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TiO2 a  wide bandgap material has a great potential for use in semiconductor industry due 
to its better electronic properties combined with low cost, chemical stabilioty and non-
toxicity. Further metal doping is found to modify the conductivity, electrical, and optical 
characteristics. In this research, deposition of Sn-doped TiO2 was carriedout using the spray 
pyrolysis technique. The electrical properties were obtained by using the Hall effect 
technique and structural properties of the film were analyzed by X-ray diffraction and 
EDAX Scanning electron microscopy. The result of X-ray diffraction showed that the thin 
film deposited by spray pyrolysis is polycrystalline with preferential orientation in the 
direction of (002) fields. SEM analysis exhibited membrane structure for the thin film 
deposited by spray pyrolysis. The results of electrical conductivity were obtained by using 
the Hall effect technique.          
 
(Received June 7, 2024; Accepted September 26, 2024) 
 
Keywords: Titanium dioxide (TiO2), X-ray diffraction,  
                  Scanning electron microscopy (SEM), Hall effect 
 
 
1. Introduction 
 
Today, it is well known that the majority of semiconductors use titanium dioxide 

nanoparticles [1]. TiO2 finds its application in sensors [2], antimicrobial agents [3], hydrogen [4], 
photo-catalysts [5], and the reduction of water evaporation [6]. TiO2 is known for its good optical 
properties, inexpensive, non-toxic, and chemically stable. 

Titanium dioxide (TiO2) a nanocrystalline materials has garnered significant attention due 
to its remarkable electrical and structural characteristics. TiO2 is a Direct Band Gap Semiconductor 
(DMS) material with a band gap width of 3.24 eV [7] at room temperature, offering excellent 
chemical and thermal stability. Owing to their special electrical characteristics and sensitivity of 
sensors, wide band gap semiconductors are essential. Wide band gap semiconductors are susceptible 
to environmental changes, such as exposure to various gases. A wide band gap semiconductor’s 
electrical characteristic, such its measured conductivity, can alter when it comes into contact with a 
sensing gas. Researchers are developing highly oriented TiO2 thin films to leverage its opto-
electronic properties in various applications like transparent electrodes for displays, window layers 
in solar cells, field emitters, ultraviolet laser emissions, photodetectors, and biosensors. 

High working temperatures, poor selectivity, uneven repeatability, and instability are the 
limitations in TiO2 use as gas sensors. Post-transition metals like aluminum (Al), gallium (Ga), 
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indium (In), tin (Sn), titanium (Ti), lead (Pb), and bismuth (Bi) offer favourable electrical and optical 
properties as sensor [8-12].  In particular, TiO2 doped with Sn has been extensively researched and 
found to be an effective dopant. Tin (Sn) doping, in particular, enhances the electrical and optical 
characteristics of semiconductors like TiO2, exhibiting improved conductivity and optical absorption 
for diverse optoelectronic applications. 

Deposition techniques, such as chemical vapor deposition [13], hydrothermal synthesis [14, 
15], and sol-gel [16-19], are used to create Sn-doped TiO2 thin films. Among the various techniques, 
Sol-gel remains an appropriate fabrication technique. Since the reactions were conducted in an 
aqueous solution, by modifying the pH level of the solution stops Ti4 hydrolyzing. In summary, 
nanomaterials, especially nanocrystalline TiO2 and Sn-doped TiO2, represent a significant area of 
research due to their unique properties and potential applications in electronic and photonic devices. 
Advancements in nanomaterial synthesis and characterization are crucial for unlocking their full 
potential in future technologies. 

In this research, Sn-doped TiO2 thin films deposition by Sol-gel technique is studied. As 
deposited samples were subjected to electrical and structural characterization. 

 
 
2. Experimental procedure 
 
The 8ml TTIP (Titanium Tetra Isopropoxide) is mixed with 40ml ethanol stirred for 15 

minutes.To this solution 8ml of acetylacetone is added and stirred for another 15 minutes. Further, 
again 40ml of ethanol is added and stirred for 40 minutes. the required precursor TiO2 solution is 
obtained. Stannous chloride (SnCl2) salt 7.5g taken is mixed with concentrated Hydrochloric acid 
and distilled water is added to the mixture. The solution is heated at 100° C for 1 hr. To the SnCl2 
solution, TiO2 is added gradually and the solution is kept stirred continuously for 1 hr to obtain 2at% 
Sn doped TiO2 solution. 

The substrate is cleaned with deionized water and rinsed carefully and the excess water is 
wiped out. Next, the substrate is soaked in a chromic solution, which consists of ethanol and an IDP 
cleaning agent. It is then cleaned using distilled water and soap solution to remove the impurities. 
Finally, the substrate is cleaned and dried. The Sn-doped TiO2 solution is sprayed on a clean glass 
subsatrate by spray pyrolysis technique. With the speed of 3500 RPM, for the duration of 30 seconds, 
the substrate (equal square size) is kept in the spin equipment and the vacuum is turned on to hold 
the substrate. The solution is added gradually to the substrate. The a spray rate of  4 ml/min, air as 
carrier gas, the pressure of 3 bar, at a substrate temperature of 350oC, nozzle to substrate distance of 
15 cm is maintained. On depositing the solution on to the substrate, it is left for 5 hours to cool 
down. Finally, the thin film substrate is annealed for 1 hour at 350oC. The process of deposition is 
repeated for 7 times and the substrate is annealed for 1 hour at 350°C after each deposition process. 
The (model: Rigaku, Dltex ultra 250) powder diffracted meter recorded XRD pattern was obtained  
using CuKa radiation (k=1.5406 A °) of Sn-doped ZnO thin films.  

The Scanning Electron Microscope (SEM) was used to record the morphology of the thin 
films to investigate their microstructure. The resistivities were measured using a high resistivity 
meter at the room temperature. 

 
 
3. Results and discussion 
 
3.1. Resistivity measurement 
It is possible to determine the concentration, mobility, and dependence of the charge carriers 

in your sample on temperature and magnetic field by combining resistivity and Hall effect 
measurements. The density of free carriers, or electrons or holes, has a significant impact on a 
semiconductor's electrical characteristics. Generally, a semiconductor's conductivity is increased 
through donor or acceptor concentration doping. 

Fig. 1 shows the shows the electrical resistivity of the Sn doped substrate. The decrease 
graph shows that the substrate possesses low resistance and high electrical conductivity at different 
temperatures. It is well known that high resistivity samples make Hall effect measurements more 
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challenging. As the Hall voltage is usually a small percentage of the voltage drop that is used to 
calculate resistivity. Therefore, for the samples with the highest resistivity, particularly at low 
temperatures, that can be well observed from the results. Thus, when resistivity increases 
dramatically, reliable Hall measurements were not attainable. These factors prevents from using the 
current setup to get the complete set of temperature-dependent data in highest resistivity samples in 
terms of resistivity, carrier concentration and mobility. The results obtained from this research are 
consistent with the literature reported. 

 

 
 

Fig. 1. Resistivity of substrate obtained by Hall effect. 
 
 

 
 

Fig. 2. Mobility of the substrate obtained by Hall effect. 
 
 
Fig. 2 shows the movement of freely moving electrons on the substrate at different 

temperatures. The increase in the graph clearly shows the electron mobility on the substrate. The 
reason being, there are more charge carriers at higher temperatures. These carriers have greater 
energy, there are more collisions, mobility decreases with temperature. 

The electron concentration of TiO2 deposited on the substrate at different temperatures. The 
increasing graph shows the electrical conductivity of the substrate.The connection between the 
carrier concentration and the Si source temperature is exponential, as predicted by Fig. 3. The carrier 
concentration that was highest was attained by the thin film was in line with as previously noted by 
others [20]. The challenges in Sn doped TiO2 cause the free carrier concentration that increase with 
increase in temperature. An electron concentration of 6.43 x 10-9 Ω-cm3 obtained at a Si source 
temperature of 70°C.  
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Fig. 3. Electron concentration of the substrate obtained by Hall effect. 
 
 
3.2. Microstructural analysis 
The result analysis was done for thin film deposition to find how well the doped material is 

coated on the substrate and to find the structure and orientation of the atoms. EDAX and FESEM 
are the common methods for finding the structural analysis and for finding orientations, arrangement 
and spacing of atoms XRD analysis is used.  

 
 

 
 

Fig. 4. SEM result of thin film deposited  by spray pyrolysis. 
   
 
Scanning Electron Microscopy result of thin film which is deposited by the spray pyrolysis 

technique is shown in fig. 4. It is observed that the structure of thin film deposited by spray pyrolysis 
was membrane structure which indicates the uniform coating of solution on the substrate. Thin film 
revealed a uniform homogeneous structure in terms of microstructure with better microstructure's 
density. The reason could be the addition of Sn dopant, that acts inhibits the grain growth, resulted 
in smaller grains [22].The stress-induced disruption of grain growth caused by the difference in ionic 
radius between Zn2+ (0.074 nm) and Sn2+ (0.069 nm) cause the grain size obtained in the case of Sn 
doping to gradually decrease as the Sn doping concentration increases.The films' microstructure is 
made up of many grains that resemble rice that are evenly spaced over the surface. EDAX analysis 
is used to examine the film composition in Fig. 5, and various elements presence can be observed in 
the spectrum in Fig 6 and 7. This could be confirmed from the results shown in table 1. 



1349 
 

 
 

Fig. 5. EDS result of spray pyrolysis. 
 
 

 

 

 
 

Fig. 6. Electron deposition of individual metals. 
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Fig. 7. EDAX result 2 of spray pyrolysis. 
 
 

Table 1. Map sum spectrum of spray pyrolysis. 
 

 
   
 
3.3. Structural analysis 
Fig. 8 shows the XRD pattern of Sn doped TiO2 thin film. It is observed that the intensity is 

high at an angle of around 25 degrees. It states that the structure is a polycrystalline structure with 
preferential orientation in the direction of  2 theta (002). These patterns line up with the (100), (002), 
and (101) principal diffraction peaks of crystalline ZnO. This result showed that the sn doped TiO2 
thin films had been annealed for one hour at 350 °C, resulted in polycrystalline films with a wurtzite 
structure that is hexagonal (JCPDS 36–1451).  

 

 
 

Fig. 8. XRD of TiO2. 
 
 
The polycrystalline, hexagonal wurtzite structure was present in the XRD patterns t (100) 

plane. In the XRD patterns, there were secondary peaks linked to the ZnO structure's (002), (101), 
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and (103) planes [21]. The (100) peak intensity decreased dramatically and the secondary peaks 
nearly vanished as the doping was increased. For Sn doped films, the degree of preferential growth 
stayed the same along the (100) plane even when the severity of the preferential orientation 
decreased. In the Sn-doped TiO2 samples, anatase and brookite were formed, while the only 
crystalline structure in the pure TiO2 sample was anatase. The crystalline structure of TiO2 
incorporates the Sn4+ ion. As the concentration of Sn4+ rises, the brookite phase grows and the 
anatase phase declines. 

 
 
4. Conclusion 

 
It is concluded that though the structure of the thin film deposited by the spin coating is 

platelet structure, the EDAX-FESEM results for the thin film deposited by spray pyrolysis overtake 
the advent. The EDAX result provides the sightful elemental contribution and dispersion on the 
sample. The Hall effect technique provides the concentration, mobility of electrons, and also the 
substrate resistance. Therefore, it concluded that a resistivity of 0.21 μΩ-cm, a mobility of 6.43 x 
10-9 Ω-cm3 and a carrier concentration of 4 x 10-9 Ω-cm3 was obtaine at room temperature. Also, 
from the results, with increase in temperature, the mobility decreases and increase in resistivity and 
carrier concentration was observed. The increasing concentration of TiO2 electrons shows the 
conductivity property of the substrate and the result would be much enhanced in the case of substrate 
made of ITO. 
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