
Modeling of Polarization Insensitive Phase
Sensitive Amplifier for Phase Regeneration

Dushani Rasoja Munasinghe

(188033P)

Thesis submitted in partial fulfillment of the requirements for the degree
Master of Philosophy

Department of Electronic and Telecommunication Engineering

University of Moratuwa
Sri Lanka

October 2021



Declaration

I declare that this is my own work, and this thesis does not incorporate without
acknowledgement any material previously submitted for a degree or diploma in
any other university or institute of higher learning, and to the best of my knowl-
edge and belief it does not contain any material previously published or written
by another person except where the acknowledgement is made in the text.

Also, I hereby grant to University of Moratuwa the non-exclusive right to re-
produce and distribute my thesis, in whole or in part, in print, electronic, or any
other medium. I retain the right to use this content in whole or part in future
works (such as articles or books).

Signature: Date:

The candidate, whose signature appears above, carried out research for the Msc
dissertation under my supervision.

Name of the supervisor:

Signature: Date:

i



Abstract

This thesis describes a novel configuration which implements a polarization
insensitive phase sensitive fiber optic parametric amplifier for phase regeneration.
The proposed design can be used to address the inherent gain degradation issue
in a polarization insensitive phase sensitive amplifier when polarization diversity
loop is incorporated. This research investigates the possibilities for a significant
gain enhancement when the polarization diversity loop is implemented.

At first, a baseline for a phase sensitive amplifier scheme is developed by taking
different parameters into consideration. In this case, an extensive characteriza-
tion is carried out to identify the variations of phase sensitive fiber amplifier gain
associated with the parameter changes. Once the baseline is developed, the polar-
ization diversity loop is implemented in the phase sensitive amplifier in order to
make the phase sensitive fiber amplifier insensitive to polarization state variations
of the input signals. Moreover, the existing issues in the polarization diversity
loop are identified.

Finally, a strategic design is developed to overcome one of the major issues
that persists in the existing polarization diversity loop configurations. It is the
degradation of maximum achievable gain due to not being able to utilize the total
pump power for parametric amplification process as only half of the pump power
is available after polarization splitting at the input of the loop. The proposed
design includes the concatenation of fiber pieces together to explore the possibil-
ity of gain enhancement of the diversity loop. To assess the performance of the
proposed design, an extensive analysis is carried out. The gain enhancement in-
troduced to the existing system is presented and suggestions are made for further
improvements in the future.

Index terms— FOPA, PSA, FWM, polarization diversity, cascaded fiber
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