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ABSTRACT 

Thin films, nanostructured layers, and individual nanostructures such as nanorods and 

nanosprings are important and basic building blocks for micro-/nano-electromechanical 

systems and devices. As the size of the devices reduces from micron to sub-micron scales, 

the behavior and response of these structures change and in many cases become quite 

different from their bulk behavior. As mechanical properties control the strength, durability, 

wear-tear, fracture toughness, and reliability of the devices, nanoscale mechanical 

characterization of thin films and nanostructures is essential. To improve the mechanical 

properties, a number of conventional methods of doping, solid solution strengthening or ion 

irradiation are usually employed. Improving the mechanical properties of films/structures by 

post-deposition treatments offers the ease of modifying the properties with desirable 

characteristics. The post-deposition method of ion irradiation facilitates creation of defects 

due to electronic energy losses (Se, dominant in the few hundred MeV energy range) or 

nuclear energy losses (S,,, dominant in the -keV energy range), and has been employed by a 

limited number of researchers to study the changes in mechanical properties of thin films or 

bulk materials. 

The objective of this thesis work is to investigate the effect of ion irradiation on the 

mechanical properties of nanostructures. The mechanical properties of isolated 

nanostructures have been measured using force-distance (F-z) spectroscopy and 

nanoindentation methods. The role of electronic and nuclear energy losses has been 

investigated by carrying out irradiation at different fluence levels, ion energies, and 

irradiation temperatures. Nanostructures grown by glancing angle deposition (GLAD) have 

been utilized for carrying out this investigation. GLAD has emerged as one of the techniques 

to engineer structures at submicron length scales, yielding unique new materials and device 

properties. The nanostructures grown by GLAD stand vertically on the substrates isolated 

from their neighboring columnar structures enabling one to study the behavior of individual 
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nano structures. The mechanical properties like spring constant and hardness of such 

individual nanostructures have been investigated by force-distance spectroscopy and 

nanoindentation. 

A variety of samples consisting of Si nanorods, Si chevrons, Cr nanorods, and ZnO 

micro-cones have been studied in the present work. A judicious choice of ion species and 

energy values have been made to investigate different regimes of ion-solid interaction within 

the target material, thereby controlling the modifications in the material properties. 
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