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Abstract: By a sol-gel followed with spin coating technique, Sb doping thin films with 

varying coating thicknesses have been successfully synthesized. Crystal size determined 

by XRD analysis of Sb doping ZnO thin films with coating thickness variations ranging 

from 17.77 nm to 27.98 nm and a hexagonal wurtize-shaped crystal structure. The SEM 

analysis revealed that the thickness of the Sb doping ZnO thin films varied between 6.5 

and 10.4 µm. The surface of Sb doping ZnO thin films reveals that the layer thickness 

increases as the crystallite grains appear round, nearly uniform, and dense, and there are 

almost no visible pores. UV-Vis analysis revealed that the transmittance value of all Sb 

doping ZnO thin films was greater than 80%. The energy band gap for all samples was 

3.20 eV, and the thickness of Sb doping ZnO thin film had no effect on the energy band 

gap value. 
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1 Introduction 

The semiconducting material zinc oxide, or ZnO, is one of the most important II–IV group 

semiconductors. Due to its favorable optical, electrical, and piezoelectric properties, ZnO 

becomes attractive to be used in several applications such as in the sensor and solar cell fields 

[1-5]. ZnO thin films have drawbacks, including poor electrical propertie with a low 

conductivity value of 6.24 x 10-7 (Ωcm)-1 [6]. To increase its electrical conduction, ZnO is 

widely doped using extrinsic dopants. Different types of metal doping group IIIA, such as boron, 

aluminum, gallium, and indium can be substituted to ZnO host structure [7]. Antimony (Sb) as 

the dopant was chosen as a doping agent because it can replace Zn side with an extra hole [8]. 

Thin film preparation techniques include pulse laser deposition, molecular beam epitaxy, spray 

pyrolysis, sputtering, and sol-gel  [9-14].  Sol-gel spin coating method is utilized because the 

equipment is simple and inexpensive, no need of a high vacuum, temperature process is 
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relatively low, the uniform composition, the coating thickness is controllable, and the excellent 

microstructural [15]. 

There are a few studies on Sb doping ZnO thin films have been carried out, including[16] with 

variations in doping concentration, the result shows that ZnO semiconductors is n-type without 

doping and becomes p-type after doping with 0.2% of Sb. According to another work [17], with 

variations of thickness of thin film, demonstrating that the energy band gap gets smaller as the 

thickness layer increases. According to [18], the variations of the ZnO thickness is an increase 

in the thickness of the ZnO thin film layer as the crystal size increases and the band gap energy 

decreases. According to [19], with variations in the thickness of the ZnO thin film layer, the 

result is an increase in the thickness of the ZnO thin film layer as the band gap energy increases. 

 

2 Experimental section 

The gel was synthesized using the sol-gel method by dissolving zinc and antimony precursors 

into isopropanol solution. After that, the solution was stirred on hot-plate magnetic stirrer at 60 

°C. Then, 2 ml of diethanolamine (DEA) was dropped and kept heating at 60 °C for 2 hours. 

The solution is then allowed to cool down naturally to room temperature. Finally, the gel looks 

transparent. The first coating was done by dropping the gel onto the FTO and spin using a spin 

coating machine at 4000 rpm for 30 seconds, then drying in a oven at 80 °C and holding for 3-

5 minutes. The second and third layers are applied in the same way. For samples with a thickness 

of 5 layers and samples with a thickness of 7 layers, it is done in the same way. The calcination 

was executed in electric furnace at 500 °C with a heating time of 2 hours to produce of a thin 

film of Sb doping ZnO. 

 

3 Results and Discussions 

 

3.1. Microstructural analysis 

 

The thickness and the morphology of the Sb doping ZnO thin film layer was recorded using 

SEM, as exhibited in Figure 1 and Figure 2, respectively. The results of which show that the 

layer thickness increases as the spherical crystallite grains become visible. and is almost uniform 

and compact, consisting of grains that have a low interparticle boundary density and almost no 

visible porosity. The smaller grains get sufficient energy to move and form new bigger grains. 

As a result of diffusion between these grains, necking will form, which results in a reduction in 

the boundaries between grains and porosity so that the surface of the thin film looks smoother.  



              
(a)               (b)                                                (c) 

                 

Figure 1. SEM photo of the thickness of the Sb doping ZnO sample: a) 3 layers. b) 5 layers, and  c) 

7 layers 

 

        
                          (a)                                         (b)                                            (c) 

Figure 2. SEM images of Thin Film Sb doping ZnO surface Sb doping ZnO at various thickness 

layers a. 3 layers. b. 5 layers, and  c. 7 layers 

 
Based on Figure 1, the thickness of the sample is obtained, the results are listed in Table 1. 

 

Table 1. Thickness of the Sb doping ZnO at various thickness layers 
Sample Layer Thickness (μm) 

3 Layer 6.5 

5 Layer 8.0 

7 Layer 10.4 

 

Based on Table 1, it is seen clesrly that the thickness of the layer increases with increasing the 

number of layers. This is due to the higher the number of layers, the more constituent atoms 

there will be, and so does the frequency of collisions of light particles with atoms, which occur 

more frequently, so that it is increasingly difficult for light to pass through the layers, and 

because the thickness of the layers formed increases, which causes less transparency. This is 

due to the increasing number of ZnO molecules involved, which affects the agglomeration 

process. 

 



3.2. EDS analysis 

The composition in the sample for various layer thicknesses, EDS analysis was conducted and 

the result is presented in Figure 3. The EDS spectrum of Sb doping ZnO at various layer 

thicknesses with Zn and O peaks is very clear throughout the EDS spectrum, while the Sb peak 

is weak due to the much lower concentration.  
 

          
                 (a)                                            (b)                                (c)  

Figure 3. EDS spectra of Sb doping ZnO with thickness: a. 3 layers. b. 5 layers, and  c. 7 layers 

  

The atomic percentage of each element of each sample is tabulated in Table 2. 

 

Table 2. Atomic percentage Zn, Sb and O in the Sb doping ZnO samples. 

       Sample  Sb (%) Zn (%) O (%) 

6.5 μm 1.04 47.31 51.66 

8.0 μm  3.38 37.45 59.16 

10.4 μm 5.30 36.16 58.57 

  

EDS measurements for samples with varying thicknesses of Sb doping ZnO thin films (6.5; 8.0 

and 10.4 μm) indicated that the percentage of Zn contained in the ZnO thin films was the highest 

at 47.31% at a layer thickness of 6.5 μm and as low as 36.16% at a layer thickness of 10.4 μm. 

The highest O percentage was 59.16% at 8.0 μm layer thickness and the lowest was 51.66% at 

6.5 μm layer thickness. The EDS results indicated that  the incorporation of the Sb in the ZnO 

host. 

 

3.3. Crystal Structure analysis 

Figure 4 demonstrates XRD pattern of Sb doping ZnO thin film samples with varying 

thicknesses. This analysis shows that all samples possess the same peaks with orientation of 

(100), (002), and (101) planes. It also shows the same preference growth peak of (101). These 

data confirm that all the Sb doping ZnO has a wurtzite crystal structure according to the ZnO 

standard data on JCPDS card No. 36-1451[20,21]. These results show that the thickness of the 

layer does not change the crystal structure. 
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Figure 4. XRD pattern of Sb doping ZnO at various thickness layers 

 

Table 3 shows the crystal properties of Sb doping ZnO, where crystallite size was obtained using 

the Debye Scherrer formula [22] 

 

Table 3.  Crystal properties of Sb doping ZnO at various thickness layers 

Sample Phase 

Peak Crystallite size 

(nm) 

 2𝜃 (𝑑𝑒𝑔𝑟𝑒𝑒) FWHM (rad) 

3 layers ZnO 32.2 0.503 
17.77 

5 layers ZnO 32.2 0.420 
27.98 

7 layers ZnO 32.3 0.501 
18.47 

 

If the Full width half maximum (FWHM) value is low, the crystal size will be large, and vice 

versa. Based on Table 2, it is observed that the crystal size enhances with increasing number of 

layers to 5 layers, then begins to decrease when the number of layers is further going up to 7 

layers. After the sample has undergone heating treatment, the collisions of light particles with 

atoms are more frequent, making it increasingly difficult for light to pass through. This is 

because the crystallite size get bigger. According to the results of previous works [23–25], the 

thickness of the layer affects the size of the crystal 

 

 

 



3.4. Optical analysis 

     
                                     (a)                                                              (b)  

Figure 5. a. Absorbance  and b. Transmittance Spectra of Sb doping ZnO at various thickness 

layers  

Figure 5a exhibits the absorption spectra of Sb-doping ZnO. It can be observed that the thickness 

of the sample increases as the absorption value of Sb doping ZnO thin films increases. This is 

because the less transparent the sample, the more ZnO:Sb molecules are involved in the visible 

light absorption process, so that the absorbance value at the same wavelength will be greater in 

thicker samples. All samples exhibited a sharp decrease in absorbance values between 280 and 

420 nm, which corresponds to an ultraviolet wavelength area, and an increase in thickness of 

the layer caused the absorption edge to shift toward the region with shorter wavelengths. In 

Figure 5.b, the transmittance spectra of all samples demonstrates a sharp elevate in transmittance 

at wavelength range of 370 – 450 nm and a decrease in transmittance with increasing layer 

thickness. All Sb doping ZnO thin film samples have transmittance values greater than 80%, 

enabling their use in solar cells. According to [26], solar cells are capable of utilizing thin-film 

transmittance values of a high order. The relationship between absorption and energy photon of 

materials with a direct bandgap is as follows [27].  
(𝛼ℎ𝑣)2 = 𝐶𝐷(ℎ𝑣 − 𝐸𝑜𝑝𝑡)                                                (2) 

On the basis of the Tauc Plot method, the bandgap energy of Sb doping ZnO with varying layer 

thicknesses is determined; the results are displayed in Figure 6. 

  
 

(a)                                                         (b)                                                    (c) 

                      

Figure 6. Bandgap determination based on Tauc Plot of Sb doping ZnO at various thickness layers 

a. 3 layers. b. 5 layers, and  c. 7 layers  



               Table 4. Energy band gap of the Sample Sb doping ZnO at various thickness layers 

Sample  Energy Band gap (eV)  

6.5  3.20 

8.0  3.20 

10.4  3.20 

 

Table 4 demonstrates the thickness of Sb doping ZnO thin film had no effect on the energy band 

gap value, as this value is only affected by the material employed. The bandgap energy degrades 

as the thickness of the thin film layer increases [17,18]. Variations of ZnO thickness result in 

increasing thickness as the energy band gap decreases. Moreover, according to [19], when the 

thickness of the ZnO thin film varies, the energy band gap increases as the ZnO thin film 

thickness increases.  

 

4 Conclusion 

By a sol-gel followed with spin coating technique, Sb doping ZnO thin films with varying 

coating thicknesses have been successfully synthesized. The thickness of the coating varies 

between 6.5 m, 8.0 m, and 10.4 m. Sb doping ZnO thin films have a hexagonal wurtzite crystal 

structure, with the largest crystal size measuring 27.98 nm at a layer thickness of 8.0. As the 

layer's thickness increases, it becomes more apparent that the crystallite grains are spherical, 

nearly uniform, compact, and composed of grains with a low interparticle boundary density and 

virtually no visible porosity. The transmittance value of Sb doping ZnO thin films is greater 

than 80% for all thicknesses. The energy band gap for all samples was 3.20 eV, and the thickness 

of Sb doping ZnO thin film had no effect on the energy band gap value. 
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