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Abstract

Photonic crystal fiber found a lot of applications in science and technology.
Among these promising applications are sensing and as an active medium
for high power lasers.

Recently, the thermo-optic effect, which causes refractive index change in
the active optical fibers, emerged as one of the most limiting factors to
power scaling of fiber lasers. The thermally-induced refractive index
gradient in the fiber cross-section jeopardizes the extreme guiding properties
required to obtain a single-mode propagation in ultra Large Mode Area
(LMA) fibers, eventually causing the rise of mode instabilities. The
resilience to thermal effects for different rod-type double cladding Photonic
Crystal Fiber (PCF) designs, namely the 19-cell core, the distributed modal
filtering and the large-pitch PCFs, have been compared through numerical
simulations. The single-mode properties of each fiber have been obtained for
different heating conditions. The causes of the different behaviors have been
investigated, providing a detailed overview of the influence of thermo-
optical effects on the guiding properties of LMA PCFs, as well as some
guidelines for the design of LMA PCFs for high-power applications.

The newly emerged field of PCF ’s applications is the biosensing.
Biophotonic represents a very attractive and promising field of interest for
biosensing applications. The realization of a DNA biosensor based on a
microstructured optical fiber (MOF) Bragg grating has been demonstrated.
In this thesis the microchannels surface of the MOF has been functionalized
with peptide nucleic acid (PNA) in order to capture DNA strands, and then
oligonucleotide-functionalized gold nanoparticles (ON-AuNPSs) were used to
increase the shift of the signal. Wavelength shift of the high order mode in
the reflected spectra, due to the PNA - DNA and DNA - ON-AuNPs
bindings, proved the occurred fiber hybridization. Several experiments have

been carried out using identical DNA concentrations and the same



modulations have been observed, proving the reproducibility of the results.
Measurements have also been made using mismatched DNA solution,
containing a single nucleotide polymorphism, demonstrating the high
selectivity of the sensors. A comparison between the results of the MOFs is
presented, demonstrating the feasibility of using such an approach in

biosensing.
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