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This thesis presents the numerical modeling and characterization of photonic crystal fibers (PCFs) for
various optical engineering applications. PCFs are new class of optical fibers, and they possess a
series of unique optical properties which are impossible to be achieved in classical optical fibers.
Numerical calculations and analysis of all PCFs’ optical properties was done by Finite Difference
Method (FDM) with perfectly matched boundary layers. PCF architectures presented in this research
are deemed suitable for various applications in emerging optical engineering technology, such as in
high speed dense wavelength division multiplexing (DWDM) networks and in medical imaging
technology. :

Two silica-based PCF designs with relatively large negative dispersion coefficients have been
proposed for broadband dispersion compensating applications. Square PCF (SPCF) and Octagonal’
PCF (OPCF) were utilized and realized the dispersion coefficients ranging -280 ~ -390 ps/(nm.km) and
-226 ~ -290 ps/(nm.km), respectively, suitable for dispersion compensation in optical fiber networks.
Dispersion Compensating SPCF (DC-SPCF) covers only C-transmission band while DC-OPCF covers
for both C- and L-bands. For the DC-OPCF, the calculated RDS value is closely matched to that of an
SMF for about 90% and its dispersion coefficient of around -240 ps/(nm.km) at 1550 nm wavelength
which is better than that of the conventional DCFs is obtained. Furthermore, in both proposed PCFs the
calculated residual dispersion obtained after the dispersion compensation by the optimized fiber lengths
for the accumulated dispersion in a span of transmission fiber (SMF) is less than 28 ps/nm. These
results predict the usability of the proposed PCFs in high speed transmission networks of more than 40
Gb/s. Another point worth mentioning is possession of polarization maintaining (PM) characteristics (i.e.
birefringence of order 10-2) on the proposed DC-OPCF, which would be essential for eliminating the
effect of PMD in fransmission systems, optical amplification systems and in sensing applications.
Moreover, due to its low loss compared to conventional DCFs, | expect the proposed DC-PCFs will be
beneficial for numerous future optical engineering applications such as broadband dispersion
compensation in high speed transmission networks, PM devices, fiber sensing systems.

Moreover, two high nonlinear (HNL) PCFs with dispersion managed and PM properties have
been designed and analysis of their supercontinuum generation has presented. The first proposed
novel PCF possesses better combined optical properties such as high birefringence of B = 1.35 x 102,
confinement loss Lc= 2x10# dB/km, effective area Aer= 3.19 um2, nonlinear coefficient y = 33.72
(W.km)1, and near-zero dispersion D = +7 ps/(nm.km) within the wavelength range A=1.48~1.57 um.
The second one is simple modified octagonal PCF (MOPCF) simultaneously possesses high nonlinear
y = 44.65 (W.km)", near-zero flattened dispersion of -8 ~1.11 ps/(nm.km), low confinement loss and
polarization maintaining properties within A= 960~1300 nm range, which are deemed suitable for
broadband SC generating light source in Optical Coherence Tomography (OCT). Furthermore, we
demonstrated that the MOPCF can generate SC spectra with relatively low coherence length in two
wavebands around 1.05 and 1.3 pm, as result the axial resolution in the OCT image can be readily
enhanced compared to the conventional light sources. The aforementioned proposed HNL-PCFs can
be applicable in the WDM opfical systems and OCT medical imaging technology.
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