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CONTROL OF OPTICAL F U l i I A T I O N  ON THE BASIS OF NEMATIC 
LIQUId CRYSTALS WITH TWO-FR&QUENCY CONTROL 

A.A. ABBAS-ZADEH 
S c i e n t i f i c  and I n d u s t r i a l  A s s o c i a t i o n  f o r  Space 
R e s e a r c h ,  Baku 370106, USSR 

A b s t r a c t ,  We r e p o r t  on t h e  p o s s i b i l i t y  of using nematic  
I L q u i  d c.ry:i talu ~ L i c h  c'rl'tngtt sign of  d i e l e c t r i c  a n i s o -  
t r o p y  t o  c o n t r o l  t h e  l i g h t  beam c r o s s - s e c t i o n ,  l i g h t  po- 
l a r i z a t i o n  and f i l t r a t i o n .  

Nematic l i q u i d  c r y s t a l s  (NLC) a r e  i m p o r t a n t  f o r  a p p l i -  
c a t i o n  i n  d i s p l a y  d e v i c e s .  The methoa of  con t ro l  of li- 
q u i d - c r y s t a l  d i aphragm on t h e  b a s i s  o f  NLC i s  d e s c r i b e d  
i n  . E l e c t r i c a l l y  c o n t r o l l e d  p o l a r i z e r  on t h e  b a s i s  of 
c h o l e s t e r i c  LC is  c o n s i d e r e d  i n  . The LC a p p l i c a t i o n  f o r  

3 d a t a  o p t i c a l  p r o c e s s i n g  is  d e s c r i b e d  i n  d e t a i l  e l s e w h e r e .  
This pape r  d e a l s  w i t h  t h e  a p p l i c a t i o n  of  NLC which 

chanbes s ign of d i e l e c t r i c  a n i s o t r o p y  € o r  t h e  o p t i -  
c a l  r a d i a t i o n  c o n t r o l .  

L i z h t  diaphragming,polarization and f i l t r a t i o n  were  

c a r r i e d  o u t  i n  an e l e c t r o o p t i c  c e l l  shown i n  F ig . l a .  The 
c e l l  c o n s i s t s  of  two transmitant e l e c t r o d e s  ( 1 )  w i t h  t h e  
NLC l a y e r  ( 2 )  tdith sign i n v e r s i o n  Ee p l a c e d  between them. 
The t h i c k n e s s  b and t h e  s h a p e  of  t h e  l a y e r  was c o n t r o l -  
l e a  by t h e  s p a c e r  ( 3 ) .  

s i g n  i n v e r s i o n  o f  which i s  1 4  kHz a t  tk=25OC and LC-1000 
w i t h  fc=10 H Z  at  tkE20°C. C o n t r o l  v o l t a g e  u f o r  1c-999 
i s  10-40V and f c  c a n  change i n  t h e  r a n g e  of 15-30 kHz f o r  

The d i a m e t e r  of  c i r c u l a r  i n s u l a t i n g  s p a c e r  was ih30 mm 
a n d  b = 2 0 - 3 0 p m .  NLC was doped by 0.5 we igh t  Yo of two d i -  
c h r o i c  d y e s  w i t h  p o s i t i v e  d i c h r o i s m  (SdX> K 3 - 7  

a n d  0-35 w i t h  SDx=0.67, kmax=554 nm and was c o n t r o l l e d  by 
LF(f-4 kHz) and HF (f=30 kHz) a t  U=60 V. 

u sed  as an a n a l y z e r .  

1 
2 

The LC-999 was used  w i t h  c r i t i c a l  f r e q u e n c y  f c ,  t h e  

LC-1000, U-40-60 V, fm10-20 kHZ. 

w i t h  
0.52 a t  wave leng th  o f  maximum a b s o r p t i o n  h a x = 4 3 4  rn %X' 

A f i l m  d i c h r o i c  P o l a r o i d  between t w o  &ass p l a t e s  was 

[839]/59 
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FIGURE 1. E l e c t r o o p t i c  c e l l s  and diaphrabming o f  l i g h t  

1. The HF electrohydrodynamic (EHD) i n s t a b i l i t y  i s  obser- 
ved i n  NLC wi th  s i g n  i n v e r s i o n  . By i n c r e a s i n g  the  Val- 
t a g e  on e l e c t r o d e  ( l ) ( F i g . l a )  t he  i n s t a b i l i t y  t r a n s f e r s  in 
t h e  h igh ly  l i g h t  s c a t t e r i n g  mode which e x i s t s  i n  the  nar- 
row frequency range nea r  fc .At  s p e c i f i c  va lues  of  U anu f 
a p p l i e d  on the  l a y e r  t he  temperature  ( t )  is d i s t r i b u t e d  
uniformly due t o  hea t  removal t o  t h e  per iphery  of t he  
c e l l .  t and f ,  i n  the  c e n t r e  o f  t h e  c e l l  are,hence,hi;hor 
t h a n  those  on t h e  per iphery  (Fig.lb).Since t h e  molecules 
i n  t h i s  p a r t  o f  t h e  layer a r e  homeot ropica l ly  o r i e n t e d ,  
c i r c u l a r  t r a n s m i t a n t  window is formed (Fig . lb1)  and the  
l i g h t  goes  through t h i s  p a r t  o f  t he  c e l l  without  a t tenua-  
t i o n .  Over t h e  per iphery  o f  t he  c e l l  where t is  lower and 
f c  i s ,hence , lower  than  t h e  f requency o f  the  c o n t r o l  v o l -  
t a g e , t h e  molecules of  l a y e r  (2) form l i g h t  s c a t t e r i n g  tex- 
t u r e  and t h i s  p a r t  becomes opaque t o  l i g h t  ( P i g . l b , I I ) .  
By changing c o n t r o l  vo l t age  frequency we can a d j u s t  t h e  
dimension o f  t h e  t r ansmi ten t  p a r t  arid a d j u s t  t he  l i g h t  
beam dimension (diaphragming).By i n c r e a s i n g  the  frequency 
t h e  dimension of t he  t r ansmi tan t  part i s  inc reased  and 
V . V . ~ .  By apply ing  3 0 V  and f-15-20 kHz on the  LC-999 c e l l ,  
t h e  NLC l a y e r  f o r m  a c i r c u l a r  diaphragm h igh ly  s c a t t e r -  
i n g  l i g h t  w i th  transmitant c e n t r a l  p a r t  (i?ig.lb).By chan- 
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TWO FREQUENCY CONTROL [84 11/61 

g i n g  f from 1 5  t o  20 kHz a t  tk=26'C a dimension of tran- 
s m i t a n t  p a r t  changes from B m 3 0 m r n  t o  ze ro  and V.V. In  pola- 
r i z i n g  t h e  dependence D on f i s  shown i n  Fig . I (d)  f o r  t h e  
LC-1000 c e l l  by app ly ing  U t 6 O V  wi th  f=10-77 kHz at  tk= 
21 OC. 

it-pdartzer 

{OD I 

I 4 

400 $00 h?O 
Wavehjth (nm) 

F I G U R E  2. The dependence o f  p o l a r i z a t i o n  on wavelength 

2. The a b s o r p t i o n  an i so t ropy  (a ichro ism)  is  observed i n  
t h e  NLC with  t w o  frequency c o n t r o l  under the  e l e c t r i c  
f i e l d  i n  the  se l f - abso rp t ion  band edge6.1t i s  known t h a t  
d i ch ro i sm can be used t o  o b t a i n  po la r i zed  l i g h t  from the  
natural7. To  produce t h e  po la r i zed  l i g h t  the  HE' f i e l a  i s  
applyed on l a y e r  (2) (Fie;.la] and the  p l a n a r  o r i e n t a t i o n  i s  
obtained.  From t h e  n a t u r a l  l i g h t  i n c i d e n t  on the  c e l l  t he  
d i r e c t i o n s  of e l e c t r i c  v e c t o r  which a r e  p a r a l l e l  t o  t he  
NLC d i r e c t o r  w i l l  be absorbed due t o  high dichroism,  The 
d i r e c t i o n s  which a r e  perpendicular  t o  t he  d i r e c t o r  w i l l  
ab so rb  more weakly. A s  a r e s u l t  the  l i g h t  passed through 
t h e  LC p lana r  o r i e n t e d  l a y e r  is  h i g h l y  po la r i zed  i n  t h e  
s p e c t r a l  band of maximum dichroism. In  homeotropic or ien-  
t a t i o n  obta ined  by apply ing  HI? f i e l d  the  a b i l i t y  of l i g h t  
p o l a r i z a t i o n  i n  the  NLC l a y e r  i s  l o s t  and the  l i g h t  which 
passes  through t h e  c e l l  i s  non-polarized o r  s l i g h t l y  po- 
l a r i z e d  o w i a  t o  near -sur face  l a y e r s .  So,by changing the  
frequency o f  a p p l i e d  f i e l d  we can p o l a r i z e  and d e p o l a r i z e  
t h e  pas s ing  l i g h t  i n  t h e  d ichro ism band. Fig.2 shows the  
dependence of t h e  o rde r  o f  p o l a r i z a t i o n  (P)  on wavelength 
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62/[842] A. A. ABBAS-ZADEH 

(k) of the incident light at planar orientation of LC-999 
molecules at 40 kHz and 1OV.P is maximum at X=420 nm and 
exceeds 9Q"io, For  2408-435 nm P exceeds 50%. 

4 a l b 

4 w 
FIGURE 3. The dependence of transmission on wavelength 

3 .  Under the electric field the absorption edge of  the NL6 
is shifted in the self-anisotropy absorption band8. Using 
this effect we can realize a selective filter which ope- 
rates as short-wavelength cutoff filter. Fig.3a displays 
the dependence of the absolute transmission versus x for 
LC-999. Curve 1 is plotted at f(fc at homeotropic molecule 
orientation, curve 2 corresponds to f>fc when molecules 
have planar orientation. As it is seen there is an emission 
of light in the narrow spectral band o f  the absorption 
edge of 410-425 nm. Prom the figure it also f o l l o w s  that 
filter transmits long-wavelength light and, hence, it can 
be used as short-wavelength cutoff filter with the folio+ 
ing parameters: the ffiaximal transmission coefficient in 
the transmission band Tm,=0.82; the rate of short-wave- 
length frontof the transmission curve $? 30.86, the wave- 
length specifying the position of transmission cut-off for 
which the filtration is one-half o f  the maximal absorption 
edge Xcutoff ~ 4 3 4  nm. If dichroic dyes are inserted in the 
NLC with two frequency control and in order to control 
the molecule orientation in NLC dyes, one can obtain 
electrically controlled bandpass filter. Picf.3b shows the 
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TWO FREQUENCY CONTROL [8431/63 

transmission dependence on wavelength for LC-1000 doped 
by 0.5 weight % of dyes U-7 and 0-35. Curve 1 is plot- 
ted at fa4 kHz, U=60V, and curve 2 is plotted at fz30 kHz. 
As it is seen from the figure there are 2 transmission 
bands at x1=435 nm and k2=565 nm with maximum absorption 
T1=91 .5% and T2=56.5%, respectively. 
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