
This article was downloaded by: [University of Haifa Library]
On: 17 August 2012, At: 19:36
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Optical Correlation System by
Use of Photorefractive Polymer
Norio Nagayama a & Masaaki Yokoyama a
a Material and Life Science, Graduate School of
Engineering, Osaka University, Yamadaoka 2-1,
Suita, Osaka, 565-0871, JAPAN

Version of record first published: 24 Sep 2006

To cite this article: Norio Nagayama & Masaaki Yokoyama (1999): Optical Correlation
System by Use of Photorefractive Polymer, Molecular Crystals and Liquid Crystals
Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 327:1,
19-22

To link to this article:  http://dx.doi.org/10.1080/10587259908026771

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908026771
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
9:

36
 1

7 
A

ug
us

t 2
01

2 



Md. CWSL Liq. Cry5t. 1999. Vol. 327. pp. 19-22 
Reprintb available directly from the publisher 
Photocopying permitted by license only 

8 1999 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Printed in Malaysia 

Optical Correlation System by Use of 
Photorefractive Polymer 

NOR10 NAGAYAMA and MASAAKI YOKOYAMA 

Material and Life Science, Graduate School of Engineering, Osaka University, 
Yamadaoka 2-1, Suita, Osaka S6S-0871, JAPAN 

(Received October 4, 1998; Infinal form October 30, 1998) 

A photorefractive polymer based on poly(N-vinylcarbazole) photoconductive polymer was 
improved by use of plasticizer mixture of N-ethylcrbazole and 1,3-biscarbazolylpropane. The 
modified photorefractive polymer was applied to the nonlinear materials for a matched-filter 
four-wave-mixing optical correlator. The operation of image correlation was demonstrated 
with the 1 0  1 of signal-to-noise ratio. 

Keywords: photorefractive polymer; poly(N-vinylcarbazole); plasticizer doping; optical cor- 
relator; matched-filter; four-wave-mixing 

INTRODUCTION 

Photorefractive (PR) polymers have many potential applications as coherent 
optical systems including real-time hobgraphic image processing, optical data 
storage, optical switching, light amplification, and phase conjugite mirror. 
To manifest photorefractivity, materials must simultanawly possess 
photoconductivity and elatro-optic effect. Reccntly, many attempts have 
been made to apply organic PR polymers to various optical systems based on 
inorganic PR materials so far because of their advantages of wide material 
Ilexibility. easy processability and low cost. 

In our previous work, the rnoditication of the poly(N-vinylwbazole) 
(PVK)-basd PR polymer consisting of PVKR. 4.7. -trinitro-9-lluorenonc 
(TNF) photoconducting polymer, NLO (Non-linear optic ccimpcud) and N- 
ethylcrbamle (EtCz) as a hole transportable plasticizer, lirst reported by 
Arimna University's group", has been made by replacing EtCz with 1.3- 
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20 NOR10 NAGAYAMA and MASAAKI YOKOYAMA 

biscarbmlylpropane (BisCzPro; dimer compound, Fig. 1) to ensure low Tg 
for “orientational enhancement” with no cystallii.ation. As a result, we 
succeeded in demonstrating the real-time holographic recording and 
reproduction with our modified PR polymers.“ 

In the present work, we have tried to further improve the PR polymer by 
use of plasticizer mixture and tried to apply this modified PR pcilymer lo the 
real-time optical correlation system. 

fPR- 
A PR polymer was used consisting of 4’-(N, N-dicthy1amino)benziliden- 

2-methyl-4-nitroaniline (DBMNA), PVK, EtCq BisCzPro, TNF 50, 25, 18, 
6, 1 wt%. This composition was employed to ensure the stable and low Tg 
PR polymer with no crystallization. Chemical structures of these aimpciunds 
WLX illustrated in Fig. 1 with their abbreviations. BisCzPro shows same 
characteristics of hole transport and plasticity as EtCz Films were cast from 
tetrahydrofuran solution of abovc compounds onto glass substrates and dried at 
room temperature ovcr 24 hours and continuously dried in vucuo for 2 hours. 
Samples wcre then prepared by sandwiching between two transparent indium- 
tin-oxide (ITO) -covered glass substrates at about l0OoC and the sample 
thickness was controllcd to be about 100 iun with the use of polyimide spacers. 

PVK EtCZ BisCzPro 

TNF DBMNA(NL0) 

FIGURE 1 Compounds constructing the PR polymer used. 
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OFTICAL CORRALATION USING PR POLYMER 21 

Using the mixture of plasticizers, EtCz and BisCzPro with the ratio of EtQ: 
BisCzPro = 3 : 1, the PR polymer exhibited lower Tg (= - 6.3 "c) than that 
only BisCzPro (Tg = 13.0 "C), and still maintained the high stability. 

The optical correlation, in particular, the matched-filter architecture, can be 
achievcd by means of four-wave mixing with spatially modulated beams.'' 
Optical setup of image correlator is shown in Fig. 2. Holographic grating 
was written in a photorcfractive polymer placcd on the fouricr plane of 4-f 
optics using two continuous He-Ne Laser beams of that from image plane P1 
and the referencc one. Whcn the image on plane P2 was the same to that on 
P1, thc reading beam through P2 was diffra&d to the direcqion of reference 
beam (phase conjugated signal), resulting in appearing a strong correlation 
signal on CCD camera. 

FIGURE 2 Expcrimental setup for optical image correlation. 

The images of corrclation signal on CCD camera wcrc storcd into the 
personal computer and were redrew by mcans of thrce-dimensional plot. A 
first, wc confirmed the gcncration of strong correlation signal, when the same 
images were placcd on h)th plane P1 and P2. Whcn different images were 
placed, the signal of correlation was decreased. Furthermore. when the 
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22 NOR10 NAGAYAMA and MASAAKI YOKOYAMA 

photomask with three different images in shape was used on plane P2, the 
triangle, which was identical to reference image, generates the largest 
correlation signal (Fig. 3). 

FIGURE 3 (a) Reference image, (b) database of images to be searched, 
(c) correlation of the images in (a) and (b). 

In summary, we modified h e  PVK based PR polymer by using plasticizer 
mixture to obtain the low Tg film without crystallijration. And we 
cxperimcntally dcmonstraled the performance in pattern recognition using the 
four-wave-mixing based optical correlator with our modified PR polymer as 
matched41 ter. 
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