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ABSTRACT 

The recent interest in keeping the environment clean has brought gas sensor 
field into limelight. Gas sensing devices have application in almost all fields where 

gases or vapours are involved. Gas sensors based on metal oxide semiconductor 

materials like tin oxide, offer several advantages over its counterparts like simple and 
fast operation, low cost, capability to detect ppm concentrations of various gases and 
possibility of miniaturisation. The metal oxide semiconductors work on the principle 
that the interaction of these materials with gaseous medium can cause changes in their 

electrical resistance. Though, several hundreds of oxides have been studied for their 

gas sensing behaviour, tin oxide still remains the most favourite material for sensing 

reducing gases. 

Tin oxide is a wide band gap (3.6eV) material that behaves as an insulator only 

if it is perfectly stoichiometric. In practice, tin oxide contains oxygen vacancies and 

hence is non-stnichiornetric, Though investigated extensively, gas sensors based on 
tin oxide still suffer from several disadvantages like insufficient sensitivity in several 
cases, lack of selectivity and long term stability. The development of tin oxide based 
gas sensors has reached a stage where a thorough understanding of the different 
mechanisms going on during interaction of the material with gas species is essential 

for its further improvement. Recent reports show that coupling nano-technology and 
thin film technology with gas sensor technology, can improve the sensing 

characteristics of tin oxide drastically. The blending of these technologies and the 
improvement of the sensing characteristics through a mechanistic understanding were 

the primary motives behind the present work. 

Sol-gel non-alkoxide route and rf magnetron sputtering technique were used 

for depositing nano-grain tin oxide thin films. Dip coating technique was employed 

for depositing films using sol-gel. For this purpose, a vibration free dip coating 
system capable of pulling the substrate at a constant speed in the range 5-50 
cm/minute was designed and fabricated. For depositing films using sputtering, a rf 

magnetron sputtering system capable of depositing the films in the sputter up mode 
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was also designed and fabricated. The deposition conditions were optimised to get 

nano-grain films. 

Glancing angle x-ray diffraction (GAXRD) patterns revealed the rutile phase 

of the films. As sputtered films were amorphous and became crystalline after 
annealing at 773K for 6 hours. The grain size of the films (after heat treatment at 773 

K for 6 hours) deposited on float glass by both the techniques was calculated to be 
45A. The grain size was found to be dependent on the substrate and was minimum for 

films deposited on float glass when compared to those on Corning 7059 and alumina. 

No discernible microstructure in the surface of the films was seen through 

scanning electron microscope (SEM). But SEM micrographs showed cracks on the 
films deposited on alumina substrates. Atomic force microscope (AFM) pictures 
showed that the surfaces of the films deposited by sol-gel (after sintering at 773K) and 

that of the as-sputtered films were smooth with roughness being of the order of a few 
angstroms. The surface of the as-sputtered films showed a columnar structure after 

annealing them at 773 K for 6 hours. 

Hall effect and resistivity measurements on the films revealed conduction to 
be n-type. It was also inferred that the films sputtered in the absence of oxygen were 
non-stoichiomettie where as the films (deposited by both sol-gel and sputtering) after 
heat treatment at 773 K were nearly stoichiometric. The influence of grain boundary 

scattering on carrier mobility was clearly evident from these measurements. 

The films deposited on float glass substrates showed very high sensitivity (dc 

measurements) to ethyl alcohol vapour (at 698 K) compared to LPG and hydrogen. 
The films exhibited very fast response and recovery times also. The sensitivity was 
linear in the low concentration range of ethanol. The films deposited on Corning 7059 
glass and alumina substrates showed lower ethanol sensitivity. Poor sensitivity of the 
as-sputtered amorphous films proved the'need of having crystallinity in the films as a 
pre-requisite for high sensitivity. A phenomenon of charge retention of the films on 
float glass immediately after withdrawing the de bias, was observed during the gas 
sensitivity studies at high temperatures. The charge retention was found to vanish in 



the presence of ethanol and was also negligible when the films were kept in vacuum. 

No appreciable amount of charge retention was observed in films on other substrates. 

A model was proposed for explaining the results. It was suggested that the 
chemisorbed oxygen ions, (02 at temperatures close to room temperature or CY at 

high temperatures) extract electrons from the film and deplete the nano-crystallites 

completely of electrons. In presence of applied electric field, they move towards the 

sample-electrode contact region and accumulate there. These processes reduce the 

conductivity of the films. Ethanol vapour removes the adsorbed as well as 
accumulated oxygen ions, thereby restoring the original conductivity. The high 

sensitivity of the films was partially attributed to the nano-grain size (less than twice 

the Debye length) and partially to the oxygen ion accumulation at the sample-

electrode contact region. 

More detailed study of the phenomenon of ion accumulation was done at 

different ambients and at different temperatures using impedance spectroscopy 

employing a lock-in amplifier in the frequency range 250 kHz to 10 MHz. Cole-Cole 

plots (impedance) were drawn and equivalent circuit models were suggested. Fitting 

of these models with experimental data was done using the approach of 'universal 
dielectric response' by Jonscher and the values of the individual circuit elements were 

found out. Impedance spectroscopic studies conducted at room temperature gave the 

information that though the films have considerable sensitivity to humidity at room 

temperature, the ions from the physisorbed water molecules accumulate at the sample-

electrode contact region on the application of the low frequency signals, thereby 
inhibiting the humidity sensitivity. The measurements conducted at different 

temperatures revealed different transformations going on in the material as a result of 

adsorption or desorption of gases. This study along with that conducted in presence of 

ethanol, LPG and H2 at 698K gave confirmatory evidences of oxygen ion 

accumulation at the sample-electrode contact region. It was, therefore, suggested that 

high frequency signals should be used for using the film for humidity sensing at room 

temperatures where as low frequency signals or a de bias should be used for sensing 

ethanol vapour at high temperatures. 
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