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ABSTRACT 

The present thesis performs the systematic investigation of the plasmonic behavior of 

the realistic nanostructures at sub-wavelength scales when interacted with incident 

light. After getting exposed about the science of plasmonics and electromagnetic field 

this concept has been explored using modeling and simulation method to realize the 

influence of the plasmonic properties on the enhancement of the solar to electrical 

energy conversion using resonant forward scattering in the useful regime of the 

electromagnetic spectrum. The present work includes the numerical as well as 

analytical approach to deal with electromagnetic field computation for arbitrary 

nanostructure.  The important electromagnetic properties such as scattering and 

absorption efficiency and electrical properties have been studied for the small structure 

having sizes comparable to wavelength of incident light which shows the fascinating 

resonant properties. Due to the difficulties in solving the complex system using 

analytical approach, numerical techniques are more preferable considering surface or 

volume discretization. 

 Firstly, error analysis of the Discrete Dipole Approximation (DDA) technique 

for the simulation of the electromagnetic properties of the spherical metal 

nanoparticles surrounded by inorganic medium has been done. The optical signature 

of the plasmonic properties under the influence of metal nanoparticles shape, size and 

surrounding environment has been observed that further point out towards the 

enhancement of the thin film solar cell efficiency. In plasmonic nanostructures the 

localized surface plasmon resonance plays important role to enhance the large scale 
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photon scattering in the useful domain which further travel longer distance along the 

semiconductor layer and get absorbed resulting in the enhancement of thin film solar 

cell efficiency.  The strong coupling between LSPR and resonant electric field around 

metal nano particle facilitates the higher absorption in the thin film semiconductor. 

The most of the cases of the thesis are simulated beyond quasi-static domain using 

DDA numerical technique.  In the second case, DDA technique has been utilized in 

the simulation of metal nano particle embedded in the organic layer to explore the 

suitability of the plasmonic organic semiconductor for the thin film technology. The 

interaction between particle and effect of interparticle spacing has been analyzed to 

observe the electromagnetic and electrical properties of the realistic nanostructure. It 

has been established that the interparticle interaction possess strong resonance for 

efficient thin film solar cell which can be seen from J-V curve. Then the case of 

spherical and cylindrical shape metal nano particle surrounded by hybrid environment 

has been studied to calculate the electromagnetic properties at nanoscale using 

simulation model. The other case depicts the influence of the spherical and spheroids 

metal nano particle in the organic plasmonic active layer with their optical trademark 

in terms of improved semiconductor performance. The electrical properties (J-V) 

obtained for the optimized nano structure also support the enhancement of resonant 

properties. 

 In the next part of the work, innovative nucleated oblate nano particle has 

been selected in which small particles are mounted on the larger oblate particle to 

obtain unique plasmonic property. The nucleated nanostructure has been simulated        

to observe the electromagnetic properties of such an interesting structure. The key 
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feature of the nucleated structure is broadband enhancement in thin film 

semiconductor. In addition to numerical technique, analytical approach also has been 

considered in the last section of the work for the calculation of the electromagnetic 

field using size dependent effective medium theory. It is established that the nano 

plasmonic coupling to the semiconductor improves the performance of device. Finally 

whole thesis comprises of the computation of the electromagnetic properties, electrical 

properties and their applicability in plasmonic system using varieties of nano structure 

size, shape and surrounding environment. 
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