
International Association of Scientific Innovation and Research (IASIR) 

(An Association Unifying the Sciences, Engineering, and Applied Research) 

 

               International Journal of Emerging Technologies in Computational 

and Applied Sciences (IJETCAS) 

www.iasir.net  

IJETCAS 14-769; © 2014, IJETCAS All Rights Reserved                                                                                                                     Page 204 

ISSN (Print): 2279-0047  

ISSN (Online): 2279-0055 

 

Study of Optical energy band gap of ZnS thin films prepared at different 

substrate temperature 
 

Avish K. Patil
1
, Sachin H. Dhawankar

2
, Swagatika Paul

1
, Bhagwat. M. Surayvanshi

1
, Manish P Tirpude

3
 

1
Department of Physics, Govt. Institute of science, Nagpur-440001(Maharashtra), India 

2
 Department of Physics, Chhatrapati Shivaji Institute of Technology, Durg-491001 (Chhattisgarh), India 

3
 Annasaheb Vartak College of Arts, K.M College of Science, Vasai, Dist Palghar- 401202 (Maharashtra) India 

_______________________________________________________________________________ 
Abstract: ZnS thin films are prepared on glass substrate using mixture of Zinc acetate and thiourea dissolved in   

double distilled water.  A spray pyrolysis deposition method at different varying substrate temperature (300 
0
C 

to 450
0
C)   was carried out. The prepared ZnS thin films are characterized by optical absorption using UV – 

Visible Spectrophotometer. X ray diffractrometer recording was carried out using Cuα target. Thin film 

materials show strong absorption at 410 nm region. The absorption edge is used to calculate the optical energy 

band gap. The calculated values of energy band gap of ZnS films at different temperature are found to be with 

little variation. The plots of absorption coefficients vs photon energy at strong absorption edge are helpful to 

decide the nature of deposited films on glass substrate.  
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_______________________________________________________________________________________ 

 

I. Introduction 

Now a day, study of thin films of semiconductor compounds (group II - VI) is attracted the attention of research 

workers [1, 9, 8]. Zinc Sulphide is an important II-VI semiconductor material with a large band gap. It is a 

promising material for optoelectronic device applications such as blue light emitting diodes, electroluminescent 

devices and photovoltaic cells. Spray pyrolysis are nowadays very attractive, since they are relatively simple, 

low cost and convenient for large area deposition of thin films on optically smooth, uniform and homogeneous 

layers. [10] Measurement of electronic energy band gap of nano material is important in solar energy conversion 

devices [2]. A simple method to determine energy band gap is utilized which is applied for solid powder 

semiconductor materials [1,9,8]. The ZnS antireflective properties and nontoxicity make this material an 

excellent candidate for thin film solar applications. ZnS presents a convenient band gap energy Eg of 3.7 eV, 

rendering more transparency in the short wavelength region between 350 and 550 nm [11]. In this paper we 

have demonstrate how the band gap of thin films determined from its absorption spectrum is a simple in which 

no thickness of the film is required [3]. The present determinations explore the behavior of ZnS thin films. 

 

II. Experimental 

Aqueous solutions of zinc acetate (MW 219.49gm/cc, 1N) and thiouria (M 76.12gm/cc, 1N) are mixed together 

at room temperature to form a stock solution. Equal volumes of stokes solution (20ml) were sprayed on cleaned 

hot glass subtracted at different temperature (300
0
C to 450

0
C)

 
to form ZnS thin films. 

 

III. Result and discussion: 

XRD of these films were obtained on X-Ray diffractrometer. XRD pattern of deposited thin films were checked 

on JCPDS no. 36-1450 (Hexagonal ZnS)[5]
 
& JCPDS no. 05-0566 (Cubic ZnS)[5]. The deposited thin films are 

crystalline in nature and of nanometer size. 

 
Fig. 1 XRD Pattern of thin film prepared at 450

0
C 
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Optical absorption of ZnS thin films was measured in the visible region (380-1000nm) on ELCO-SL-159 

Spectrometer. The resulting absorption spectrum of prepared ZnS thin films is shown in fig. 2.   

 
Fig. 2 absorption spectre vs excitation wavelength of light λ nm of ZnS thin films 

Absorption spectrum shows the strong absorption where the absorbance value starts with high stiff. The strong 

absorption edge value is utilized to calculate electronic energy band gap by using following equation (1) 

E= hc/λc                                                       (1) 

Where  h= Plancks constant=6.626 x 10
-34 

Joules.sec 

 C= velocity of light = 3 x 10
-8

 m/s 

λc = Cutoff wavelength at strong absorption  

Optical Energy Band Gap 

The optical energy band gap values depends in general on crystal structure, the arrangement and distribution of 

the atom in crystal lattice, the film is also affected by crystal defects. The plot of (Ahv)
2
 v/s hv (eV) for aii the 

ZnS films are shown in fig. 3A to fig. 3F. The smoothness of graph curve is smoother in fig 2 F. Thus the film 

prepared at 450
0
C subtract temperature may be more compact and free from any void in its structure formation. 

The energy gap (Eg) value is calculated by making tangent to the curve at strong absorption edge. This tangent 

cuts the x-axis (hv eV) at strong absorption edge. Figure 3(f). The liner dependence of (Ahv)
2
 with (hv) 

indicates direct band gap 7.   

 

Fig. 2A  (Eg = 1.9 eV)                                                     Fig. 2B (Eg = 2.6 eV) 

   
Fig. 2C (Eg = 2.7 eV)                         Fig. 2D (Eg = 2.9 eV) 
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                             Fig. 2E (Eg = 2.8 eV)                 Fig. 2F  (Eg = 3.0 eV) 

The plot of absorption coefficient (Ahv)
2 

v/s hv (eV) for all the films at different tempearture are plotted 

together and it is found that the goog smooth cuvre is obtained for ZnS thin film prepared at 450
0
C (Fig. 4). 

 
Fig. 4 The straight line of plot (Ahv)

2
 versus photon energy (hv eV) for different deposition parameter. 

 

IV. Conclusion 

Absorption vs wavelength plots of ZnS films shows in the visible region of the spectrum. An optical energy ban 

gap was determined from strong absorption edge [7]
. 
In the absorption spectra, the strong absorption edge shift 

towards longer wavelength side as temperature of the substrate increases. In this present note, optical energy 

band gap of ZnS thin films lies in the range of semiconductor material (Eg = 2.6 to 3.0 eV).  This shows that ZnS 

thin film behaves as semiconducting materials. The nature of absorption of the thin film and XRD of the thin 

films show that all the films are of crystalline nature. 
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