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Abstract

Interest in miniature-display technology for
projection and portable information display has
surged over the past few years. One technology
receiving considerable attention in this area is the
Liquid-Crystal-on-Silicon (LCoS) microdisplay.
LCoS microdisplays take advantage of small size
and high yield of very-large-scale integrated circuits,
the moderately fast switching, and high aperture
ratio. However, there are still many problems need
to be solved in LCoS devices. Two main problems
on LCoS panels are the fringe field effect and the
diffraction Effect. Both the problems were caused
by the small pixels fabricated on the silicon wafer,
which is the nature when the high resolution image
quality is requested. Traditional 2*2 Jones matrix
method could give a sufficient analysis for the
fringe field effect in LCoS devices. However the
matrix method (including Berreman’s 4*4 matrix
method which also accounting for oblique incident
lights) could only give the polarization states of
lights after passing through liquid crystal layer,
which do not couple the interference effect between
lights. The beam propagation method (BPM) which
started from the Maxwell’s equations is a good
approach. The vector form could couple the
interference between lights, and can be employed
for analyzing the diffraction effect in LCoS panels.
Our research is trying to analyze the optical
performance of LCoS panels by suitable numerical
methods. We would start from the basic optics

theories, and hope to overcome the problems listed



above.
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Abstract:

The spontaneous pattern-formation in the transverse
plane of the laser beam due to the self-organization
phenomenon of the beam in the nonlinear materials
shows various interesting patterns in the region of
nonlinear optics. According to the simple setup proposed
by W.J. Firth[1], transverse instabilities of the laser beam
occur when the beam passes through the kerr medium
and being reflected by a mirror as a optical feedback. We
can observe the self organized transverse patterns and the
periodic property of these patterns in the near-field and
far-field regions when we change the optical intensity
and the feedback conditions. As liquid crystals can be
viewed as kerr-like media we can study this interesting
phenomenon by using liquid crystals as the nonlinear
materials. As we know, the interacting mechanism is
restricted as pure optical interaction up to now. However,
we expect more phenomena will be observed when the
external electric and optical fields interact with the liquid

crystals simultaneously.

In this project, we will observe the self-organization
phenomenon of the laser beam by using a homogeneous
aligned nematic liquid crystal film with the existence of
the external electric and optical fields in the optical
feedback theoretical

configuration. However, the

explanation based on the kerr medium should be



modified since liquid crystals are kerr-like media.
Therefore, we will derive the theoretical analysis of the
transverse instabilities of the laser beam when the
nonlinear material is a homogeneous aligned nematic
liquid crystal film. We hope to explore more interesting

self-organization phenomena and explain them clearly.
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