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ABSTRACT 

Crystalline SnO2 thin films were deposited on glass substrates by using the precursor solution containing 

tin acetate as the source materials. SnO2 one of the best gas sensing materials because they exhibit very good 

sensitivity, selectivity and reproducibility. After the deposition, the films were subjected to annealing at two 

different temperatures of 200º C and 300 º C. The structural, morphological and electrical properties have been 

investigated. X-ray diffraction analysis showed that the as-deposited as well as the annealed films were well 

crystallized and polycrystalline with cubic structure having (110) preferred orientation. The electrical parameters 

like the resistivity values are found decreasing and the mobility and carrier concentration values are observed to 

increase with annealing temperature. Sensor studies on SnO2 films annealed at 300o C showed very good response 

and becoming a good candidate for gas sensing application.  
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1. INTRODUCTION  

Due to their finite small size and the high surface-to-volume ratio, nano structured materials often exhibit 

novel, and sometimes unusual properties. The optoelectronic, magneto thermal and chemical properties depend to 

a large extent on the particle size and shape of these materials. Meanwhile the presence of large number of surface 

and edge atoms provides active sites for catalyzing surface reactions. In the areas of optoelectronic devices 

transparent and semiconductor metal oxides like liquid crystal displays, light emitting transparent conductors and 

solar–energy converters as well as in chemical and gas sensitive semiconductor devices and nanoelectronics, and 

their composites are attracting greater interest and attention in recent years. 

Cleber (2014), analysed and reported the electronic properties of self-assembled high crystalline quality 

fluorine-doped tin oxide nanobelts. They have reported the experimental data and the related analysis on the 

resistance and magneto-resistance of thin films made using a dispersion of these single-crystal nanobelts. The 

temperature dependence of the electrical resistance was studied from 10 to 300 K and different conduction 

mechanisms were observed. 

Today, major efforts are being directed towards using metal oxides composites and achieving a high level 

of performance in many of the applied technologies.  Though many different metal oxides have been investigated 

as gas sensor materials, tin oxide (SnO2) is still the most commonly used material.   

 The sensing properties of SnO2 sensors (sensitivity, selectivity and reproducibility) depend on several 

factors, mainly crystallite size and specific surface area. The whole crystallite is depleted of electrons; as a result, 

the sensitivity of the element to a reducing gas would change with defect structure. Reactions between oxygen 

species and reducing gases to be detected can be improved by increasing the sensing surface area. Consequently, 

the use of nanoparticles will allow obtaining better responses of these solid-state gas sensors. It is well known that 

the sintering and densification of SnO2 is very difficult; particles in nanoscale size and less agglomerated are 

expected to be sintered at lower temperature. So it is of great importance to synthesize nanoscale tin oxide particles.  

Efforts are made to prepare thin films of this material with nano grains and smooth morphology using the 

simple Jet Nebulizer Spray Pyrolysis (JNSP) technique and their materials properties are presented here.   

 

2. MATERIALS AND METHODS 

 The chemicals used as solvent for Jet Nebuliser must satisfy a variety of conditions for obtaining good 

quality films. The required conditions are: (i) they should have lower surface tension (ii) they should undergo a 

thermally activated chemical reaction leading to proper thermal decomposition and (iii) the remaining   constituent 

chemicals should be volatile at the operating/room temperature. The SnO2 films were deposited using solution 

containing of tin tetra chloride (SnCl4, 99.99%, Sigma Aldrich and the required amount of ethanol (99.99%, C2H6O, 
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Alfa Aesar), so that the starting precursor contains SnO2. All the salts were separately added into the solvent and 

magnetically stirred for 30 min before deposition, allowing complete dissolution and homogenization. 

The microscopic glass substrate was cleaned by successive immersion in ethanol and acetone, followed by 

sonication in an ultrasonic bath. The carrier gas was air at 1.4 × 105 Pa and the distance between the spraying nozzle 

and the substrate was fixed at 15 cm. Trails were conducted as follow: number of spraying sequences for SnO2 was 

25, with 30 sec breaks between two pulses and with  pulse duration of 10 sec.  

The crystalline phase of the materials was investigated using X-ray powder diffraction (XRD) PAN 

analytical X-ray diffractometer using CuK radiation ( =1.5406 nm).   

 

3. RESULTS AND DISCUSSION 

Figure.1 shows the XRD patterns of the nanocrystalline SnO2 thin films as deposited and annealed at two 

different temperatures 200º C and 300º C. It can be observed from the Fig.1 that the peak intensities show an 

increases as the annealing temperature is increased. The crystallite size D of the prepared thin films was estimated 

using the Scherrer equation D = 




Cos

94.0
 ,  

where, β and  are the X ray wavelength (0.15406 nm), the Full Width at Half Maximum (FWHM) of the 

diffraction peak and diffraction angle respectively.  

 
Figure.1. XRD patterns of as deposited SnO2 thin film and it’s annealed at 200C and 300C      

               temperatures 
The crystallite size of the films is calculated as 34, 41 and 44 nm respectively, which are found increasing 

with annealing temperature. This is because at higher annealing temperatures particles tend to agglomerate to form 

bigger crystallites, which shows that annealing has profound effect on the nanocrystalline films   prepared by the 

JNSP technique. The preferential growth orientations of all the films were determined using the Texture coefficient 

() (hkl) expression.  
















 
)(0

)(

1

)(0

)(

1

hkl

hklmn
i

hkl

hklm

I

I

n

I

I

  

Where I is the measured intensity, I0 is the JCPDS standard intensity and n is the reflection number. The preferential 

orientation of the   particles is observed along (110) plane, while slight changes in (211), (200) and (101) crystal 

planes and also seen. The intensity of preferred orientation was increased depending on the annealing temperatures. 

The crystalline structure of the films deteriorates and tends to become highly crystalline which causes an increase 

in the number of charge carriers and hence a decrease in resistivity. The high-angle region of the pattern of the as-

deposited film was used to determine the lattice parameters ‘a’ and ‘c’ of the tetragonal phase, using the formula,  

2 2 2

2 2 2

1 h +k l
= +

d a c
 

The micro strain is proportional to the lattice distortion and according to the JCPDS file 81-1387,   the 

lattice parameters values are calculated as a = 3.806 Aº and c = 9.673 Aº. 
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Figure.2. UV-Vis spectral analysis depicting (a) Absorbance (b) Transmittance and (c) (h)2 vs h  

                 traces for SnO2 films 

Figure 2a, 2b and 2c show that absorbance, transmittance and (h)2 vs h curves to find the band gap 

values of the films deposited by JNSP technique.  Thickness of the SnO2 films is about 125 nm, 107 nm and 96 nm 

for the as-deposited and its annealed films respectively. Average visible transmittance of these films increases from 

75% to 85%, this is mainly due to the slight decrease in the film thickness, which leads to lesser scattering and 

absorbance of photons. Figure 2b represents the spectral variation in the transmission behavior of the same films 

deposited on glass substrates. From the transmittance (T)   data, the absorption coefficient () of these films were 

calculated in the spectral region of fundamental absorption by the following relation 









Td

1
ln

1
  where d is the 

film thicknesses. The range of the onset of absorption edge and the absorption coefficients () can be described by 

the relation representing a parabolic band, (h)1/n = A (h-Eg) where Eg is the band gap of the material, the 

exponent n depends on the type of transitions. For the direct allowed transition, n = ½,  the resulting curves are 

shown in Figure 2c, from which band gap values obtained. The variations of band gaps, particle size and film 

thickness for the as-deposited and   200º C and 300º C annealed films are given in Table -1. From these results, we 

have observed an increase in the band gap values for our SnO2 thin films when the annealing temperature was 

increased to 300º C. The lattice parameter values are found increasing, which predicts an enlarged crystalline lattice 

with temperature. 

Table.1.Structural studies of SnO2 thin films 

 

 

Gas sensitivity of the deposited and annealed films was recorded by measuring the resistance of the films 

when exposed to air as Ra and Rg as the resistance when the target was introduced on the surface of the sensing 

film. In the present sensor test, methanol was used to study the sensitivity and the response/recovery characteristics. 

In this study, the sensitivity is determined by using the relation
gas

gasa

R

RR
S


 , since methanol vapor is a reducing 

agent. This formula was used because it produced reasonable values ranging from zero for clean air to high positive 

values for strong interaction with reducing gas species.  The sensitity values, measured for the 500 ppm methanol 

gas, are 4.71, 4.74 and 10.1 for the as-prepared SnO2 film and that was annealed at 200 oC and 300 oC respectively 

and is shown in Fig.3. 

Samples Crystallite size (nm) Lattice parameters (Aº) Band Gap (eV) 

As deposited 34 3.689 9.230 3.89 

Annealed at 200o C 41 3.780 9.172 3.97 

Annealed at 300o C 44 3.790 9.215 4.00 
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Figure.3.Sensitivity of as deposited SnO2             Figure.4.Response characteristics of SnO2 

film and its annealed films                                                    film annealed at 300 oC 
The response and recovery times are the important parameters for developing sensor films for a specific 

application. The response time is defined as the time required, after the test gas is injected, for the sensitivity to 

reach maximum and stabilize before air is injected, which is about 5-10 min. for the film in the present study. The 

recovery time is the time necessary for the sensor film to attain sensitivity nearly the same value as that observed 

in air after air is admitted. The transient response curve of the SnO2 film annealed at 300˚C is shown in Fig.4. Upon 

injection of methanol gas, the sensitivity   reaches saturation in about 5 minutes. When dry air is introduced, the 

sensitivity reached to the initial value in about 5 min., which proves the reversibility of the process in about 15 

min., and utility of the sensing film repeatedly for sensor purpose.  

 

4. CONCLUSION 

SnO2 films with nano grains that are found increasing with annealing temperature. These films showed 

enhanced transmission with annealing temperature and the band gap values are increased from 3.89 to 4.00 eV. 

Resistivity values are reduced two times for the 300˚C annealed films, whereas the mobility and carrier 

concentration values show a marginal increase. Maximum sensitivity and minimum response time are observed for 

the SnO2 films annealed at 300˚C revealing their usefulness in gas sensor development. 

REFERENCES 

Apolinar-Iribe A, Acosta-Enriquez MC, Quevedo-Lopez MA, Ramirez-Bon R, De Leon A, Castillo SJ, 

Chalcogenide Lett., 8, 2011, 77–82. 

 

Cleber A Amorim, Cleocir J Dalmaschio, Edson R Leite, Adenilson J Chiquito, Journal of Physics and Chemistry 

of Solids, 75(5), 2014, 583–587. 

 

Stolt L, Hedstrom J, Kessler J, Appl.Phys.Lett., 62, 1993, 597–9. 

 

Wacogne B, Roe MP, Pattinson AT, Appl.Phys.Lett., 67, 1995, 1674–6. 

 

Zayer NK, Greerf R, Rogers K, Grellier AJC, Pannell CN, Thin Solid Films, 352, 1999, 179–84. 

http://www.jchps.com/
http://www.sciencedirect.com/science/journal/00223697
http://www.sciencedirect.com/science/journal/00223697
http://www.sciencedirect.com/science/journal/00223697/75/5

