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Modeling and Optimization of Properties of Photonic Crystal Fibers for Optical Coherence Tomography
Systems

Numerical modeling and properties optimization of photonic crystal fibers (PCFs) for generating
supercontinuum (SC) in normal dispersion région are presented in this thesis for various optical
coherence tomography (OCT) applications. Numerical calculations and analysis of optical properties of
PCFs are done by finite difference method (FDM) and finite element method (FEM) with perfectly
matched boundary layers.

. Highly nonlinear (HNL) and high numerical aperture (HNA) PCFs are designed for OCT systems
since HNL-PCFs have become the strong candidates for generating SC as superluminescent diodes
(SLDs) which are the main light sources for the earlier OCT systems have limited spectral bandwidth
and restricted wavelength ranges. This limitation is overcome by using highly nonlinear PCFs as a
propagating media of ultra-short optical pulses for generating SC light sources. However, another
potential limitation of medical imaging is the dispersion of the sampling medium which contains about
60% water in normal tissues and 90% water in anatomic structures such as in the eye. A mismatch of
chromatic dispersion in the sample and the reference path of OCT systems lead to a degradation of axial
resolution of OCT. Therefore, SC light sources are designed at 1.0 pm to eliminate dispersion effect of
sample media of OCT systems as it is reported that the influences of the dispersion of the main
component (water) of biological tissues can be eliminated if light sources are designed at 1.0 pm centre
wavelength. Mainly, pure silica and germanium (Ge)-doped core HNL-PCFs are designed and used to
generated SC at optical medical wavelengths as these two optical materials have very notable optical
characteristics in near infrared regions. In addition, PCFs having high NA are designed for the sample
arms of OCT systems since OCT can perform noninvasive cross-sectional imaging of internal structures
in biological tissues by measuring their optical reflections. The nature of the reflecting structures in the
biological sample imposes some practical limitation on OCT. Measurements of specular surfaces and
cylindrical reflectors require angular alignment of the OCT system to achieve near normal incidence.
Diffuse backscattering from tissue heterogeneity has weaker angular dependence and the detected
signal level can be improved with the use of high NA PCFs. Moreover, this thesis also focuses on the
applications of the soft glass fibers to design extremely highly nonlinear PCFs and high numerical
aperture PCFs.
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