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Abstract 

Tin oxide (Sn02) has been extensively studied in past and recent years due to its 

important applications in gas sensors, photovoltaic cells, batteries, photonic crystals, 

catalysis, and photo catalysts. High chemical and thermal stability, wide range of 

electrical conductivity and optical transparency (with various dopants) of its thin films, 

and sensitivity towards many oxidizing and reducing gases make Sn02  one of the most 

useful members of the metal-oxide family. In spite of many stabilized properties of SnO2, 

the continuous search of materials with novel properties has kept Sn02  under constant 

focus of the research community, and new methods to tailor its properties are being 

continually investigated. 

Irradiation of materials with high-energy (in MeV range) ion beam or "swift 

heavy ion (SHI) irradiation" has been well established as a powerful tool for material 

modifications. High amount of energy deposited into the material in a very short interval 

of time (10-13  s) produces significant changes in crystallinity, microstructure, and defect 

chemistry of a material. Using SHI irradiation, various properties of a material can easily 

be tailored and the technique has been used on many metallic, semiconducting and 

insulating systems. In case of Sn02, however, very few studies on the effect of SHI 

irradiation have been reported. In this dissertation work, a detailed study on the effect of 

SHI irradiation on structural, optical, electrical and gas sensing properties of sol-gel 

derived Sn02 thin films is presented. 

The Sn02 thin films were deposited by sol-gel dip coating process. Simplicity of 

the technique, ease of dopants incorporation, and flexibility of coating on large and 

uneven substrates are some of the advantages of the sol-gel technique. In this work, the 
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sol was prepared with SnC14 dissolved in propanol. Thin layers of Sn02 were coated onto 

coming glass and quartz substrates by dip coating technique at a pulling speed of 10 

cm/sec. Each layer was dried at 200°C for 15 minutes before the deposition of the next 

layer. After attaining the required thickness, the samples were annealed at 600°C for 2 

hours. Effect of iron doping was also studied by preparing Fe-doped Sn02 films. 

Irradiation of the prepared samples were done with 75 MeV Nis+  and 100 MeV Ag8  ion 

beam at different fluences ranging from 1 x 1011  ions/cm2  to 3 X1013  ions/cm2  at Inter 

University Accelerator Center, New Delhi. 

Structural characterization of the irradiated samples was carried out with X-ray 

diffractograms, whereas High Resolution Transmission Electron Microscopy (HRTEM) 

and Atomic Force Microscopy (AFM) were used for the characterization of 

microstructure and surface morphology respectively. XRD patterns of Nis+  irradiated un-

doped Sn02 samples show that there is an increase in crystallinity up to a fluence of 

1 x 1013  ions/cm2  beyond which amorphization occurs. For Ag8  irradiated samples, 

however, crystallinity decreases with increasing ion fluence. Such contrasting difference 

due to irradiation by Nis+  and Ag8  ion beams has been discussed and explained. HRTEM 

images show increase in average size of crystallites with initial increase in ion fluence for 

Nis+  irradiated samples, while grain fragmentation effect is observed in Ag8  irradiated 

samples. Corresponding changes in surface roughness of the samples were recorded 

through AFM. Fe-doped Sn02 samples, when irradiated with Nis+  beam show decrease in 

crystallinity with increase in ion fluence. Interestingly, at the highest fluence a new phase 

corresponding to Sn-Fe alloy also appears. 
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The optical properties of Nis+  and Ag8  irradiated samples were studied by UV-

Vis spectroscopy and photoluminescence spectroscopy (PL). In both cases of Nis+  and 

Ag8  irradiation, optical absorption spectra showed a red shift with increase in ion 

fluence. These observations are discussed and explained on the basis of defect formation, 

dielectric confinement and Moss-Burstein effect. 

The PL spectra of Nis+  irradiated un-doped Sn02 samples show broad peak in the 

yellow region corresponding to interstitial oxygen, the intensity of which increases with 

increase in ion fluence. On the other hand, PL spectra of Ag8  irradiated samples show 

peak in blue region corresponding to oxygen vacancies. 

Gas sensing experiments on Nis+  irradiated un-doped Sn02 samples show p-type 

behaviour and selectivity enhancement towards NH3. The Ag8  irradiated samples, on the 

other hand, show enhanced n-type conductivity and selectivity towards CO. These gas 

sensing properties are explained on the basis of observed changes in defect-chemistry of 

the irradiated samples. An enhancement of sensitivity towards CO is also observed in 

irradiated Fe-doped samples. 

Finally, the I-V measurements were performed in air and with the help of 

temperature dependent I-V data of different samples the effect of irradiation on Schottky 

barrier height is estimated. 
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