is widely used as a window layer for
CuInSe2, CdTe based solar cells [1,2]. Cadmium (Cd), lead
(Pb) and zinc (Zn) have proved their potential as efficient
absorbers of electromagnetic radiation. A large grain size
decreases the electrical resistance is required in the CdS layer
in order to increase the cell’s efficiency for solar cells
applications,. Large grain sizes can be achieved from the
deposition process or by the application of a thermal
treatment after the deposition. The capability of controlling
CdS physical properties becomes an important issue to
address in order to optimize CdS performance on the wide
range of potential optical and solar applications. CdS films

need to have a suitable conductivity (>1016 carriers/cm3), and
adequate thickness to allow high transmission and good
uniformity to avoid electrical short-circuit effects in the
photovoltaic application [2]. A variety of techniques have
been employed for the deposition of CdS thin films, such as
vacuum evaporation [1, 3-6,], chemical vapor deposition [7],
chemical bath deposition [2] and sol gel deposition [8].
Among these, vacuum evaporation is a well-established
technique for the preparation of good crystalline and uniform
films. Usually it is known that the structure of CdS thin film
can exist in either of cubic or hexagonal phase or as a
mixture of both the phases. The cubic phase transition can be
transformed to the stable hexagonal phase using thermal
annealing and a consequent change in the optical band gap
have been observed in the literature [3] review for chemical
bath deposited CdS thin films.
In this paper, CdS thin films were prepared using thermal
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2. Experimental
The CdS thin films were obtained by thermal evaporation,
using conventional vacuum coating unit (Edwards E306A,
UK) at a vacuum of 10-5 Torr. The vacuum coating unit
consists of a rotary pump and a diffusion pump. There are
two pressure gauges, one is “Pirani Gauge” measures low
vacuum up to 10-3 Torr and the other is very sensitive, called
“Penning Ionization Gauge” which measure relatively high
vacuum, from 10-2 Torr to about 10-8 Torr. Separate boats
were used for different elemental deposition. By using a
rotator, which was outside the chamber, the boat containing
the specific element to be evaporated was taken to the
position of evaporation. By this the vacuum remain
unchanged (as the boats could be rotated from outside).
E306A coating system uses a radiant heater. This substrate
holder radiates the heat and thus the heat flow through the
substrate is continuous and consequently the surface
temperature of the substrate remains uniform. The CdS films
were deposited at substrate temperature of 100°C and
annealing temperature of 200°C for 15 mins. The thickness
of the films and the deposition rate were measured insitu by
the FTM5 quartz crystal thickness monitor (Edwards, UK).
After giving the density, the rate of deposition, which is
different for different elements, was controlled through the
monitor. The glass substrates were carefully cleaned
chemically and ultrasonically. Substrate cleaning is very
important as the impurities of the substrate affect the growth
characteristics of the films. The substrate cleaning was
performed by three cleaning agents. They were (1) detergent,
(2) acetone and (3) de-ionized water in ultra-sonic bath. The
starting materials were 99.999% pure CdS powder. The
crystalline phases of CdS films were analyzed using using a
Phillips PW 3040 X’ Pert PRO X–ray diffraction system
which records the intensity as a function of Bragg angle. The
source of radiation was CuKα with wavelength λ = 1.5405 Å,
the current was 30 mA and the voltage was 40 kV. The
scanning angle 2θ was varied in the range of (20–70) degree. .
All the data of the samples were analyzed using “X PERT
HIGHSCORE” computer software. The variations of optical
transmittance (T %) and reflectance (R %) of the films with
wavelength of light incident on them were recorded using a
dual-beam UV-VIS-NIR recording spectrophotometer
(Shimadzu, UV-3100, Japan) in the photon wavelength range
from 300-2500 nm. The absorption co-efficient and optical
band gaps were found from the transmittance data. Surface
image has been taken by EFI Inspect (secondary electron
microscopy) SEM machine and that of elemental
composition has been determined by SEM attached (energy

dispersive x-ray analysis) EDAX machine.

3. Results and Discussion
When the baseline correction was successfully completed,
the measurement of transmittance (T %) was started which is
by definition,
T %= [Transmitted Intensity (IT) / Total Intensity (I0)] x 100
Right after the completion of the measurement of T%, the
system was set to measure the reflectance (R %) of the
sample which is given by
R %= [Reflected Intensity (IR) / Total Intensity (I0)] x 100
100

80
Transmittance (%)

evaporation and thermal annealing technique. The physical
properties of CdS thin films prepared by vacuum evaporation
technique depend on many factors such as film thickness,
pressure during evaporation, substrate temperature and
deposition rate [5]. The structural, compositional and optical
properties of these compounds are investigated for
photovoltaic application.
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Figure 1. Optical transmittance spectra of CdS thin films for different
thickness

Figure-1 shows the optical transmittance patterns of the
CdS films produced at different thickness of 50, 90 and 100
nm. All films showed an average transmittance of 85% in the
visible region. The interference pattern is observed and
shows their compound formation. The band edge shifts
towards the higher wave length sides due to increase of
thickness. This trend of band edge indicates the reduction of
band gap value with increase of thickness.
0.4
Absorption coefficient (cm -1) x 106

35

50 nm
90 nm
100 nm

0.32

0.24

0.16

0.08

0
0.5

1.5

2.5
3.5
Photon energy (eV)

4.5

Figure 2. Absorption coefficient of CdS thin films for different thickness.
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Figure-2 shows the absorption coefficient (α) that was
analyzed using the following expression for near-edge optical
absorption of semiconductors.

α =−

ln T
t
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holes on the surface. The surface image of figure-4 is
comparable with the reported paper [11]. The surface image
shows that the CdS films is very smooth and compact, these
microstructures are due to the crystallization process and
coalescence between grains.

Where t is the thickness of the films and T is the
transmittance of the films. It can also be seen that in the
higher photon energy (hν) the absorption co-efficient (α)
exhibits higher values, these values of α (>104) means there
is a large probability of the allowed direct transition which
agrees with [9], then α decreases with decreasing photon
energy (hν) and remains consistent at lower photon energy.
The optical band gap energy (Eg) of CdS was determined
using the following relation
(αhν)2 = (hν–Eg),
where α is the absorption coefficient, hν is the incident
photon energy and Eg (eV) is the bandgap energy. Figure-3
shows the plots of (αhν)2 versus photon energy (hν) curve for
different CdS thin films. The linear portion of the graph was
then extended backward to find its intersecting point with xaxis. The value of photon energy at the intersecting point is
equal to the energy gap for a particular film. In the figure, the
fitted straight line fits indicate the band gap (Eg) value, 2.59,
2.60 and 2.67 eV for the thickness of 100, 90 and 50 nm
respectively. The result shows that the optical bandgap is
increasing with the decrease in thickness. This result is in a
good agreement with the report results obtained by [10].

Figure 4. Surface morphology of 100 nm CdS thin film. Magnification is
1000X.
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Figure 5. Surface morphology of 100 nm CdS thin film. Magnification is
10000X.
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Figure 3. Variation of (αhν)2 vs. photon energy (hν) for CdS films for
different thickness.

The surface morphology of 100 nm thickness CdS thin
film deposited on a glass substrate observed at different
magnification under a secondary electron microscope is
shown in figure-4 &5.
In figure-4, the surface of the films looks few formations
of holes with different sizes and distributed randomly. The
figure-5 shows that the CdS film is practically free of pin

The XRD pattern of the CdS thin film on glass substrate is
shown in figure-6. The XRD pattern shows a strong sharp
peak appeared at 2θ =26.646º which is comparable with
American standard for testing materials (ASTM) card at 2θ
=26.661º for cubic structure. The peak representing as either
(0 0 2) hexagonal or (1 1 1) cubic structure. It is quite
difficult to conclude from the single peak in the diffraction
pattern whether the film is purely hexagonal or purely cubic
or a mixture of two phases as the d-spacing for (0 0 2)
hexagonal and (1 1 1) cubic match well. The present XRD
result is matched with ASTM card and the present CdS thin
film structure is shown as cubic structure. The result is well
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agreed with reported paper [12, 1] where they have observed
the formation of cubic structure of CdS thin film. The grain
size of the film was calculated using the Debye-Scherrer
formula,
D=0.9λ/βcosθ
where D is the diameter of the crystallites forming the film, λ
the wavelength of CuKα line, β the FWHM in radius and θ
is the Bragg angle. The grain size and lattice parameter are
evaluated as 28.48 nm and 5.7899 nm respectively. The
lattice parameter is in consistence with JCPDS data of value
5.818 nm [13]. The elemental analysis of the CdS films were
analyzed by Energy dispersive X – ray Spectroscopy (EDAX)
as shown in figure-7. The presence of Cd and S
concentrations has been identified in figure-5 which confirms
the compound formation of CdS thin films. The compound
formation of the film is also shown in the transmittance
properties of the film. The possible probability of sulphur
deficiency in the sample (Table-1) was due to vacuum
evaporation at deposition temperature and annealing
temperature of the film.

Figure 7. Composition spectrum of CdS thin film deposited on glass
substrate.

4. Conclusion
CdS thin films were successfully deposited by thermal
vacuum evaporation technique. The films showed cubic
structure with lattice constant 5.7899 nm. The grain size was
estimated as 28.48 nm. The transmittance properties showed
good semiconductor CdS thin film. The composition study of
EDX analysis has shown its compound formation of thin film.
The SEM image showed very smooth and compact surface of
the film. The band gap from 2.59eV to 2.67eV for thickness
varied from 100 nm to 50 nm showed its suitability for
preparation of CdTe thin film solar cell using thermal
vacuum evaporation technique.
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Table 1. Findings of different composition parameters of CdS thin film.
Element
O
Na
Mg
Al
Si
S
Cd

Wt%
10.83
04.82
02.07
01.17
40.72
11.20
29.18

At%
22.03
06.81
02.77
01.41
47.16
11.36
08.44

The presence of O, Na, Si, Mg and Al were observed
because the deposition was performed on glass substrate. At
high temperature the electron beam penetrates the film and
reaches the glass surface, which results the O, Na, Si, Mg and
Al peak. These results concerning the presence of elements in
the films are in agreement with the reported paper [12].
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