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©  Optical  screen  comprising  an  electro-optical  substance  and  cathode  ray  tube  using  such  a  screen. 

©  An  optical  screen  (12)  is  provided  which  can  be  used 
in  conjunction  with  a  cathode  ray  tube  (CRT)  (10)  to 
prevent  the  CRT  display  from  becoming  unreadable  in  high 
ambient  light  conditions  (such  as  can  occur  in  an  aircraft 
cockpit).  The  screen  includes  a  series  of  parallel  strips  (13) 
each  of  which  includes  a  layer  (18)  of  an  electro-optical 
substance  such  that  it  can  be  made  light  absorbent  or 
transparent  by  varying  voltage  applied  to  the  strip. 

In  use  (Figure  1)  the  screen  is  positioned  in  front  of 
_   a  display  face  (11)  of  a  CRT  with  the  strips  aligned  with  the 
<   writing  direction  of  a  raster  (14).  The  position  of  the  raster 

controls  (15,  16,  17)  voltages  applied  to  the  strips  to  en- 
sure  that  each  strip  is  transparent  when  the  raster  is  writing 

d   behind  it. 
CI  The  electro-optical  substance  is  advantageously  a 
ĵ"  liquid  crystal  material. 
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 A n   optical  screen  (12)  is  provided  which  can  be  used 
in  conjunction  with  a  cathode  ray  tube  (CRT)  (10)  to 
prevent  the  CRT  display  from  becoming  unreadable  in  high 
ambient  light  conditions  (such  as  can  occur  in  an  aircraft 
cockpit).  The  screen  includes  a  series  of  parallel  strips  (13) 
each  of  which  includes  a  layer  (18)  of  an  electro-optical 
substance  such  that  it  can  be  made  light  absorbent  or 
transparent  by  varying  voltage  applied  to  the  strip. 

In  use  (Figure  1)  the  screen  is  positioned  in  front  of 
a  display  face  (11)  of  a  CRT  with  the  strips  aligned  with  the 
writing  direction  of  a  raster  (14).  The  position  of  the  raster 
controls  (15,  16,  17)  voltages  applied  to  the  strips  to  en- 
sure  that  each  strip  is  transparent  when  the  raster  is  writing 
behind  it. 

The  electro-optical  substance  is  advantageously  a 
liquid  crystal  material. 



The  p resen t   i n v e n t i o n   r e l a t e s   to  o p t i c a l   s c reens   for  use  i n  

p a r t i c u l a r   with  ca thode  ray  tubes   of  the  type  in  which  an  e l e c t r o n  

beam,  known  as  a  r a s t e r ,   is  r a p i d l y   moved  over  a  l a rge   number  o f  

p a r a l l e l   l i n e s   on  a  d i sp lay   f a c e .  

In  the  above  ment ioned  type  of  cathode  ray  tube  the  d i sp lay   f a c e  

is  coated  by  a  subs t ance   known  as  a  phosphor  which  is  exc i t ed   to  e m i t  

l i g h t   by  the  e l e c t r o n   beam.  The  speed  of  scanning   of  the  r a s t e r   a n d  

the  decay  time  of  the  phosphor  are  chosen  to  be  such  that   the  human  eye 

sees  a  s u b s t a n t i a l l y   s teady   r a s t e r   d i s p l a y   wi thout   f l i c k e r i n g .   The  b e s t  

known  use  of  th i s   type  of  c a t h o d e  r a y   tube  is  in  a  t e l e v i s i o n   s e t .  

However,  th i s   type  of  tube  is  being  i n c r e a s i n g l y   used  in  a i r c r a f t ,   n o t  

only  for   radar   d i s p l a y s   but  also  for   d i s p l a y s   of  a i r c r a f t   f l i g h t   and 

o the r   parameters   which  are  d i sp l ayed   to  a  p i l o t .  

A  problem  with  cathode  ray  tubes  is  tha t   phosphors ,   by  t h e i r   n a t u r e ,  

s t r o n g l y   s c a t t e r   i l l u m i n a t i o n   from  e x t e r n a l   sources ,   to  such  an  e x t e n t  

that   the  r a s t e r   d i s p l a y   can  become  un readab le   in  high  ambient  i l l u m i n a t i o n .  

A n t i - r e f l e c t i o n   c o a t i n g s   are  not  e f f e c t i v e   in  reduc ing   th i s   s c a t t e r e d  

l i g h t ,   and  in  the  l i m i t e d   environment  of  an  a i r c r a f t   cockpi t   i t   i s  

d i f f i c u l t   or  imposs ib le   to  sh i e ld   a  d i s p l a y   face  from  high  ambien t  

i l l u m i n a t i o n   during  a l l   f l i g h t   c o n d i t i o n s .  

The  p resen t   i n v e n t i o n   provides   an  o p t i c a l   screen   which  enhances  t h e  

c o n t r a s t   of  the  image.  

According  to  the  p resen t   i n v e n t i o n   an  o p t i c a l   screen   has  a  s e r i e s  

of  p a r a l l e l   s t r i p s ,   each  s t r i p   i n c l u d i n g   an  e l e c t r o - o p t i c a l   s u b s t a n c e  

such  tha t   the  s t r i p   can  be  made  absorbent   or  t r a n s p a r e n t   as  r e q u i r e d   by 

varying  v o l t a g e   app l ied   to  the  s t r i p .  



The  vo l t age   v a r i a t i o n   may  be  v o l t a g e   l e v e l ,   f r equency   or  b o t h .  

In  c o n j u n c t i o n   with  a  ca thode   ray  tube  the  sc reen   is  p o s i t i o n e d  

so  tha t   the  s t r i p s   are  a l i g n e d   with  the  w r i t i n g   d i r e c t i o n   of  t h e  

cathode  ray  tube  r a s t e r ,   and  the  s t r i p s   are  e l e c t r i c a l l y   i n t e r c o n n e c t e d  

with  the  cathode  ray  tube  c i r c u i t r y   so  tha t   each  s t r i p   is  t r a n s p a r e n t  

when  the  r a s t e r   is  w r i t i n g   on  the  cathode  ray  tube  d i s p l a y   face  b e h i n d  

i t .   To  avoid  f l i c k e r   caused  by  p a r a l l a x   e f f e c t s   when  the  sc reen   i s  

viewed  from  an  angle  each  s t r i p   can  be  swi tched   to  t r a n s p a r e n t   s l i g h t l y  

before   the  r a s t e r   moves  to  wr i t e   behind  i t ,   Once  the  r a s t e r   has  moved 

from  behind  a  s t r i p   and  l i g h t   emiss ion  has  decayed,  the  s t r i p   i s  

swi tched  to  be  absorben t   and  n o n - r e f l e c t i n g .  

The  s t r i p s   may  be  formed  of  PLZT  m a t e r i a l ,   but  are  p r e f e r a b l y  

l i q u i d   c r y s t a l   c e l l s ,   formed  of  a  l aye r   of  l i q u i d   c r y s t a l   s a n d w i c h e d  

between  two  p l a t e s   of  a  t r a n s p a r e n t   e l e c t r i c a l l y   conduc t ing   m a t e r i a l   s u c h  

a s ,  f o r   example,  t i n   oxide.   The  l i q u i d   c r y s t a l   m a t e r i a l   may  be  mixed  

with  a  p l e o c h r o i c   dye  and  used  in  the  g u e s t - h o s t   i n t e r a c t i o n   mode 

known  in  the  a r t . .  

The  o p t i c a l   e f f e c t s   of  l i q u i d   c r y s t a l   c e l l s   are  u s u a l l y   most  

pronounced  with  p o l a r i s e d   l i g h t ,   so  o p t i c a l   sc reens   acco rd ing   to  t h e  

i n v e n t i o n   wi l l   u s u a l l y   inc lude   one  or  more  shee t s   of  p o l a r o i d   m a t e r i a l .  

According  to  one  embodiment  of  the  i n v e n t i o n   an  o p t i c a l   s c r e e n  

inc ludes   a  f i r s t   p o l a r o i d   shee t ,   a  s u b s t a n t i a l l y   900  t w i s t e d   n e m a t i c  

l i q u i d   c r y s t a l   c e l l ,   and  a  second  p o l a r o i d   shee t .   In  one  form  of  t h i s  

embodiment  the  p o l a r o i d   shee t s   have  t h e i r   axes  mutua l ly   p a r a l l e l   and 

a l igned   p a r a l l e l   or  p e r p e n d i c u l a r   to  the  d i r e c t i o n   of  a l ignment   of  t h e  



l i q u i d   c r y s t a l   molecules   at  the  boundary  s u r f a c e s ,   so  tha t   in  t h e  

t w i s t e d   s t a t e   of  the  c e l l   l i g h t   p o l a r i s e d   by  the  f i r s t   p o l a r o i d   s h e e t  

has  i t s   e l e c t r i c   f i e l d   v e c t o r   r o t a t e d   s u b s t a n t i a l l y   90°  by  the  c e l l  

and  cannot  pass  the  second  p o l a r o i d   s h e e t ,   making  the  s c r een   opaque .  

A p p l i c a t i o n   of  a  dr ive   v o l t a g e   to  the  c e l l   r e a l i g n s   the  l i q u i d   c r y s t a l  

mo lecu le s ,   which  have  p o s i t i v e   e l e c t r i c   a n i s o t r o p y   a l lowing   l i g h t   t o  

pass  d i r e c t l y   through  the  c e l l   making  the  sc reen   t r a n s p a r e n t .   I n  

ano ther   form  of  t h i s   embodiment  the  axis   of  the  f i r s t   and  s e c o n d  

po l a ro id   shee t s   are  s u b s t a n t i a l l y   at  r i g h t   ang le s ,   with  the  r e s u l t  

that   the  e f f e c t s   of  app ly ing   a  d r ive   v o l t a g e   to  the  ce l l   on  o p e r a t i o n  

of  the  sc reen   are  r e v e r s e d .   The  l i q u i d   c r y s t a l   may  be  of  the  p u r e  

nematic  type  or  may  be  nematic   with  a  smal l   amount  of  c h o l e s t e r i c  

l i q u i d   c r y s t a l   added,  as  known  in  the  a r t .  

In  ano the r   embodiment  of  the  i n v e n t i o n   an  o p t i c a l   sc reen   i n c l u d e s  

a  p o l a r o i d   shee t   and  a  t w i s t e d   nematic   l i q u i d   c e l l   in  which  a  p l e o c h r o i c  

dye  is  mixed  with  the  l i q u i d   c r y s t a l   m a t e r i a l .   With  such  a  c e l l ,  

depending  on  the  d r ive   vo l t age   s u p p l i e d ,   the  c e l l   is  e i t h e r   a b s o r b e n t  

or  t r a n s p a r e n t   to  p o l a r i s e d   l i g h t   in  c e r t a i n   wavelength   r a n g e s .  

Yet  f u r t h e r   embodiments  of  the  i n v e n t i o n   u t i l i s e   l i q u i d   c r y s t a l  

m a t e r i a l s   which  e x h i b i t   the  F r e e d e r i c k s s   e f f e c t .   These  m a t e r i a l s   c a n  

be  used  e i t h e r   with  or  wi thout   a  p l e o c h r o i o   dye,  as  w i l l   be  d e s c r i b e d  

be low.  

The  sc reen   is  p r e f e r a b l y   t r a n s p a r e n t   when  the re   is  no  d r i v e  

vo l t age   s u p p l i e d ,   making  i t   " f a i l - s a f e "   in  the  sense  t ha t   a  cathode  r a y  

tube  d i s p l a y   wi l l   s t i l l   remain  v i s i b l e   in  the  event  of  a  breakdown  o f  



power  s u p p l i e s   to  the  s c r een .   A l t e r n a t i v e l y ,   the  s c r een   can  be  so 

c o n s t r u c t e d   tha t   in  the  event  of  such  a  breakdown  i t   can  be  p h y s i c a l l y  

removed  from  in  f ron t   of  the  cathode  ray  t u b e .  

The  s c r een   p r e f e r a b l y   i n c l u d e s   an  a n t i - r e f l e c t i o n   c o a t i n g :  

Some  embodiments  of  the  i n v e n t i o n   wi l l   now  be  d e s c r i b e d ,   by  way 

of  example  only,  with  r e f e r e n c e   to  the  accompanying  d i a g r a m m a t i c  

drawings,   of  w h i c h  -  

F igure   1  is  a  p e r s p e c t i v e   view  of  a  cathode  ray  tube  having  a n  

o p t i c a l   sc reen   a c c o r d i n g   to  the  i n v e n t i o n  

Figure   2  is  a  view  of  a  l i q u i d   c r y s t a l   c e l l ,  

F igure   3  shows  molecule  a l ignment   in  a  nematic   l i q u i d   c r y s t a l ,  

F igures   4A  and  4B  are  exploded  p e r s p e c t i v e   views  of  p o l a r o i d s   and  

a  t w i s t e d   nematic  l i q u i d   c r y s t a l   ce l l   as  used  in  one 

embodiment  of  the  i n v e n t i o n ,  

Figure  5  is  a  view  of  a  p o l a r o i d   and  a  t w i s t e d   nematic  l i q u i d  

c r y s t a l   c e l l   i n c l u d i n g   p l e o c h r o i c   dye  as  used  in  a n o t h e r  

embodiment  of  the  i n v e n t i o n ,  

F igures   6A  and  6B,  7A  and  7B  are  e l e v a t i o n s   in  s e c t i o n   of  n e m a t i c  

l i q u i d   c r y s t a l s   e x h i b i t i n g   the  F r e e d e r i c k s z   e f f e c t ,   a s  

used  in  f u r t h e r   embodiments  of  the  i n v e n t i o n ,   a n d  

F igu re s   8A  and  8B  i l l u s t r a t e   the  use  of  p o l a r o i d s   and  a  n e m a t i c  

l i q u i d   c r y s t a l   c e l l   e x h i b i t i n g   the  F r e e d e r i c k s z   e f f e c t ,  

as  used  in  embodiments  of  the  i n v e n t i o n .  

A  cathode  ray  tube  10  (Fig  1)  having  a  d i s p l a y   face  11  h a s  

immedia te ly   forward  of  the  face  11  an  o p t i c a l   s c reen   12.  The  s c reen   12 



i nc ludes   a  number  of  s t r i p s   13A  to  13F  a l i g n e d   p a r a l l e l   to  the  d i r e c t i o n  

of  w r i t i n g   motion,  as  i l l u s t r a t e d   by  the  dot ted   l i ne s   at  14,  of  a  c a t h o d e  

ray  tube  r a s t e r .   Each  s t r i p   13  i nc ludes   an  e l e c r o - o p t i c a l   s u b s t a n c e ,  

and  is  e l e c t r i c a l l y   i n s u l a t e d   from  n e i g h b o u r i n g   s t r i p   13.  I n  

o p e r a t i o n ,   a  s i g n a l   15  from  the  cathode  ray  tube  10  to  a  con t ro l   box  16 

s i g n a l s   the  p o s i t i o n   on  the  d i s p l a y   face  11  of  the  r a s t e r   14.  

According  to  the  p o s i t i o n   of  the  r a s t e r   14  e l e c t r i c a l   s i g n a l s   17  are  f e d  

to  the  s t r i p s   13  in  such  a  way  tha t   a  s t r i p   13C  immediate ly   forward  o f  

the  r a s t e r   is  t r a n s p a r e n t ,   whi l s t   the  o ther   s t r i p s   13  are  a b s o r b e n t  

and  n o n - r e f l e c t i n g .   To  avoid  p a r a l l a x   between  the  s t r i p s   and  the  r a s t e r  

the  next  s t r i p   13D  can  be  swi tched  to  become  t r a n s p a r e n t   p r ior   to  t h e  

r a s t e r   14  c r o s s i n g   the  j unc tu re   between  s t r i p s   13C  and  13D.  As  t h e  

r a s t e r   14  moves  down  the  screen   12  and  the  l i g h t   emiss ion  behind  s t r i p  

13C  f ades ,   s t r i p   13C  can  be  swi tched  to  absorbent   and  n o n - r e f l e c t i n g  

at  a  convenien t   t i m e .  

A  t y p i c a l   s t r i p   13  in  the  form  of  a  l i q u i d   c r y s t a l   c e l l   (Fig  2)  

i nc ludes   a  l aye r   18  of  l i q u i d   c r y s t a l   m a t e r i a l  b e t w e e n  e l e c t r o d e s   19,20  o f  

an  e l e c t r i c a l l y   conduc t ing   t r a n s l u c e n t   m a t e r i a l   such  as,  for  example ,  

t in   oxide ,   indium  oxide  or  a  mixture  t h e r e o f .   A  d r ive   v o l t a g e   i s  

app l i ed   to  the  c e l l   v ia   t e r m i n a l s   21,  22  a t t a c h e d   r e s p e c t i v e l y   to  t h e  

e l e c t r o d e s   19,  20.  Outward  of  the  e l e c t r o d e s   19,  20  are  sheets   23,  24 

of  t r a n s l u c e n t   m a t e r i a l   such  as  g lass   or  a  p o l a r o i d .  

The  a l ignment   of  the  molecules   in  a  nematic   l i q u i d   c r y s t a l   a r e  

i l l u s t r a t e d   in  Fig  3 .  



A  s t r i p   13  fo r   use  in  one  embodiment  of  the  i n v e n t i o n   and  us ing   a  

t w i s t e d   nematic  l i q u i d   c r y s t a l   m a t e r i a l   is  i l l u s t r a t e d   in  Fig  4.  In  a  

t w i s t e d   nematic  c e l l   molecules   of  the  c r y s t a l   are  t w i s t e d   through  a n  

angle ,   u s u a l l y   90°,  through  the  t h i c k n e s s   of  the  c e l l ,   as  shown  at  25 

in  Fig  4A.  Under  the  i n f l u e n c e   of  a  d i r e c t   or  a l t e r n a t i n g   v o l t a g e   t h e  

molecules   may  r e a l i g n   as  i n d i c a t e d   at  26  in  Fig  4B.  P o l a r i s e d   l i g h t  

pass ing   through  the  ce l l   in  the  t w i s t e d   s t a t e   has  i t s   e l e c t r i c   f i e l d  

vec to r   r o t a t e d   through  an  angle   of  900.  A  s t r i p   13  as  i l l u s t r a t e d  

in  Fig  4  has  a  f i r s t   p o l a r o i d   2 7 , g l a s s   p l a t e s   101,  102,  t r a n s p a r e n t  

e l e c t r o d e s   19,  20,  e n c l o s i n g   the  t w i s t e d   nemat ic   l i q u i d   c r y s t a l  

m a t e r i a l   18  and  a  second  p o l a r o i d   28  a l i g n e d   p a r a l l e l   with  the  f i r s t  

p o l a r o i d   27,  as  i n d i c a t e d   by  the  arrows  29.  Light  pass ing   t h r o u g h  

the  f i r s t   p o l a r o i d   27,  when  the  l i q u i d   c r y s t a l   is  in  the  t w i s t e d  

nematic  s t a t e ,   is  p o l a r i s e d   by  the  po l a ro id   27,  tw i s t ed   through  90°  

by  the  l i q u i d   c r y s t a l   m a t e r i a l   18,  and  cannot  pass  through  t h e  

po l a ro id   28.  The  s t r i p   13  is  thus  opaque.  When  a  vo l t age   i s  

app l i ed   between  the  e l e c t r o d e s   19,  20  (Fig  4B)  the  l i q u i d   c r y s t a l  

molecules   r e a l i g n ,   the  l i g h t   is  no  longer   r o t a t e d   on  passage  t h r o u g h  

the  l i q u i d   c r y s t a l   m a t e r i a l   18,  and  thus  passes   through  the  s e c o n d  

po l a ro id   28,  as  i l l u s t r a t e d   by  the  arrow  Y,  and  the  s t r i p   13  t h e r e f o r e  

becomes  t r a n s p a r e n t .   In  an  a l t e r n a t i v e   a r r angemen t ,   the  p o l a r o i d s  

27,  28  are  mu tua l ly   at  r i g h t   ang les ,   as  i l l u s t r a t e d   by  the  a r r o w s  

29A,  in  which  case  the  s t r i p   13  is  t r a n s l u c e n t   with  no  v o l t a g e   a p p l i e d  

between  the  e l e c t r o d e s   19,  20  and  opaque  when  a  vo l t age   is  a p p l i e d .  



In  ano the r   embodiment  of  the  i n v e n t i o n   a  p l e o c h r o i c   dye  (which  may 

be  a  s i n g l e   subs tance   or  a  mixture   of  s u b s t a n c e s )   is  mixed  with  l i q u i d  

c r y s t a l   m a t e r i a l   18  in  a  t w i s t e d   nematic  form.  The  molecules   of  t h e  

dye  a l i g n   themselves   a cco rd ing   to  the  l i q u i d   c r y s t a l   molecule   a l i g n m e n t ,  

and  have  the  p rope r ty   of  abso rb ing   p o l a r i s e d   l i g h t   in  one  a l i g n m e n t ,  

and  of  being  non-abso rben t   in  ano ther   a l i g n m e n t .  

A  s t r i p   13  a cco rd ing   to  t h i s   embodiment  is  i l l u s t r a t e d   s c h e m a t i c a l l y  

in  Fig  5,  and  has  a  s i ng l e   p o l a r o i d   30  and  a  t w i s t e d   nematic  l i q u i d  

c r y s t a l   c e l l   31,  the  l i q u i d   c r y s t a l   m a t e r i a l   c o n t a i n i n g   p l e o c h r o i c   dye .  

In  use  l i g h t   is  p o l a r i s e d   by  the  po l a ro id   30,  and  is  absorbed  by  t h e  

dye  in  one  a l ignment   making  the  s t r i p   13  l i g h t   absorben t   and  n o n - r e f l e c t i n g ,  

and  t r a n s m i t t e d   by  the  c e l l   31  in  the  other   dye  molecule  a l i g n m e n t ,  

making  the  s t r i p   31  t r a n s p a r e n t .   These  e f f e c t s   are  r eversed   by  t h e  

a p p l i c a t i o n   or  removal  of  a  p o t e n t i a l   d i f f e r e n c e   between  the  e l e c t r o d e s  

of  the  c e l l   31,  depending  on  the  r e l a t i v e   a l ignments   of  the  p o l a r o i d  

30  and  ce l l   31 .  

Whils t   the  o p e r a t i o n   of  the  above  embodiments  have  been  d e s c r i b e d  

as  being  opera ted   by  va ry ing   the  v o l t a g e   l e v e l ,   i t   is  known  in  the  a r t  

that   for   many  l i q u i d   c r y s t a l   m a t e r i a l s   a  much  qu icker   response   i s  

ob ta ined   us ing  what  is  known  as  two- f requency   s w i t c h i n g .   In  t h i s  

an  a l t e r n a t i n g   v o l t a g e   is  app l i ed   c o n t i n u o u s l y   to  the  l i q u i d   c r y s t a l  

c e l l .   Realignment  of  the  l i q u i d   c r y s t a l   c e l l s   is  e f f e c t e d   by 

s w i t c h i n g   from  low  f requency   to  very  high  f r equency ,   or  vice  v e r s a .  

F u r t h e r   embodiments  of  the  i n v e n t i o n   use  nematic  l i q u i d   c r y s t a l s  

which  are  a r ranged  to  e x h i b i t   what  are  known  in  the  a r t   as  the  p o s i t i v e  

and  n e g a t i v e   F r e e d e r i c k s z   e f f e c t s .  



For  the  p o s i t i v e   F r e e d o r i c k s z   e f f e c t   a  th in   ( t y p i c a l l y   6  to  25pm 

th ick)   f i lm  of  a  nematic  l i q u i d   c r y s t a l   m a t e r i a l   having  a  p o s i t i v e  

d i e l e c t r i c   a n i s o t r o p y   is  con t a ined   between  c o n d u c t i v e l y   coa ted   g l a s s  

p l a t e s ,   the  e l c t r o d e   s u r f a c e s   being  t r e a t e d   to  give  a  p a r a l l e l  

homogenous  t e x t u r e   in  the  u n e n e r g i s e d   s t a t e   (Figure   6a).  When  t h e  

l i q u i d   c r y s t a l   c e l l   is  sandwiched  between  c ros sed   or  p a r a l l e l   l i n e a r  

po l a r i s e r s   in  such  a  way  tha t   the  opt ic   axis  of  the  c e l l   is  at  ±π/4  t o  

the  t r a n s m i s s i o n   axis  of  one  of  the  p o l a r i s e r s   the  combina t ion   a p p e a r s  

to  be  t r a n s p a r e n t   and  c o l o u r l e s s .   When  a  v o l t a g e   is  a p p l i e d   a c r o s s  

the  ce l l   the  l i q u i d   c r y s t a l   molecules   r e a l i g n ,   the  degree  of  r e -  

a l ignment   being  dependent  on  the  app l i ed   v o l t a g e .   As  the  vo l t age   i s  

i n c r e a s e d   the  ar rangement   p r o g r e s s i v e l y   absorbs   wavelengths   of  t h e  

co lour   spectrum  u n t i l   e v e n t u a l l y   (Figure   6b)  i t   becomes  t o t a l l y  

a b s o r b e n t .  

In  the  n e g a t i v e   F r e e d e r i c k s z   e f f e c t   a  nematic   l i q u i d   c r y s t a l  

having  n e g a t i v e  d i e l e c t r i c   a n i s o t r o p y   is  c o n t a i n e d   as  for   the  p o s i t i v e  

e f f e c t ,   but  with  the  ce l l   wal ls   t r e a t e d   to  give  homeotropic   a l i g n m e n t  

(Figure   7a).   A p p l i c a t i o n   of  an  a l t e r n a t i n g   v o l t a g e   across  the  c e l l  

r e o r i e n t a t e s   the  l i q u i d   c r y s t a l   molecules   (Figure   7b)  to  give  a  

s i m i l a r   s p e c t r a l   e f f e c t   to  tha t   d e s c r i b e d   a b o v e .  

Many  cathode  ray  d i s p l a y s   are  monochrome,  so  the  s p e c t r a l  

q u a l i t i e s   of  the  F r e e d e r i c k s z   e f f e c t   can  be  used  to  a d v a n t a g e .  

Liquid  c r y s t a l   c e l l s   31a  having  c ros sed   p o l a r i s e r s   27a,  28a  a r e  

i l l u s t r a t e d   in  the  t r a n s p a r e n t   s t a t e   in  F igure   8a  and  in  the  a b s o r b e n t  

s t a t e   in  Figure  8b.  Switching  of  the  c e l l s   may  be  made  qu icker   and  



more  e f f e c t i v e   by  the  use  of  b i r e f r i n g e n t   shee t s   ( i l l u s t r a t e d   i n  

do t t ed   l i n e s   at  150  in  F igures   8a  and   8b)  p o s i t i o n e d   between  the  c e l l  

31a  and  one  of  the  p o l a r i s e r s   27a,  2 8 a .  

The  F r e e d e r i c k s z   e f f e c t   can  a lso  be  used  with  p l e o c h r o i c   dye 

d i s s o l v e d   in  the  l i q u i d   c r y s t a l   m a t e r i a l .  

F u r t h e r   embodiments  of  the  i n v e n t i o n   i nc lude   two  c e l l s   of  t h e  

F r e e d e r i o k s s   or  of  the  tw i s t ed   nemat ic   type,  with  p l eoch ro i c   dye 

d i s s o l v e d ,   d i sposed   to  be  mu tua l l y   ad jacen t   and  with  t h e i r   al ignement 

d i r e c t i o n s   o r t h o g o n a l .   A l t e r n a t i v e l y   a  l i q u i d   c r y s t a l   m a t e r i a l   o f  

the  c h o l e s t e r i c   to  nematic  phase  change  type  can  be  used  with  a  

p l e o c h r o i c   dye,  the  l i q u i d   c r y s t a l   m a t e r i a l   be ing  c h o l e s t e r i c   w i t h  

p o s i t i v e   or  v a r i a b l e   d i e l e c t r i c   a n i s o t r o p y .   The  dynamic  s c a t t e r i n g  

e f f e c t   can  be  used,   with  a  nematic  or  l o n g - p i t c h e d   c h o l e s t e r i c  

l i q u i d   c r y s t a l   m a t e r i a l   having  n e g a t i v e   or  v a r i a b l e   d i e l e c t r i c   a n i s o t r o p y  

mixed  with  a  p l e o c h r o i c   dye .  

The  type  of  c e l l   to  be  used  for   the  s t r i p s   13  in  a  p a r t i c u l a r  

sc reen   12  wi l l   be  a  m a t t e r   of  convenience .   For  example,  where  t h e  

sc reen   12  is  c o n s t r u c t e d   i n t e g r a l l y   with  the  cathode  ray  tube  10  i t  

wi l l   be  a d v i s a b l e   for   the  s t r i p   13  to  be  of  the  type  which  i s  

t r a n s p a r e n t   when  the re   is  no  vo l t age   app l i ed   across   i t .   The  number  o f  

s t r i p s   13  on  a  p a r t i c u l a r   sc reen   12  wi l l   again  be  a  ma t t e r   of  c h o i c e ,  

and  w i l l   probably  be  dec ided   by  the  maximum  e x t e r n a l   i l l u m i n a t i o n  

from  which  i t   is  d e s i r e d   to  p r o t e c t   the  face  11  of  the  cathode  r a y  

tube  10.  S i g n i f i c a n t   b e n e f i t s   can  be  ob ta ined   from  sc reens   12  h a v i n g  

only  2  s t r i p s   13.  P r e f e r a b l y   more  than  2  s t r i p s   13  w i l l   be  u s e d ,  

but  t he re   comes  a  s t age   where  the  p r o v i s i o n   of  more  s t r i p e   13  w i l l  

s u f f e r   from  the  law  of  d imin i sh ing   r e t u r n s .  



Advantageous ly   each  sc reen   12  wi l l   i nc lude   an  a n t i - r e f l e c t i o n  

coa t ing .   While  s t r i p s   13  have  been  d e s c r i b e d   as  being  formed  o f  

s e p a r a t e   l i q u i d   c r y s t a l   c e l l s   i t   w i l l   be  r e a l i s e d   tha t   a  s i n g l e   c e l l  

may  be  used,   e l e c t r o d e s   19,  20  being  e tched  to  s e p a r a t e   the  c e l l   i n t o  

a  p l u r a l i t y   of  s t r i p s   13 .  

The  d e s c r i p t i o n s   of  the  v a r i o u s   l i q u i d   c r y s t a l   e f f e c t s   have  b e e n  

d e s c r i b e d   very  b r i e f l y ,   as  they  are  well   known  in  the  ar t   and  as  t h e r e  

is  a  c o n s i d e r a b l e   amount  of  l i t e r a t u r e   d e s c r i b i n g   each  e f f e c t   i n  

c o n s i d e r a b l e   d e t a i l .  

The  i n v e n t i o n   may  also  use  PLZT  m a t e r i a l s .  



1  An  o p t i c a l   s c reen   (12)  having  a  s e r i e s   of  p a r a l l e l   s t r i p s   (13)  

each  s t r i p   i n c l u d i n g   an  e l e c t r o - o p t i c a l   subs tance   (18)  such  that   t h e  

s t r i p   can  be  made  l i g h t   absorbent   or  t r a n s p a r e n t   as  r e q u i r e d   by  v a r y i n g  

v o l t a g e   app l i ed   to  the  s t r i p .  

2  An  o p t i c a l   screen   as  claimed  in  Claim  1  i nc lud ing   an  a n t i - r e f l e c t i o n  

c o a t i n g .  

3  An  o p t i c a l   screen   as  c la imed  in  Claim  1  or  in  Claim  2  w h e r e i n  

the  vo l t age   l eve l   is  v a r i e d .  

4  An  o p t i c a l   screen   as  c la imed  in  anyone  of  Claims  1  to 3  w h e r e i n  

the  v o l t a g e   is  a l t e r n a t i n g   and  i t s   f requency  is  v a r i e d .  

5  An  o p t i c a l   s c reen   as  claimed  in  any  one  of  Claims  1  to  4  i n c l u d i n g  

a  l a y e r   of  l i q u i d   c r y s t a l   m a t e r i a l  ( 1 8 )   sandwiched  between  two  p l a t e s  

of  t r a n s p a r e n t   e l e c t r i c a l l y   conduc t ing   m a t e r i a l   ( 1 9 , 2 0 ) .  

5  An  o p t i c a l   screen   as  claimed  in  Claim  5  wherein  each  s t r i p   (13)  

ia  a  l i q u i d   c r y s t a l   c e l l .  

7  An  o p t i c a l   sc reen   as  claimed  in  Claim  5  wherein  the  s c reen   is  a  

l i qu id   c r y s t a l   c e l l   wherein  the  l aye r s   of  e l e c t r i c a l l y   c o n d u c t i n g  

mater ia l   are  e tched  to  s e p a r a t e   the  ce l l   in to   a  p l u r a l i t y   of  s t r i p s .  

3  An  o p t i c a l   sc reen   as  c laimed  in  any  one  of  Claims  5  to 7  w h e r e i n  

the  t r a n s p a r e n t   e l e c t r i c a l l y   conduc t ing   m a t e r i a l   i n c l u d e s   t i n   o x i d e .  

An  o p t i c a l   sc reen   as  claimed  in  any  one  of  Claims  5  to  8  w h e r e i n  

the  t r a n s p a r e n t   e l e c t r i c a l l y   conduc t ing   m a t e r i a l   i nc ludes   indium  o x i d e .  

10  An  o p t i c a l   sc reen   as  claimed  in  any  one  of  Claims  5  to  9  w h e r e i n  

the  l i q u i d   c r y s t a l   m a t e r i a l   is  nematic  and  is  con ta ined   in  a  t w i s t e d  

nematic  c e l l .  



11.  An  o p t i c a l   s c reen   as  claimed  in  Claim  10  i n c l u d i n g   a  small  amount  

of  c h o l e s t e r i c   l i q u i d   c r y s t a l   m a t e r i a l .  

12  An  o p t i c a l   sc reen   as  claimed  in  Claim  10  or  Claim  11  w h e r e i n  

the  c e l l   is  sandwiched  between  at  l e a s t   two  shee t s   (27,28)   o f  

p o l a r o i d   m a t e r i a l .  

13  An  o p t i c a l   sc reen   as  claimed  in  Claim  10  or  in  Claim  11  i n c l u d i n g  

a  p l e o c h r o i c   dye  and  a  sheet   (30)  of  po l a ro id   m a t e r i a l .  

14  An  o p t i c a l   sc reen   as  claimed  in  any  one  of  Claims  5  to  9  w h e r e i n  

the  l i q u i d   c r y s t a l   m a t e r i a l   is  nematic  having  a  p o s i t i v e   d i e l e c t r i c  

a n i s o t r o p y   and  is  a r ranged   to  e x h i b i t   a  p o s i t i v e   F r e e d e r i c k s z   e f f e c t .  

15  An  o p t i c a l   screen   as  claimed  in  any  one  of  Claims  5  to  9  w h e r e i n  

the  l i q u i d   c r y s t a l   m a t e r i a l   is  nematic  having  a  nega t ive   d i e l e c t r i c  

a n i s o t r o p y   and  is  a r ranged   to  e x h i b i t   a  n e g a t i v e   F r e e d e r i c k s z   e f f e c t .  

16  An  o p t i c a l   sc reen   as  c laimed  in  Claim  14  or  in  Claim  15 

sandwiched  between  at  l e a s t   two  shee t s   (27a ,28a)   of  p o l a r o i d   m a t e r i a l .  

17  An  o p t i c a l   sc reen   as  c laimed  in  Claim  16  i n c l u d i n g   one  or  more 

shee t s   (150)  of  b i r e f r i n g e n t   m a t e r i a l .  

18  An  o p t i c a l   sc reen   as  c laimed  in  Claim  14  or  in  Claim  15 

i n c l u d i n g   a  p l e o c h r o i c   dye  and  a  sheet   of  p o l a r o i d   (30)  m a t e r i a l .  

19  An  o p t i c a l   s c reen   as  claimed  in  any  of  Claims  5  to  9  i n c l u d i n g  

a  nematic  l i q u i d   c r y s t a l   m a t e r i a l .  

20  An  o p t i c a l   s c reen   as  claimed  in  Claim  19  i n c l u d i n g   a  p l e o c h r o i c   d y e .  

21  An  o p t i c a l   sc reen   as  claimed  in  any  one  of  Claims  1  to  4  i n c l u d i n g  

two  c e l l s   of  nematic  l i q u i d   c r y s t a l   m a t e r i a l   mixed  with  p l eoch ro i c   dye 

and  a r r anged   to  e x h i b i t   a  F r e e d e r i c k s z   e f f e c t ,   the  c e l l s   being  m u t u a l l y  

a d j a c e n t   with  t h e i r   a l ignment   d i r e c t i o n s   o r t h o g o n a l .  



22  An  o p t i c a l   s c reen   as  claimed  in  any  one  of  Claims  1  to  4  i n c l u d i n g  

two  c e l l s   of  tw i s t ed   nematic   l i q u i d   c r y s t a l   m a t e r i a l   mixed  w i t h  

p l e o c h r o i c   dye,  the  c e l l s   being  mu tua l ly   a d j a c e n t   and  with  t h e i r  

a l ignment   d i r e c t i o n s   o r t h o g o n a l .  

23  An  o p t i c a l   screen  as  claimed  in  any  one  of  Claims  1  to  4  i n c l u d i n g  

a  c h o l e s t e r i c   l i q u i d   c r y s t a l   m a t e r i a l   mixed  with  a  p l e o c h r o i c   dye ,  

the  m a t e r i a l   having  p o s i t i v e   or  v a r i a b l e   d i e l e c t r i c   a n i s o t r o p y   and  b e i n g  

of  the  c h o l e s t e r i c   to  nematic   phase  change  t y p e .  

24  An  o p t i c a l   sc reen   as  claimed  in  any  one  of  Claims  1  to  4  i n c l u d i n g  

a  nematic  or  l o n g - p i t c h e d   c h o l e s t e r i o   l i q u i d   c r y s t a l   m a t e r i a l   mixed  

with  a  p l e o c h r o i c   dye,  the  m a t e r i a l   having  a  n e g a t i v e   or  v a r i a b l e  

d i e l e c t r i c   a n i s o t r o p y   and  being  of  the  dynamic  s c a t t e r i n g   t y p e .  

25  A  cathode  ray  tube  (10)  i n c l u d i n g   an  o p t i c a l   sc reen   (12)  a s  

claimed  in  any  one  of  Claims  1  to  24,  the  screen  being  p o s i t i o n e d   s o  

tha t   the  s t r i p s   (13)  are  a l igned   with  the  w r i t i n g   d i r e c t i o n   of  t h e  

cathode  ray  tube  r a s t e r   (14),  the  s t r i p s   being  e l e c t r i c a l l y   i n t e r -  

connected  with  the  cathode  ray  tube  c i r c u i t r y   so  tha t   each  s t r i p  

is  t r a n s p a r e n t   when  the  r a s t e r   is  w r i t i n g   on  the  cathode  ray  t u b e  

d i s p l a y   face  (11)  behind  i t .  

26  A  cathode  ray  tube  as  claimed  in  Claim  25  wherein   at  times  more  

than  one  s t r i p   (13)  is  t r a n s p a r e n t .  

27  A  cathode  ray  tube  as  claimed  in  Claim  25  or  in  Claim  26  w h e r e i n  

the  s c reen   (12)  is  t r a n s p a r e n t   when  no  vo l t age   is  app l i ed   to  t h e  

s t r i p s   ( 1 3 ) .  
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