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Abstract

The goal of this investigation is to explore new photorefractive crystals for non-volatile
volume holographic recording and its applications for optical information processing. Both
theoretical and experimental studies will be performed in this project.

We propose to investigate sillenite photorefractive crystals, including Bi;;TiOo(BTO) -
B1,S10,0(BSO), and BisGe;O012(BGO). The advantages of sillenite crystals include wide
transmission window (0.4 pm -6 pum), high carrier mobility and high photosensitivity, and thus
fast response time. This is especially useful for dynamic holography and real-time information
processing. Most important, the bandgap for these crystals is so wide (EG = 3.2eV), which
facilitates doping of various impurity elements into the structure during crystal growth. Thus, the
photorefractive properties of the crystals can be modified and improved by proper creation of
impurity levels within the bandgap. The impurity elements that will be added during crystal
growth include transition elements such as R, V, Co, Fe, Mn, Rh, Pd, Os and Ir.

In order to analyze and guide the exploration of new crystals, we plan to establish a model for
non-volatile holographic recording via two-wavelength recording procedure in photorefractive
crystals. It will be derived based on the Kukhtarev model taking into account the dynamic
behavior of charge carriers among multiple-impurity levels in the crystal. Optical parameters are
to be obtained and anticipated to provide a guide for designing new crystals.

For the applications of non-volatile volume holograms, the impulse response of volume
holographic grating will be derived. By suitable approximation, it will be transformed to a
designing formula for applications in holographic storage, optical interconnects, and spectral
filtering, respectively, Experiments for these applications will be conducted. And a high
resolution spectral filter will be fabricated to form a Raman Spectrometer for the application of
biosensing.

The holographic recording materials and theoretical results that will be developed in this
research will provide as fundamentals for holographic information processing by using volume
holograms.

Keywords : Holography, Volume holograms, Holographic data storage, Optical information
processing, Photorefractive crystals.
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Y S0
Sd.sls Sssly Ss.ll photoionization cross section
Kg Boltzmann constant
Yd>7Vs recombination rate
Npg»> Nps doner density
NSg, N Ionized doner density
Bg,Bs thermal ionization constant
N free electron density
J current density
¢ electron charge
H electron mobility
N, electronic acceptor density
E space charge field
Ps.si> Psai»> Pd sl photovoltaic constant
£ dielectric constant
T temperature
K spacing of light interference
Iy, Iy incident light intensity
A wavelength
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