
 

 

* Corresponding author E-mail: arwamadeha@yahoo.com                                   Print ISSN  3062-5513      Online ISSN  3062 5521-

                                                     

                                   

Journal of sustainable food, water, energy  

and environment  
 

                                                                                                                                                                                                                                                                       

 

Deposition parameters influencing structural and optical 

properties of SnO2/TiO2 thin films for UV photodetector 

environmental monitoring applications 
 

M. A. Awad1, Abdalrahman M. Rayan1, S.H. Mohamed1,2 

 

1Physics Department, Faculty of Science, Sohag University, 82524 Sohag, Egypt 
1Falculty of Graduate Studies and Environmental Research, Sohag University, 82524 Sohag, Egypt 

 

Received: 22 June. 2025, Revised: 8 July. 2025, Accepted: 21 July. 2025   Published online 31 July. 2025  

 

Abstract: SnO2 thin films were synthesized on pre-sputtered TiO2 layers using a thermal chemical vapor deposition 

technique under two deposition parameters: a high oxygen flow rate (200 sccm; sample 1) and a long deposition time (180 

min; sample 2). The influence of deposition parameters on the overall properties was systematically investigated using 

different analytical techniques. X-ray diffraction revealed high crystalline quality with three intermixed phases - SnO2, TiO2 

and Ti26.72O48 for sample 2, in contrast to those synthesized at 200 sccm (sample 1). Morphological analysis supports the 

structural findings by revealing a uniform and denser microstructure in thin films prepared with moderate oxygen flow (75 

sccm) but longer deposition time 180 min. Optical measurements showed moderate transparency under both conditions, with 

slightly lower transparency (60%), a higher refractive index (3.03) and a wider optical band gap (3.64 eV) in the thin films 

of sample 2. The static dielectric constant (ε0) obtained from the theoretical Penn model and semi empirical Adachi relation 

showed close proximity. These findings suggest the promise of using SnO2/TiO2 thin films prepared under extended 

deposition time (180 min) to be valuable in applications such as UV photodetectors for environmental monitoring. 
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        1. Introduction 

Metal oxide thin films have been extensively studied 

for several decades due to their numerous applications in 

various fields such as photodetectors [1, 2], gas sensors [3], 

photocatalysis [4], solar cells [5], etc. These widespread 

applications derived from their unique advantages, such as 

high optical transparency [6], good electrical conductivity 

[6], and high thermal stability [7]. Among these metal 

oxides, SnO₂ and TiO₂ are of particular interest. Where their 

combination in heterostructure offers a strategy to enhance 

their performance through combining the advantages of the 

two oxides. The usage of TiO₂ as a buffer substrate 

improves adhesion of the epitaxial layer, influences the 

crystal orientation, and enhances charge separation that is 

beneficial for applications such as UV photodetectors, 

photocatalysis, and gas sensors [8-10]. The performance of 

SnO2/TiO2 thin films is greatly dependent on deposition 

parameters, which significantly affect crystallinity, 

morphology, optical and electrical characteristics.  

In this study, SnO₂ thin films were deposited on pre-

sputtered TiO₂ layers using the thermal chemical vapor 

deposition technique under two different experimental 

conditions: a high oxygen flow rate of 200 sccm and an 

extended deposition time of 180 min. The aim was to 

compare the impact of deposition parameters on overall 

properties of the prepared films. The results indicated that 

thin films prepared at extended deposition times (180 min) 

exhibited superior characteristics, such as high crystalline 

quality, uniform and dense surface morphology, good 

optical, electrical, and dielectric properties. This highlights 

their potential usage in applications such as UV 

photodetectors, photocatalysis, and semitransparent 

electrodes in solar cells. 

2. Experimental  

Thin films of SnO2/TiO2 thin films were synthesized in 

two step processes using DC magnetron sputtering followed 

by CVD technique. Before deposition, Si and glass 

substrates were ultrasonically cleaned in an acetone for 15 

min followed by deionized water and then they are carefully 

dried. In the sputtering system, the TiO2 buffer layer was 

carefully grown using Ti target under oxygen (O), nitrogen 

(N) and argon (Ar) flow rate of 15, 60 and 25 sccm, 
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respectively. Where these thin films were then used as 

substrate for the subsequent growth of SnO2 thin films. The 

deposition of SnO2 in CVD technique was under two 

different experimental conditions as shown in Table 1. At 

the end of each experiment, the furnace was left to cool 

naturally to room temperature while maintain the Ar flow to 

protect the rapid oxidation.  

The thicknesses of the SnO2/TiO2 thin films were 

measured utilizing Form Talysurf 50 profilometer. The 

obtained values are listed in Table 1. The produced 

SnO2/TiO2 thin films were subjected to various 

characterization techniques to analyze their structural, 

morphological, optical and electrical properties.  X-ray 

diffraction (XRD) was used to analyze the crystal structure 

using Bruker D8-Advanced X-ray diffractometer. The 

morphological and compositional analysis were conducted 

using scanning electron microscope (SEM) and energy 

dispersive analysis of X-ray (EDAX) (JEOL, Japan), 

respectively. The optical properties were measured in the 

wavelength range 200-1200 nm using spectrophotometer. 

Table 1: CVD preparation conditions and thicknesses obtained 

from Form Talysurf 50 profilometer. 

 

3. Results and discussions  

3.1 Microstructural analysis 

The XRD of SnO₂/TiO₂ thin films at an oxygen flow 

rate of 200 sccm (Fig. 1a) demonstrates a very low 

crystalline nature, where only two distinct planes of (011) 

and (222) associated with the TiO₂ phase (COD 5000223) 

[11] and the Ti₂₆.₇₂O₄₈ phase (COD database code: 9014505) 

are observed. The absence of SnO₂ peaks although 

deposition suggests the amorphous distribution with no 

long-range structural order. In contrast, the crystal structure 

of SnO2/TiO2 deposited with 75 sccm and for 180 min (Fig. 

1b) reveals the formation of a polycrystalline structure, 

where all diffracted peaks are predominantly related to the 

rutile SnO2 phase (COD 1534785) with preferred 

orientation along the (200) plane. This preferred orientation 

indicates the anisotropic growth of SnO₂ phase that reduces 

charge carrier scattering and enhances the electrical and 

overall properties of the prepared thin films [12]. 

The crystallite size (D) of SnO2/TiO2 thin films was 

calculated using the Scherrer equation [13], given through 

𝐷 =  
𝐾 𝜆

𝛽 𝑐𝑜𝑠𝜃
                          (1) 

where λ is the x-ray wavelength equal to 1.54060 Å, β is the 

FWHM, θ is the Bragg angle in radians, and K is the shape 

factor with a value usually ~ 0.9. Based on the (222) 

diffraction planes at 2θ = 31.78° and FWHM of 0.12686°, 

the crystallite size of thin films prepared at oxygen flow rate 

of 200 sccm is 65.11 nm. On the other hand, for thin films 

deposited at 180 min (Fig. 1b), the crystallite size was 

calculated using the (200) diffraction planes. Where the 

calculated crystallite size was 48.75 nm using 2θ of 37.84° 

and FWHM of 0.17237°. Worth noting, crystallites size 

from XRD shows an apparent contradiction when compared 

with the crystal structure depicted in Fig. 1a and 1b. The 

reason is that the Scherrer equation estimates crystallite size 

only from a specific crystallographic plane. Moreover, it is 

important to clarify that higher crystallinity doesn’t mean 

larger crystallite size, where thin films composed of 

numerous small, well-ordered crystallites can produce sharp 

and intense XRD peaks, which in turn produce relatively 

small crystallites size. On contrary, in Fig. 1a the presence 

of localized large crystallites, particularly from (222) 

planes, lead to large crystallites size even though the overall 

film crystallinity is lower. 

Fig. 1: The XRD of SnO₂/TiO₂ thin films at an oxygen flow 

rate of 200 sccm, sample 1, (a) long deposition time 180 

min, sample 2, (b). 

 

Sample Temp. 

(°C) 

Ar 

flow 

rate 

(sccm) 

O2 

flow 

rate 

(sccm) 

Deposition 

Time 

 (min) 

Thickness 

of 

SnO2/TiO2 

(nm) 

Sample 

1 

400 200 200 90 103/310  

Sample 

2 

400 200 75 180 301/103 
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Fig. 2 compare the surface morphology analysis of 

SnO2/TiO2 thin films of sample 1 (Fig. 2a) and sample 2 

(Fig, 2b). Clearly, randomly distributed and loosely packed 

nanocrystallites are observed at high oxygen flow rate 

(sample 1) which are not achieved at long deposition time 

(sample 2), where more dens and grains packing are 

observed. These results of surface morphology support the 

XRD results depicted in Fig. 1.  

The EDAX spectrum of sample 1 is shown in Fig. 2c 

and it confirms the presence of Sn, O, and Ti peaks whereas 

Cl peaks originate from the residual chloride precursor. On 

the other hand, in Fig. 2d (sample 2), the Cl peaks are not 

observed due to their removal at long deposition time (180 

min). 

3.2 Optical and dielectric properties 

The optical behavior of SnO2/TiO2 thin films (Fig. 3) 

is strongly dependent on their structural and morphological 

properties. Where thin film deposited at a high oxygen flow 

rate (Sample 1) exhibits lower than expected transparency 

(~ 70% in the visible to near IR region). This reduction is 

attributed to the poor crystallinity of the as grown thin films 

(Fig. 1a), that increases light scattering [14]. These 

structural  inhomogeneities increase light scattering and 

surface reflectance [14], especially in the visible spectral 

range. On the other hand, the thin films deposited for longer 

deposition time (sample 2) shows relatively low 

transparency (~ 60%) despite the high crystal ordering. The 

reason relies on increasing film thickness that increased the 

light polarization [15].  

The optical band gap was calculated using the direct 

allowed transition of the Tauc equation [16] (Fig. 4) given 

by 

(𝛼ℎ𝜈)2 =  𝛽( ℎ𝜈 − 𝐸𝑔 )         (2) 

where α is the absorption coefficient and hν is the photon 

energy. For SnO2/TiO2 deposited under a high oxygen flow 

rate (sample 1), the calculated Eg value was 3.58 eV. In 

contrast, the thin films deposited with a longer deposition 

time (sample 2) and a moderate oxygen flow rate (75 sccm) 

possess a higher optical band gap value (Eg = 3.64 eV). The 

improved crystallinity, which reduced the defect states and 

shifted the absorption to higher energies, is responsible for 

this increase [6]. 

 
Fig. 2: SEM images of (a) sample 1 and (b) sample 2. EDAX spectra of (c) sample 1 and (d) sample 2. 
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Fig. 3: Optical transmittance, reflectance and absorbance of 

(a) sample 1 and (b) sample 2. 

Fig. 5 depicts the refractive index (n) and extinction 

coefficient (k) of SnO2/TiO2 thin films deposited at a high 

oxygen flow rate (Fig. 5a; sample 1) and at a long 

deposition time (Fig.5b; sample 2). The thin films deposited 

for a long deposition time show a higher refractive index (n 

= 3.03 at 600 nm) compared to those deposited at a high 

oxygen flow rate (2.36 at 600 nm). This increase is 

attributed to enhanced crystallinity and denser 

microstructure that increases light polarization [15]. On 

regard to the extinction coefficient (k), both films show high 

value in the UV range as a result of electron transfer from 

the valence band to the conduction band. As the wavelength 

increases, the extinction coefficient decreases for both 

condition (sample 1 and sample 2). The slightly high k 

values observed for the films with longer deposition time, 

especially in the NIR region, suggest increased optical 

losses due to the increase of free carrier absorption [17-19]. 

In order estimate the dielectric properties of SnO2/TiO2 

thin films at constant electric field, the static dielectric 

constant ε0 was approximated using the theoretical Penn 

model [20] for wide band gap semiconductors using the 

relation 

𝜀0 =  1 + (
ℏ𝜔𝑝

𝐸𝑔
 )2        (3) 

where Eg is the optical band gap and ω_p is the plasma 

frequency and ℏ is the reduced Planck constant. For many 

wide band gap semiconductors, the plasma energy (ℏωp) is 

typically taken as 9- 10 eV [21,22]. Using the value of 10 

eV and the band gap energy of 3.58 and 3.64 eV for 

SnO2/TiO2 thin films deposited at high oxygen flow rate 

(sample 1) and long deposition time (sample 2), 

respectively, yields dielectric constant values of 8.81 and 

8.55, respectively. These values reflect the strong 

polarizability of the prepared thin films, where their values 

are higher than that was reported for single phase of SnO2. 

The static dielectric constant of SnO2/TiO2 thin films 

is also calculated using semi-empirical Adachi relation [22] 

given through, 

ℰ0 = 18.52 − 3.08 Eg        (4) 

yielding values of 7.49 and 7.31 for thin films prepared at 

high oxygen flow rate (sample 1) and long deposition time 

(sample 2).  

  Comparing the static dielectric constant calculated 

using Penn model and Adachi relation shows close 

agreement and are consistent with the values reported in the 

literature [6,24]. 

   Fig. 4: (𝛼ℎ𝜈)2 versus ℎ𝜈 plots.  

 

Fig. 5: refractive index and extinction coefficient of (a) 

sample 1 and (b) sample 2. 



 Journal of sustainable food, water, energy and environment                                                                                                               page 37 
  

 

https://jsfw.journals.ekb.eg/ 
 

 

4. Conclusion 
 

SnO2 thin films is successfully deposited on TiO2 thin 

films using CVD technique under two different conditions 

of high oxygen flow rate (sample 1) and long deposition 

time (sample 2), while maintaining constant furnace 

temperature and Ar flow rate.  High crystalline quality and 

compacted uniform microstructure were obtained for thin 

film prepared at long deposition time which is not achieved 

at high oxygen flow rate. The static dielectric constant 

estimated via both the Adachi and the Penn model showed 

close agreement. These finding suggests the possibility of 

using SnO2/TiO2 thin films prepared at long deposition time 

in applications such as UV photodetector environmental 

monitoring. 
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