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4. Objectives: To construct and test hybrid photorefractive (PR) devices, comprising liquid crystals
(LCs) between two inorganic PR windows, and design novel integrated structures with ferroelectric
PR nanoparticle dispersed LCs. To develop a mathematical model based on the transfer matrix
method for space-charge dynamics in PR materials, and apply it to analyze PR beam coupling, and
beam coupling in hybrid PR devices comprising LCs with inorganic PR windows.

5. Description: It has been shown that by manipulating the molecular reorientation in LCs through
electrostatic fields which are spatially periodic along the surface of the liquid crystal layer, a strong
periodic induced refractive index can be achieved in the liquid crystal which can enable efficient
two-beam coupling with extremely high gain coefficients. These electrostatic fields can be
generated during two-beam interaction with PR windows enclosing the liquid crystal. The purpose
of this proposed research is to model and test this effect, and explore novel designs for integrated
hybrid liquid crystal devices with PR nanoparticles.

Experimental: The experimental work will comprise testing of hybrid PR devices, comprising LCs
between two inorganic PR windows. This will be extended to integrated hybrid structures where
ferroelectric PR nanoparticles will be incorporated into the liquid crystal layer to improve electric
torque for enhanced two-beam coupling efficiency. Characterization techniques such as Raman
and FTIR will be used to determine the best mixture of nanoparticles and LCs which can provide the
strongest interaction between the organic liquid crystal molecules and the inorganic nanoparticles.

Theoretical: A steady state transfer matrix method based approach to two-wave mixing in PR materials
will be first reproduced and tested against existing results. A heuristically developed time-
dependent model for PR grating formation will then be used to analyze the evolution of the space
charge field within, and in the vicinity of, the PR materials. This will then be used in conjunction
with developed models for molecular reorientation of LCs under external electrostatic fields to
determine the magnitude and phase of the induced refractive index grating in the liquid crystal.
Knowledge of the induced refractive index will then be used to determine two-beam coupling in
the liquid crystal layer sandwiched between PR windows.
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