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(MgO) films doped with (ZnS) were prepared using a spray pyrolysis technique. Thin 

films were deposited on glass substrates at (350°C) with different concentrations 

(0,2,4,6,8) % of ZnS to study the surface morphology and optical properties. The (AFM) 

images indicated that increasing the (ZnS) concentrations leads to a decrease in the surface 

roughness rate. The optical measurements showed a decrease in the transmittance and 

reflectivity spectrum of all the prepared films, with an increase in (ZnS) concentrations 

and an increase in the absorption coefficient, refractive index, and extinction coefficient. 

The values of the real part of the dielectric constant were higher compared to the 

imaginary part for all the prepared films. Also, the optical energy gap decreased with the 

increase of (ZnS) concentrations within the range of (2.771-2.549) eV.  

 

(Received April 18, 2022; Accepted August 12, 2022) 

 

Keywords: MgO thin films, Doping, AFM, Optical properties 

 

 

1. Introduction  
 

Thin (MgO) films attract great scientific and technological interest due to their important 

application properties [1]. An important application of (MgO) films is used in sensors, electronic 

devices, solar cells, and LEDs [1-3]. Magnesium oxide has thermal and chemical stability and a 

wide bandgap [1, 2]. In general, dopants are useful for significantly modifying the properties of 

host materials. Several dopings have been used to modify the properties of MgO thin films, such 

as (Zn, Ag, Al, Fe, and Cr) [4-8]. We chose ZnS as the doping component in this work because 

(ZnS) is a low-toxicity, readily available, and low-cost material [9]. Moreover, (ZnS) is a 

composite (II-VI) semiconductor with a bandgap (3.72 eV at room temperature) and a high 

refractive index that is used in many different technological applications [10]. (MgO) thin films 

can be deposited by several techniques, including (sol-gel) [11], (CVD) chemical vapor deposition 

[12], electron-beam evaporation [4, 13], spraying [5], spin coating [14], spray pyrolysis technique 

[15], etc. Compared to these methods, the spray pyrolysis technique is simple in cost and can 

deposit large-area films [16, 17]. Therefore, the present work investigates how to modify the 

morphology and optical properties of (MgO) thin films deposited by spray pyrolysis technique and 

doped with (ZnS). 

 

 
2. Experimental part 
 

(MgO) thin films saturated with (ZnS) sulfide were prepared by the spray pyrolysis 

method. Magnesium chloride (MgCl2.6H2O), zinc nitrate (Zn(NO3).6H2O), and thiourea (CH4N2S) 

dissolved in 0.1M distilled water was used. (MgO) was doped with different volumetric ratios 

(0,2,4,6,8) % of (ZnS). The solution was sprayed onto glass substrates at (350 °C) using a 

compressor at (1.5 bar). The surface morphology of the thin films was detected by atomic force 

microscopy (AFM). The optical properties were measured using an ultraviolet-visible (UV-Vis) 

spectrophotometer. 
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3. Results and discussion 
 

3.1. Surface morphological 

Fig. 1 Shows the images of the results of the (AFM) tests for all the prepared films. The 

topography of the thin films (MgO1-xZnSx) was studied with different doping ratios using atomic 

force microscopy (AFM). The (AFM) images indicated that the surface morphology strongly 

depends on the doping concentration in the prepared thin films. The decrease in surface roughness 

is due to the reduction of the average crystallite size of (MgO) films after (ZnS) replacement [18-

20]. Also, the more extensive grain formation may lead to a decrease in surface roughness [21]. 

Fig. 2 Shows the rate of surface roughness and particle size as a function of the doping percentage 

with (ZnS). The smallest value of (Sa) for the film doped with (6%) of (ZnS). Table 1. shows the 

surface roughness and particle size values with an increasing percentage of doping with (ZnS). 

 

 
                           Pure (MgO)                                                                         2% 

          
                                     4%                                                                                   6%        

 
8% 

 

Fig. 1. AFM images of MgO1-xZnSx films. 
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Fig. 2. Average roughness and particle size of MgO1-xZnSx films. 

 

 

Table 1. Roughness and (RMS) for (MgO1-xZnSx) films. 

 

Maximum 

Height Sz(nm) 

Surface 

Kurtosis 

(Sku) (nm) 

Surface 

Skewness 

(Ssk) (nm) 

Particles 

Size (nm) 

RMS 

(nm) 

Roughness 

Average Sa 

(nm) 

Samples 

16.31 5.018 -0.8114 30.05 25.02 16.94 MgO 

       

20.27 3.596 -1.111 32.35 42.71 33.41 MgO0.98ZnS0.02 

       

69.61 2.237 -0.5094 58.27 12.69 10.91 MgO0.96ZnS0.04 

       

35.15 3.314 -0.4426 67.77 6.037 4.922 MgO0.94ZnS0.06 

       

80.98 3.245 -0.00182 91.80 12.59 9.641 MgO0.92ZnS0.08 

 

 

3.2. Optical properties 

Fig. 3 Shows the transmittance spectrum of the prepared thin films. The transmittance 

values decreased with the increase in the doping percentage with (ZnS). This is in agreement with 

researchers Harun GÜNEY and Fuad T. Ibrahim [22, 23]. This decrease in transmittance is 

attributed to the increased absorption caused by the rise in (ZnS) concentration in the thin film. 

Improving the content of (ZnS) leads to an increase in the density of the localized states and, thus, 

the sample becomes more opaque to the incident light. This leads to a shift of the absorption edge 

towards lower energies (high wavelengths). In this region, the photons have enough energy to 

excite electrons from the valence band to the conduction band. Thus, photons are absorbed into the 

thin film material [23, 24]. Also, the formation of new energy levels near the conduction band 

leads to an increase in the number of electrons that reach the conduction band, thus reducing the 

energy gap with an increase in absorbance and a decrease in transmittance values [8, 25]. 
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Fig. 3. Transmittance spectra of (MgO1-xZnSx) thin films. Inset figure shows the maximum transmittance  

with (ZnS) doping Concentration. 

 

 

Fig. 4 shows the reflectivity values (R), as the reflectivity values decreased with the 

increase in the percentage of doping with (ZnS). The absorption coefficient (α) was calculated 

from the relationship (1) [24, 26, 27]. Fig. 5 Shows the absorption coefficient, and We note that 

the values of the absorption coefficient (α > 104 cm-1) confirm the occurrence of the allowed direct 

electronic transitions [28].  

                
α=2.303A/t                                                                                  (1) 

 

 (A) and (t) represents the film's absorbance and thickness. 
 

 
 

Fig. 4. Reflectance of (MgO1-xZnSx) thin films. 
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Fig. 5. Absorption Coefficient of (MgO1-xZnSx) thin films. 

 

 
The optical energy gap of the allowed direct electronic transitions was calculated from the 

relation (2) [29, 30]. Fig. 6 Shows the relationship between (αhυ)2 and the incident photon's 
energy. The optical energy gap of the films decreases with the increase in the percentage of doping 
with (ZnS), and it is within the range of (2.549-2.771) eV, Our results are in agreement with the 
findings of researchers Sabiha Aksay and Ahmet Taşer [31, 32]. The decrease in the energy gap is 
the formation of local energy levels close to the conduction band, contributing to the increase in 
the number of electrons in the conduction band [33]. 

 
(αhυ) = A(hυ − Eg)r                                                                         (2) 

 

(Eg) Energy gap, (A) constant, and (r) equal to (1/2) for allowed direct transitions. 
 

 

 
 

Fig. 6. Energy Gap of (MgO1-xZnSx) thin films. 

 

 
The extinction coefficient (ko) was calculated from the relationship (3) [34, 35]. Fig. 7 

Shows the extinction coefficient, The extinction coefficient increases with the increase in the 
percentage of ZnS doping. and the refractive index (no) was also calculated from the relationship 
(4) [36], Shown in Fig. 8. We note an increase in the refractive index with the increase in the 
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doping percentage with (ZnS), This is consistent with what was stated by researchers M. Golam 
Mortuza Nion and Payel Maiti [6, 8].  The reason for this increase is the density of the donor levels 
formed by the impurity within the energy gap, which leads to an increase in the intensity of the 
reflected rays and also an increase in the absorption coefficient, thus increasing the refractive 
index and the extinction coefficient [37, 38]. 

 

ko =
αλ

4π
                                                                                       (3) 

 

𝑛𝑜 = [(
1 + 𝑅

1 − 𝑅
)

2

− (𝐾𝑜
2 + 1)]

1 2⁄

+
1 + 𝑅

1 − 𝑅
                                                             (4) 

 

 

 
 

Fig. 7. Extinction Coefficient of MgO1-xZnSx thin films. 

 

 

 
 

Fig. 8. Refractive Index of (MgO1-xZnSx) thin films. 

 

 

Fig. 9 shows the real dielectric constant and the imaginary dielectric constant, where the 

value of each increases with the increase in the percentage of doping with (ZnS). We note that the 

value of the imaginary dielectric constant is small compared to the value of the real dielectric 

constant for all the prepared films. This low value indicates that the energy dissipation for all the 
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prepared films is low. While the increasing value of the real dielectric constant represents the 

increase in the electric flux density of the prepared thin films [8, 17], Table 2. Shows the value of 

the optical energy gap and the highest values for the absorption coefficient, extinction coefficient, 

and refractive index for all prepared films. 

 

 

    
 

Fig. 9. Real Part of Dielectric Constant and Imaginary Part of Dielectric Constant of (MgO1-xZnSx) thin 

films. 

 

 
Table 2. Optical properties for (MgO1-xZnSx) thin films at (350 °C). 

(no) 

Maximum 

(ko) 

Maximum 

(α ×104 cm-1) 

Maximum 

Energy Gap 

(eV) 

Sample 

2.577 0.036 1.304 2.771 MgO 

2.642 0.039 1.413 2.714 MgO0.98ZnS0.02 

2.801 0.048 1.742 2.638 MgO0.96ZnS0.04 

2.883 0.055 1.993 2.602 MgO0.94ZnS0.06 

2.952 0.070 2.531 2.549 MgO0.92ZnS0.08 

 

 

4. Conclusions 
 

(MgO) and (ZnS-doped) thin films were successfully fabricated on a glass substrate by the 

spray pyrolysis technique. It is observed that (ZnS-doping) concentration significantly affects the 

morphology and optical properties. The (AFM) results showed that the surface roughness values 

decreased with (ZnS) doping increase. Optical transmittance decreased with increasing (ZnS) 

doping. The energy gap of the (MgO) thin film was found to be around (2.771eV) and as low as 

(2.549eV) for the film impregnated with (8%) of (ZnS). The results obtained show a significant 

improvement in the morphology and optical properties of the (MgO) thin films, making them a 

helpful material in fabricating solar cells. 
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