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High Sensitive and Efficient Holographic Grating 
Generation in Functionalized Polymer-Dissolved 

Liquid Crystal Composites 

NOBUHIRO KAWATSUKT~ 
HTROSHI ONOa. TOMOMI KAWAMURA”, HIDEKI NORISADAb and 

%eprtmerzt of Electrical Engineering, Nagaoka University u j  Technology, 
1403-1 Kamitomioka, N a g c ~ o k u  940-2168, JAPAN and bUepartment uj  Applied 

Chemistry, Hirtieji Institute oj‘Technologj\ 2147 Shoslzn, Himqji 671-2201, JAPAN 

High senhilive arid efficient holographic gratings were generated in Eunctionalised poly- 
mer-dissolvcd liquid crystal composites. The gratings originate in the photorefracti*e-likr 
space charge filed and resultant periodic rcorientation of liquid crystal molecules. The dem- 
onatration for edge-enhancement of two-dimeosiunal uptical images was performcd by using 
thc dcveloped materials. 

K ~ w c I & :  photorefractive effect; liquid crystal; hologram; edge-enhancement; polymer 

1. INTRODUCTION 

Photorefractive mesogenic materials represent the newest class of 
photorefractive materials. Rapid advances in the field of photorefractive 
mesogenic materials in the brief time since their inception in 1994 [I]  
led to the development of high performance [ 1-1 81. Photorefractive 
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mesogenic materials show high-performance due to high hirefrinpcncc 
and ease of fabrication. thercfore. achieve high-scnsitivity undcr I O M  
applied voltage. From considering the morphology. the photorefractive 
mesogenic materials are divided into three classes. i.c. (1 )  dye-doped 
low-molar-mass liquid crystals (L,-L,Cs) [ l - 5 .  131. (2) polymer dispersed 
liquid crystals (PDLCs) 16, 7. 9. 12-14], and (3) polymcr dissolved 
liquid crystals (PDLCCs) [ 8 .  15-18]. Among them. photorefractive 
P1)LCCs have the following advantages: operating voltage low enough 
fix high diffraction efficiencies, high resolution. and ease of fabrication 
of homeotropic alignment with a large arca. Thc photorefractive 
PDLCCs consists of low-molar-mass iiquid crystals. polymer and 
photoconductive agents. in which all components art. miscible and 
phase separation is not occurred. In this paper. we present 
photorefractive PDLCCs containing the functionalized copolymer and 
the application in the field of optical information proccssing is 
demonstrated. 

2. MATERIALS 

One of the merits of photorefractive PDI.CCs is the use of a high13 
t'unctionali7,ed polymer. Our photorefractive PDLCCs described here are 
based on the functionalized copolymer as shown in Figure 1 .  a ncniatic 
l,-l,C mixture with 4-cyanobiphcnyl E?. and 7°F as a photoconductive 
sensitizer. 

ti,C - - . C - C I C H , ~ O - - N  
1 I1 \ I  

C H 2  0 /r/ -i 
/'50 u' 

I IGURE 1 Chemical structure of functionlizcd copolymer fh r  
photorefractivc PDLCCs. 
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PI IOTOREFRACTIVE PDLCC [4089]/32 1 

We incorporated the 4-cyanobenzodte group, which is also contained in 
E7, into the copolymer side-chain. Since the chemical structure of the 
4-syanobenzoate group resembles that of E7. E7 dissolves copolymer as 
described in Figure 1 and phase-separation in the scale of visible 
wavelengths dose not occur, which is preferable to reduce the light 
scattering losses in the holographic media. Polymer also plays another 
important role in maintaining the homeotropic alignment of PDLCCs 
sandwiched between one pair of IT0 coated glass substrates. 

500 

400 E 
0 . 

V v1 

P 
4 100 

0 
400 500 600 700 

Wavelength (nm) 

FIGURE 2 Absorption spectra of photorefractive PDLCC films. The 
writing (532 nm) and reading (633 nm) wavelengths are shown as 
arrows. 

The weight ratio of E7 and copolymer were set to be around 80:20 and 
the concentration of TNF were changed to be 2.0, 1.0, and 0.32 wt%. 
Since the copolymer contain the carbazole units in the side chain, 
copolymer and TNF form charge-transfer complexes and the absorption 
coefficients in the visible region increase with increasing TNF, which is 
favorable for photoconductivity and resultant photorefractivity. 
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3.  HOLOGRPHIC RECORDING 

I'he holographic gratings were recorded by means of a 
frequency-doubled Nd-YAG laser of 532 nm wavelength. The fringe 

spacing was 2.8 pm and the applied dc field was 0.3 V/pni. The 

diffracted beam intensity was monitored in the Bragg diffraction 
direction. 

FIGlJRE 3 Diffraction eficiencies are plotted versus \vritinp beain 
power. 

The absolute value of the diffraction cfficiency increases wi th  
increasing 'I" concentration and the maximum value reached to 
around 40 '6. As shown in Figure 3 .  the sensitivity was improved b> 
increasing the TNF concentration. Thc grating was created by 
irradiating at a low power (around 1 mW/ctn' ) of writing beams. while 
maintaining a high diffraction efficiency of around 15 %). 

4. DEMONSTRATION OF EDGE-ENHANCEMENT OF 
OPTICAL IMAGES 

I t  is known that the edge-enhancement o f  the two-dimensional optical 
image is produced by means of real-time holography in inorganic 
photorefractive crystals [ 191. In this section. u e  demonstrate the samr 
effects by using photorefractive PDLCCs described here. 
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PHOTOREFRACTIVE PDLCC 
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FIGURE 4 Simulation of edge-enhancement of two-dimensional optical 
image. (a) input signal of edge-image, (b:) diffraction efficiencies versus 
intensity ratio of writing beams, and (cj calculated output images for 
various intensities of reference beam. 
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324/[4092] HIROSHI O N 0  ef trl 

Frigure 4 shows simulation results of edge-enhancement of 
two-dimensional optical image by means of holographic recording 
characteristics. Figure 4(a) shows the intensity distribution at the edge 
of' the two-dimensional optical image produced by a pattern mask. The 
diffraction pattern from such pattern edge is given by 

~ I t h  f ,  =x.'/iZ and f ;  = y / A Z ,  where Z is the distance between 

the mask pattern edge and observation screen. In our holographic 
recording medium. the diffraction eficiency was strongly dependent on 
the intensity ratio of writing beams as shown in Figure 4(b) because the 
fringc iisibility depends on the ratio. According to both results 
descrihed in  Figures 4(a) and 4(b). we can estimate the reconstructed 
signals as shown in Figure 4(c) and the edge of' optical image was 
enhanced. In fact. the edge enhancement was observed by using the 
following experimental setup and our material. 

He-Ne 

Reconstructed 
image 

FIGIJRE 4 Experimental setup for edge enhancement of 
two-dimensional optical image and input and reconstructed images. 
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