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ABSTRACT  

 In the recent years, glancing angle deposition (GLAD) has emerged as a promising 

nanoscale fabrication technique. GLAD is a bottom-up deposition process utilizing oblique 

angle physical vapor deposition. The atomic shadowing effect during high oblique angle 

incidence results in the growth of sculptured thin films. The three-dimensionally shaped, highly 

orientaionally coherent but randomly distributed nanostructured (e.g. columns, rods, chevrons, 

helices, etc.) thin films are called sculptured thin films (STFs). STFs find important applications 

in, photonic crystals, actuators, optically active films and in modifying the surface wetting 

properties. Recently, the silver metal STFs have attracted a tremendous interest due to their 

promising applications in surface plasmon based chemical and biological sensing. The high 

porosity and thermal conductivity of silver STFs make them ideal for the applications in various 

other fields such as, surface coatings for enhanced heat transfer rate at the interface, in 

modifying surface wetting behavior, and functional coatings with tunable optical properties. 

 This study attempts to shed new light on the dynamical growth processes of silver STF 

by exploring the effect of deposition parameters during GLAD. The variation of parameters 

include: vapor incidence angle, deposition rate, and substrate temperature. To study the vapor 

incident angle dependence of columnar growth, the silver thin films were deposited at different 

incidence angles with the substrate normal. A perfectly aligned and well separated columnar 

growth was observed for the incidence angles ≥ 80º. The silver columnar growth was found to 

be significantly affected by the deposition rate during growth. For this study, the growth was 

done at different deposition rates varying from 0.4 Å sec-1 to 14.6 Å sec-1. Interestingly, it was 

observed during growth on bare substrate that a low deposition rate (< 1 Å sec-1) may not result 

in the growth of silver columnar thin film, whereas by controlling the deposition rate in higher
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range, the size and lateral distribution of Ag nanocolumns can be varied in a wide range. 

 In case of GLAD, shadowing effect is a crucial parameter to decide the columnar 

growth. Therefore, according to the classic structure zone model (SZM), GLAD should be done 

preferentially in the atomic shadowing regime or zone 1, which for metallic films lies at Ts/Tm ≤ 

0.3 (where Ts is the substrate temperature and Tm is the melting point of the film material). The 

growth mechanism of silver columnar thin films on decreasing the substrate temperature within 

the atomic shadowing regime or zone 1 was examined. The silver columnar thin films were 

deposited at different substrate temperatures varying from 100 K to 320 K. Interestingly, it was 

observed that on lowering the substrate temperature instead of showing a monotonic variation, 

the silver film morphology changes from the ordered nanocolumns to random and distorted 

columns, and then to the columnar bunches of nanowires. These growth results suggest that this 

temperature regime of effective adatom shadowing does not hold a unique growth mechanism 

for the GLAD within the low temperature range from 100 K to 320 K and depending on the 

observed temperature dependent variation in morphological and structural properties of the Ag 

film, it can be sub-divided into three characteristic zones, zone A, zone B, and zone C. The 

observed growth mechanism of the Ag film is explained in terms of the temperature dependent 

change in terrace diffusion and the interlayer diffusion of Ag adatoms which finally controls the 

formation of nucleation centers in initial stage and their evolution during the final growth. 

 The wetting study of silver columnar thin films revealed that the evolution of silver 

nanocolumns make the surface hydrophobic. The hydrophobicity was found to vary with the 

morphology or particularly the size and distribution of the silver nanorods deposited at different 

deposition rates. A growth of sparsely distributed nanorods at sufficiently low deposition rate 

1.2 Å sec-1 was observed to fabricate a self-cleaning superhydrophobic surface. The silver
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columnar morphology may affect the heat transfer process at the liquid-solid interface of a 

sessile liquid droplet on silver nanorods. This effect was investigated by studying the 

evaporation and freezing process of a sessile water droplet on silver nanorods film. For 

evaporation study, water droplets were deposited over a conventional Ag thin film and columnar 

Ag nanorods film samples. The temperature of both the samples was maintained at 80 ℃, and 

the temporal change in water droplet profile was continuously monitored. Interestingly, about 

90% enhancement in the evaporation rate of water droplet was observed on Ag nanorods film 

compared to the conventional Ag thin film. The observed increase in the evaporation rate was 

explained by an enormous increment in the effective three phase contact line of water droplet 

for the columnar surface.  

 The freezing of sessile water droplet on cold silver nanocolumnar film was also 

investigated. Water droplets were deposited over the conventional Ag thin film and 

nanocolumnar Ag thin film samples. A series of observations of the water droplet freezing 

processes were carried out under the two different possible surface temperature conditions: 

cooling of samples was started after depositing the droplets and second, the droplets were 

deposited on pre-cooled samples. Taking the conventional Ag thin film as reference surface, the 

experimental results showed that the nanocolumnar thin film significantly delays as well as 

slows down the freezing process of water droplet. The observed variations in freezing process of 

water droplets are explained in terms of the reduction in effective solid-liquid interface area on 

the surface of Ag nanocolumnar film.  

Finally, the surface enhanced fluorescence (SEF) activity of Ag columnar thin films was 

studied. The silver nanorods were observed to produce a significant enhancement in 

fluorescence signal compared to the conventional silver thin film. Nanorods morphology
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dependence of SEF was also investigated for Rhodamine 6G adsorbed onto silver nanorod 

arrays. SEF activity of the nanorod arrays was observed to increase significantly for uniform 

and identical shape nanorods grown at the reduced substrate temperature (140 K). On increasing 

the nanorods length, a significant rise in SEF enhancement factor up to 32 was observed with 

respect to the conventional silver thin film. The observation shows the potential of silver 

nanorod arrays as high sensitivity substrates for SEF based studies. The variation of SEF 

efficiency can be qualitatively explained using lightening-rod and surface plasmon resonance 

effects. 
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