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ABSTRACT

With the development of information society, the demand for high-speed
large-capacity optical communication system is further increased. In order to
achieve this objective, demand for high-performance optical devices has also
been increased. In recent years, photonic crystal fibers (PCFs), which consists of
single material with a periodical array of air holes around the fiber core, have
attracted a lot of attention due to their special properties that cannot be obtained
by the conventional fibers. One of these properties is the absolutely single
polarization transmission, and a novel single-polarized PCF with a core
consisting of elliptical-holes, which is called elliptical-hole core circular-hole
holey fiber (EC-CHF), has been proposed recently for achieving the single
polarization transmission easily. In our research, we propose and design three
kinds of novel passive optical devices based on the single-polarized EC-CHFs.
Utilizing the full-vector finite-element method (FV-FEM) and the full-vector
finite-element beam propagation method (FE-BPM), we investigate the optimal
structural parameters, light propagation behaviors and structural tolerance of

each proposed optical device in detail.



In our research, firstly, we propose a cross-talk free polarization splitter
(PS) based on three triangular lattice EC-CHFs. An EC-CHF with circular air
holes in the core region is polarization independence, here we refer to it as a
CC-CHF and use it as the input waveguide. An XEC-CHF which can transmit
only x-polarized light, and a yEC-CHF which can transmit only y-polarized light

are placed on both sides of the CC-CHF and used as the output waveguides.
Simulation results illustrate that the PS can completely split an arbitrarily
polarized light beam into two orthogonal polarization states without any
cross-talk. After that, a novel polarization converter (PC) based on square lattice
EC-CHF with 45 degrees oblique elliptical holes in the core has been proposed.
Utilizing the symmetry property of the square lattice EC-CHF, an incident x- or
y-polarized wave can be converted 90 degrees. Moreover, we adopt two
EC-CHFs on both sides of the PC to obtain a cross-talk free structure. Finally,
a L-shaped mode converter/splitter (MCS), which has an XEC-CHF in the
middle and two single-mode CC-CHFs at left and upper side, has been
considered based on square lattice EC-CHF. Since the two higher modes
(Ei;and E3;) of XEC-CHF have the different symmetry along the x- and
y-axis, with the light propagation, two incident higher modes can be
converted into the corresponding fundamental modes and coupled into each
output CC-CHF, respectively.

In our research, we design the passive optical devices using
single-polarized EC-CHFs and our proposed devices have a high design
flexibility. Such as a novel polarization splitter-converter can be obtained
by combining the PS and PC which we have designed. Moreover, a
high-performance optical device based on our proposed PS and MCS can
make a contribution to the polarization division multiplexing (PDM) and

mode division multiplexing (MDM) systems simultaneously.
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