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ABSTRACT 
 

The complexity of photorefractive polymers arises from multiple contributions to the photo-induced 
index grating. Analysis of the time dynamics of the two-beam coupling signal is used to extract information 
about the charge species responsible for the grating formation. It has been shown in a commonly used 
photorefractive polymer at moderate applied electric fields, the primary charge carriers (holes) establish an initial 
grating which, however, are followed by a subsequent competing grating (electrons) that decreases the two-beam 
coupling efficiency. We show by upon using higher applied bias fields, gain enhancement can be achieved by 
eliminating the electron grating contribution and returning to hole gratings only.  
 

1.  INTRODUCTION 
 

Photorefractive (PR) materials are low power nonlinear optical elements where an intensity- dependent 
refractive index is produced due to an electrostatic space charge field ܧ௦௖ generated from charge carrier 
redistribution when light is incident on the material.  Specifically, under a non-uniform illumination (such as an 
interference pattern) and applied bias field ܧ଴, mobile charge carriers are generated and redistributed due to 
diffusion, drift, and photovoltaic effect [1-3].  While traditional PR materials are inorganic, doped polymeric 
composites offer an attractive alternative, with the advantage that properties responsible for the PR effect can be 
optimized simultaneously and independently to a degree not possible in existing inorganic materials [4].  A 
typical PR polymer composite, such as 7-DCST:PVK:ECZ-BBP:C60 used in our investigations, comprises a 
chromophore, a photoconductor, a plasticizer, and a photosensitizer.  Reorientation of the chromophores, 
operating close to the glass temperature, occurs due to the total electrostatic field ்ܧ = ଴ܧ +  ௦௖. Thisܧ
reorientation, together with the electro-optic effect, modulates the refractive index in the PR polymer.  In these 
polymers, there are no additional electron sources or traps, and holes are usually the predominant mobile charge 
carriers [4-6], although researchers have deliberately designed other novel PR polymers with a second mobile 
charge species to improve their performance [7].  Two-beam coupling (TBC) leading to efficient energy 
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gain enhancement for 633 nm illumination as compared to 532 nm is explained through examination of the 
absorption at the two wavelengths. It is also argued that other charges such as positively charged ions do not play 
any role in grating formation due to enhanced electron mobility.  We show with using varying applied electric 
fields and illumination conditions, the steady-state two-beam coupling efficiency can be enhanced.  
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