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ABSTRACT

Over the past two to three decades, optoelectronic devices have become increasingly important.
Developing these devices requires effective modeling and analysis techniques, as analytical
solutions are not feasible for non-uniform structures, making numerical methods essential. Optical
fibers are a very important class of components used in optoelectronics and optical
communication. Optical fibers are classified by modes: single-mode fibers (SMFs) carry only the
fundamental mode, while multimode fibers (MMFs) support higher-order modes (HOMs) also.
HOMs enhance communication capacity through mode-division multiplexing and enable
advanced sensing.

In this thesis, for optical fiber and components, cylindrical coordinates are used to
describe Maxwell's equations and wave equations. Propagation methods solve the wave equation,
with various approaches developed for beam propagation in photonic structures. Scalar wave
approximation offers efficient results in low index contrast structures, and solutions vary based on
the specific parameters of problem. We have developed an efficient method for wave propagation
in azimuthally symmetric fiber structures, supporting both paraxial and non-paraxial wave
propagation. The method reduces the scalar wave equation to 2D from 3D which requires only
fewer sample (collocation) points, offering significant computational efficiency and accuracy. This
method is applicable to all higher order modes including OAM modes.

We have examined the propagation of higher order modes in fiber tapers and fiber
Bragg gratings (FM-FBGs) for sensing applications. It uses the split-step non-paraxial method to
compute reflections and spectral responses. Our study on a fiber sensor based on FM-FBG for

simultaneous temperature and refractive index measurement using LP,; and LP;; modes shows a



good agreement with experiments. LP;; mode has higher refractive index sensitivity, while
temperature sensitivity is similar for both. We have also examined the issue of cross-sensitivity
between the two parameters in simultaneous measurement. We have concluded that cross-
sensitivity is very small and largely unreliable to quantify. Sensor tip modification improves
temperature sensitivity by 15.76% for LPy; and 18.59% for LP;. The effects of ring-core fiber
parameters on mode coupling, effective area, and differential mode delay have also been analyzed.
Finally, we have proposed a stable optical tweezer probe using a ring-core fiber and graded-index
multimode fiber, which supports stable OAM modes.

We have proposed a new method for obtaining mode and the modal loss in leaky
guiding structure. The leaky mode is obtained as the limiting-guided mode of the given leaky
structure. The loss is obtained by propagating this mode through the leaky structure. The mode
computation and the propagation loss have been carried out using the collocation method. We have
optimized a Bragg fiber with nine periodic bilayers of low and high refractive index to improved
mode confinement. The structure keeps the mode well-confined for wavelengths from 0.6 um to
1.242 um, with very low loss. Higher-order modes leak out and have been handled with the ABC
boundary conditions.

Finally, for the modelling of the structures with unevenly distributed guiding regions,
redistributing collocation points is necessary. This has been achieved with a transformation
function that ensures a one-to-one correspondence between the transformed and real space. We
have demonstrated improved accuracy in modal computation for large core Bragg fiber. We have
also shown that the solid core Bragg fibers can also efficiently modelled using this variable

transformed collocation method.
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