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Chemical spray pyrolysis (CSP) was utilized to create pure Zinc Sulfide (ZnS) and 
magnesium (Mg) doped thin films on a clean glass substrate at a temperature equal to 
400°C. X-ray diffraction test revealed a cubic wurtzite crystal structure with average 
crystallite sizes of 10.99 and 12.27 nm for ZnS and ZnS: Mg, respectively. XRD analysis 
of the doped films revealed a polycrystalline structure with a predominant peak along the 
(220) plane and additional peaks along the (111), (200), and (222) planes. The grain size 
raised from 10.99 to 12.27 nm as a result of the XRD patterns. The increase in Mg content 
from 0% to 3%, affect the bandgap that fell from 3.52 to 3.42 eV. As the Mg content 
increased, the transmittance and refractive index of the films was lowered. 
 
(Received December 12, 2022; Accepted March 3, 2023) 
 
Keywords: ZnS thin films, Mg, XRD, AFM 

 
 
1. Introduction 
 
ZnS is a semiconductor that assigned to the II-VI family. It has an n-type conductivity and 

a direct bandgap ranges from 3.40 to 3.74 eV when measured at ambient temperature [1]. It has a 
high refractive index, which enables it to be highly transparent in VIS and near-IR spectra [2]. 
Only at ambient temperature does the cubic ZnS phase remain stable; at higher temperatures, it 
changes to the hexagonal phase [3]. The incorporation of particular dopants into the lattice of a 
semiconductor chalcogenide can result in a modulation of the material's chracterizaions [4]. 
Doping is the intentional addition of another kind of atoms to an element or composition in order 
to make useful changes in its properties. Useful way of controlling electrical conductivity and 
other magnetic and optical properties is combining doping and crystal defects procedure [5]. Mg-
containing II–VI semiconductors, for example, have been employed in optoelectronic devices [6]. 
Magnesium is an excellent doper element for substituting Zn in its lattice and bridging bandgap in 
the ultraviolet area because its radius is comparable to that of the Zn2+(0,60 A) ion [7, 8]. Due to 
its comparable ionic radius to that of zinc and its history of utilization as an eco-friendly phosphor 
encompasses a diverse spectrum of economic sectors, magnesium was selected as the dopant 
material for this particular research project. [10]. To make ZnS thin films, microwave-assisted 
[11], hydrothermal [12], MBE, PLD [13, 14] CBD [15], sputtering [16], and CSP [17-20] have all 
been used. CSP has received a lot of attention as a technology because of its capacity to deposit 
over a large region, low cost, and ambient operating environment. Throughout the last decade, 
CSP has consistently detailed pure and doped ZnS, as well as their uses, for ZnS thin film 
production [21]. 
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2. Experimental 
 
Thin films of ZnS and ZnS: Mg were deposited using an in-built spray pyrolysis coating 

machine; the quality of these films was good when generated by spray. To prepare the spray 
solution, dissolve the needed amount of zinc chloride (ZnCl2) in deionized water. In order to 
obtain Ag doping, Mg trichloride (MgCl3) was dissolved in isopropyl alcohol and added to the 
precursor solution. The spray solution volume was 50 ml and the doping concentration was (0, 1, 
3) percent. The following are the prerequisites for preparation: The spraying interval was increased 
by 85 s to minimize cooling, and the spray rate was 5 mL/min with nitrogen gas as the carrier gas. 
Using a weighing method, the film thickness was determined to be 340± 25 nm. A UV-visible 
Shimadzu twin beam spectrophotometer was used to obtain optical transmittance. XRD was 
utilized to ascertain the fundamental characteristics of the film's structure, and AFM was used to 
study film surface. 

  
 
3. Physical characterization 
 
3.1. Properties of the structure 
Figure 1 shows XRD of  the intended films produced at 400°C. Scanning 2 with a grazing 

angle of 10o–70o. In all the films, the basic peaks were (111), (200), (220), and (222) planes were 
assigned to the 28.52°, 33.07°, 47.52°, and 59.12°, respectively. 

The XRD pattern, however, showed no peak that belonged to MgO, metallic Zn, and Mg. 
Because the radius of the Mg2+ ion is smaller than that of the Zn2+ ion, Mg doping resulted in a 
modest increase in the (220) peak, showing that the crystal structure of ZnS was altered by the 
Mg2+ ion substitution. [22, 23] reported a similar effect. The Scherrer formula [24, 25] is utilized 
to obtain the grain sizes (D) of the films quantitatively: 
 

𝐷𝐷 =
𝑘𝑘𝑘𝑘

𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽
                                                                                   (1) 

 
𝛽𝛽 is FWHM calculated in radians. For the CuKa line, k equal to 0.94. Table contains the values for 
D. of magnesium-doped ZnS thin films is lower than that of pure ZnS. Because Mg2+ has a smaller 
ionic radius than Zn2+, it tends to occupy interstitial positions, compacting the unit cell [26]. 

A dislocation is a crystallographic fault or imperfection that occurs inside a crystal 
structure. Several material properties are affected by the presence of dislocations [27]. The density 
of dislocations was calculated employing the formula [28, 29]: 

 

𝛿𝛿 =
1
𝐷𝐷2                                                                                     (2) 

 
Microstrain (ɛ) of films was deduced by using the following equation [30, 31]: 

𝜀𝜀 =
𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽

4
                                                                                (3) 

 
As grain size grows, 𝛿𝛿 𝑎𝑎𝑎𝑎𝑎𝑎  𝜀𝜀 decrease, indicating better crystallinity. Same findings are 

published by  Hasanzadeh [32, 33]. Figure 2 depicts the structural characteristics SP of thin ZnS 
and ZnS:Mg films. 
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Fig. 1. XRD styles of grown films.  
 
 

Table 1. D, optical bandgap and SP of grown films.  
 

Samole  2 θ 
(o) 

(hkl) 
Plane 

FWHM 
(o) 

Eg (eV) D (nm) δ(× 1015) 
(lines/m2) 

Strain 
(× 10-3) 

Undoped ZnS 47.52 220 0.79 3.52 10.99 8.27 3.15 
ZnS: 1% Mg 47.49 220 0.75 3.47 11.57 7.47 2.99 
ZnS: 3% Mg 47.46 220 0.71 3.42 12.27 6.69 2.83 

 
 

 

 
 

Fig. 2. FWHM (a) D (b) δ (c) ε (d) of the grown films. 
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3.2. AFM measurements 
The films have a consistent appearance, are tightly packed, and do not contain any 

pinholes; this suggests that their morphology has a limited number of grain sizes, and the fact that 
they are uniformly scattered suggests that they are crystalline. The deposited layer appears dense 
and clings well to the substrate at first glance. There was no sign of a crack. The particle size Ps 
range was 61.15 to 48.57 nanometers. When the Mg ratio is increased, however, Ps sizes shrink, as 
shown in Table 2. Figure 3 depicts the films' surface roughness Ra and Root Mean Square (RMS). 

Deviation of the profile from the average height [34]. As the Mg ratio rises, the surface 
roughness and RMS values fall, indicating that the grain size shrinks. The information in Table 2 
and Figure 3 is identical. Lowers in Ps is thought to be caused by Mg atoms in the interstitial 
portions of ZnS, as well as the breaking of ZnS bonds [35].   

 

 

 

 
 

Fig. 3. AFM images and parameters. 
 
 

Table 2. AFM parameters of the intended films.  
 

Samples Ps 
nm 

Ra (nm) R. M. S. 
 (nm) 

Undoped ZnS 61.15 7.81 7.78 
ZnS: 1% Mg 51.64 6.73 5.63 
ZnS: 3% Mg 48.57 3.15 4.26 

 
 
3.3. Optical properties 
Transmitting and absorbing spectrum of ZnS and ZnS:Mg thin films were observed in the 

UV-visible near infrared ranges (300-900) nm. Figure 4 depicts how the transmittance of as-
deposited ZnS thin films, as well as pure and doped samples, fluctuates in the UV-visible region. 
When doped with 3 percent Mg, the film's transmittance reduced to 65 percent. The decrease in 
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transmittance may be due to the successful integration of dopant atoms into the ZnS lattice [36, 
37]. 

   Absorption coefficient α was calculated from [38, 39]: 
𝛼𝛼 = 2.303

𝐴𝐴
𝑑𝑑

                                                                                 (4) 

 
where (A) refers to the absorption and (d) is film thickness. The fluctuation of α with wavelength 
is offered in (Fig. 5). It is seen a higher α in the UV region, which then reduces suddenly and 
becomes nearly constant in the vis-NIR range. A considerable raise in absorption coefficient with 
increasing Mg concentration in ZnS samples indicates improved optical absorption in the UV 
band. All of the films had high absorption coefficients (105 m-1), which are consistent with 
previous research. [40]. 
 

 
 

Fig. 4. Transmittance of the intended films.  
 
 

 
 

Fig. 5. Absorption coefficient spectra of pure and ZnS:Mg thin films. with various doping. 
 
 
The optical band gap Eg  of the samples is calculated employing equation (5) [41,42]: 
 

𝛼𝛼ℎ𝑣𝑣 = 𝐴𝐴(ℎ𝑣𝑣 − 𝐸𝐸𝑔𝑔)
1
2                                                                        (5) 

 
where A is constant. 

Calculation of 𝐸𝐸𝑔𝑔 is done by using the intercept of estimating graph of (hv)2 versus photon 
energy (hv) (Fig. 6). Based on estimating of the plot, Eg of ZnS  is 3.52eV. After doping 1 percent 
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and 3 percent Mg, it has changed to 3.47eV and 3.42eV, respectively. The band gap of ZnS:Mg vs. 
Mg content is depicted in Figure 5. When demonstrated in this diagram Eg as the Mg content 
increases from 1% to 3%. The Mg doped concentration grows in proportion to the grade of the 
crystal. Increased Mg doping is likely to cause lattice deformation and defects in crystals. The 
inclusion of Mg in the ZnS texture regards the purpose of the development of additional collection 
centers due to low emission energy (shrinkage effect) [43, 44]. 

 
 

 
 

Fig. 6. Eg of the intended films. 
 
 
Equation (6) was used to calculate refractive index (n) [45, 46]: 
 

𝑅𝑅 =
(𝑛𝑛 − 1)2

(𝑛𝑛 + 1)2
                                                                              (6) 

 
where reflectance represented by (R). It is calculated by using equation (7). 
 

𝐴𝐴 + 𝑅𝑅 + 𝑇𝑇 = 1                                                                            (7) 
 
The extinction coefficient (k) was studied by using equation (8) [47, 48]: 
 

𝑘𝑘 =
𝛼𝛼𝛼𝛼
4𝜋𝜋

                                                                                     (8) 

    
Figure 7 shows that at 400°C, the refractive index and extinction of samoles are lower than 

doped films at 1% and 3%. The refractive index decreased as the wavelength increased, eventually 
flattening out at longer wavelengths, showing normal dispersion behavior [49-51]. 

When refractive index of a material increases, so does reflection. In the 700-900 nm 
wavelength range, the films' extinction coefficients were around zero, which matches the 
transmittance spectra in Figure 8. As λ increases, k drops. The absorption values of a material 
determine its extinguishment coefficient. 
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Fig. 7. Refractive index of the intended films. 
 
 

 
 

Fig. 8. Extinction coefficient spectra of pure and ZnS: Mg thin films with various doping. 
 
 
4. Conclusion 
 
Chemical spray pyrolysis was utilized to make ZnS and ZnS: Mg samples with varying 

concentrations of Mg doping at bases heated to 400°C. XRD spectra were used to examine the 
effect of Mg on the structural features of ZnS films. Mg doping was calculated in the (10.99-
12.27)nm range, and all of the generated films are nanocrystalline. With increasing Mg doping 
concentration, topographical examination of the film surface revealed a decrease in practical size. 
With increasing Mg content, the band gap energy reduced from 3.52 eV to 3.42 eV, according to 
optical properties. 
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