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Plasmonics have gained significant attention for its ability to manipulate the flow of light down to sub-
wavelength scale, using nanoscale metallic structures [1]. Surface plasmon polaritons, or the propagating
modes of the electron plasma oscillations at the surface of a metal coupled with an electromagnetic
wave, has been realized in various geometries [2] ranging from simple metal-insulator interface to com-
plex structures consisting of metal stripes surrounded by dielectric materials [3]. Plasmonic devices
enable an improved synergy between the electronic and photonic devices as it naturally interfaces with
the size of electronic components and operating speed of photonic network [4, 5]. The practical use
of SPP waveguides is often limited due to the losses occurring in the metal film which leads to low
propagation range. Manipulations with the waveguide geometries and surrounding structures have led
to significant progress in fabrication of effective plasmonic waveguides.

We analyze plasmon wave propagation through certain waveguide structures and study the guiding
properties of these plasmonic waveguides, with a nanoscaled metal film having a frequency dependent
dielectric function, embedded in a dielectric environment. The various structures that are considered are:
(1) Layered structures with metal (semi-infinitely wide) film having homogeneous interfaces [6], and (2)
Layered structures with metal film of finite width (metal strip) having inhomogeneous interface [7]. The
dispersion relation for the SPP modes supported by infinitely wide waveguide structures is analytically
derived by defining and solving a boundary value problem based on Maxwell’s equations [6]. The match-
ing of tangential field components at the interface between each layer leads to the dispersion relation.
The analytical derivation of dispersion relation for the finite width metal film waveguide is practically
difficult due to the inhomogeneous nature of the waveguide structure at the metal/dielectric interfaces.
We employ the method of lines (MoL), a finite difference based semi-analytical scheme for constructing
dispersion relation numerically. Application of boundary matching conditions at layer interfaces leads
to a homogeneous matrix equation and non-trivial solution of which gives the propagation constant [8].
Numerical root search in complex domain is carried out using both the Nelder-Mead minimization ap-
proach [9] and the direct root search based on Muller’s method [10].

Metal nano-strip is an important waveguiding geometry as it offers two dimensional confinement of
plasmon wave and is useful for designing various components in integrated plasmon optics. We have
analyzed the properties of the fundamental modes propagating in a metal strip waveguide surrounded by
dissimilar dielectric materials (asymmetric structure) [11]. Owing to the versatile effects of anisotropy in
mode propagation and control, we have considered an asymmetric strip waveguide with an anisotropic
(uniaxial and biaxial material) substrate and an isotropic cladding [12]. The propagation properties of
the four fundamental modes (ssb, asb, sab and aab) in the asymmetric waveguide structure are studied as
function of the metal thickness [7]. Figure 1 and Figure 2 shows the dispersion curves of an asymmetric
strip waveguide structure, with a uniaxial and a biaxial anisotropic substrate, respectively. As a limiting
case, modes guided through an asymmetric slab (infinitely wide metal film) waveguide are also analyzed
for both the cases. The non-degenerate nature of the modes in the anisotropic material based strip
waveguide facilitates the possibility of single mode excitation in integrated optical circuits. Thus it is
observed that by properly choosing the substrate material we can modify the propagation characteristics
of the modes supported by the waveguide structure.
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Figure.1 Variation of normalized phase constant with thickness of metal film of width w=1 µm of the four fun-

damental modes for an asymmetric waveguide with a uniaxial anisotropic substrate. The ab and sb modes in a

corresponding slab waveguide (w = ∞) are also shown.

Figure.2 Variation of normalized phase constant with thickness of metal film of width w=1 µm of the four fun-

damental modes for an asymmetric waveguide with a biaxial anisotropic substrate. The ab and sb modes in a

corresponding slab waveguide (w = ∞) are also shown.
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Abstract 
 

Surface Plasmon Resonance (SPR) biosensors are widely used to 
detect low concentration of any kind of molecules without label 
requirements. The detection principle is based in specific 
interactions between a biorecognition agent (antibodies, nucleic 
acids, enzymes, etc) and the analyte. From the applied point of 
view, a great effort is necessary to achieve the optimization of the 
process of modification and biofunctionalization of the transducers 
(gold surface in the device) in order to obtain bioactive stable and 
reproducible layers which are able to minimize the unspecific 
adsorption effects. For small molecules (MW < 1kDa) competitive 
indirect assays are necessary in order to improve the detection. 
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Abstract 

 
We consider a semiconductor quantum well in a microcavity driven by 
coherent light. We explore the dynamics of the entanglement. We show 
the presence of sudden birth and sudden death for some particular sets 
of the system parameters. 
Furthermore  we study the effect of exciton-photon detuning, external 
coherent light, and the squeezed vacuum. reservoir on vacuum Rabi 
splitting and on quantum statistical properties of the light emitted by the 
quantum well. We show that the exciton-photon detuning leads to a 
shift in polariton resonance frequencies and a decrease in fluorescence 
intensity. We also show that the fluorescent light exhibits quadrature 
squeezing, which predominately depends on the exciton-photon 
detuning and the degree of the squeezing of the input field. 
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Abstract 
 
Radio-over-Fiber (RoF) technology is potentially able to provide 
multi-gigabit data rates, allowing “fiber-like” wireless 
connectivity for the expansion of existing mobile networks 
(backhauling and last-mile coverage) as well as for indoor 
applications. The recently world-wide allocated bands (71-76 GHz 
and 81-86 GHz) offer unequaled spectrum bandwidth for wireless 
communication but require the development of new devices, 
specifically designed for analog applications. In particular, a 
photonic transmitter converts the optical signal delivered by an 
optical fiber into en electrical signal by means of a photodiode and 
transmits the RF power through an opportune antenna. Key 
requirements are an optimum adapted bandwidth (reduced noise) 
and a rectangular waveguide (WR) output. Thanks to their low loss 
and high power handling capability, WRs are widely used as 
antenna feed; at higher frequencies their dimensions shrink 
significantly, making WRs light and flexible, thus even more 
desirable for analog applications. 
This presentation will describe a novel concept for a 71-76 GHz 
photonic transmitter, allowing a quasi-hermetic packaging of 
optical and electronic components. Simulation results as well as 
experimental validation will be presented. 
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Abstract 

Silicate thin films covalently bound with selected biological molecules 
labeled with luminophores were prepared. The optical properties of the 
system were measured. The influence of LPS (lipopolysaccharide isolated 
from Hafnia alvei PCM 1186 bacteria ) on the spectroscopic properties of 
the dye – protein conjugates were shown. The system based on the 
silicate thin films covered by conjugates has been proposed as a optical 
biosensor for the bacteria detection. 
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Abstract 

Energetic ions, depending on their mass and energy, have different roles 

in materials science. Experiments in this field has opened the possible 

nanostruring of materials for plasmonic applications. In this talk, 

experimental results on the ion induced synthesis of plasmonic 

nanocomposites and modification of size and shape of nanostructures in 

plasmonic nanocomposites are presented. Some results on engineering 

of optical properties by ion beam induced surface engineering are also 

presented. 

 




