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ABSTRACT 
 
Semiconducting  Zinc sulphide (ZnS) thin films were deposited on glass substrate using relatively 
simple, quick chemical bath deposition method (CBD) using the mixed aqueous solution of zinc 
sulphate,  thiourea and ammonia. The ammonia was used as the complexing agents. The 
preparative parameters such as concentration, temperature, deposition time, pH of solution have 
been optimized. Thin film of  ZnS with different thickness were prepared by changing the 
deposition time at 850c. The characterization of thin films was carried out for the structural, 
surface morphological, optical and electrical properties. The thin films we characterized by 
using X-ray diffraction (XRD), Scanning electron microscopy (SEM), UV-VIS Spectra and d.c. 
two  point probe method. The effect of thin film thickness on optical and electrical properties has 
been studied. 
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INTRODUCTION 
 

Zinc Sulphide belongs to II-VI group compound material with large direct band gap between 3.4 
to 3.70 eV depending upon composition. It is potentially important material to be used as an 
antireflection coating for heterojunction solar cells[1], for light emitting diode[2,3] and other 
optoelectronic devices such as blue light emitting diode[4], electro luminescence devices and 
photovoltaic cells which enable wide application in the field of displays[5,6], sensors and 
lasers[7] in recent years nanocrystalline ZnS attracted much attention because the properties in 
nano form differ significantly from those of their bulk counter parts. Therefore much effort has 
been made to control the size, morphology and crystallinity of ZnS thin film. There has been 
growing interest in developing techniques for preparing semiconductor nano particles and films.  
 
Several techniques have been employed to prepare ZnS thin films such as Thermal evaporation 
[8,9], Spray pyrolysis [10-13], Molecular beam epitaxy [14], RF reactive sputtering [15], 



R. S. Patil et al                                                            Arch. Appl. Sci. Res., 2011, 3 (2): 311-317 
_____________________________________________________________________________ 

312 
Scholars Research Library 

Chemical bath deposition technique[16-23], Photo chemical deposition technique[24], Atomic 
layer deposition [25], Screen printing technique[26]. 
 
In present investigation ZnS thin films have been deposited using chemical bath deposition 
method. The structural, surface morphological, optical and electrical properties of the as 
deposited ZnS thin films were studied.  
 

MATERIALS AND METHODS 
 

The deposition of film was carried out by using Corning glass slides (25 mm X 75 mm X 1 mm)  

as substrate which  were initially boiled in concentrated chromic acid for 30 min. rinsed in 
acetone, double deionised water  and finally ultrasonically cleaned. All analytical grade (A.R) 
reagents were used as it is without further purification for the deposition of ZnS thin films. For 
deposition of ZnS thin films aqueous solution of 0.1M Zinc Sulphate, 0.1M thiourea and 
complexing agent 20% aqueous ammonia were used. Initially 10 ml of ZnSo4 solution and 3.5 
ml ammonia were placed in 100 ml beaker, after stirring for several minutes solution becomes 
colorless and homogeneous under continuous stirring , 10 ml thiourea solution was introduced 
then pretreated substrate were vertically immersed into the prepared bath at 850C temperature.  
Preparative parameters are optimized for best quality ZnS film. The variation of film thickness 
with concentration of Zinc Sulphate is as shown in fig.1 keeping concentration of   thiourea  
0.1M.  The ZnS film formation was started at concentration of 0.025M  of Zinc Sulphate but it 
optimize for maximum thickness at  0.1M concentration.  

 
Fig.1 Variation of ZnS film thickness as function of concentration of Zinc Sulphate for fixed concentration of 

Thiourea (0.1M) 
 

 
Fig. 2. Graph of as deposited  ZnS film thickness as a function of deposition time. 
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After this ZnS film thickness was decreased due to formation of outer porous layer and peeling 
off from glass substrate [27].The thickness of ZnS thin film was measured by profilometer. Fig. 
2  shows  the variation of film thickness with deposition time. Initially film thickness increases 
with deposition time.  
 
This ZnS film had maximum terminal thickness of 320 nm for deposition time 22min. after this 
film thickness starts to decrease  due to peeling of the material from the substrate [27]. 
 
Characterization Techniques 
The thickness of the thin film was measured by a surfcom 480oA   profilometer. The structural 
characterization of the film was carried out using Philips (PW-3710) X-ray diffractometer with 
CuKα radiation (α= 1.5404oA) in 2θ range from 20-80o. The surface morphological study of ZnS 
film was carried out by scanning electron microscopy using Cambridge steriscan 250 microscopy 
MK-3 model. The electrical resistivity of the film was measured by two probe technique. The 
optical absorption spectra of the film was recorded on Systronic spectrophotometer in the 
wavelength range of 350-850 nm.   
 

RESULT AND DISCUSSION 
 

4.1 structural studies 
Fig. 3 shows XRD pattern onto glass substrate showing amorphous structure with some sharp 
diffraction lines with wurtzite hexagonal ZnS phase. 

 
Fig. 3: The X-ray diffraction pattern of as-deposited ZnS on glass substrate at 850C temperature 

 
In order to determine average grain size of ZnS film particles slow scan between 27o and 31o was 
carried out with a step 0.02o/min. using the scherrer’s formula the crystalline size (d) was 
calculated as  
            d = 0.9λ / βCos θ                                                (1)    
 
where  β is the broadening of diffraction line measured at full width of half maximum intensity 
(rad.) and λ= 1.5406oA is the wavelength of CuKα radiation [28] the average grain size of ZnS 
thin films was found to be about 100 nm. 
 
4.2 Surface morphological studies  
Scanning electron microscopy (SEM) is a versatile technique for studying microstructure of thin 
films. The ZnS thin film of   320 nm thickness was used to study the surface morphology using a 
scanning electron microscopy.  
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Fig.4: The surface morphology of as-deposited ZnS on glass substrate at 850C temperature by scanning  
electron microscopy studies 

 
Fig. 4 shows a scanning electron microscope of ZnS thin films at X 10000 magnification the 
scale bar length is 1µm the average grain size of ZnS thin films was estimated using Cotrells 
methods [29].  The estimated average grain size is 100 nm of ZnS thin film. It is observed that 
the film is uniform whitish and well substrate covered. 
 
4.3 Optical properties                                          
The optical properties of ZnS thin film is  determined from absorbance measurement in the range 
350-800 nm Fig. 5 shows the absorbance spectra of ZnS thin film.  

 
Fig.5: The absorbance spectra of as-deposited ZnS on glass substrate. 

 
Absorbance coefficient α associated the strong absorption region of the film was calculated from 
absorbance (A) and the film thickness (t) using relation [29,30]            
                                                                                                                                                                                                         
                 α = 2.3026 A/t                                             (2) 
The absorption coefficient α was analyzed using the following expression for optical absorption 
of semiconductors [31] 
 
               (αhυ) = K (hυ-Eg)

n/2                                                                   (3) 
 
where k is Boltzmann’s constant, Eg is separation between valence and conduction bands and n is 
constant that is equal to 1 for direct band gap semiconductor.  
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Fig. 6: Plot shows the variation of (αhυ)2 verses hυ of as-deposited ZnS thin film  on glass substrate  at room 

temperature. 
 

The band gap was determined from the intersect of straight line portion of  (αhυ)2 versus hυ 
graph shown in   fig. 6  The observed band gap value of the film was 3.45 eV. 
 
4.4   Electrical resistivity  
The electrical resistivity of ZnS thin film was measured using d.c.. two point probe method  Fig. 
7 shows the variation of log of resistivity ( log ρ ) with 1/T X 10-3K for film. The resistivity 
follows the relation  
 
                         ρ = ρ0 exp (Ea/kT)                                             (4) 
 
where ρ is resistivity at temperature T, ρ0 is a constant , k is Boltzmann constant , Ea is activation 
energy for conduction.  From fig. 8  resistivity of  ZnS sample decreases with temperature 
indicating semiconducting  nature of thin film,  
 

 
Fig. 7: The graph shows the variation of log ρ with 1000/T for as-deposited ZnS on glass substrate at  room 

temperature. 
 
from this   plot  thermal activation energy was calculated using relation (4) [32-34]. Resistivity 
of the sample was measured at 500o K and it found to be  0.36 X 105 Ω-cm with    activation 
energy 0.82 eV. 
 

CONCLUSION 
 

A simple chemical bath deposition method was used for preparation of   ZnS thin films  on glass 
substrate . The XRD study showed the Wurtzite (Hexagonal) structure of ZnS thin film. The 
SEM micrographs reveals that substrate is well covered and average grain size is 100 nm .The 
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Optical bandgap was found to be 3.45eV. It has been observed that the electrical resistivity of  
ZnS thin film comes out to be 0.36 X 105 Ω-cm with    activation energy      0.82 eV. 
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