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Summary of  the Work 
 

          Enormous research activities are going on in the field of conducting films 

of metal oxide semiconductors as they find remarkable applications in a wide 

range of fields such as solar cells,gas sensors,optoelectronics,thin film resistors and 

wear resistant applications.The increasing demand in its applications makes the 

investigations significant and attractive. 

                                     Explosion due to methane gas leakage is one of the most 

potential hazard in the underground coalmines. Mixture of methane with air is 

explosive within the range 5-14% by volume of methane. To prevent this hazard, 

different types of methane detectors have been developed in the market, each with 

certain advantages and disadvantages. The basic differences lie in their sensing 

technologies.The use of SnO2 as gas sensors and study of the sensing properties 

such as the sensitivity and selectivity using dopants are under way to meet their 

ever-expanding demands in new applications. 

.                   The present work reports a comparative study of electrical properties 

of undoped and magnesium doped SnO2 thin films in presence of methane. Most of 

the works with SnO2 based methane gas sensors are reported for high temperatures 

as it is quite difficult to get a good response for methane at low temperatures. A 

humble effort was made in this study to observe the changes in gas sensitivity 

against the increase in doping percentage in presence of methane gas. 

  To prepare the SnO2 thin film using spray pyrolysis, SnCl2 2H2O is used as the 

source component. The spray solution is prepared by dissolving , SnCl2 2H2O  in 

the distilled water, it is heated and 5ml of HCl is added to get clear solution. After 

cooling the solution, 90 ml of isopropyl alcohol is added into it. It helps to improve 

the conductivity and uniformity of the film. The solution is taken in the atomizer 

and sprayed into the glass substrate mounted on the heated platform; the spray 



temperature must  be  kept constant. Every small droplets reaching the hot 

substrate surface undergoes pyrolytic decomposition and forms a small crystalline 

or a cluster of crystallites in the product. The film thus prepared is taken for 

sensitivity measurement. For this,the sample is kept in the evacuated chamber. 

When the temperature of the chamber reached at the operating temperature, 

methane gas is injected in to the chamber. The presence of methane gas changes 

the conductivity of the film, it is noted using the keithley 2400 source meter that is 

connected to the chamber. Using this data we can calculate the resistance of the 

sample at the time of sensing and thus sensitivity towards the methane gas. 

                    Magnesium doping improves the methane sensitivity. For films 

prepared at 280
0
C,at a spray distance of 60 cm, maximum response is found to be 

21% for0.9 wt% Mg doped SnO2 film at an operating temperature 350C. For 0.6 

w% Mg doped SnO2 film at an operating temperature 340C, methane sensing is 

found to be decreasing. For samples prepared at a high deposition temperature of 

325
0
C,at a spray distance of 100 cm,the maximum response is found to be 54% for 

0.9 wt% Mg doped SnO2 films. If the doping concentration again increases, the 

response of the film towards the sensing gas decreases.It is found that sensitivity 

increases when the spray distance  is varied from 60 cm to 100 cm.Also films 

deposited at 325
0
C shows better response compared to that deposited at 280

0 
C. 

In the response mechanism, the potential barrier between grains is high due to 

boundaries and catalytic sites of Mg which causes the absorption of oxygen. An 

electron is extracted from the semiconductor by this oxygen. This electron 

extraction leads to the creation of depletion region near the surface leading to an 

increase in potential barrier. At the operating temperature, when reducing gases 

like methane comes into contact, the potential barrier decreases which result in a 

decrease of resistance. From XRD for high sensitive films the peaks (110) has high 



intensity without change in the bragg’s angle. The increase in intensity is due to the 

increase in the extent of preferred orientation of the micro crystallites. 

The uv-vis absorbance spectra of the samples are recorded by employing Perkin 

Elmer Lambda 650 spectrometer,in wavelength range 180-900 nm.The bandgap 

obtained is 3.92eV for undoped SnO2 film  and 3.89eV for doped one.Dielectric 

and AC conduction properties were also studied. 

Much of the gas sensing properties of thin films show profound dependence 

on the microstructure, which depends on the method of preparation of thin films. 

Spray pyrolisis is a desirable technique for the preparation of inexpensive doped 

tin oxide films. This technique is simple, economical, and useful for large area 

coatings and requires very less infrastructure. 
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