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HOLOGRAPHIC DIFF’RACTION GRATING CONTROLLED 
BY MEANS OF NEMATIC LIQUID CRYSTAL 

SIMEON SAINOV, MAHGARITA MAZAKOVA, WM;A 
PANTCNEVA, DIMITAH TONTCHEV 
Central Laboratory of Optical Seosage and 
Processing of Information, Sofia 11l13, 
P.O. Bax 9 5 ,  Bulgaria 

Abstract Results are reported on the inves- 
tigations. on an electrically con4rolled phase 
holographic grating. It has a nearly sinusoi- 
dal profile wish 1 , 4 p t m  deep groove* spaced 
a4 12,4$m. The control voltage applied to 
hhe nematic liquid crystal has an amplitude 
of O - 2 5 V  and frequency 1-1OkHz. A light 
beam from a H e - N e  laser (0,633Jlm) 
laaization parallel, perpendicular and at 45 
to 4he grooves of the grating is used, 

w i t h  a PO; 

INTHO DUC TION 

Diffraction grating structures are used suceess- 
fully fon studying various physical properties of 
liquid crystals. Thus, Strigazzi’ at al, has stu- 
died the behaxiour of the permeability of a peri- 
odically grooved cell full of nematic liquid 
crystal (MLC), In his thesis Marcerou‘ measurars 
the light diffracted from a grating with interdi- 
gital electrodes in order to inveskigate the fle- 
xoelectric properties of NLC. Electsooptic dif- 
fraction devices are used for modulating lases 
beams. 3-6 If an electric voltage is applied ta, a 
system of plane electrodes on a liquid crystal 
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610 

cell, a phase 

which changes 
7 coming beam. 

S. SAINOV ef al. 

diffraction grating is obtained 

the angle of pcopagation of an in- 

Of practical importance is a similar device 

which does not change the diffraction angle, but 
controls the intensity of the diffracted Light in 

different orders.  A plans phaee grating that pro- 
duces many orders of diffracted light is most ap- 
propriatie for this purpose, 

BASIC PRINCIPLES AND EXPERIMENTS 

The device used in our experiments is presented 

FIGURE 1,. Diffraction grating on the basis 
of a liquid crystal cell: 1 -  glass, substrate; 
2- Bransparent electnodes; 3 -  relief phase 
diffraction grating; 4-liquid crystal 

schematically in Figure 1.  The phaee holographic 

gratting with a nearly sinusoidal profile is coat- 
ed on one of the transparent electrodes of a li- 
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HOLOGRAPHIC DIFFRACTION GRATING 611 

qu&d crystal cell. The liquid crystal fills. the 
volume between the grooves with depth h and the 
second transparent electrode on whose surface it 
is hamsotropically oriented. According to Hef.8, 
8he additional phase difference between the ordi- 
nary and extraordinary beam, passing orthogonally 
through the 

re 1 a ti 0’s hip 
liquid crystal layer, is given by the 

h 

where 

This additional phase difference w h i c h  depends 
on Che magnitude of the applied voltage dictate8 
the change in the diffraction efficiency of the 
grating. The diffraction efficiency is the ratio 
between the intensity of the diffracted light in 
the k-th order and the inteneiCJr of the incident 

P 

beam and is determined by the second power of 
Beswl’s function of first kinds 3 

2z where @=-;i-dnh, and bnis the modulation of 
the refractive index zx of the material of the 

g 
grating relief: 

In order Bo obtain maximal additional phase 
modulation, it is necessary that one of the re- 
fractive indices coincide with that of the record- 
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612 S SAINOV ef al 

ing medium. Since at> = 0,633ym MBBA has no = 1,545 

and n =1,75.5,  an appropriate recording material 
is dichromated gelatin with n = l r ,55 .  %be layes 
is produced by coating a light-sensitive solution 
(low-molecular gelatin, ammonium dichromate and 
electron-donor substance,, a.g. "'-dimethylform- 

amide) onto ithe transparent electrode. "'-dime- 
thylformamide improves considerably the sensiti- 

vity of the layer.' A surfactant is added to en- 
hance the homogeneity of the layer. After drying 

at 20 2 1 OC 

e 

g 

the thickness of the layer is 20&m. 

The holographic grating is recorded with an 
A r  laser atJ=O,488 m utilizing a Fresnel mir- 

ror. The depth ( h =  1,k~um) 
processing of the exposed layer is measured with 

a Taylor-Hobson Talystep profilometer. 

of the profile after 

A n  orienting layer of' lecytin is deposited on 
the second transparent electrode and then the 

electrode is pressed firmly to the diffraction 

grating. 
The laser beam falls orthogonally onto the 

NLC cell, its polarization being parallel, perpen- 
dicular and at 45' to the grooves of the grating. 
An alternating voltage witlr an amplitude O - 2 5 V  

and frequency 1-10kHz  is applied to the electro- 

des. 
Figures 2a, band t show the normalized diffrac- 

tion efficiency in the zeroth and first diffracted 

orders for parallel, perpendicular and 45 polari- 
zation, respectively. The diffraction efficiencp 

depends not only on the magnitude of the applied 
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HOLOGRAPHIC DIFFRACTION GRATING 

I E I /  

FIGURE 2-a 
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614 S. SAINOV et al. 

I E X  

C 

F I G U R E  2. Dependence of the normalized in- 
aensiky in the zeroth and first diffraction 
orders on the applied voltage: a- parallel 
polarization; b -  perpendicular polarization; 
B - 45O polarization. 

voltage, but on the laser light polarization as 
well. Pnobably, this is related to the orienting 
action of gelatin on the liquid crystal. Maximal 
modulation ( 90%) was obtained at perpendicular 
polarization. 

C ONCLU SION S 

The experimental results presented demonstrate 
the potential possibilities o f  diffraction gra- 
tings controlled by means o f  liquid crystal. Be- 
side multichannel modulators hhey can be employed 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
13

 1
9 

Fe
br

ua
ry

 2
01

3 



HOLOGRAPHIC DIFFRACTION GRATING 615 

f o r  investigating the physical properties o f  

thin NLC layers. 
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