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Abstract 

 

The search for novel magnetic materials useful for microwave devices such as band-stop 

filters, band-pass filters, phase shifters, isolators and circulators has attracted researchers for 

better understanding of ferromagnetic nanostructures. Ferromagnetic nanowires (NWs) and 

nanotubes (NTs) embedded in anodic alumina templates (AAO) are promising candidates for 

use in microwave components as compared to ferrite based materials. The main advantages 

of what is called ‘ferromagnetic nanowired’ (FMNW) substrates are that they present a zero-

field microwave absorption frequency due to shape anisotropy which can be easily tuned over 

a large range of frequencies. In order to make good devices, however, it is also necessary to 

understand the fundamental physics that governs the properties of high frequency waves in 

ferromagnetic nanostructures. 

The present work is divided into four main parts. First is the fabrication of various 

ferromagnetic nanostructures such as NWs and NTs in AAO template by electrodeposition. 

The microstructural characteristics were investigated by scanning electron microscopy (SEM) 

revealing morphology, transmission electron microscopy (TEM) confirming topology, energy 

dispersive X-ray analysis (EDX) for determining elemental composition, and X-ray 

diffraction (XRD) for structural analysis. Static magnetic characterization performed by 

superconducting quantum interference device (SQUID) magnetometer revealed saturation 

magnetization, anisotropy fields, as well as magnetization reversal processes in NWs and 

NTs.    

Secondly, we use ferromagnetic resonance which is a powerful technique to characterize 

these magnetic systems as the resonance frequency directly depends on saturation 

magnetization and internal anisotropies. It also provided valuable information on the 

magnetization, magnetic anisotropy, Gilbert damping (), gyromagnetic ratio (), the 
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structural quality and magnetic inhomogeneity of the nanostructures through observation of 

the line-width characteristics of resonance signals.  

Thirdly, the magnetization reversal processes observed in NWs and NTs are also 

demonstrated by dynamic technique, viz. frequency/field swept FMR. A comparative study 

of the magnetization reversal processes were performed by analyzing the angular variation 

dependence of resonance frequency/field data in NWs/NTs. A comparison of the magnetic 

parameters like effective fields, gyromagnetic ratio, Gilbert damping and uniaxial anisotropy 

of NWs/NTs were performed.   

Finally, fundamental tunable planar devices which include band-stop filters, band-pass filters 

and phase shifters on these FMNW substrates were fabricated and characterized. Microstrip 

line and coplanar-waveguide were used as microwave transmission lines to characterize these 

devices. We significantly increase the operating frequency of NW based stop-band devices at 

very low applied magnetic fields. Additionally, by proper choice of the materials we 

enhanced the device properties including operating frequency. Furthermore, the effect of DC 

current on rf properties of these devices helps in understanding future magneto-electronic 

devices. Non-linear effects in ferromagnetic nanowires were demonstrated by mixing two 

microwave signals at different frequencies. This opens up the possibility of novel microwave 

mixers and frequency multipliers operating without semiconductor devices. 

The thesis concludes by suggesting the scope of further research in this area. 
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