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Abstract 

Spintronics is an advanced future technology concerning the realization of both 

ferromagnetism and semiconducting properties simultaneously. A lot of efforts have been 

made to explore the materials for these applications. Oxide semiconductors like ZnO, 

SnO2, TiO2 and In2O3 fit very well in this category. Among various oxide semiconductors, 

ZnO has been investigated by researchers all over the world as one of the important 

materials for the optoelectronic and spintronics device applications. However, in order to 

attain the suitability of this material for proper device applications, there are several issues 

that need to be discussed.  

The theoretically reported solubility limit of Mg for bulk ZnO is around 4% which 

is found to depend on the growth conditions. Hence, in the thesis, we aimed to enhance the 

solubility limit by controlling the growth parameters. We prepared the powder samples by 

using sol-gel method and obtained this limit to be 8%, above which the secondary phase 

formation was found to take place. In the case of thin films grown using RF sputtering 

technique, we could enhance the limit upto 30% by maintaining the pure phase. Further, 

we explored the possibility of existence of room temperature multiferroicity in single 

phase Mg doped ZnO samples. For dilute concentrations, we have been able to achieve the 

multiferroic effect. However in-depth study is still required to bring this property up to 

device level. In the next step, we focused to tune the bandgap and tailor the defects-

induced magnetism in Mg doped ZnO thin films for their applications to optoelectronic 

and spintronic devices. For bandgap engineering, we developed Zn1-xMgxO thin films by 

varying the Mg concentration (0 ≤ x ≤ 0.3), and achieved a remarkable enhancement of 

25% in the bandgap for 30% Mg doping. The bandgap was tuned between 3.25 eV and 

4.06 eV (for Zn0.7Mg0.3O) which was further confirmed by density functional theory based 

WIEN2K computer simulation. In addition, we realized that the magnetic properties can 

be enhanced by doping / implanting nonmagnetic metal ions like Mg, C and N. In further 

studies, ion beam irradiation was found to be an effective technique for creating and 

engineering defects in a controlled fashion. In this direction, we have investigated the 

structural (controlled structural disorder), magnetic and electronic properties of irradiated 

Zn0.9Mg0.1O thin films with an objective of understanding the role of defects with the help 

of swift heavy ion (SHI) irradiation. Apart from SHI irradiation, low energy ions beam 

implantation was also explored for generating the defects in ZnO thin films. Here, we 

could significantly enhance the magnetic properties by implanting C and N ions. The 

observed magnetic behaviour of ZnO thin films by nonmagnetic ions provides interesting 

possibilities for their future spintronic applications. 
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