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ABSTRACT

Copper doped Tungsten disulphide (CuWSs,) thin films have been synthesized on to glass substrates at
400°C temperatures by spray pyrolysis technique from aqueous solution using cupric acetate Cu
(CH3C00),.H,O as a precursor. The structure of the deposited CuWS, thin films characterized by X-ray
diffraction, the surface morphology was observed by a scanning electron microscope,the optical transmission
and absorption spectra was recorded by ultraviolet visible spectroscopy was studied. All the CuWSs; thin films,
irrespective of growth temperature, showed a monoclinic structure with the main CuO (111) orientation, and
the crystallite size was about 8.9954 A for the thin film synthesized at 300°C. The optical transmission of the as
deposited film is found to decrease with the increase of substrate temperature, the optical band gap of the thin
films varies from 1.60 to 2.43 eV and the electrical resistivity varies from 5 to 8 Ohm-cm for the films grown at
the substrate temperatures.
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1. Introduction

Copper oxide (CuWSsS,) thin film has been reported to exhibit p-type conduction and shows a band gap of
2.44eV is a monoclinic crystal structure with lattice parameters a = 5.4837 A and p = 89.45° [1-3]. CUWS,, an
important transition metal oxide semiconductor has been extensively studied for a number of applications like
gas sensors [4-6], solar cells [7-8], lithium ion electrode [9], etc. Thermal preparation methods result in
resistivites in the range 10%-10* Q-cm and electrodeposition produces films with resistivites in the range 10*-10°
Q-cm. [10-11]. There are various established ways of fabricating CuWsS, thin films like spray pyrolysis
technique (SPT) [9], radio frequency magnetron sputtering [12], spin coating [13], dip coating [14], SILAR
[15], thermal evaporation [16], etc. SPT is simple, fast, inexpensive, vacuum less process and is suitable for
mass production among all of these. So, the aim is to grow CuWS, thin film by SPT and to study the effect of
the substrate temperature (Ts) on the physical and chemical properties of CuWS, thin films.

2. Experimental Details

CuO thin films have been synthesized by spray pyrolysis technique (SPT) using 0.1 mole of cupric acetate
(Cu(CH3C00),.H,0) which was dissolved in deionized 20 ml distilled water. The distance between substrate to
spray nozzle was 19 cm and air pressure was 1 bar. The solution was sprayed onto the ultrasonically cleaned
glass substrates heated at 300°C temperatures. The substrate temperaturewas recorded withtheindium tin oxide
glass substrate. The flow rate of the solution during spraying was adjusted at about 1 ml/min and was kept
constant throughout the experiment and the spray time was 12 min.

The possible chemical reaction that takes place on the heated substrate to produce CuWws, thin film
when the droplets of the solution reached the heated substrate, is the chemical reaction of the copper acetate
with water solution under stipulated temperature which provides the formation of CuwWsS, thin films.

The surface morphology of the films was examined using a HITACHI S-3400N model scanning
electron microscope (SEM), the elemental analysis was performed by an electron dispersive spectrometer
attached to the SEM and X-ray diffraction (XRD) patterns were recorded using an identical uncoated glass
substrate as reference. The electrical studies were carried out using Hall measurement system
(D.0.N0.SR/S2/CMP-35/2004).
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3. Results and Discussion
3.1. X-ray Diffraction Analysis

XRD patterns for CuWS, thin films synthesized at substrate temperature of 300°C are shown in Fig. 1. The
diffraction peaks observed at 20 values of 35.23° and 38.53° correspond to the diffraction lines produced by
(111) and (200) planes of the face-centered cubic structured CuO (JCPDS card No. 03-1005). Crystallite size of
the prepared CuWSs, thin film was determined from the strongest peak of (111) for every XRD pattern using
Scherrer formula. The (111) surface of CuWS; thin film is energetically the most stable and the predominant
crystal face found in polycrystalline samples. It is observed from Fig.1 that the diffraction peak positions are
identical for all the CuO thin films, obtained at the substrate temperature of 300°C, indicating the formation of
cubic phase CuO in all the cases. Although (111) and (200) reflections are present, for CuO. The lattice
constants of the CUWS, thin films are found to be: a =1.5405 Aand b = 2.4506 A and are
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Fig. 1. XRD patterns of CuWS, thin film synthesized at 400°C substrate temperature

in good agreement with the standard JCPDS data for cubic structured CuWS,. It is observed in the XRD patterns
that the intensity of the peaks increases. For peak (111) the calculated values of the crystallite size for the
CuWS; thin films are presented in Table 1.

Table 1. Crystallite size for the CuO thin films at 300°C substrate temperature

Substrate Crystallite Thickness D (nm) FWHM
Temperature (T,) sizein A (Radian)
400°C 03-1005 284 3.48 1.63002

It is seen in the Table 1 the crystallite size increases with the substrate temperature is exactly 300°C and
then to decrease. For CuWs, there are many dangling bonds related to the copper and/or oxygen defects at the
grain boundaries. As the result, these defects are favourable to the merging process to form larger CuWsS, grains
while increasing substrate temperature. It implies that the crystallinity of the CuWS, thin films is improved at
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higher substrate temperatures. This may be due to gaining enough energy by the crystallites to orient in prober
equilibrium sites at higher substrate temperatures, resulting in the improvement of crystallinity and degree of
orientation of the CuWS; thin films[16-18].

3.2. Morphological Analysis
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Fig.2. SEM image of CuWS; thin films at substrate temperature 400°C

SEM images were recorded to examine the surface morphology of the as deposited CuO thin films and the
images obtained are shown in Fig. 2. The deposited films have islands of different sizes and shapes, and their
distribution on the surface is quite homogeneous. These could be the result of the chemical reaction during the
deposition. SEM micrographs reveal the formation of particles with different shapes and sizes, it seems
appropriate to consider that the particles which appear in scanning electron microscopy(SEM) images are the
grains of agglomerates.

3.3. Optical Properties
3.3.1. Transmittance and Optical Band Gap

The optical property of CuWS, thin films deposited at the substrate temperature of 400°C were investigated by
means of the transmission spectra recorded and shown in Fig. 4 . It is seen that the transmittance is high in the
visible and near infrared regions and minimum at wavelength ~ 200 nm. An average of 70% to 90%
transmittance is observed in the wavelength range of 800-900 nm and below 800 nm transmittance decreases
gradually. The transmittance increases from 300°C with the substrate temperature, and shows the highest
transmittance of about 90%for the thin films grown at substrate temperature, Ts -- 400°C. The increase in
transmittance may be due to the transition of the CuwWS, films from monoclinic to polycrystalline structure.
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Fig.3. Transmittance vs wavelength at substrate temperature 400°C

A relatively high transmittance in the value for the thin film deposited at 300°C may be attributed to less
scattering due to the decrease in the degree of irregularity in the grain size distribution [19]. The transmittance
values are decreased for these substrate temperature. This suggests that the decrease in the transmittance of
CuWwSs; thin films is with increase in the substrate temperature. This may lead to increase in the degenerate
(metallic) nature of the films, which results in light absorption. The optical band gap for the direct band gap
semiconductors is determined using the substrate temperature [20]. (Ghv)? = A(hv-Ey), where A is a
proportionality constant, hv is the incident photon energy, @ is the absorption coefficient, and E, is the optical
band gap. Fig. 4 shows the absorption coefficient squared (¢hv)1/2 as a function of, hv for the CUWS; thin films
deposited at substrate temperature.
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Fig.4. Optical transmittance vs. wavelength of CuO thin films at substrate temperature 400°C
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The 6 was found in the order of 10 m™ which may be suitable for a transparent conducting film. The Eq of
the CuO thin films deposited at T, = 400°C the optical band gap is found to be 2.43 eV is found for sample
obtained at 300°C.It can be seen that a band gap tuning of 0.30 eV occurs when the substrate temperature is
400°C. The value of the & and Eq decrease as the substrate temperature value of to 400°C where it starts to
increase with further increasing of substrate temperature. It may be due to the removal of defects and
disorderness in the as-deposited film by increasing substrate temperature.

Conclusion

Thin films of CuwsS, have been spray pyrolysed successfully onto glass substrates using spray pyrolysis
technique at the 0.1 molar concentration respectively. X-ray diffraction analysis revealed that the prepared films
were polycrystalline in nature with monoclinic structure with preferential orientation along (111) plane. Also the
crystallite size were estimated. Surface morphology showed that films are with spherical shaped grains and
porous nature. Optical absorption measurements indicate that the deposited film has an indirect bandgap value
of 2.43eV respectively.
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