
Digital light beam deflector wi th liquid crystals 

Miguel A. Muriel, José A. Martin-Pereda 
Departamento de Electronics Cuántica. E.T.S.Ingenieros de Telecomunicatión 

Ciudad Universitaria, Madrid-3, Spain 

A b s t r a c t 

In this communication we report a new method for deflecting a laser beam with liquid' 
crystals cells. In order to improve previous response times of these cells, we use a wedge 
structure with twisted orientation. 

Introduction 

A simple digital light beam deflector has been developed by us with liquid crystal 
materials of the nematic type. The liquid crystal used has been MBBA + PEBAB, whose 
dielectric anysotropy is positive. The geometrical configuration is the twisted one in a 
wedge structure. This configuration has potential applications where hight deflection or 
modulation frequency is required. This property is based mainly on the very small 
separation between electrodes near the vertex. The highest deflecting frequency obtained 
has been 12.5 kHz. 

Optica"!' behaviour of the wedge structures 

As we have shown previously I|2, an structure with a wedge shape can overcome the 
limitations of a sandwich cell when a deflecting or a modulating application is required, 
This fact is based, mainly, on the possible separation of an 
two rays after crossing such a cell. These two emerging rays 
polarizations because the molecular am'sotropy. One of then 
other one is the extraordinary ray. These two rays will have 
dependent on the internal configuration of the molecules. In 
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el sewhere1'2 . 
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Fig. 
In the case of a twisted structure, the ray after crossing the wedge, as shown ir 

1, will be split into two rays, ordinary and extraordinary, forming angles a and 

d 

ft-g. -1 

with the y direction, whose values are: 

-1 a = sin" (n sin a) - a 

a g = sin" (nQ sin(ng a/ nQ)) - a 

(1) 

(2) 

n and n are the ordinary and extraordinary refraction indeces. The angle difference is; 
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Aa -1 

that for small v a l u e s of 

-1 ( n Q s i n a ] = s i n _ t n Q s i r u n a / n ) ) - s in 

[wedge a n g l e ) , which is our case, becomes 

a An Aa = a (n e - n Q) 

(3) 

Electrooptical behaviour of the wedge structure 

on the 
be pre 
These 
for vo 
struct 
These 
cell h 
f i rst 
second 
struct 
i ntens 
stable 
useful 

Two p 
die! 

sent, 
insta 
1 tage 
ure i 
new d 
a v i n g 
one i 
one 

ure i 
ity in 
. A c e 
1 for 

o s s i b 1 
e c t r i c 
as it 

biliti 
s high 
s pres 
omai ns 
these 

s the 
is com 
s anal 
odulat 
o r d i n g 
d i g i t 

e situ 
aniso 
i s we 

es are 
er tha 
ent. T 
appea 
domai 

typica 
posed 
ogous 
ed up 
to th 

al lig 

a t i o n 
t r o p y 
11 kn 
much 

n the 
he de 
r for 
ns.th 
1 dif 
by a 
to th 
to fr 
is si 
ht be 

s can n 
sign. 

own fro 
more c 
corres 

tai 1s o 
freque 

e diffr 
f r a c t i o 
set of 
e diffr 
equenci 
t u a t i o n 
am defl 

ow appe 
If it i 
m the 1 
omplex 
ponding 
f this 
n c i e s u 
action 
n patte 
poi nts-, 
action 
es near 
, the 1 
ec t o r s , 

ar, wh 
s nega 
i terat 
in the 
to th 

struct 
p to 1 
patter 
rn cor 
in 1 i 

fi gure 
10 Hz 

i q u i d 
becau 

en an 
t i v e , 
ure 3| 

weda 
e Wil 
ure w 
0 kHz 
n i s 
respo 
nes p 
of a 
. For 
cry st 
se th 

elec 
el ec 

\ fo 
e str 
1 iams 
ill b 
. If 
compo 
n d i n g 
aral 1 
gril 
high 

al wi 
e res 

trie fi 
trohydr 
r the c 
ucture 

omai n 
e publi 
a light 
sed by 
to the 

el to t 
1 . The 
er freq 
th nega 
ulti ng 

eld is ap 
odynamic 
ase of a 
case. As 
s region, 
shed by u 
beam cro 

two set o 
Wi11 i ams 

he first 
emergi ng 
uencies t 
t i v e a n i s 
spots are 

plied, depending 
instabilities will 
sandwich eel 1. 
we have found, 
a new kind of 

s elsewhere. 
sses through a 
f lines. The 
domains. The 

one. This second 
spots are 
his domains are 
otropy is not 
static in time. 

With respect to the liquid crystals with positive anisotropy, the situation is very 
different. We do not have in this case the previous electrohydrodynamic instabilities. When 
a pulsed voltage is applied to the cell, with internal Sn 0 ? electrodes, the behaviour is 
different. When the voltage is zero, the imput light is polarized parallel to the 
x axis and the frontal face of the twist has its direction of rubbing along the same axis, 
a single ray, orthogonally polarized with respect to the initial one, comes out. His angle 
with the imput beam is given by 

a = a e ,n. (5] 

for small values of the wedge angle, a. 

If a certain voltage is applied to the cell, 
orientation. The light ray will adopt another exit 

his internal molecules 
angle given by 

will change their 

a, a (n. 
0 v 0 ' 

This ray will be different from the previous on by an amount given by 

Aa = a a, a An 

(6] 

(7) 
e 0 

This e x p r e s s i o n is s i m i l a r to ( 4 ) . Tnis ray has the same p o l a r i z a t i o n than the i n c i d e n t o n e . 

The e l e c t r i c a l b e h a v i o u r of this cell is shown in Fig . 2. For v o l t a g e s h i g h e r than 
5 v o l t s , the ray will a d o p t the a a n g l e . For v o l t a g e s s m a l l e r than 2.5 volts the angle 
will be a . The ray will have an an a l o g i c a l b e h a v i o u r b e t w e e n t h e s e two v a l u e s . T h i s fact 
can give rise to some o t h e r a p p l i c a t i o n s . M o r e o v e r , we have p r e s e n t e d 5 another wedge 
configuration where this analogical region is wider. 

From 
is applied 
verified a 

the above considerations, 
to the cell we can have a 

t our Laboratory with a mixture 

»ar :vj 

if a pulsed voltage of peak value higher than 6 vults 
digital light modulator. This behaviour has been 

of MBBA and PEBAB. The higher frequency obtained 
was 12.5;kHz. We did not observed any 
kind of overshoot. We think this 
absence is due to the wedge configura­
tion. This fact deserves a posteriour 
study. We used a 5 .rawatt He-Ne laser 
as light source and we have employed 
a silicon solar cell p'hotodetector. 
The temperature was 23°C. 

V(volt] 

4 5 6 

Fig. 2 

10 

We point out the fact that 
incresing the temperature decreases 
the viscosity but, at the same time, 
An becomes smaller. As a consequence 
the difference angle will be smaller 
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and its applications more difficult to progress favourably. There is a balance for the 
optimun temperature to work with that has to be studied if this device is to be put in 
working conditions. 
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