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Abstract

Cadmium sulphide (CdS) and CdS doped with PVA semiconductor thin films were
prepared by chemical spray pyrolysis technique. The thickness of the films was varied in the
range (1.281, 1.367, 1.421, 1.485) um and (1.722, 1.776, 1.873, 1.938) um for CdS and
PVA doped films respectively. This parameter has affected the physical properties of the
specimens. The films were characterized by X-ray diffraction (XRD). XRD patterns were
indicated the presence of hexagonal phase of CdS, and with the increase of film’s thickness
the grain size has increased. The optical absorption spectra showed that the CdS films have
a direct band gap value of (2.4-2.55) eV and (2.425-2.75) eV for doped samples with PVA.

Keywords: CdS; PVA; Thin films.
PACS: 61.46.-w; 62.25.-g; 68.55.-a.

1. Introduction

CdS is a technologically useful material, as many devices based on CdS, including
sensors have come up in the recent years [1]. CdS has been used as a window material in
high efficiency thin film solar cells based on CdTe and Cu(In.Ga)Sc2(CIGS). Cadmium
sulfide (CdS), due to its wide band gap (2.42 eV), photoconductivity, and high electron
affinity, is known to be an excellent heterojunction partner for p-type cadmium telluride
(CdTe), p-type copper indium diselenide (CulnSe2), and/or Cu(In,Ga)Se2(CIGS) [2,3]. CdS
has also been used in other applications including electronic and optoelectronic devices [4-
6], In the past few decades, several techniques such as thermal evaporation [7], radio
frequency sputtering [8], physical vapor deposition [9], pulsed laser evaporation [10],
molecular beam epitaxy [11], electro deposition [12], spraypyrolysis [13], metal organic
chemical vapor deposition [14], successive ionic layer adsorption reaction [15], screen
printing [16], close spaced vapor transport [17], and chemical bath
deposition(CBD)[18,19],have been used in the deposition of CdS thin films. Over the years,
different cadmium sources have been used in this process, such as cadmium sulfate [9, 10],
cadmium acctate [11-15], cadmium iodide/nitrate [16-19], and cadmium chloride [12, 19].
The effect of Cd source on the film properties has been drawn attention for some Kitaev et
al. [18]found that when CdCI2 was used as a Cd source, the CdS film thickness was higher
than using Cd(CH3COO0)2, CdSO4, or Cd(NO3).
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One of the most promising techniques for producing large areas of inexpensive CdS
film for terrestrial photovoltaic application is spray pyrolysis and here we followed this
method to synthesize the CdS films and to study the effect of PVA doping due to its
versatile physical properties and can filled industrial structure and film thickness on the
optical and structural properties.

2. Experimental
2.1 CdS Films Preparation

The CdS thin films were prepared by taking a 0.1 M aqueous solution of thiourea
and 0.1 M aqueous solution of cadmium chloride as starting solutions. Also CdS thin films
were prepared from different number of spray (1 spray, 2 spray, 3spray, 4 sprays). The
solutions were mixed thoroughly and final solution was sprayed onto heated substrates kept
at temperature 400°C. The substrates were microscopic plane glass slides of area 2.5x 7.6
cm2. The usual cleaning of the glass slides were first carried out. When the solution is
sprayed the following reaction takes place at the surface of the heated substrate,

CdCl, + (NH»),CS +2H,0------- CdS +2NH4Cl1 + CO,

The yields a uniform growth of CdS films on the substrates. The duration for spraying was
for a limited period which is about 4 second, and the distance from the heater to the end of
the capillary tube is 20cm, then the yellow-orange deposit layer appeared on the substrate.
After completing this experiment it was repeated with addition of PVA to the mixed
solution.

The deposited CdS films are characterized by structural and optical properties under
different growth conditions.

2.2 Techniques

Optical absorption measurements have been carried out using uv-visible
spectrophotometer and XRD spectra for determining the structure of the films.

3. Results and Discussion

3.1 Structural Properties

As is well known, Cds can exist in two crystalline structures: the hexagonal
(wurtzite) phase and the cubic (zincblende)phase .The patterns show a polycrystalline
structure with mixed phase (cubic and hexagonal)]. Figure 1 and 2 show a comparative X-
ray diffraction spectra of CdS films grown by spraypyrolysis processes on glass slide
substrates. These spectra showed that the films have highly oriented crystallites with a
preferential orientation along the c- axis (002) direction perpendicular to the substrate plane.
The (002) diffraction line localized at 26.6 approximately, and the weak peak at
approximately 24.8, 28.4, and, 43.7 which match with the (100), (101), and, (103)
diffraction lines of hexagonal phase CdS, this result is in good agreement with other authors
[20-23].
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Figure 1: X-ray diffractograms of sprayed CdS films with different thickness.
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Figure 2: X-ray diffractograms of sprayed CdS films doped by PVA polymer with different
thickness.

A comparison between the spectra of the films (with and without PVA) shows that
there are more crystallization lines and more orientation of the crystal growth in the case of
thicker film. The line (002) became stronger with increase thickness; (100), (101), and, (103)
also appears with increase of the thickness. This means the thicker film has better crystalline
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quality and the existence of polymer increase the crystalline of the films as indicated from
XRD spectra.

The relative change of the full width at half maximum (FWHM) is shown in Figure 3.
Increase thickness, a well crystallized film was obtained. Phase identification revealed that
hexagonal CdS is formed. However Ashour [23] Battisha et. al [24], Lankaitis et al [25],
and Ashour et al [26] using spraypyrolysis and different techniques, obtain a single phase of
hexagonal phase of CdS thin films. Thus, the preparation conditions of this technique affect
the resulting micro structural characteristics, such as crystallinity.
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Figure 3: Effect of films thickness on the full width half maximum.

The effect of thickness on grain size (GS) of the obtained phase was also
investigated. If the broadening is due only to the effect of crystallite size, grain size can be
simply determined from the (002) diffraction line the Scherrer formula:

GS=kA/Bcos 6

Where [ is the full width at half maximum (FWHM) of peak, A is the wavelength of the X-
ray, and k is the Scherrer constant (which generally depends on the crystallite shape) and
equal to 0.94. The grain size calculated by Scherrer formula the XRD data, the small grain
size, which is due to the evaporation of individual fine droplets during the sprayed process is
undesirable for most semiconductor applications because of the barrier effects of grain
boundary on the mobility in planar direction[27]. The grain size was found to be increase
with increase films thickness (see Figure 4.), which is the same behavior as reported in [24].
These grain sizes for film doped by PVA are smaller than those without PVA, and thus the
increasing of films thickness decreases the density of nucleation centers and under these
circumstances, a smaller number of center start to grow, resulting in large grain. The results
are summarizes in Table 1.

Table 1: Variation of thickness, FWHM, and grain size, of CdS films (with PVA, and without PVA)
with different number of spray

Thickness(pum) FWHM Grain Size(nm)
ijusmfaer With  Without PVA With PVA  Without  With PYA  Without PVA
pray PVA PVA
1SP 1.73 1.281 0.3856 0.4025 0.385 0.353
2SP 1.78 1.367 0.3485 0.3250 0.415 0.396
3SpP 1.87 1.421 0.2854 0.2550 0.474 0.531
4SP 1.94 1.485 0.2334 0.2001 0.637 0.7164
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Scanning electron microscope is a convenient technique to study the microstructure
of the films and as it is now out of our reach, we will depend only on the information from

the XRD.
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Figure 4: Effect of films thickness on the grain size.
3.2 Optical Properties

The optical properties of the spray pyrolysis CdS films (with and without PVA) are
different to those produced by using other methods. Figure 5 and 6 presented the variation
of the optical absorption and transmission as a function of the wavelength for films prepared
at different thickness. The films with low thicknesses (with and without PVA) have a low
absorption and high transmission while the films at high thicknesses have high absorption
and low transmission. It can be observed that in general an increase in thickness improved
the absorption or transmission. This improvement can be attributed to the perfection,
stoichiometry of the films [23] depending on the film deposition conditions.
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Figure 5: Absorption vs verses wavelength for CdS films sprayed at different thickness (a) with PVA
(b) without PVA.
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Figure 6: Transmittance vs verses wavelength for CdS films sprayed at different thickness (a) with
PVA (b) without PVA.

The semiconductor band gap Eg was determined by analyzing the optical data with the

expression for the optical absorbance a and the photon energy hv [23] using the relation;

a=K (hv— Eg)"* hv

Where K is a constant and n is a constant which is equal to one for a direct-gap material. As
shown in Figure 8 and 9. The plot of (o hv) 2 versus hv was analysed using the above
equation. Extrapolation of the linear portion of the plot to the energy axis yielded the direct
band gap value (2.425-2.75)eV for films with PVA and (2.4-2.55)eV for films without PVA,
which agreement with the reported value by others [23-26].
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Figure 7: Variation of (o hv)* with photon energy for films sprayed at various thickness with PVA.
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Figure 8: Variation of (o hv)* with photon energy for films sprayed at various thickness without
PVA.

We could observe Eg for films doped with PVA is higher than their values for films
without PVA( Table 2) i.e there is a blue shift of the absorption edge. This difference is due
to the existence of PVA and the band gap is increased due to an interstitial between PVA
and CdS states within the prepared structure in agreement with Devi et al results [28]. They
synthesizes nanocrystalline CdS thin films in PVA matrix and also reported a direct band
material relation similar to the above to obtain the energy gap. As presented in Table 2, the
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values of energy gap which obtained in this work are approximately equal to the range of
values of Devi et al [28]. They found that the increment in the value of energy gap is
inversely proportional to the square of the crystallite size and the value of the band gap in
our work increases with decrease of crystallite size in qualitative trends with their findings.
In this work, however, the increment in the value of energy gap is in general indirectly
proportional to the crystallite size (Table 1) and the value of the band gap in this work
increases with the decrease of the crystallite size.

Table 2: Band gaps for CdS nanocrystalline films (with and without PVA) for different numbers of

spray
Number of spray Band gaps (E,) eV
With PVA Without PVA
ISP 2.425 2.4
2SP 2.5 2.45
3SP 2.65 2.5
4SP 2.75 2.55

Existing polymer is suggested to be used for improving the efficiency of
photovoltaic devices such as the solar cell. In addition the organic polymers may provide
lighter weight, flexible and cheaply produced as alternative to the conventional bulk
semiconductor solar cells

This work is to be followed by Conductivity measurement, C -V characteristic
measurement and SEM & AFM measurement.

Comparing with the other methods that are used to synthesis semiconductors thin
films, CBD is relatively simple, cost effective, produce high quality thin films cover wide
area as well as it is low energy method [29]. It is also widely used to grow nanocrystalline
thin films or other type of nanostructuerd such as nanoflowers [30-31].

There are, however, two important advantages for CdS-polymer nanocomposites, the
first that the polymer matrix can make nanometer scale CdS clusters and lead to improving
the stability, dispersion and mechanical strength of the materials. The second advantage is
that the surface of the CdS nanoparticles could be modified by the polymeric matrix via the
interactions between the two components [32].

4. Conclusion

The content of this paper can be summarized by the following statement;
1. CdS films were fabricated by spray pyrolysis using a solution of cadmium chloride
and thiourea.
2. The films were deposited onto glass substrates at different thickness.
3. The films with different thickness, with, and, without PVA were found to have
influenced the phase and preferred orientation of the films.
4. The films prepared at low thickness have the least crystalline quality, and as increase
the thickness; the quality of crystallinity improved.
The existence of PVA increases the quality of crystallinity.
Increase thickness increase in grain size.
7. Optical properties of CdS thin films were studies using absorption and transmittance
spectra.
8. The films have good optical quality properties larger grain size and are well suited
for solar cell applications.

SN
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The optical gap was calculated and shown a good agreement with other results which

suggest that the method of spray pyrolysis for the deposition of CdS thin films should be
further considered towards the application and fabrication of a solar cell.
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