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ABSTRACT 

 
                Tungsten Disulphide (WS2) thin films were prepared by thin film Spray Pyrolysis technique. 

Cleaned glass substrates were used. The Substrate was maintained 4 00
0

c the films were 

Characterized by X-ray diffraction (XRD). The structure of these films studied by X-ray diffraction 

were polycrystalline monoclinic phase. Direct band gap values of 2.24 eV -2.79 eV were obtained 

from optical absorption measurements. The thickness of these films were determined by Weighing 

method and in the range of t = 235 nm, t = 425 nm and t = 436 nm. 

      Keywords: Structural and Optical Properties, Spray Pyrolysis 

 

1. INTRODUCTION 
                       Tungsten Disulphide (WS2) thin films are regarded as one of the most promising 

materials for thin films solar cells. Wide band gap c o p p e r  o x i d e  (Eg=2.2eV) has been used as the 

window material together with several semiconductors such as CdTe [1], Cu2S [2], InP [3] and 

CuInSe2 [4] with 12-16% efficiency [5]. However due to high cost of such a material, studies were 

developed towards polycrystalline compound semiconductors and particularly thin polycrystalline 

films. The spray pyrolysed WS2 films has been explored by different techniques. Thermal evaporation 

[6,7], Chemical bath deposition (CBD) [8], molecular beam epitaxy [9], and spray pyrolysis [10] 

                    Several methods are reported for the preparation of W S 2  thin film such as 

electrodeposition, [11], Pulsed laser deposition [12], Physical vapor deposition [13], vacuum 

evaporation [14], close space sublimation [15], But all these methods have sophisticated requirement in 

other to precise temperature control, high pressure etc. Besides all above methods Spray pyrolysis 

techniques simple, convenient and cheaper. 

 

2. MATERIALS AND METHODS 

     
The spray pyrolysis technique is a simple technology in which an ionic solution-containing the constituent 

elements of a compound in the form of soluble salts-is sprayed onto over heated substrates using a stream of clean, 

dry air. The tungsten disulphide thin films were prepared by spraying an aqueous Solution of copper acetate 400°C. 

The atomization of the chemical solution into a spray of fine droplets is effected by the spray nozzle, with the help 

of compressed air as carrier gas. The spray rate was about 17cm3/min, through the nozzle ensures a uniform films 

thickness. The substrates are glass substrate temperature of substrate was controlled by an iron constant a 

thermocouple. After deposition, the films were allowed to cool at room temperature. Spray pyrolysis through is 

expensive, requires the use of sophisticated materials and overall, it is not impressive, now good quality 

semiconductors which allows fabrication of diode applications with satisfactory efficiency. Copper oxide thin films 

have received considerable attention due to their applications in thin film solar cells [16], electrochemical cells [17] 

and semiconductor metal schottky barrier cells [18]. 

Tungsten disulphide thin films is a technologically useful material, as many devices based on WS2, including 
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sensors have come up in the recent years. The thin film tungsten disulphide applications have for several years been 

considered to be a promising alternative to the more widely used silicon devices. 

One of the most promising techniques for producing large areas of inexpensive WS2 film for terrestrial 

photovoltaic application is spray pyrolysis and here we followed this method to synthesize the WS2 film. The 

structural properties of this films are carried out by X-ray diffraction and optical study in the UV-VIS region by 

spectrophotometer. 

The aim of this work is to produce WS2 thin films by means of the spray pyrolysis technique and to investigate 

their structural optical properties. Optical properties were obtained by transmission spectra. (TS). 

 

3. RESULT AND DISCUSSION 

 
3.1 STRUCTURAL PROPERTIES 

In order to study the crystalline phase, the spray pyrolysed tungsten disulphide thin films XRD pattern are 

recorded in the 2θ range 400°C. Fig. 1 shows the XRD pattern of tungsten disulphide thin film coated for 12 min. 

The pattern shows polycrystalline nature of film. The peaks observed at 38.87° corresponding to (200) plane 

respectively. 
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                          Fig 1 XRD - Analysis 

By matching this peak values with the JCPDS data 84-1938 hexagonal phase have been confirmed. The 

maximum peak intensity is observed at 36.43° showing preferential orientation of tungsten disulphide film in (200) 

direction [19]. 

3.2 SURFACE MORPHOLOGY 

This Fig. 2 shows that the Scanning Electron Microscopy (SEM) images of tungsten disulphide thin films. The 

surface morphology of the sample of tungsten thin film at temperature 400°C films sample show smooth coating of 

tungsten on the substrate with dense uniform grains. From the SEM images, the thicknesses of all the samples are 

measured and the values are 435 nm. It is observed that as the temperature varies, the thickness of the sample is also 

found to increase which is a consistent with the reported results. This may be result of high stress on the films that 

can lead to a peeling off from this substrate [20]. 
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Fig 2 Scanning Electron Microscopy (SEM) 

In this section we present the result of the realized diode applications based on WS2 thin film. The diode 

applications fabrication and measurement procedures are described in previous sections. In order to characterize 

sensor performance towards ethanol vapor gas a set of characteristics parameters are investigated namely: operation 

temperature, sensitivity, detection limit, response times. 

3.3 OPTICAL PROPERTIES 

The values of absorbance wavelength spectra were recorded graphically for the WS2 film at 400°C 

temperatures to obtain information of optical properties wavelength of the tungsten disulphide thin films. These 

absorbance spectra of the tungsten disulphide films obtained in the range between the 200 and 900 nm is shown in 

Fig 3.  
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                          Fig. 3 Wavelength Vs. Absorbance 

These absorbance values slightly increase in the range of 250 to 800nm and then rabidly increases 

revealing the modification of the glass substrate and temperature [7]. Besides, as can be seen in Fig 3. shows the 

optical absorbance varies with respect to the temperature value. The effect of solution temperature on the absorbance 

of the tungsten disulphide films may be due to the variations associated with film thickness, structural properties, 

surface smoothness and defect density, etc. From (XRD) x-ray diffraction analyses, we have determined that the 

films consist of WS2 hexagonal phase. On the other hand, WS2 crystalline is a hexagonal structural and it has a 

biaxial and optically anisotropic. The double refraction is a polycrystalline films brings that the light scatterings. 

Hence the reduced absorbance in higher solution temperatures prepared film is a due to that light scatterings from 

the WS2 thin films. Also, the decrease of absorbance values can also be interpreted with inferences from the (XRD) 

x-ray diffraction spectra. The absorbance spectrum shows the surface Plasmon’s resonance indicating that crystallite 

sizes are in the nanometer ranges. It is observed that absorbance decreases with the wavelength from 60 to 50%. The 

values and maximum range of absorbance for WS2 thin film deposited at concentration 0.2. Since tungsten 

disulphide thin films are some n-type materials, and their absorption property is important. Also, all films have 
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direct band gaps, and this is a property is suitable for the photovoltaic applications. These optical parameters such as 

absorption coefficient and band gap measurement are determined from the optical absorption measurements.  

The value of absorption coefficient for strong absorption co-efficient region of thin films are calculated 

using that following Eq. (1), 

        (1)                

where α is the absorption coefficient in cm
-1

, t is that thickness off the films, A is that absorbance and T is 

that transmittance. The nature of transition is determined using the following Eq. (2) [21], 

   (2) 

where α is the absorption coefficient in cm
-1

, hʋ is the photon energy in eV, Eg is an energy gap in that eV 

and K is constant which is then related to effective masses of associated with the valence and conduction band.  

 

Fig.6.5 Optical Band Gap Energy 

The values of ‘n’ determine that types of transition and present in the materials. In this case n = ½ indicate 

that the transition involved in the material is direct allowed. A plot of hʋ versus (αhʋ)
1/2

 for WS2 thin films obtained 

at solution 0.2 concentration of values shown in Fig 6.5. shows the extrapolation of linear portion of the graph to X-

axis [energy (hv) axis] gives the bandgap values of present in the material. Mainly bandgap values of the material 

obtained in the present work is found be 2.38 eV for solution concentration of 0.2 respectively. This is close 

agreement with the value reported earlier for WS2 thin films [21]. It is found that there are significant variations in 

the optical band edge, it will be due to a thickness of the thin films. 

4. CONCLUSION 

Tungsten Disulphide thin films were deposited by a spray pyrolysis technique using a solution of 

Tungsten thiousulphate. The films were deposited onto the glass substrate at the selected temperature 400
0

C. 

Substrate temperature during deposition was found to have influenced the hexagonal phase. The films have good 

optical quality properties and are well-suited for d i o d e  applications. The films exhibited a direct transition 2.25 

eV. These results suggest that the method of spray pyrolysis for the deposition of WS2 thin films should be 

further investigated for application towards the fabrication of d i o d e  a p p l i c a t i o n s . The optical properties 

of W S 2  thin films were studied using transmittance spectra.  
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