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Abstract 

Thin films of composite Zinc Tin Oxide (ZTO) are grown on glass substrates by thermal 

vapor evaporation. Thin films with different ratios of ZnO: SnO2= (90:10, 80:20, 70:30, 

60:40 and 50:50) wt% were prepared and annealed at 500 °C for 2 h. The X-ray diffraction 

(XRD) patterns reveal that the ZTO films have become polycrystalline as we increase the 

percentage of tin oxide. The crystallinity of films also increases significantly. The field 

emission scanning electron microscopy (FESEM) results indicate that the percentage of tin 

oxide changes the film's morphology. UV visible spectroscopy of the films indicates that the 

band gap is reduced with the increased percentage of tin oxide in the mixture, and 

transmittance is also decreased at a higher percentage. The transmittance of the films ranges 

from 90 to 83 %, while the band gap falls within the range of 3.90 to 3.40 eV. These 

characteristics make the films well-suited for solar cell window layers. 
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1.   Introduction 

Transparent conducting oxides (TCOs) have numerous applications, including flat-panel 

displays, solar cells, gas sensors, and light-emitting diodes [1-7]. Because of their 

exceptional thermal and chemical stability, zinc-tin-oxide materials have recently gained 

much interest [1-5]. Because of their high mobility and good optical transmittance, zinc 

tin oxide (ZTO) films have recently been explored in favorable n-type conductivity 

material [8]. ZTO was discovered to have greater thermal and chemical stability than 

films of undoped tin oxide (SnO2 ) and zinc oxide (ZnO) [9]. We selected Sn as the dopant 

because it transforms into Sn4+ when it takes the place of the Zn2+ spot in the ZnO crystal 

structure, resulting in two additional free electrons to facilitate electrical conduction [10]. 

Additionally, the radius difference between Sn4+ and Zn2+ is about 30 %; therefore, a 

restricted solid solution is attainable [11]. The existence of two crystal structures for ZTO 

is widely acknowledged. The first is ZnSnO3, zinc metastannate, and the second is 
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Zn2SnO4, zinc orthostannate. On the other hand, little is known about how composition 

and crystallinity relate. Due to the fact that ternary materials can be made from a variety 

of binaries with different crystal structures, densities, or stoichiometries, there is a dearth 

of knowledge regarding many other ternary oxides as well. 

 Cadmium sulphide (CdS) is frequently utilized as a buffer layer due to its low 

bandgap. Parasitic absorption occurs in low-wavelength lights. Its drawbacks include high 

cadmium toxicity and the non-vacuum method's incompatibility with the Copper Indium 

Gallium Selenide (CIGS) process. As a result, ZTO is promoted as a useful buffer layer to 

replace the use of CdS in solar cells. The band gap can be efficiently controlled, operated 

stably even at high temperatures, and exhibit high light transmittance by controlling the 

zinc and tin ratio. Furthermore, the non-toxicity of zinc and tin is a benefit. The desirable 

properties of CdS (with a wide energy band gap of 2.4 eV) and ZnS (with a wide energy 

band gap of 3.4 eV) make them excellent materials for window applications. The use of 

CdS thin films as window layers in heterojunction devices may lead to environmental 

concerns due to the material's toxicity, which is attributed to its instability in the air [12]. 

To offer a viable substitute for CdS thin films, we synthesized ZTO thin films. 

 Sputtering [13-16] is commonly used to deposit ZTO films, but other methods, such 

as pulsed laser deposition (PLD) [17], filtered vacuum arc [18], and flash evaporation 

[19], have also been explored. Thin films of ZnO and SnO2 have been synthesized by 

thermal evaporation, and post-deposition annealing has been employed to enhance their 

optical characteristics [20,21]. Sometimes, depositing ZTO films in a thermal evaporator 

would be advantageous. ZTO may be employed as the cathode or electron transport layer 

in several organic and hybrid devices [4,5]. And it is a cost-effective technique also. 

Therefore, the entire device structure can be created in one system without compromising 

the vacuum if the ZTO layer is deposited using the thermal evaporation technique. 

 In this work, we have taken five different ratios of Zinc Oxide and Tin Oxide so that 

we can find out how the properties (especially band gap and transmittance) of ZTO can be 

useful for the application of the window layer of solar cells. The effect of different 

compositions with different ratios of ZnO and SnO2 on the properties of ZTO thin films 

deposited by Thermal vapor evaporation has been investigated using X-ray diffraction 

(XRD), Field emission scanning electron microscopy (FESEM) with Energy Dispersive 

X-ray Analysis (EDAX) and UV-Vis spectrophotometer. The current study aims to 

identify the impact of various ZnO and SnO2 compositions on the structural, 

morphological, and optical properties of ZTO films prepared on glass substrates. The 

mechanism of compositional influence on the property was also thoroughly discussed.  

  

2. Materials and Methods 

 

ZnO and SnO2 in powder form with 99.9 % purity were obtained from Sigma Aldrich 

(USA). Thermal vacuum evaporation is used to develop ZTO thin films of different ratios 

of Zinc Oxide and Tin Oxide on glass substrates by using a HINDHI vacuum coating set-



A. Khandelwal et al., J. Sci. Res. 16 (1), 41-51 (2024) 43 

 

up (Smart Coat 3.0 A Thermal Evaporation System, Hind High Vacuum Co. Pvt. Ltd., 

Bangalore) with a molecular turbo pump maintaining the pressure of 10-6 torr. 

 

2.1. Experimental details 

 

2.1.1. Substrate cleaning 

 

We are taking glass as a substrate for our films. First of all, we cleaned the substrate with 

deionized water. Later it was treated with acetone and ethanol for 15 min, respectively, 

and lastly, sonicated at 100 °C for 30 min. Proper substrate cleaning is necessary to avoid 

impurities and achieve good-quality films. 

 

2.1.2. Preparation of ZTO thin films  

 

A mortar and pestle were used to mix ZnO and SnO2 powders with 99.9 % purity at 

different concentrations (90:10, 80:20,70:30,60:40, and 50:50 wt.%) for about 5 hours. A 

molybdenum boat was inserted into the HINDHI vacuum coating unit to hold this 

mixture. The target and source were set apart by a fixed 10 cm. A. The thickness of the 

developed films was measured using a quartz crystal thickness monitor. The measured 

thickness ranged from 100 to 200 nm for the prepared films. For uniform deposition of 

composite (ZTO) thin films, the experimental conditions were not altered. The films were 

then annealed in a muffle furnace at 500 °C for 2 h to obtain crystalline ZTO films. This is 

the optimum temperature for annealing films because films begin to degrade above this 

temperature. 

 

2.2. Characterizations  

 

The crystallinity of films was examined by employing an X-ray diffractometer (Bruker 

Lynx Eye detector) using Cu-K radiation (0.154 nm). The optical properties of the ZTO 

films were studied in the wavelength range 300-800 nm using a UV-vis- near-infrared 

spectrometer (Perkin Elmer, Lambda 750, USA). The film's surface morphology was 

imaged using Nova Nano FE-SEM 450 (FEI) Model Scanning Electron Microscope 

(FESEM with EDAX).  

 

3. Results and Discussion 

 

3.1 Structural Analysis  

 

The obtained XRD pattern of ZTO thin films is shown in Fig. 1. From the analysis, it has 

been found that the films are polycrystalline in nature. One peak appeared at 2=23.14° 

(JCPDS file=00-052-1381) with desired orientation along (012) plane of ZTO (ZnSnO3) 

with rhombohedral structure (a=0.528 nm and c=1.409 nm). Meanwhile, two more peaks 

have appeared at 2=31.23° (JCPDS file=00-029-1484) at the plane (020) and 28.6° 
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(JCPDS file=00-021-1486) respectively for SnO2 and ZnO for all five samples. Some new 

peaks also appeared as the concentration of SnO2 increased. These peaks might be the 

result of the formation of earlier reported compounds like (ZnO)1-x (SnO2)x [22,23], and 

some are due to defects that arise in structure with the increase in the ratio of SnO2. 

 The crystallite size was calculated by Debye Scherer's equation for different 

Compositions [24]. 

D = 
    

     
 (1) 

Where D is the average Crystallite size, λ is the wavelength of X-rays, β is the full-width 

half maxima, and θ is the angle of diffraction. The increment in grain size can be 

attributed to the improvement of crystallinity with the increasing percentage of SnO2. It 

was found that crystallite size enhanced with improving the percentage of SnO2, and 

surface adatom mobility of the species increased, leading to a coalition of smaller grains 

[19]. The calculated crystallite size values for different ratios of ZnO and SnO2 thin films 

are presented in Table 1. The above findings are in conformity with the findings reported 

recently [19,25]. We can say that crystalline cell growth occurs due to the inclusion of 

SnO2 in the ZnO structure. This expansion occurs due to the various atomic ratios, as the 

Sn atomic ratio is greater than the Zn atomic ratio. The results show that Sn atoms have an 

interstitial influence on Zn atoms. 

 We may estimate the dislocation density (δ) and lattice strain of ZTO thin films using 

the following relationship based on the present structural investigations [27]: 

  
 

  
                       (2)  

Where n = 1, always indicates the minimum dislocation density of the film, and D is the 

crystallite size. Any material's dislocation density reveals the defect structure and film 

quality. Dislocation density describes the number of dislocations per unit length or per 

unit area [26,28]. 

 
Table 1. Calculated structure parameters of composite ZTO thin films. 
 

Different ratios of ZnO and 

SnO2 
FWHM 

Crystallite 

size(nm) 

Dislocation 

density 

Lattice 

Strain 

90:10 0.7051 15.33 4.25510-3
 1.12410-3 

80:20 0.4178 19.62 2.59710-3 0.46610-3 

70:30 0.38275 21.43 2.17710-3 0.36710-3 

60:40 0.38853 22.00 2.066x10-3 0.446x10-3 

50:50 0.30764 27.18 1.353x10-3 0.347x10-3 
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Fig. 1. XRD profile of composite ZTO thin films. (a) ZTO (90:10), (b) ZTO (80:20), (c) ZTO 

(70:30), and (d) ZTO (60:40), and (e) ZTO (50:50). 

 

3.2. Morphological analysis 

 

FESEM micrographs of ZTO thin films at x20K magnification are shown in Fig. 2. Field 

emission scanning electron microscopy (FESEM) was used to analyze the film's surface 

morphology of deposited thin films. The different ratios of ZnO and SnO2 modify the film 

morphology, as seen in FESEM micrographs.  After increasing the percentage of SnO2, 

thin film surfaces presented many irregular and particle-like grains [29], and a change in 

shape was also observed. It changes from a flake-like structure to a petal-like structure 

with respect to an increment in the percentage of SnO2 [30]. Grain size also increased with 
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the increase of SnO2, which is evident from the FESEM pictures and in agreement with 

XRD results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. FESEM images of composite ZTO thin films. (a) ZTO (90:10), (b) ZTO (80:20), (c) ZTO 

(70:30), and (d) ZTO (60:40), and (e) ZTO (50:50).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. EDAX image of composite ZTO thin films. (a) ZTO (90:10), (b) ZTO (80:20), (c) ZTO 

(70:30), and (d) ZTO (60:40), and (e) ZTO (50:50). 

 

 

 



A. Khandelwal et al., J. Sci. Res. 16 (1), 41-51 (2024) 47 

 

The zinc (Zn), tin (Sn), and oxygen (O) elemental compositions are analyzed by EDAX 

spectra (Fig. 3) at different locations of each sample. The composition is justified for all 

five samples, which is incorporated in Table 2. 

 
Table 2. Elemental composition of ZTO thin films for all five ratios. 
 

Film Type 
% Composition 

Zinc Tin Oxygen 

90:10 39.38 5.95 54.67 

80:20 22.52 6.29 71.19 

70:30 37.27 10.76 51.97 

60:40 41.65 11.87 46.48 

50:50 37.78 12.78 49.44 

 

3.3. Optical analysis 

 

The energy gaps were calculated with the help of absorbance spectra for direct transitions. 

These values are determined by plotting (αhν)2 against hν2. Fig. 4 explains the change in 

the band gap (Eg) values of ZnO thin films as the SnO2 percentage increases. The band 

gap energies are found to range from a high of 3.90 eV for 10 % SnO2 to a low of 3.40 eV 

at 50% SnO2. The general trend reported is band gap narrowing, which means that the 

value of Eg diminished as tin concentration increased.  This reduction in Band gap values 

might be attributed to the electronic states produced by defects in the material caused by 

SnO2 inclusion [30]. The Fig clearly shows that the optical band gap decreases with 

increasing SnO2%, which may be ascribed to an increase in carrier density, which results 

in the occupation of lower states in the conduction band [19]. 

 The optical transmittance of ZTO thin films was obtained by using a UV-VIS 

spectrophotometer. For a higher percentage of SnO2, the transmittance reduces. There is 

an abrupt absorption edge for all atomic content of SnO2 into ZnO, which corresponds to a 

material with a direct energy gap [30]. As SnO2 increases, this absorption edge shifts 

towards the left. A similar trend for absorption spectra is also seen. Electronic states most 

likely cause the reduction in transmittance within the ZnO bandgap, which produces a 

drop in Eg. [30]. 
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Fig. 4. The optical band gap of composite ZTO thin films. (a) ZTO (90:10), (b) ZTO (80:20), (c) 

ZTO (70:30), (d) ZTO (60:40), and (e) ZTO (50:50). 
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Fig. 5. Transmission spectra of composite ZTO thin film. (a) ZTO (90:10), (b) ZTO (80:20), (c) 

ZTO (70:30), (d) ZTO (60:40), and (e) ZTO (50:50). 

 
Table 3. Optical band gap of ZTO thin films. 
 

S. No. Different ratios of ZnO and SnO2 Band gap 

1. 90:10 3.90 eV 

2 80:20 3.86 eV 

3 70:30 3.73 eV 

4 60:40 3.57 eV 

5 50:50 3.40 eV 

 

4. Conclusion 

 

The thin films of ZnO and SnO2 prepared successfully by thermal vacuum evaporation 

have been prepared successfully. The XRD results indicate that films become 

polycrystalline when the percentage of SnO2 increases in ZnO. Crystallite size also 

increases with the increase of SnO2 percentage. FESEM reveals that the increase in the 

percentage of Tin oxide changes the morphology of the films. As the Percentage of Tin 

oxide in the mixture increases, the concentration of Zn on the surface of the film 

decreases, but the opposite is true for Tin which is very evident in EDAX results. The 

optical band gap of the composite ZTO thin films decreases by increasing the Percentage 

of SnO2 in ZnO. The transmittance also decreases for a higher percentage of SnO2. But the 

transmittance value is between 90-83 %, which is a good range for using ZTO films in 

applications like window layers in solar cells. 
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