
 

 

Polarization Maintaining Photonic 
Crystal Fibers and Their Application 
as Sensors for Environmental 
Monitoring 

 
by Tianyu Yang 
 
Thesis submitted in fulfilment of the requirements for  
the degree of  
 
Doctor of Philosophy 
 
under the supervision of Professor Y. Jay Guo 

University of Technology Sydney 
Faculty of Engineering and Information Technology 
 
October 2020 
 





14/10/2020

Production Note: 
Signature removed prior to publication.

Declaration 

I, Tianyu Yang, declare that this thesis, is submitted in fulfilment of the requirements 

for the award of PhD, in the Faculty of Engineering and IT at the University of 

Technology Sydney. 

This thesis is wholly my own work unless otherwise reference or acknowledged. In 

addition, I certify that all information sources and literature used are indicated in the 

thesis. 

This document has not been submitted for qualifications at any other academic 

institution. 

This research is supported by the Austraian Government Research Training Program. 

Signature: _____________ _ 

Date: 14/10/2020 ----~---------





Acknowledgements

As an international student of Univeristy of Technology Sydeny (UTS), Australia, it is
a great honor to me to pusure my PhD degree at UTS. During these three years, I have
harvested a lot, e.g., tremendous knowedge, countinous passion and serious attitude to
research. Especially, I have met a bunch of great people. Because of them I can finally
reach the end of the current stage and start my next life stage with infinite courage.
At this final stage of my study career, thousands of words fill my mind.

Firstly, I would like to express my sincere gratitude to my assistant supervisor
Prof. Richard W. Ziolkowski for his guidance, motivation and continuous patience
throughout my Ph.D study and related research. As an expert in various fileds covering
microwave, THz wave, and optical wave, Prof. Ziolkowski has brought me into the
topics of a combination between photonic crystal fiber and epsilon-near-zero material.
His brilliant insights and guidance have helped me in all the time of research and
writing of this thesis. I feel extremely fortunate to meet such a supervisor in my life
who helps me so lot in my Ph.D study.

I am sincerely appreciate my principal supervisor Prof. Y. Jay Guo for his generous
and patient help for my research and life. He provided me such a valuable opportunity
to pursue my PhD degree in UTS. He has kindly offered me help to resolve not only
the confusions in research, but also the difficulties I meet in life. As the director of
the whole centre, his great leadership, perspective, and kindness have inspired and
motivated everyone. His insightful and generous advises help me to always keep positive
and enthusiastic when I encounter difficulties.

I would like to express my deep appreciation and gratitude to my co-supervisor, Dr
Can Ding, who introduced me to UTS at the first beginning and helped me apply for
the doctoral study. Without his help and support, I would not even get a chance to



vi

study at UTS. He is the one introduced me to my principle and assistant supervisors.
As my co-supervisor, he is always friendly and patient to me. He taught me the right
attitude to my research work. As my friend, he helped me a lot in my daily life and
taught me never to give up.

I would like to extend my gratitude to Prof. Zheng Li and Prof Yanhui Liu for
their consistent support, accompany, advice and encouragement.

I would like to extend my gratitude to Dr Shulin Chen for his generous help on my
life. As a valuable friend, he always tried his best to help and support me when I am
in trouble.

I would like to thank all other members of the Electromagnetic Informatics Lab
(EIL) at Global Big Data Technologies Centre (GBDTC), especially, Dr He Zhu, Dr
Lin Wei, Dr Qinpei Yuan, Dr YiJiang Nan, Dr Haihan Sun, Dr Jiwei Lian, Dr Mingye
Ju, Wei Huang, Lizhao Song, Ming Li, Xuan Wang, Katie Gypsiotis, and Maral Ansari
for their kind help and support.

Finally, I especially appreciate my parents (Dengke Yang and Yongling Zhang) and
my fiancee (Wei Zhou) for their consistent support, encouragement, and love. They
are my initial motivation to keep forward.



Abstract

Photonic crystal fibers (PCFs) have attracted enormous attention since they were first
reported in the 1990s. The pioneering theoretical and experimental studies on this
kind of structured fiber showed that they have unique properties and could overcome
many limitations of conventional optical fibers. This thesis focuses on the development
of polarization maintaining (PM) PCFs using a variety of innovative methods and their
applications as environmental sensors.

This thesis firstly starts with a short review of conventional optical fiber and available
guiding mechanism of solid-core and hollow-core PCFs. Then, main characteristics
of solid-core PCF, i.e., guided mode number, loss performance, birefringence, and
chromatic dispersion, are presented.

Then, this thesis reports two different approaches to introduce high birefringence
in PCFs and demonstrates how they lead to the ability to selectively emphasize one
of the two propagation constants associated with the two degenerate fundamental
propagation modes to attain the desired PM behavior. Two highly birefringent PCFs
are proposed for the THz regime. One is based on a novel asymmetric structure, the
other one is based on the asymmetric material distribution. It is also noted that the
scaling ability allow one to get similar birefringence and loss properties at another
frequency by scaling up or down the dimensions of the whole configuration.

Another success of this thesis was the development of a high-performance PM PCF
based on the effective elimination of one of the major polarization modes and all higher
order modes. While such single-polarization single-mode (SPSM) PCFs are available in
the optical regime, very few have been reported in the THz regime. A novel approach
that utilizes the effective material absorption loss to realize SPSM PCFs in the THz
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regime is presented. Two SPSM PCFs are presented that can yield wide SPSM working
bandwidth in THz and reasonable loss difference.

Finally, it will be demonstrated that the ENZ-augmented SPSM PCF design is
very suitable in the long wavelength infrared (LWIR) range, from 10 to 11 µm, as a
sensitive sensor for environmental monitoring. An unexpected, significant resonant
absorption behavior associated with the presence of the ENZ rings was discovered. It
was also found that the resonance wavelength is very sensitive to the refractive index
of the medium filling the air holes. Subsequently, it was determined that a short-length
sensor can be realized with the LWIR SPSM PCF design and that it can be used to
detect the concentration of salt in water.
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