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

HIROSHI ONO?, TOMOMI KAWAMURA®, HIDEKI NORISADAP and
NOBUHIRO KAWATSUKIP

8Department of Elecrrical Engineering, Nagaoka University of Technology,
1603-1 Kamitomioka, Nagaoka 940-2188, JAPAN and b].)epartmenl of Applied
Chemistry, Himeji Institute of Technology, 2167 Shosha, Himeji 671-2201, JAPAN

High sensilive and efficient holographic gratings were generated in functionalized poly-
mer-dissolved liquid crystal composites. The gratings originate in the photorefractive-like
space charge filed and resultant periodic reorientation of liquid crystal molecules. The dem-
onstration for edge-enhancement of two-dimensional optical images was performed by using
the developed materials.
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1. INTRODUCTION

Photorefractive mesogenic materials represent the newest class of
photorefractive materials. Rapid advances in the field of photorefractive
mesogenic aterials in the brief time since their inception in 1994 [1)
led to the development of high performance [1-18]. Photorefractive
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mesogenic materials show high-performance due to high birefringence
and ease of fabrication. therefore, achieve high-sensitivity under low
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-LCs) [1-5. 13]. (2) polymer dispersed
liquid crystals (PDLCs) [6. 7. 9, 12-14], and (3) polymer dissolved
liquid crystals (PDLCCs) [8. 15-18]. Among them. photorefractive
PDLCCs have the folowing advantages: operating voltage low cnough
for high diffraction efficiencies, high resolution, and ease of fabrication
of homeotropic alignment with a large arca. The photorefractive
PDLCCs consists of low-molar-mass liquid crystals. polvmer and
photoconductive agents, in which all components are miscible and
phasc separation is not occurred. In this paper, we present
photorefractive PDLCCs containing the functionalized copolymer and
the application in the field of optical information processing is
demonstrated.

2. MATERIALS

One of the merits of photorefractive PDI.CCs is the use of a highly
functionalized polymer. Our photorefractive PDLCCs described here are
based on the functionalized copolymer as shown in Figure 1. a ncmatic
L-1.C mixture with 4-cyanobiphenyl E7. and TNF as a photoconductive
sensitizer.
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FIGURE 1 Chemical structure of functionlized copolymer for
photorefractive PDLCCs.
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We incorporated the 4-cyanobenzoate 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 ITO coated glass substrates.

Absorption (/cm)

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

The holographic gratings were recorded by means of a
frequency-doubled Nd-YAG laser of 532 nm wavelength. The fringe
spacing was 2.8 um and the applied dc field was 0.3 V/um. The

diffracted beam intensity was monitored in the Bragg diffraction
direction.
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FIGURE 3 Diffraction efficiencies are plotted versus writing beam
power.

The absolute valuc of the diffraction efficiency increases with
increasing TNF concentration and the maximum value reached to
around 40 %. As shown in Figure 3. the sensitivity was improved by
increasing the TNF concentration. The grating was created by
irradiating at a low power (around 1 mW/cm® ) of writing beams. while
maintaining a high diffraction efficiency of around 15 %.

4. DEMONSTRATION OF EDGE-ENHANCEMENT OF
OPTICAL IMAGES

It is known that the edge-enhancement of the two-dimensional optical
image is produced by means of real-time holography in inorganic
photorefractive crystals [19]. In this section. we demonstrate the same
cffects by using photorefractive PDLCCs described here.
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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 (c) calculaled output images for
various intensities of reference beam.
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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

,2 1 )
uleoy) =8(fy) == /\Z exp <1/«/ 2/> LQFfr o {(fz) (H

with f, =x/AZ and f =y/AZ, where Z is the distance between

the mask pattern edge and observation screen. In our holographic
recording medium. the diffraction efficiency was strongly dependent on
the intensity ratio of writing beams as shown in Figure 4(b) because the
fringe visibility depends on the ratio. According to both results
described 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.

Reference s \

He-Ne

3/(
L/

Sample Mask [

Reconstructed \ \
image [
Input image
L SF «»
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FIGURE 4 Experimental setup for edge enhancement of
two-dimensional optical image and input and reconstructed images.

References
[1] 1.C.Khoo, H.Liand Y. Liang, Opt. Lett., 19, 1723 (1994).



Downloaded by [University of California, San Diego] at 02:35 16 August 2012

(2}

[4]
(5]
[6]
{71

(8]

(9]
[10]
[11]
[12]
[13]
[14]
{15]

(161
(17
(18]

[19]

PHOTOREFRACTIVE PDLCC [4093)/325

G.P. Wiederrecht, B.A. Yoon and M.R. Wasiclewski, Science, 270, 1794 (1995).

I.C. Khoo, Opt. Lett., 20, 2137 (1995).

G.P. Wiederrecht, B.A. Yoon and M.R. Wasielewski, Adv. Mater., 8, 535 (1996).

1.C. Khoo, IEEE J. Quant. Electron., 32, 525 (1996).

H. Ono and N. Kawatsuki, Opt Lett., 22, 1144 (1997).

A. Golemme, B.L. Volodin, B. Kippelen and N. Peyghambarian, Opt. Lett., 22, 1226
(1997).

H. Ono, 1. Saito and N. Kawaltsuki, Appl. Phys. Lett., 72, 1942 (1998).

G.P. Wiederrecht and M.R. Wasielewski, J. Am. Chem. Soc., 120, 3231 (1998).

H. Ono and N. Kawatsuki, J. Appl. Phys., 85, 2482 (1999).

H. Ono and N. Kawatsuki, Jpn. J. Appl. Phys., 38, 737 (1999).

A. Golemme, B. Kippelen and N. Peyghambarian, Appl. Phys. Lett., 73, 2408 (1999).
F. Simoni and O. Francescangeli, J. Phys.: Condens. Mater., 11, R439 (1999).

F. Simoni, G. Cipparone, A. Mazzula, P. Pagliusi, Chem. Phys., 245, 429 (1999).

H. Ono, T. Kawamura, N.M. Frias, K. Kitamura, N. Kawatsuki, and H. Norisada, Appl.
Phys. Lett., 75, 3632 (1999).

H. Ono and N. Kawatsuki, Nonlinear Opt. Phys. Mater. Special Issue on Liquid Crys-
tals, 8, 329 (1999).

H. Ono. T. Kawamura, N. Kawatsuki, H. Norisada, and T. Yamamoto, Jpn. J. Appl.
Phys., 38, L1258 (1999).

H. Ono, T. Kawamura, N.M. Frias, K. Kitamura, N. Kawatsuki, and H. Norisada, Adyv.
Mater., 12, 143 (2000).

Optical Phase Conjugation, edited by R.A. Fisher (Academic Press, New York, 1983).





