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This thesis presents ways to tailoring light guiding characteristics of photonic crystal
fibers (PCFs) in a 1.20 to 1.70 pm wavelength range based on the finite difference method
(FDM) with perfectly matched boundary layer (PML). Several PCF designs are presented
for applications in various emerging optical technologies including both the linear and the
nonlinear optical regimes. A wideband near-zero dispersion-flattened hybrid-cladding
(hexagonal inner cladding and octagonal outer cladding) PCF (DF-HyPCF) is presented
having dispersion of 0 + 0.25 ps/(nm.km) in a 1.44 to 2.0 pm wavelength range, a low
confinement loss of 0.005 dB/km at the 1.566 pm wavelength, and a polarization
maintaining property. This PCF with a modest number of design parameters may become
suitable for dispersion managed optical signal processing applications including optical
parametric amplification and wavelength conversion. Three highly nonlinear (HNL)
dispersion managed PCFs are also presented. The first HNL-PCF with an octagonal
cladding has dispersion of 0 £ 0.50 ps/(nm.km) in a 1.45 to 1.62 pm wavelength range, a
nonlinear coefficient of 41 Wikm'l, a low confinement loss of 0.01 dB/km at the 1.55 pm
wavelength, and a polarization insensitive property. The second HNL-PCF with a hybrid
cladding has dispersion 0 + 0.31 ps/(nm.km) in a 1.44 to 1.60 pm wavelength range, a
nonlinear coefficient of 35 Wlkm, a low confinement loss of 0.05 dB/m at the 1.55 pm
wavelength, and a polarization maintaining property. The third HNL-PCF with an
octagonal cladding has dispersion of 0 + 0.50 ps/(am.km) in a 1.46 to 1.66 pm wavelength
range, a nonlinear coefficient of 27 W-lkm'1, and a low confinement loss of 0.06 dB/km at
the 1.55 pm wavelength. These HNL-PCFs are crucial for various nonlinear optical
regime applications including soliton pulsed systems, and broadband light sources for
medical applications. A highly birefringent PCF design is also presented having a very
high birefringence of the order 102, near-zero dispersion around the 1.55 pm window, and
a low confinement loss of 0.01dB/m. This PCF may become a potential candidate for
optical sensing applications including environmental and remote sensing.

Finally, a large effective area PCF is presented having an effective area of more than
100 pm?, dispersion-flattened characteristics, and low confinement losses at the 1.55 pm
window. This PCF may be a candidate for the future reconfigurable high speed fiber optic

data transmission systems.
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