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Abstract: In the present work ZnS thin films with different concentration (0.25, 0.5, 0.75 and 1 M) have been deposited on 

glass substrates by sol–gel spin coating method using an acidic solution, containing zinc acetate (Zn(CHC3COO)2.2H2O) and 

thiourea (CH4N2S) as precursors. The optical properties of ZnS thin films such as refractive index, extinction coefficient, 

dielectric function and band gap energy of the films were obtained by spectroscopic ellipsometry analyzes method in the 

wavelength of 300 to 800 nm. Considering the data obtained, it can be deduced that the optical properties of ZnS films is 

highly influenced by Zn concentration. The extinction coefficients (k) of the films were increase with increasing concentration 

of zinc acetate. From these results it is found that the energy gap of the ZnS films decreases with increasing concentration of 

zinc acetate in the range of 3.65-2.75eV. 
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1. Introduction 

ZnS is an important direct gap semiconductor of � 3.58eV 

[1], and has attracted considerable research interest due to 

their variety of applications, such as   optoelectronic devices 

[2], photoluminescence [3], photoconductors [4], optical 

sensors [5],  phosphors [6] ,  solar cells [7] and etc. 

ZnS films have been deposited by a number of methods 

including sol-gel [8], chemical vapour deposition [9] and 

atomic layer epitaxy [10]. The characteristic of these methods 

is that they require expensive deposition equipment 

particularly where very large areas have to be covered. 

A cheap method of producing such display materials 

would considerably enhance the possibility of commercial 

usage. This paper describes a simple, non – vacuum method 

of producing undoped zinc sulphide films and it is mainly 

focused on the synthesize and characterizations of ZnS thin 

films prepared by the sol – gel spin coating deposition. The 

optical characteristics of the films produced by this method 

are described and it is shown that they are similar to zinc 

sulphide films produced by other method. 

Spectroscopic ellipsometry (SE) is an optical measurement 

technique that characterizes light reflection (or transmission) 

from samples [11]. The key feature of ellipsometry is that it 

measures the change in polarized light upon light reflection on 

a sample (or light transmission by a sample). Ellipsometry 

measures the two values (�, Δ). These represent the amplitude 

ratio	� and phase difference Δ between light waves known as 

p- and s-polarized light waves. In spectroscopic ellipsometry, 

(�, Δ) spectra are measured by changing the wavelength of 

light. In general, the spectroscopic ellipsometry measurement 

is carried out in the ultraviolet/visible region. Spectroscopic 

ellipsometry has been applied to evaluate optical constants and 

thin-film thicknesses of samples. 

In this work the optical properties of ZnS thin films with 

different Zn concentration were examined using 

spectroscopic ellipsometry measurement. 

2. Materials and Method 

ZnS thin films were synthesized via simple sol – gel 

method at different concentration values of zinc acetate. The 

sol was prepared with Zn(CH3COO)2.2H2O and CH4N2S as 

starting precursors and 2-methoxyethanol and 

monoethanolamine as a solvent and stabilizer respectively. 
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The molar ratio of MEA to zinc acetate was maintained at 

1.0. The S/Zn molar ratio was 1 in the mixture. The solution 

was stirred at 80°C for 120 min to become a homogeneous. 

The solution was aged for 24 h at room temperature. Before 

the deposition, the substrates were cleaned thoroughly using 

acetone and de – ionized water. The films were deposited on 

glass substrates using spin coater at the coating speed of 3600 

rpm. After deposition, the films were preheated at 200� for 

10 min and they were annealed at 500�	for 1 hour. 

 In this work, the optical analyzing process was done by 

SE800DUV (SENTECH) spectroscopic ellipsometry 

instrument with the measurement wavelength of 300-800 nm, 

which applies the Step Scan Analyzer measurement mode. 

SE method was used to extract the optical parameters of the 

layers such as optical band gap . Ellipsometry parameters , 

�Ψ, Δ� were recorded at an incidence angle of 70º. 

3. Results and Discussion 

Ellipsometry is an optical measurement technique that 

characterizes light reflection (or transmission) from samples. 

The key feature of ellipsometry is that it measures the change 

in polarized light upon light reflection on a sample (or light 

transmission by a sample). Ellipsometry measures the two 

values (�, Δ ). These represent the amplitude ratio 	�  and 

phase difference Δ between light waves known as p- and s-

polarized light waves. In spectroscopic ellipsometry, (�, Δ) 

spectra are measured by changing the wavelength of light. In 

general, the spectroscopic ellipsometry measurement is 

carried out in the ultraviolet/visible region. Spectroscopic 

ellipsometry has been applied to evaluate optical constants 

and thin-film thicknesses of samples. 

 

Figure 1. The ellipsometry parameter psi (�) extracted by SE method. 

 

Figure 2. The ellipsometry parameter delta (�) extracted by SE method. 

The optical properties of ZnS thin films grown on glass 

substrates were investigated by using spectroscopic 

ellipsometric measurements. The experimental data was 

taken at an incident angle of 70° and then fitted theoretically 

using Lorentz model. The measured spectroscopic 

ellipsometry parameters Ψ��� and Δ��� are fitted against the 

designed model in the spectral range from 300 nm to 800 nm 

by minimizing the square error (MSE), is shown in figures 1 

and 2. The mean square error is used to qualify the difference 

between the experimental and fitted data, and is calculated by 

following equation. 
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Where +) is standard deviation of the i-th data point, N is 

number of data point, �,-)  is i-th experimental data point 

and ./)	is i-th calculated data point from assumed theoretical 

model. When the model matches the experimental data as 

closely as possible the mean square error exhibits a minimum 

value. 

The model used to analyze the ellipsometry data consists 

of a glass substrate, ZnS thin film, surface roughness layer 

and air. Surface roughness layer was modelled by effective 

medium approximation (EMA). Adding surface roughness 

layer, improves the MSE value compared to the single layer 

model. The model used to analyse is shown in Figure 3. 

The (Ψ, Δ�	measured from ellipsometry are defined from 

the ratio of the amplitude reflection coefficients for p- and s-

polarizations: 

0 ≡ 234� exp�7Δ� ≡
89

8:
                             (2) 

 

Figure 3. (a) ZnS sample with surface roughness (b) optical model used for analyze the ellipsometry data. 

The calculated refractive index (n) of the ZnS thin films 

with different Zn concentration using spectroscopic 

ellipsometry method is shown in Figure 4. As it can be seen, 

there is a peak in n as a function of wavelength for all layers. 

By increasing Zn concentration this peak is shifted to higher 

wavelengths. 

 

Figure 4. Variation of ‘n’ as a function of wavelength for ZnS thin films with 

different Zn concentration. 

The extinction coefficient (k) as a function of wavelength 

for ZnS thin films with different Zn concentration were 

calculated using spectroscopic ellipsometry method. It can be 

deduced from Figure 5 that by increasing wavelength, the 

extinction coefficient (k) of all layers decreases. Also 

increasing Zn concentration leads to increase in the 

extinction coefficient values. The layers with zinc acetate 

concentration of 0.25 and o.5 M were transparent in the 

visible wavelength. 

 

Figure 5. Variation of ‘k’ as a function of wavelength for ZnS thin films with 

different concentration. 

 

 

Figure 6. Variation of ;� (a) and ;< (b) as a function of wavelength for ZnS thin films with different Zn concentration. 
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The real and imaginary part of dielectric function obtained 

by spectroscopic ellipsometry measurement method is shown 

in Figure 6. Increasing Zn concentration up to 0.75 M leads 

to decrease in real part of dielectric function Figure 6a. 

Figure 6b shows that by increasing Zn concentration, the 

imaginary part of dielectric function increases. 

The real and imaginary part of conductivity were plotted 

as a function of wavelength for different concentration of 

Zinc acetate and found in Figures 7a and b. The optical 

conductivity is calculated using following equation’s [12]. 

+� �
=�>?
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                                          (3) 
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	                                 (4) 

As is shown in Figure 7a increasing Zn concentration 

resulted in increasing the real part of conductivity. By 

increasing wavelength, the imaginary part of conductivity 

decreases, as is shown in Figure 7b. 

The increased optical conductivity at low wavelength is due 

to the high absorbance of ZnS thin films in that region [13]. 

 

Figure 7. Variation of +� (a) and +< (b) as a function of wavelength for ZnS thin films with different Zn concentration. 

The absorption coefficient (C� was calculated as a function 

of wavelength of ZnS thin films with different concentration 

of Zn. 

The optical absorption coefficient (C� is determined using 

the following equation [14]. 

C �
@AD

E
                                           (5) 

Where (k) is the extinction coefficient (k) and F  is the 

wavelength. As is shown in Figure 8, by increasing zinc 

acetate concentration the absorption coefficient increases. 

Also for all films it can be deduced from figure 8 the 

increasing wavelength leads to decreasing of absorption 

coefficient to a constant value in visible range. 

 

Figure 8. Variation of absorption coefficient (C�	for ZnS thin films with 

different Zn concentration. 

The optical band gap (Eg) of ZnS thin films was evaluated 

from the optical absorption coefficient(C�	near the absorption 

edge for allowed direct transitions and is given by Eq.6 [15]. 

C/υ � B�/υ H ΕJ	�
K                         (6) 

Where B is an energy dependent constant, Eg is the band 

gap of the material, /L is photon energy, and n is an index 

that characterizes the optical absorption process and it 

theoretically equal 2, 1/2, 3 and 3/2 for indirect allowed, 

direct allowed, indirect for- bidden and direct for-bidden 

transitions respectively. 

The optical band gap was calculated by extrapolating the 

linear portion of the (αhυ)
 2

 versus hυ curve towards energy 

axis. The variation of (αhυ)
2
 with photon energy hυ is shown 

in figure 9. The optical energy gaps have linear decreasing 

trend from 3.65 to 2.75 eV with increase of concentration 

from 0.25 to 1 M. 

The E-axis interception in this figure reflects the direct 

allowed transitions in our prepared samples. This behavior is 

in agreement with that reported in the literature for ZnS 

nanocrystals and thin films [16]. 

As shown in Figure 8, the direct band gap energy 

decreases progressively from about 3.65 to 2.75 with 

increasing in concentration values from 0.25 to 1 M. The 

decrease of optical band gap could be attributed to the 

structural and morphological change as well as the 

stoichiometric deviations in the film, which gave rise to the 

formation of located states in the band gap region. Other 

possibilities to explain this change in optical band gap could 

be related to the increase in particle size and this is well 

known for colloidal semiconductors [17, 18]. 

It should be emphasized that the film deposited with Zn 

concentration of 0.25 M to 1 M shows an optical band gap 
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(Eg) of 3.65 eV, which closely agreed with other values 

previously reported for ZnS bulk [19]. 

The calculated values of optical band gap energy of all 

films is shown in table1. 

Table 1. The values of optical band gap energy and MSE for ZnS thin films with different Zn concentration. 

Sample Zinc acetate concentration(M) Energy gap(eV) MSE 

1 0.25 M 3.65 eV 0.9495 

2 0.5 M 3.25 eV 0.8994 

3 0.75 M 3.15 eV 0.9838 

4 1 M 2.75 eV 0.8971 

 

 

Figure 9. Variation of band gap for ZnS thin films with different Zn 

concentration. 

4. Conclusions 

ZnS thin films with different Zn concentration values 

(0.25, 0.5, 0.75 and 1 M) have been produced on glass 

substrates by simple sol – gel method. Optical constant (n 

and k) of the films were determined using spectroscopic 

ellipsometry method. The band gap energy of the ZnS thin 

films is found to be dependent on the Zn concentration. 

However, there are many factors effects the change band gap 

energy of the ZnS thin films. From these results it is found 

that the energy gap of the ZnS films decreases with 

increasing concentration of zinc acetate in the range of 3.65-

2.75eV. 
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