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Zinc Sulphide (ZnS) thin films are deposited on glass substrate by relatively simple, quick and cost effective successive 

ionic layer adsorption and reaction (SILAR) method at room temperature (27°C). For ZnS thin film growth the parameters 

including concentrations of cationic and ionic precursors, number of immersion cycle, immersion time and pH of the solution 

are optimized. A further study has been made for structural, surface morphological and optical properties of the film using X-

ray diffraction (XRD), EDAX, scanning electron microscopy (SEM), and optical absorption method (UV). The as deposited 

ZnS thin film exhibited hexagonal phase with optical band gap (Eg) of 3.93 eV. SEM image confirmed that film of smooth 

surface morphology.  
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1. Introduction 

 

Zinc sulphide (ZnS) is an important semiconducting 

material with a wide direct band gap and n-type 

conductivity is promising for optoelectronic device 

applications, such as electroluminescent devices and 

photovoltaic cells [1-4]. It is of interest for replacement 

of CdS as buffer layer of thin film based solar cells due 

to higher energy gap, good transparency, and general 

good film properties. 

Several techniques on growing ZnS thin films have 

been reported, which include Successive Ionic Layer 

Adsorption and Reaction (SILAR) [5-8], Sputtering [9], 

Spray Pyrolysis (SP) [10,11], Chemical Bath Deposition 

(CBD) [12-18], Molecular Beam Epitaxy (MBE) [19], 

Dip Technique (DT), Pulsed-Laser Deposition 

(PLD)[20], Chemical Vapour Deposition (CVD) [21], 

Metalorganic Chemical Vapour Deposition (MOCVD) 

[22], Metalorganic Vapour-Phase Epitaxy (MOVPE) 

[23] and Atomic Layer Epitaxy (ALE) [24].  

In this work, we used the SILAR method to produce 

ZnS thin films. 

The SILAR technique, introduced by Nicolau [25], 

is a unique method in which thin films of compound 

semiconductors can be deposited by alternate dipping of 

a substrate into the aqueous solutions containing ions of 

each component. The SILAR method resembles CBD 

but deposition control of the growth is easier since the 

precursors for the cation and anion constituents of the 

thin film are in different vessels. The growth of thin 

films in the SILAR method occurs only heterogeneously 

on the solid–solution interface due to the intermediate 

rinsing step between the cation and anion immersions. 

Therefore, the thickness of the film can be controlled simply 

by the number of growth cycles. The equipment for the 

SILAR technique can be very simple and inexpensive due to 

the ambient growth conditions used [25,26]. The deposition 

conditions were optimized for good quality and well 

adherent ZnS thin films. These films were characterized for 

their structural, morphological and optical properties by 

using X-ray diffraction, Scanning electron microscopy and 

optical absorption studies. 

 

 

2. Experimental details 

 

2.1 Preparation of thin film 

 

The deposition was carried out by using Corning glass 

slides (25mm X 75mm X 1mm) as substrates. The substrates 

were ultrasonically cleaned with 15% hydrochloric acid, 

ethanol, acetone and purified deionized water for 30 min, 

respectively. Zinc acetate zinc dihydrate 

(Zn(CH3COO)2·2H2O), thiourea CS(NH2)2 and liquor 

ammonia were used for deposition of ZnS thin films were of 

analytical reagent grade. In the synthesis of ZnS thin film the 

cationic precursor was 0.1M Zinc acetate solution 

complexed with ammonia solution at pH=10 for Zinc ion 

and anionic precursor was 0.1M thiourea solution for 

sulphide ion. Direct exchange of cationic and anionic ions 

was modified by means of rinsing in double distilled water. 

Each SILAR cycle consist of i) adsorption of Zn
2+

 ions from 
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Zinc acetate solution for 40s, ii) rinsing with double 

distilled water for 60s, iii) reaction with sulphide 

precursor solution from thiourea solution for 40s and 

finally iv) rinsing with double distilled water for 10s. 

This process was repeated for 50 times to get desired 

film thickness. 

 

2.2 Characterization of thin film 

 

The structural characterization of the films was 

carried out using Philips (PW-3710) X-ray 

diffractometer with CuKα radiation (α= 1.5404 Ǻ) in 2ɵ  

range from 20
0
-80

0
.The surface morphological study of 

ZnS films was carried out by scanning electron 

microscopy (SEM) using a model VEGA3 operating at a 

voltage of 20KV uses the BSE detector and Energy 

dispersive X-ray analysis (E-DAX) were recorded on 

Energy dispersive X-ray spectrometer attached to the 

SEM model. 

 

 

3. Results and discussion 

 

3.1 The film formation mechanism 

 

The film formation of ZnS thin films by SILAR 

method are shown in Fig. 1 and Fig. 2. 

 

 
 

Fig. 1.Diagram SILAR process: (a) adsorption of K+ 

X– and the formation of the double electric layer, (b) 

rinsing (I)removes the excess of K+ and X- unabsorbed, 

(c) reaction of A– with the caution K+ KA reabsorbed 

to form and (d) rinsing (II)remove excess unreacted 

species and  form  the  solid  to  the  KA surface  of  the  

                                    substrate. 

 

 
 

 
Fig. 2.The scheme of SILAR trend for the deposition of ZnS 

thin films (O, Zn2+; S2–) [27]. 

 

To deposit ZnS thin film one SILAR cycle involves the 

following four steps:  

i. Adsorption of Zn
2+

, a well cleaned glass substrate is 

immersed in the 0.1M Zinc acetate solution having Zn
2+

 zinc 

ions are adsorbed on glass substrate. ii. Rinsing the 

unabsorbed Zn
2+

 ions are separated out by dipping the 

substrate in double distilled water.iii. Reaction with S
2-

, 

sulphide ions were adsorbed from an aqueous solution of 0.1 

M thiourea. iv. Rinsing finally the substrate was washed 

with distilled water, thus one SILAR cycle is completed. 

After few number of such SILAR cycles, ZnS thin film is 

formed onto glass substrate. 

Repeating number of SILAR cycle for different 

concentrations, immersion cycle and immersion times, 

preparative parameters for best quality ZnS thin films were 

optimized as illustrated in Table 1. 

 
Table 1. Optimized preparative parameters for ZnS thin films. 

 

Parameters 

  

Precursors solutions 

Zinc 

acetate 
Thiourea 

Concentration (M) 0.1 0.1 

PH ~ 10 ~ 10 

Immersion time (S) 40 40 

Rinsing time (S)  60 60 

Number of SILAR cycle 50 50 

Temperature (K) 300 300 

 

The variation of ZnS film thickness as a function of 

number of deposition cycles at constant concentration of 

Zinc acetate and thiourea is as shown in Fig. 3. 

          (i)              (ii)              (iii)          (iv)  

 

 

(a)  

 

Substrat

e 

 

(a)  
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Fig. 3.Variation of ZnS film thickness as a function of 

number of deposition cycles at constant concentration 

of Zinc acetate (0.1M) and concentration of thiourea 

(0.1M). 

 

Initially film thickness increases with deposition 

time. This ZnS film had maximum terminal thickness of 

470 nm for 150 immersion cycle, after this film 

thickness starts to decrease due to peeling of the material 

from the substrate. 

 

3.2 Structural studies 

 

In order to study crystal structure of ZnS film 

deposited by SILAR method, X-ray diffractogram of the 

film onto glass substrate was examined. Zinc sulphide 

can be grown with either hexagonal, wurtzite type 

structure or the cubic zincblende-type structure. Previous 

reports on chemically deposited ZnS films showed that 

films were amorphous before annealing while films 

annealed from 200°C to 400°C were polycrystalline 

[28]. Fig. 4a shows the XRD pattern of as-deposited film 

with poor crystallinity, since no well-resolved peaks 

were observed except a small intensity peaks at 2θ = 

30.897° (1 0 1) and 2θ = 59.726° (0 0 4) over a wide 

base that corresponds to hexagonal phase of ZnS. The 

low intensity and broad diffraction peak shows that the 

as-deposited ZnS thin film is nanocrystalline and/or 

amorphous phase. The low temperature (300 K) at which 

the ZnS film deposited is responsible for a poor 

crystallinity, as is often the case. The broad hump (2θ = 

15–40°) is due to glass substrate and also possibly due to 

some amorphous phase of ZnS film. The XRD pattern 

(Fig. 4b) of film annealed at 400°C for 2 h in air shows 

the well resolved peaks at 2θ = 27.242° (1 0 0); 2θ = 

28.833° (0 0 2) ; 2θ = 30.897° (1 0 1) ; 2θ = 40.083° (1 0 

2) ; 2θ = 48.145° (1 1 0) ; 2θ = 58.309° (2 0 1) ; 2θ = 

59.726° (0 0 4) and 2θ = 73.894° (2 0 3) , comparison of 

observed ‘2θ’ with standard ‘2θ’ values confirms that 

the formed compound is ZnS with hexagonal structure 

(JCPDS card, no. 80-0007) [29]. The significant 

improvement in crystallinity is due to sintering of 

nanocrystals into effectively larger crystals after air 

annealing. By annealing at higher temperature, further 

crystallization takes place and crystalline phase prevails over 

the mixture of amorphous and nanocrystalline one. Average 

crystallite size of ZnS film was calculated by using the 

Debye–Scherer formula [30]: 

                        

  D = K.λ / β.cosθ                                       (1) 

 

Where: 

D: is the mean particle size. 

β: is the full width at half maximum (FWHM in radians) 

of the peak corrected for instrumental broadening, and θ is 

the diffraction/Bragg’s angle. 

λ: is the wavelength of the X-ray radiation 

(0.15406 nm). K: is the Scherer constant, it is value is taken 

as 0.9 for the calculations [31-33]. 

The crystallite size of as-deposited film was found to be 

8 nm that increases to 15 nm after annealing ZnS thin film at 

400°C for 2 h in air that indicates significant improvement in 

individual crystallite sizes after air annealing. 

 

 
 

Fig. 4.XRD pattern of ZnS thin film deposited by SILAR 

method onto glass substrate,a) before annealing and b) 

after annealing at 400°C in air (2h). 

 

3.3 Surface morphological studies 

 

The scanning electron microscopy technique is familiar 

for the study of surface morphology of metal chalcogenides 

in the thin film form.The ZnS film prepared with optimized 

parameters is used for SEM observation. 

Fig. 5 shows the SEM micrograph of ZnS thin film. The 

film is homogeneous, well adherent and covers glass 

substrate without cracks and pin hole. The film compactness 

is high, the grain size is generally small and they are 

agglomerated in some places. 

 

http://www.sciencedirect.com.ezp.lib.unimelb.edu.au/science?_ob=ArticleURL&_udi=B6TJ6-4MRND44-8&_user=559483&_coverDate=02%2F01%2F2007&_alid=1284875848&_rdoc=38&_fmt=high&_orig=search&_cdi=5302&_sort=r&_docanchor=&view=c&_ct=1324&_acct=C000028178&_version=1&_urlVersion=0&_userid=559483&md5=ab72e0b4fb439f19fc92cef1124c17a7#bib19
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Fig.5.SEM image of as-deposited ZnS film on glass 

substrate at room temperature. 

 

The E-DAX technique is used to determine 

quantitative composition of ZnS films deposited on glass 

substrate. The presence of EDAX peaks for Zn and S are 

conformed from analysis (figure 6).  

 

 
 

Fig. 6.The EDAX analysis of as- deposited ZnS on 

glass substrate at room temperature. 

 

The composition ratio was 1.06 of atomic mass 

percent for Zn and S respectively as shown in Table 2. 

EDAX spectrum also shows that prepared films are free 

from impurities. The presences of (O, Si and Ca) are due 

to glass substrates [35]. 
 

Table 2. Elemental analysis of as-deposited ZnS thin 

film. 

 

Element Zn S S/Zn ratio 

Weight % 65.61 34.39 0.52 

Atomic % 48. 34 51.66 1.06 

 

3.4 Optical properties 

 

Optical transmission for the as-deposited ZnS thin 

films on glass substrates were measured in the range 

(300-800 nm) using a spectrophotometer. The spectral 

transmittance curves of these films are shown in  Fig. 7. 

 

 
 

Fig. 7.Absorbance spectra of as-deposited ZnS thin films 

for  different  thicknesses  on  glass  substrate  at  room 

temperature. 

 

 

The films present a good transmission. The as-deposited 

films for 100 cycles present a maximum of transmission 

(94%). The films for 100 cycles with annealing at 400°C for 

2 hours presented increased transmission in the visible range 

above 85-90%.It can be seen that the ZnS films show high 

optical transmittance and can be used as buffer layer of CIS 

solar cells [36-44].This result can be attributed to decreases 

in thickness; the films were annealed as to change the 

morphology surface and the stoichiometry of these films. 

The absorption coefficient of ZnS thin films was 

calculated using the transmittance (T) value and thickness d 

using the relation: 

                      
α = (ln (1/T)/d)                                (2)     

 

The absorption coefficient α can be expressed by 

Urbach relation [45, 46]: 

 

α = A (hʋ - Eg)
 n
/ (hʋ)                       (3) 

 

Where A is a constant, Eg is the energy gap, υ is the 

frequency of the incident radiation and h is Planck's 

constant. The exponent n is 0.5 for direct allowed 

transitions. ZnS is a direct band gap material; several 

workers reported this type of transition [47, 48]. The energy 

gaps of the films of various temperatures have been 

determined by extrapolating the linear portion of the plots of 

(αhν)
2
 against hυ (eV) to the energy axis. 

The band gap value was determined from the intercept 

of the straight-line portion of the (αhν)
2
 against the graph on 

the (hν) axis (see Fig. 8). 

 

 

http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-97072007000300015&lng=en&nrm=#img04
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Fig. 8. Plot of (αhν)2 versus (hν) of as-deposited ZnS 

thin films thicknesses on glass substrate at room 

temperature. 

 

Fig. 8 shows the plot of (αhν)
2
 versus the incident 

radiation energy (hν) (eV). The band gap value (Eg) 

calculated from the linear fit of this plot is about 

3.93 eV, which is consistent with the literature [4, 11]. It 

can be seen there is a decrease (from ~3.97 eV to ~3.81 

eV) of the band gap for all number of cycles. The 

estimated band gap values are listed in the table 3. 

 
Table 3. Estimated band gap values. 

 

Number of 

cycles 

Thickness 

(nm) 

Band gap 

(eV) 

50 210 3.97 

100 346 3.83 

150 470 3.81 

 

It   could   be   observed   that   for   each number of 

cycles, the optical band gap was decreasing       with 

increasing thickness as shown in Fig. 8 and table 3, 

because the crystalline quality decreased with increasing 

thickness of the layer. 

The band gap of the as-deposited ZnS thin film was 

3.83 eV, which is lower than the band gap of 3.93 eV for 

ZnS thin film annealed at 400 °C. The band gap of the 

ZnS thin films changed with annealing temperature, as 

shown in Fig. 8,this in agreement with the XRD 

analysis. This tendency is caused by the changes in the 

crystallite size and the inter-planar distance of the 

annealed ZnS thin films with increasing annealing 

temperature. The variation in the band gap as a function 

of the annealing temperature is coincident with the 

changes in the crystallite size and the inter-planar 

distance with annealing temperature. The band gap 

changes with increasing annealing temperature are 

thought to be caused by changes in the defects, the 

composition, the internal strain and the crystalline 

properties of the ZnS thin film. 

Due to the high optical band gap of the ZnS film, it 

could be useful as buffer layers in CIS thin film solar 

cells. 

 

4. Conclusions 
 

In this study ZnS thin films were grown on glass 

substrates by SILAR method with varied number of 

deposition cycles. The film was characterized for 

morphological, structural and optical characteristics. The 

film thickness is dependent on the deposition cycles. 

Structural analysis reveals that the deposited films were 

polycrystalline nature showed hexagonal structure of ZnS 

thin films and a preferred orientation in the (101) plane after 

annealing at 400°C in air (2h).The SEM micrograph reveals 

that substrate is homogeneous, well adherent and covers 

glass substrate without cracks and pin hole. The grain size is 

generally small and they are agglomerated in some places. 

The atomic percentage values of Zn and S derived from the 

EDAX data confirms the transformation from the disordered 

state to a relatively ordered state in the film. The optical 

band gap of ZnS thin film was found to be 3.93 eV. These 

films can be used as buffer layers in the fabrication of 

heterojunction thin film solar cells.in this template useful in 

the preparation of your submission. 
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