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©)  Improvements  to  information  display  devices. 

A  stationary  matrix  panel  has  magnetic  display  elements 
arranged  in  vertical  and  horizontal  rows,  each  element 
having  two  stable  states  of  contrasting  appearance.  Electro- 
magnetic  actuator  heads  are  mechanically  coupled  together 
by  resilient  couplings  so  as  to  move  in  unison  and  actuate 
selected  display  elements.  The  couplings  are  arranged  to 
allow  limited  movement  in  a  direction  normal  to  that  of  the 
travel  of  the  actuator  heads  across  the  matrix  panel,  thereby 
allowing  for  slight  misalignment  in  the  panel.  Each  actuator 
head  contains  a  number  of  individual  electromagnets  and  is 
responsive  to  a  respective  indexing  track  which  provides 
signals  indicative  of  actual  position  of  the  actuation  of  the 
electromagnets  in  the  head.  The  matrix  panel  has  a  plurality 
of  guide  rails  arranged  to  provide  accurate  vertical  registra- 
tion  of  the  heads,  each  guide  rail  being  slotted  to  provide  the 
indexing,  In  one  embodiment  the  matrix  panel  is  made  of  a 
two-dimensional  array  of  matrix  units  each  having  a  two- 
dimensional  array  of  display  elements  and  each  providing  as 
an  integral  part  thereof  a  portion  of  a  guide  track  and  a 
portion  of  an  indexing  track. 



T h i s   i n v e n t i o n   c o n c e r n s   i n f o r m a t i o n  d i s p l a y  

d e v i c e s   of  t h e   k i n d   in   w h i c h   a  " w r i t i n g "   h e a d   c a r r y i n g  

a  s e t   of  a c t u a t o r s   s u c h   as  e l e c t r o m a g n e t s   i s   m o v e d  

r e l a t i v e   to   a  s t a t i o n a r y   m a t r i x   of  c o r r e s p o n d i n g l y  

a c t u a t a b l e   d i s p l a y   e l e m e n t s ,   s u c h   as  m a g n e t i c a l l y  

a c t u a t a b l e   e l e m e n t s ,   so  as  t o  a l t e r   t h e   a p p e a r a n c e   o f  

s e l e c t e d   e l e m e n t s ,   as  d i s c l o s e d ,   f o r   e x a m p l e ,   i n   S a l a m  

U . S .   P a t e n t   No.  3 , 5 6 2 , 9 3 8 .  

I t   i s   a n  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

f a c i l i t a t e   t h e   m a n u f a c t u r e   of  m a t r i x   d i s p l a y   d e v i c e s  

h a v i n g   a  l a r g e   n u m b e r   of  d i s p l a y   e l e m e n t s ,   f o r   e x a m p l e  

500  r o w s   by  2 , 0 0 0   c o l u m n s ,   so  as  to   be  a b l e  t o   d i s p l a y  

more   i n f o r m a t i o n   and  to  show  p i c t u r e s   in   f i n e   d e t a i l .  

I n   c e r t a i n   a p p l i c a t i o n s ,   i t   i s   d e s i r a b l e   to   h a v e   a  h i g h  

d e n s i t y   of  d i s p l a y   e l e m e n t s ,   f o r   e x a m p l e   5 0 - 1 0 0   p e r  

s q u a r e   i n c h ,   and  t h e   i n v e n t i o n   f a c i l i t a t e s  t h e  

m a n u f a c t u r e   of  l a r g e   m a t r i c e s   w i t h   s u c h   h i g h   d e n s i t i e s .  

A n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   to   p r o v i d e  

a c c u r a t e   r e g i s t r a t i o n   b e t w e e n   t h e   a c t u a t i n g   e l e c t r o -  

m a g n e t s   and  t h e   d i s p l a y   e l e m e n t s .  

F e a t u r e s   and  a d v a n t a g e s   of  t h e   i n v e n t i o n   w i l l  

b e c o m e   a p p a r e n t   f r o m   t h e   f o l l o w i n g   d e s c r i p t i o n   o f  

e m b o d i m e n t s   t h e r e o f ,   when  t a k e n   i n   c o n j u n c t i o n   w i t h   t h e  

f o l l o w i n g   d r a w i n g s ,   i n   w h i c h :  -  

F i g u r e   1  i s   a  r e a r   p e r s p e c t i v e   v i e w   of  d e t a i l s  



of  one  e m b o d i m e n t   of  t h e   i n v e n t i o n ;  

F i g u r e   2  i s   a  m a g n i f i e d   p a r t i a l l y   c u t - a w a y  

v i e w   of  p a r t   of  t h e   e m b o d i m e n t   of   F i g u r e   1 ;  

F i g u r e   3  i s   a  s e c t i o n a l   s i d e   v i e w   of   t h e  

e m b o d i m e n t   of  F i g u r e s   1  and   2  i n c l u d i n g   i m p r o v e d   g u i d e  

and   r e g i s t r a t i o n   m e a n s ;  

F i g u r e   4  i s   a  d e t a i l e d   p e r s p e c t i v e   v i e w   o f  

p a r t   of   t h e   g u i d e   and  r e g i s t r a t i o n   means   shown  i n  

F i g u r e   3 ;  

F i g u r e   5  i s   a  p a r t i a l l y   e x p l o d e d   r e a r  

p e r s p e c t i v e   v i e w   of  d e t a i l s   of   a  s e c o n d   e m b o d i m e n t   o f  

t h e   i n v e n t i o n ,   s i m i l a r   to   t h a t   of   F i g u r e   1  b u t   d i f f e r i n g  

i n   t h e   t y p e   of  g u i d e   and  i n d e x i n g   a r r a n g e m e n t s   u s e d ;  

F i g u r e   6  i s   a  p a r t i a l l y   e x p l o d e d   r e a r  

p e r s p e c t i v e   v i e w   of  a  t h i r d   e m b o d i m e n t   s i m i l a r   to  t h a t  

of   F i g u r e   1  b u t   i n c l u d i n g   a  m o d u l a r   c o n s t r u c t i o n   f e a t u r e ;  

F i g u r e   7  i s   a  p a r t i a l l y   e x p l o d e d   r e a r  

p e r s p e c t i v e   v i e w   of  a  f o u r t h   e m b o d i m e n t   of  t h e   i n v e n t i o n ;  

a n d  

F i g u r e   8  i s   a  p a r t i a l l y   c u t - a w a y   v i e w   of   a  

f i f t h   e m b o d i m e n t   of  t h e   i n v e n t i o n .  

The  v a r i o u s   e m b o d i m e n t s   of  t h e   i n v e n t i o n   a r e  

shown  as  i n c l u d i n g   d i s p l a y   e l e m e n t s   of  t h e   t y p e  

d e s c r i b e d   i n   t h e   a f o r e m e n t i o n e d   U . S .   P a t e n t   N o .  

3 , 5 6 2 , 9 3 8 ,   b u t   any  o t h e r   t y p e   of  d i s p l a y   e l e m e n t  

a c t u a t e d   by  a  m o v i n g   w r i t i n g   h e a d   h a v i n g   an  a c t u a t o r  

f o r   e a c h   row  of  d i s p l a y   e l e m e n t s   can  be  u s e d   i n s t e a d .  

The  a r r a n g e m e n t s   d e s c r i b e d   h e r e i n a f t e r   p r o v i d e  

i m p r o v e d   means   of   r e g i s t r a t i o n   b e t w e e n   t h e   a c t u a t i n g  

e l e c t r o m a g n e t s   of  t h e   w r i t i n g   h e a d   and  t h e   m a g n e t i c a l l y  

a c t u a t a b l e   d i s p l a y   e l e m e n t s ,   as  w e l l   as  i m p r o v e d   t i m i n g  

of  a c t u a t i o n   of  t h e   e l e c t r o m a g n e t s   w i t h   r e f e r e n c e   t o  

t h e i r   a c t u a l   p o s i t i o n s   in   r e l a t i o n   to  t h e   d i s p l a y  
c i e m e n t s .  

R e f e r r i n g   f i r s t   more   p a r t i c u l a r l y   to  F i g u r e s  



1 - 4 ,   t h e   i n f o r m a t i o n   d i s p l a y   a p p a r a t u s   a c c o r d i n g   to   o n e  

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   i n c l u d e s  a   b a s e  

p l a t e   2  t h a t   i s   f o r m e d   f r o m   a  s u i t a b l e   o p a q u e   s y n t h e t i c  

p l a s t i c s   m a t e r i a l ,   s u c h   as  a c e t a l   or  p o l y e t h y l e n e ,   i n  

w h i c h   a r e   i n t e g r a l l y   m o u l d e d   a  p l u r a l i t y   of  s m a l l   c e l l  

c h a m b e r s   4  e a c h   h a v i n g   a  l i g h t - t r a n s m i t t i n g   a p e r t u r e   6 ,  

as  shown  i n   F i g u r e   2.  M o u n t e d   f o r   d i s p l a c e m e n t   b e t w e e n  

b i s t a b l e   l i g h t - t r a n s m i t t i n g   and  l i g h t - b l o c k i n g   p o s i t i o n s  

r e l a t i v e   to   t h e   a p e r t u r e   6  of   e a c h   c e l l   c h a m b e r   4  i s   a n  

e l e c t r o m a g n e t i c a l l y   a c t u a t a b l e   s h u t t e r   member   8.  A 

t r a n s p a r e n t   or  t r a n s l u c e n t   s h e e t   10  s e c u r e d   to  t h e   r e a r  

f a c e   of  t h e   b a s e   p l a t e   2  r e t a i n s   t h e   s h u t t e r   m e m b e r s   i n  

t h e i r   r e s p e c t i v e   c e l l   c h a m b e r s   4.  The  c e l l s   a r e   o f  

r e l a t i v e l y   s m a l l   s i z e   and  a r e   a r r a n g e d   in   h o r i z o n t a l  

r o w s   and  v e r t i c a l  c o l u m n s .   T h u s ,   l i g h t   e m i t t e d   f r o m   t h e  

l i g h t   s o u r c e   L  a r r a n g e d   to  t h e   r e a r   of   t h e   m a t r i x   p a s s e s  

t h r o u g h   t h o s e   a p e r t u r e s   6  t h a t   a r e   n o t   o b s t r u c t e d   b y  

t h e   a s s o c i a t e d   s h u t t e r   m e m b e r s   8,  and  c o n s e q u e n t l y   a  

v i s u a l   a r r a y   i s   p r e s e n t e d   on  t h e   f r o n t   s u r f a c e   of  t h e  

m a t r i x   b a s e   p l a t e   2 .  

E l e c t r o m a g n e t i c   h e a d   means   16  f o r   s e l e c t i v e l y  

o p e r a t i n g  t h e   s h u t t e r   m e m b e r s   b e t w e e n   t h e i r   l i g h t -  

t r a n s m i t t i n g   and  l i g h t - b l o c k i n g   p o s i t i o n s   a r e   m o u n t e d  

f o r   h o r i z o n t a l   d i s p l a c e m e n t   by  i m p r o v e d   g u i d e   m e a n s .  

More   p a r t i c u l a r l y ,   i n   t h e   e m b o d i m e n t   of  F i g u r e s   1 - 4 ,   a  

p a i r   of  e l e c t r o m a g n e t i c   h e a d s   l 6  a r e   p r o v i d e d   t h a t   a r e  

g u i d e d   f o r   h o r i z o n t a l   l i n e a r   d i s p l a c e m e n t   u p o n   f l a t  

h o r i z o n t a l   p r o j e c t i o n s   18  t h a t   e x t e n d   r e a r w a r d l y   f r o m  

t h e   r e a r   s u r f a c e   of  t h e   m a t r i x   b a s e   p l a t e   u n i t   2  a s  

shown   i n   F i g u r e s   1 - 3 .   For   s l i d a b l y   m o u n t i n g   t h e   e l e c t r o -  

m a g n e t i c   h e a d  m e a n s   on  t h e   g u i d e   p r o j e c t i o n s   18,  t h e  

h e a d   means   a r e   p r o v i d e d   w i t h   l a t e r a l  e x t e n s i o n s   16a  o f  

g e n e r a l l y   U - s h a p e d   c r o s s   s e c t i o n ,   t h e r e b y   to   r e c e i v e   t h e  

g u i d e   p r o j e c t i o n s   18  as  shown  in  F i g u r e   3.  Each  e l e c t r o -  

m a g n e t i c   h e a d   c o n t a i n s   a  p l u r a l i t y   of  e l e c t r o m a g n e t s   22  



e a c h   of   w h i c h   i s   d i s p o s e d   o p p o s i t e   t h e   c o r r e s p o n d i n g  

h o r i z o n t a l   row  of  c e l l s   4,  t h e   e l e c t r o m a g n e t s   b e i n g  

s e l e c t i v e l y   e n e r g i z a b l e   v i a   c o n v e n t i o n a l   c o i l  

e n e r g i z i n g   c i r c u i t s ,   as   i s   known  i n   t h e   a r t .  

I n   o r d e r   t o   d i s p l a c e   t h e   e l e c t r o m a g n e t   h e a d s  

16  s i m u l t a n e o u s l y   i n   l i n e a r   d i r e c t i o n s   c o n t a i n e d   in   t h e  

p l a n e   p a r a l l e l   w i t h   t h e   p l a n e  o f   t h e   m a t r i x   2,  a  common 

d r i v e   o p e r a t o r  b a r   26  i s   p r o v i d e d ,   as  shown  i n   F i g u r e s  

3  and   4.  The  common  d r i v e   b a r   26  i s   r e s i l i e n t l y  

c o n n e c t e d   w i t h   t h e   e l e c t r o m a g n e t   h e a d   b o d i e s   16  v i a  

r e s i l i e n t   c o n n e c t i n g   s p r i n g s   28,  t h e r e b y   c o u p l i n g   t h e m  

t o g e t h e r   and  p e r m i t t i n g   a  d e g r e e   of  m o v e m e n t   b e t w e e n  

t h e   d r i v e   b a r   26  and   t h e   e l e c t r o m a g n e t   h e a d s   16,  w h i c h  

h e a d s   a r e   g u i d e d   a g a i n s t   v e r t i c a l   d i s p l a c e m e n t   by  t h e  

h o r i z o n t a l l y   a r r a n g e d   p r o j e c t i o n s   18.  At  one  e n d ,   t h e  

c o n n e c t i n g   s p r i n g s   28  a r e   f a s t e n e d   to   t h e   d r i v e   b a r   2 6  

by  s c r e w s   30,  and  a t   t h e i r   o t h e r   e n d s ,   t h e   s p r i n g s  h a v e  

p r o j e c t i n g   f o o t   p o r t i o n s   28a  t h a t   e x t e n d   i n t o  

c o r r e s p o n d i n g   s l o t s   32  c o n t a i n e d   i n   t h e   r e a r   s u r f a c e   o f  

t h e   e l e c t r o m a g n e t   h e a d s   16.  The  s p r i n g s   28  p r e s s   t h e  

h e a d s   16  l i g h t l y   a g a i n s t   t h e   m a t r i x   p a n e l   2.  T h e y   a l s o  

a l l o w   s l i g h t   m o t i o n   of  t h e   h e a d s   16  up  and   down  r e l a t i v e  

to   t h e   d r i v e   b a r   26.   The  e n e r g i z i n g   c a b l e s   34  c o n t a i n i n g  

t h e   c o n d u c t o r s   l e a d i n g   to   t h e   c o i l   e n e r g i z i n g   c i r c u i t s  

e x t e n d   t h r o u g h   c o r r e s p o n d i n g   o p e n i n g s   36  c o n t a i n e d   i n  

t h e   common  d r i v e   b a r   26.   The  s p a c e s   b e t w e e n   t h e  

u n i f o r m l y - s p a c e d   h o r i z o n t a l   g u i d e   p r o j e c t i o n s   18 

c o n s t i t u t e   i n d e x   m a r k s   f o r   a c c u r a t e l y   d e t e r m i n i n g   t h e  

c o l u m n   p o s i t i o n s   b e i n g   s c a n n e d   by  t h e   e l e c t r o m a g n e t  

h e a d s   16  a l o n g   t h e   g u i d e   m e a n s ,   and  to   t h i s   end  t h e  

l a t e r a l   e x t e n s i o n s   16a  of  t h e   h e a d   m e m b e r s   i n c l u d e   l i g h t  

s o u r c e s   40  and  l i g h t   r e c e i v e r s   42  a r r a n g e d   on  o p p o s i t e  

s i d e s   of  t h e   r e a r w a r d l y   e x t e n d i n g   g u i d e   p r o j e c t i o n s   1 8 ,  

w h e r e b y   l i g h t   p u l s e s   may  be  d e t e c t e d   by  t h e   l i g h t  

r e c e i v e r s   42  f o r   i n d e x i n g   t h e   e l e c t r o m a g n e t   h e a d s   16 



r e l a t i v e   to   t h e   m a t r i x   2.  As  e a c h   of  h e a d s   16  t r a v e r s e s  

a  c o l u m n   of   d i s p l a y   e l e m e n t s   4  i t s   l i g h t   r e c e i v e r   4 2  

p r o v i d e s   a  t i m i n g   s i g n a l   f o r   t h e   h e a d   w h i c h   i s  

i n d e p e n d e n t   of  t h e   p o s i t i o n s   of  t h e   o t h e r   h e a d s .   T h i s  

t i m i n g   s i g n a l   i s   u s e d   to   c o n t r o l   t h e   t i m i n g   o f  

e n e r g i s a t i o n   of  t h e   e l e c t r o m a g n e t s   on  t h e   h e a d .   T h u s  

i f   d r i v e   b a r   26  i s   s l i g h t l y   s k e w e d   r e l a t i v e   to   t h e  

c o l u m n s   of   t h e   m a t r i x   c a u s i n g   t h e   h e a d s   to  be  o u t   o f  

l i n e   w i t h   e a c h   o t h e r   t h e   skew  w i l l   n o t   a f f e c t   t h e  

c o r r e c t   t i m i n g   of  e n e r g i s a t i o n   of  t h e   c o i l s   i n   t h e  

d i f f e r e n t   h e a d s .  

P r o j e c t i o n s   18  a r e   made  t h i n   to  e n a b l e   t h e  

d i s t a n c e   b e t w e e n   t h e   row  i m m e d i a t e l y   a b o v e   t h e m   and  t h a t  

i m m e d i a t e l y   b e l o w   t hem  to   be  s u b s t a n t i a l l y   t h e   same  a s  

t h e   d i s t a n c e   b e t w e e n   a d j a c e n t   r o w s  e l s e w h e r e .   T h e y   a r e  

a r r a n g e d   so  t h a t   t h e y   p r o t r u d e   f r o m   t h e   r e a r   s u r f a c e   o f  

b a s e   2  by  a  d i s t a n c e   t h a t   i s   l e s s   t h a n   t h e   d i s t a n c e   f r o m  

t h e   c e n t r e   of  a  c e l l   t o   t h a t   of  t h e   one  a b o v e   i t   and  s o  

t h a t   t h e   g a p s   b e t w e e n   t h e m   a r e   in   l i n e   w i t h   t h e   c o l u m n s  

of  a p e r t u r e s   6  i n   t h e   c e l l s   ( s e e   F i g u r e   2 ) ,   so  as  t o  

m a i n t a i n   s u b s t a n t i a l l y   u n i f o r m   i l l u m i n a t i o n   of   t h e  

a p e r t u r e s .   The  b a c k   i l l u m i n a t i o n   L  can   be  by  m e a n s   o f  

e l o n g a t e   f l u o r e s c e n t   l a m p s   or  t u n g s t e n   b u l b s .  

R e f e r r i n g   to   t h e   e m b o d i m e n t   of  F i g u r e   5,  t h e  

g u i d e   m e a n s   f o r   e a c h   h e a d   116  c o m p r i s e s   a  t o n g u e   a n d  

g r o o v e   c o n n e c t i o n ,   t h e   t o n g u e s   b e i n g   d e f i n e d   by  l a t e r a l  

e x t e n s i o n s   116a  a t t a c h e d   to   h e a d   116  t h a t   a r e   s l i d a b l y  

r e c e i v e d   i n   a  c o r r e s p o n d i n g   g r o o v e   118  c o n t a i n e d   i n   t h e  

r e a r   s u r f a c e   of  t h e   o p a q u e   b a s e   p l a t e   102.   In   o r d e r   t o  

p r o v i d e   t h e   a p p r o p r i a t e  i n d e x   marks   in   t h i s   e m b o d i m e n t ,  

t h e   r e a r   s u r f a c e   of  t h e   m a t r i x   b a s e   p l a t e   102  i s  

p r o v i d e d   w i t h   a  m e t a l l i z e d   s t r i p   140  t h a t   c o n t a i n s  

u n i f o r m l y   s p a c e d  o p e n i n g s   142  t h a t   d e f i n e   t h e   i n d e x  

m a r k s .   The  m e t a l l i z e d   a r e a s   on  o p p o s i t e   s i d e s   of   t h e  

g a p s   142  a r e   s e n s e d   by  a  m e t a l   d e t e c t o r   s e n s i n g   e l e m e n t  



144  t h a t   i s   c a r r i e d   by  t h e   i n d e x i n g   h e a d   1 1 6 .  

R e f e r r i n g   now  to  t h e   e m b o d i m e n t   of  F i g u r e   6 ,  

a  s u p p o r t   s h e e t   250  i s   p r o v i d e d   f o r   r e m o v a b l y   s u p p o r t i n g  

a  p l u r a l i t y   of   m o d u l a r   m a t r i x   u n i t s   202  w h i c h   may  b e  .  

f o r m e d   by  i n j e c t i o n   m o u l d i n g .   To  t h i s   end ,   t h e  

r e l a t i v e l y   t h i n   s u p p o r t   s h e e t   250  c o n t a i n s   a p e r t u r e s  

252  f o r   r e c e i v i n g   h o r i z o n t a l   r e a r w a r d l y   e x t e n d i n g  

p r o j e c t i o n s   218  e x t e n d i n g   f r o m   m a t r i x   u n i t s   202 ,   t h e r e b y  

a f f o r d i n g   a  p l u g - i n   c o n n e c t i o n   by  means   of  w h i c h   a  

p l u r a l i t y   of  t h e   m a t r i x   u n i t s   202  may  be  m o u n t e d   i n   c o -  

p l a n a r   f a s h i o n   u p o n   t h e   f r o n t   f a c e   of  t h e   s u p p o r t   s h e e t  

250 .   The   l e n g t h   of  t h e   g u i d e   p r o j e c t i o n s   218  i s   g r e a t e r  

t h a n   t h e   t h i c k n e s s   of  t h e   s u p p o r t   s h e e t   250 ,   so  t h a t   t h e  

p r o j e c t i o n s   e x t e n d   c o m p l e t e l y   t h r o u g h   and  t e r m i n a t e   a t  

t h e i r   r e a r w a r d   e n d s   b e y o n d   t h e   a p e r t u r e s   252  i n   t h e  

s u p p o r t   s h e e t ,   w h e r e u p o n   t h e   f r e e   r e a r   e x t r e m i t i e s   o f  

t h e   p r o j e c t i o n s   d e f i n e   t h e   g u i d e   means   u p o n   w h i c h   t h e  

c h a n n e l   p o r t i o n s   216a   of  t h e   e l e c t r o m a g n e t   h e a d s   216  a r e  

g u i d e d .   The  s h e e t   250  may  be  f o r m e d   of  a  t r a n s p a r e n t  

m a t e r i a l   ( f o r   e x a m p l e ,   a  s y n t h e t i c   p l a s t i c   t r a n s p a r e n t  

s h e e t ) ,   or  may  be  f o r m e d   as  an  o p a q u e   m a t e r i a l   p r o v i d e d  

w i t h   t r a n s p a r e n t   a r e a s   254  d i r e c t l y   o p p o s i t e   t h e  

r e s p e c t i v e   c e l l s   204 ,   w h e r e b y   l i g h t   f r o m   t h e   l i g h t   s o u r c e  

L  w i l l   p a s s   t h r o u g h   t h e   t r a n s p a r e n t   z o n e s   254  and  t h r o u g h  

t h o s e   c e l l s   i n   w h i c h   t h e   s h u t t e r   e l e m e n t s   a r e   in   t h e  

l i g h t - t r a n s m i t t i n g   p o s i t i o n s .  

The   m a t r i x   u n i t s   can   be  a d a p t e d   to  p l u g   i n t o  

s u p p o r t   s h e e t   250  f r o m   t h e   r e a r   i n s t e a d   of  f rom  t h e  

f r o n t .   F i g u r e   8  shows  a  m a t r i x   u n i t   202a  a d a p t e d   f o r  

t h i s   p u r p o s e .   I t   ha s   p r o t r u s i o n s   220 ,   o p p o s i t e  

p r o t r u s i o n s   218 ,   t h a t   p l u g   i n t o   a p e r t u r e s   252 .   The  m o v i n g  

h e a d   r i d e s   on  p r o t r u s i o n   218 ,   as  in   F i g u r e   6 .  

The  a r r a n g e m e n t s   d e s c r i b e d   w i t h   r e f e r e n c e   t o  

F i g u r e s   6  and  8  can  be  v e r y   l a r g e ,   b e i n g   l i m i t e d   o n l y  

by  t h e   s i z e   of  s h e e t   250 .   T h e r e   i s   t h e r e f o r e   p r o v i d e d  



a  s i m p l e   m e t h o d   of  m a k i n g   v e r y   l a r g e  m a t r i c e s ,   as  w e l l  

as  a  m e t h o d   of  a c h i e v i n g   good  r e g i s t r a t i o n   b e t w e e n   t h e  

e l e c t r o m a g n e t s   and  t h e   d i s p l a y   e l e m e n t s .  

R e f e r r i n g   now  to   t h e   e m b o d i m e n t   of   F i g u r e   7 ,  

t h e   m a t r i x   u n i t s   302  a r e   r e m o v a b l y   c o n n e c t e d   w i t h   t h e  

r e a r   s u r f a c e   of  a  t r a n s p a r e n t   s u p p o r t   s h e e t   350  by  m e a n s  

of   o p a q u e   g u i d e   r a i l s   318  h a v i n g   a  T - s h a p e d   c r o s s - s e c t i o n  

f o r m i n g   g r o o v e s . 3 1 9   i n t o   w h i c h   m a t r i x   u n i t s   302  a r e   s l i d  

f r o m   t h e   s i d e .   The  g u i d e   r a i l s   318  a l s o   p r o v i d e   s u r f a c e s  

u p o n   w h i c h   t h e   e l e c t r o m a g n e t   h e a d s   316  a r e   s l i d a b l y  

m o u n t e d .   More   p a r t i c u l a r l y ,   t h e   m a t r i x   u n i t s   302  a r e  

m o u n t e d   b e t w e e n   t h e   e l e c t r o m a g n e t   h e a d s   316  and  t h e  

s u p p o r t   s h e e t   350 ,   w h i c h   m a t r i x   u n i t s   a r e   a c c u r a t e l y  

s u p p o r t e d   i n  p l a c e   by  means   of  s h a l l o w   or  r e m o v a b l e   p i n s  

353  t h a t   a r e   a d a p t e d   to  e x t e n d   f o r w a r d l y   f r o m   t h e   m a t r i x  

u n i t s   302  t h r o u g h   l o c a t i n g   s l o t s   352  c o n t a i n e d  i n  t h e  

s u p p o r t  s h e e t   350 .   I n   t h i s   e m b o d i m e n t ,   t h e  r e a r   s u r f a c e s  

of   t h e   m a t r i x   d e v i c e s   302  a r e   p r o v i d e d   w i t h   a  p l u r a l i t y  

of   e q u a l l y   s p a c e d   m e t a l l i z e d   p o r t i o n s   340  t h a t  d e f i n e  

i n d e x i n g   m a r k s   t h a t   a r e   s e n s e d   by  a  m e t a l   d e t e c t o r   s e n s o r  

344  c a r r i e d   by  e a c h   e l e c t r o m a g n e t   h e a d   316 .   I n   o r d e r   t o  

p r e v e n t   t h e   t r a n s m i s s i o n   of  l i g h t  r a y s   b e t w e e n   t h e  

a d j a c e n t   m a t r i x   u n i t s   302 ,   t he   m a t r i x   u n i t s   a r e   p r o v i d e d  

a t   t h e i r   l a t e r a l   e d g e s   w i t h   o v e r l a p p i n g   f l a n g e   p o r t i o n s  

3 0 2 a .  

T h u s ,   i n   t h e   e m b o d i m e n t s   of  F i g u r e s   6 ,  7   and  8 ,  

a  p l u r a l i t y   of  i n t e r c h a n g e a b l e   m a t r i x  u n i t s   may  b e  

r e m o v a b l y   c o n n e c t e d   w i t h   f i x e d   s u p p o r t   s h e e t s   f o r   o p e r a -  
t i o n   by  t he   e l e c t r o m a g n e t   h e a d s  t o   s e l e c t i v e l y   p l a c e   t h e  

s h u t t e r   e l e m e n t s   of  t h e   v a r i o u s   c e l l s   in   e i t h e r   t h e  

l i g h t - t r a n s m i t t i n g   or  l i g h t - b l o c k i n g   p o s i t i o n s   as  d e s i r e d .  

A l t e r n a t i v e l y   t h e   m a t r i x   u n i t s   can  be  p e r m a n e n t l y   b o n d e d  

to   t h e   s u p p o r t   s h e e t .  

The  a r r a n g e m e n t s   i n  F i g u r e s   6  and  8  can  b e  

m o d i f i e d   so  t h a t   e a c h   m a t r i x   u n i t   has   two  or  more  g u i d e  



r o w s ,   j u s t   as  t h e   m a t r i x   u n i t   i n   F i g u r e   1  can   h a v e  

m u l t i p l e   g u i d e   r o w s .  

I n   t h e   e m b o d i m e n t s   of   F i g u r e s   6  and  8,  t h e  

m o v i n g   h e a d s   a r e   s p r u n g   t o w a r d s   t h e   m a t r i x ,   as  i n   t h e  

c a s e   of  F i g u r e   1.  In   t h e   a r r a n g e m e n t   in   F i g u r e   7,  t h e y  

c a n   be  s p r u n g   or  a l t e r n a t i v e l y   g u i d e   means   316a  a t t a c h e d  

to   h e a d s   316  and  r a i l   318  can   be  m o d i f i e d   to   p r o v i d e   a  

s l i d i n g   a r r a n g e m e n t ,   s u c h   as  t h a t   a l r e a d y   d e s c r i b e d  

w i t h   r e f e r e n c e   to  F i g u r e   5,  w h i c h   p r e v e n t s   r e l a t i v e  

m o t i o n   b e t w e e n   h e a d   316  and  m a t r i x   u n i t   302  in   t h e  

d i r e c t i o n   n o r m a l   to   t h e   p l a n e   of   t h e   m a t r i x .  

The  d i m e n s i o n s   of  t h e   a r r a n g e m e n t   i n   F i g u r e   7  

c a n   be  as  e x t e n s i v e   as  e x t r u s i o n   m a n u f a c t u r i n g   m e t h o d s  

a l l o w .   I t   i s   n o t   n e c e s s a r y   f o r   t h e   d i s t a n c e   b e t w e e n  

a d j a c e n t   r a i l s   t o  b e   e x t r e m e l y   a c c u r a t e ,   or  f o r   t h e  

r a i l s   to   be  e x t r e m e l y   s t r a i g h t .   B e c a u s e  e a c h   l o c a t i n g  

s l o t   352  i s   a  l o n g   v e r t i c a l   s l o t   and  i s   a r r a n g e d   t o  

r e c e i v e   a  p i n   353 ,   t h e   v e r t i c a l   p o s i t i o n   of  t h e   s l o t s  

352  r e l a t i v e   to   t h e   r a i l s   318  i s   n o t   v e r y   c r i t i c a l .   I n  

t h i s   way  m a n u f a c t u r i n g   t o l e r a n c e s   c an   be  r e l a x e d   a n d  

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

I t   i s   n o t   n e c e s s a r y   f o r   h e a d   s e c t i o n   316  to   b e  

g u i d e d   a l o n g   a  s i n g l e   c e n t r a l   r a i l ;   i t   can   h a v e   g u i d e  

m e a n s   t op   and  b o t t o m   and  r u n   b e t w e e n   a  p a i r   of  g u i d e  

r a i l s .  

The  v a r i o u s   e m b o d i m e n t s   of   t h e   i n v e n t i o n   h a v e  

b e e n   d e s c r i b e d   w i t h   r e f e r e n c e   to   h e a d   s e c t i o n s   m o v i n g  

h o r i z o n t a l l y   and  h a v i n g   an  e l e c t r o m a g n e t   p e r   row  o f  

d i s p l a y   e l e m e n t s .   O t h e r   a r r a n g e m e n t s   can   be  u s e d   s u c h  

as  h e a d   s e c t i o n s   m o v i n g   v e r t i c a l l y   and  b e i n g   g u i d e d   b y  

v e r t i c a l   r a i l s .   A l t h o u g h   g e n e r a l l y   two  a c t u a t i n g  

h e a d s   h a v e   b e e n   shown  and  d e s c r i b e d   w i t h   r e f e r e n c e   t o  

t h e   v a r i o u s   e m b o d i m e n t s ,   a  g r e a t e r   n u m b e r   w i l l   u s u a l l y  

be  p r o v i d e d ,   e a c h   i n   a s s o c i a t i o n   w i t h   i t s   own  row  o f  

i n d e x   m a r k e r s .  



I n   summary   t h e r e f o r e ,   t h e r e   h a v e   b e e n   d i s c l o s e d  

a r r a n g e m e n t s   of  d i s p l a y   d e v i c e s   c o m p r i s i n g   m a t r i x   p a n e l s  

w h i c h   h a v e   m a g n e t i c   d i s p l a y   e l e m e n t s   a r r a n g e d   i n   v e r t i c a l  

and  h o r i z o n t a l  r o w s ,   e a c h   e l e m e n t   h a v i n g   two  s t a b l e  

s t a t e s   of  c o n t r a s t i n g  a p p e a r a n c e .   E l e c t r o m a g n e t i c  

a c t u a t o r   h e a d s   a r e   m e c h a n i c a l l y   c o u p l e d   t o g e t h e r   b y  

r e s i l i e n t   c o u p l i n g s   so  a s  t o   m o v e  i n   u n i s o n   and  a c t u a t e  

s e l e c t e d   d i s p l a y   e l e m e n t s .   The  c o u p l i n g s   a r e  a r r a n g e d   t o  

a l l o w   l i m i t e d   m o v e m e n t   in   a  d i r e c t i o n   n o r m a l   t o   t h a t   o f  

t h e   t r a v e l  o f   t h e   a c t u a t o r   h e a d s   a c r o s s   t h e   m a t r i x   p a n e l ,  

t h e r e b y   a l l o w i n g   f o r   s l i g h t   m i s a l i g n m e n t   i n  t h e   p a n e l .  

E a c h   a c t u a t o r   h e a d   c o n t a i n s   a  n u m b e r   of  i n d i v i d u a l  

e l e c t r o m a g n e t s   and  i s   r e s p o n s i v e   to   a  r e s p e c t i v e   i n d e x i n g  

t r a c k   w h i c h   p r o v i d e r  s i g n a l s   i n d i c a t i v e   of  a c t u a l  

p o s i t i o n   of  t h e  i n d i v i d u a l  h e a d  s o   as  to  i m p r o v e  t h e  

t i m i n g   of   t h e   a c t u a t i o n   of   t h e   e l e c t r o m a g n e t s   i n   t h e  

h e a d .  



1.  A  d i s p l a y   d e v i c e   i n c l u d i n g   a  m a t r i x   p a n e l  

h a v i n g   d i s p l a y   e l e m e n t s   a r r a n g e d   i n   r o w s   h a v i n g   v e r t i c a l  

and  h o r i z o n t a l   d i r e c t i o n s ,   e a c h   s a i d   d i s p l a y   e l e m e n t  

h a v i n g   two  s t a b l e   c o n t r a s t i n g   s t a t e s ,   s a i d   d e v i c e  

i n c l u d i n g   a  p l u r a l i t y   of  a c t u a t i n g   means   e a c h   o p e r a b l e  

to   a l t e r   t h e   s t a t e   of   a  p l u r a l i t y   of   s a i d   d i s p l a y  

e l e m e n t s ,   means   m e c h a n i c a l l y   c o u p l i n g   s a i d   a c t u a t i n g  

means   t o g e t h e r ,   means   d r i v i n g   s a i d   c o u p l e d   a c t u a t i n g  

m e a n s  i n   u n i s o n   in   one  of  s a i d   d i r e c t i o n s ,   s a i d   c o u p l i n g  

means   b e i n g   a r r a n g e d   to   a l l o w   r e l a t i v e   m o v e m e n t   b e t w e e n  

s a i d   a c t u a t i n g   means   i n   t h e   o t h e r   of   s a i d   d i r e c t i o n s ,  

s a i d   m a t r i x   p a n e l   i n c l u d i n g   g u i d e   m e a n s   g u i d i n g   a  

r e s p e c t i v e   one  o f   s a i d   a c t u a t i n g   m e a n s .  

2.  A  d e v i c e   as  d e f i n e d   i n   c l a i m   1  w h e r e i n   s a i d  

m a t r i x   p a n e l   i n c l u d e s   a  p l u r a l i t y   of   s a i d   g u i d e   m e a n s  

e a c h   g u i d i n g   a  s a i d   a c t u a t i n g   m e a n s .  

3.  A  d e v i c e   as  d e f i n e d   i n   c l a i m   1  w h e r e i n   s a i d  

m a t r i x   p a n e l   i n c l u d e s   a  row  of  i n d e x   m a r k s   s e n s e d   b y  

a  s e n s o r   a s s o c i a t e d   w i t h   a  s a i d   a c t u a t i n g   m e a n s .  

4.  A  d e v i c e   as  d e f i n e d   i n   c l a i m   3  w h e r e i n   s a i d  

p a n e l   i n c l u d e s   a  p l u r a l i t y   of  r ows   of   s a i d   i n d e x   m a r k s  

e a c h   s e n s e d   by  a  r e s p e c t i v e   s a i d   s e n s o r .  

5.  A  d e v i c e   as  d e f i n e d   in   c l a i m   1  w h e r e i n   a  s a i d  

a c t u a t i n g   m e a n s   i n c l u d e s   a  b e a r i n g   member   t h a t   s l i d e s   o n  

s a i d   g u i d e   m e a n s .  

6.  A  d e v i c e   as  d e f i n e d   in   c l a i m   5  w h e r e i n   s a i d  

g u i d e   means   i n c l u d e s   s l o t s   c o n s t i t u t i n g   i n d e x   m a r k s   a n d  

w h e r e i n   a  s e n s o r   s e n s i n g   s a i d   s l o t s   i s   c o u p l e d   to   a  s a i d  



a c t u a t i n g   m e a n s .  

7.  A  d e v i c e   as  d e f i n e d   in   c l a i m   1  w h e r e i n   s a i d  

c o u p l i n g   means   i n c l u d e s   r e s i l i e n t   m e m b e r s .  

8.  A  d e v i c e   as  d e f i n e d   i n   c l a i m   1  w h e r e i n   s a i d  

g u i d e   means   i s   p l a c e d   b e t w e e n   a  p a i r   of   s a i d   r o w s .  

9.  A  d e v i c e   as  d e f i n e d   in   c l a i m   8  w h e r e i n   t h e  

d i s t a n c e   b e t w e e n   s a i d   p a i r   of  rows   h a v i n g   s a i d   g u i d e  

means   t h e r e b e t w e e n   i s   s u b s t a n t i a l l y   t h e   same  as  t h e  

d i s t a n c e   b e t w e e n   o t h e r   p a i r s   of  r o w s .  

10.  A  d e v i c e   as  d e f i n e d   in   c l a i m   1  w h e r e i n   s a i d  

m a t r i x   p a n e l   i n c l u d e s   an  a s s e m b l y   of  i n d i v i d u a l   m a t r i x  

u n i t s   e a c h   h a v i n g   an  a r r a y   of  s a i d   d i s p l a y   e l e m e n t s .  

11.  A  d e v i c e   as  d e f i n e d   in   c l a i m   10  w h e r e i n   s a i d  

p a n e l   i n c l u d e s   a  t w o - d i m e n s i o n a l   a r r a y   of  s a i d   m a t r i x  

u n i t s .  

12.  A  d e v i c e   a s  d e f i n e d   i n  c l a i m   10  w h e r e i n   s a i d  

m a t r i x   u n i t s   i n c l u d e   g u i d e   members   f o r m i n g   p a r t   of  s a i d  

g u i d e   m e a n s .  

13.  A  d e v i c e   as  d e f i n e d   in   c l a i m   10  w h e r e i n   a  

s a i d   m a t r i x   u n i t   i n c l u d e s   a  row  of  i n d e x   m a r k s .  

14.  A  d e v i c e   as  d e f i n e d   in   c l a i m   10  w h e r e i n   t h e r e  

i s   p r o v i d e d   a  common  s u p p o r t   s h e e t   and  means   c o n n e c t i n g  

a  p l u r a l i t y  o f   s a i d   m a t r i x   u n i t s   t h e r e t o .  

15.  A  d e v i c e   as  d e f i n e d   in   c l a i m   14  w h e r e i n   s a i d  

c o n n e c t i n g   means   i n c l u d e s   dowe l   means   f i t t i n g   t h r o u g h  

s a i d   s u p p o r t   s h e e t .  



16.  A  d e v i c e   as  d e f i n e d   i n   c l a i m   15  w h e r e i n  

p o r t i o n s   of  s a i d   d o w e l   means   c o n s t i t u t e   a  s a i d   g u i d e  

m e a n s .  

17.  A  d e v i c e   as  d e f i n e d   in   c l a i m   14  w h e r e i n   a t  

l e a s t   t h o s e   p o r t i o n s   of  s a i d - s h e e t   o p p o s i t e   s a i d   d i s p l a y  

e l e m e n t s   a r e   t r a n s p a r e n t .  

18.  A  d i s p l a y   d e v i c e   i n c l u d i n g   a  m a t r i x   p a n e l  

c o n t a i n i n g   a  s u b s t a n t i a l l y   u n i f o r m   a r r a y   of  e l e c t r o -  

m a n g e t i c a l l y   a c t u a t a b l e   d i s p l a y   e l e m e n t s   a r r a n g e d   i n  

r o w s   h a v i n g   v e r t i c a l   and  h o r i z o n t a l   d i r e c t i o n s ,   s a i d  

d e v i c e   i n c l u d i n g   f i r s t   and   s e c o n d   e l e c t r o m a g n e t i c  

a c t u a t i n g   means   e a c h   o p e r a b l e   to   a l t e r   t h e   s t a t e   o f  

a  r e s p e c t i v e   p l u r a l i t y   of  s a i d   d i s p l a y   e l e m e n t s ,   s a i d  

f i r s t   and  s e c o n d   a c t u a t i n g   means   b e i n g   m e c h a n i c a l l y  

c o u p l e d   t o g e t h e r   and   d r i v e n   i n   u n i s o n   i n   one  of   s a i d  

d i r e c t i o n s   and  e a c h   a c t u a t i n g   means   h a v i n g   a n  

a s s o c i a t e d   s e n s o r ,   s a i d   m a t r i x   p a n e l   i n c l u d i n g   f i r s t  

and   s e c o n d   rows  of  i n d e x   e l e m e n t s   s e n s e d   by  t h e   s e n s o r s  

a s s o c i a t e d   w i t h   s a i d   f i r s t   and  s e c o n d   a c t u a t i n g   m e a n s  

r e s p e c t i v e l y ,   t h e   t i m i n g   of  e n e r g i s a t i o n   of  e a c h   s a i d  

e l e c t r o m a g n e t i c   a c t u a t i n g   means   b e i n g   a r r a n g e d   to  b e  

d e p e n d e n t   on  a  s i g n a l   d e r i v e d   f r o m   i t s   a s s o c i a t e d  

s e n s o r .  

19.  A  d i s p l a y   d e v i c e   h a v i n g   a  t w o - d i m e n s i o n a l  

m a t r i x   of  d i s p l a y   e l e m e n t s   e a c h   i n c l u d i n g   a  d i s p l a y  
m e m b e r   m o v a b l e   b e t w e e n   two  s t a b l e   c o n t r a s t i n g   s t a t e s ,  

s a i d   d e v i c e   i n c l u d i n g   a  p l u r a l i t y   of  r e c t a n g u l a r   u n i t s  

m o u l d e d   o u t   of  s y n t h e t i c   p l a s t i c s   m a t e r i a l   e a c h  

p r o v i d i n g   as  an  i n t e g r a l   p a r t   t h e r e o f   an  a r r a y   o f  

e l e m e n t s   e a c h   of  w h i c h   a t   l e a s t   p a r t i a l l y   r e t a i n s  

a  s a i d   d i s p l a y   m e m b e r ,   s a i d   d i s p l a y   d e v i c e   i n c l u d i n g  

a  p l u r a l i t y   of  a c t u a t i n g   means   e a c h   o p e r a b l e   to  a l t e r  

t h e   s t a t e   of  a  p l u r a l i t y   of  s a i d   d i s p l a y   m e m b e r s ,   s a i d  

a c t u a t i n g   means   b e i n g   m e c h a n i c a l l y   c o u p l e d   t o g e t h e r   a n d  

a r r a n g e d   to  be  d r i v e n   i n   u n i s o n   in   t h e   d i r e c t i o n   of  a  
r o w  o f   s a i d   m a t r i x ,   t h e   m e c h a n i c a l   c o u p l i n g   b e i n g   a r r a n g e d  



to   a l l o w   r e l a t i v e   m o t i o n   b e t w e e n   s a i d   a c t u a t i n g   m e a n s  

in   a  d i r e c t i o n   n o r m a l   to  t h a t   of  s a i d   row,   a  s a i d  

r e c t a n g u l a r   u n i t   i n c l u d i n g   as  an  i n t e g r a l   p a r t   t h e r e o f  

a t   l e a s t   p a r t   of  a  t r a c k   p r o v i d i n g   r e g i s t r a t i o n   f o r   a  

s a i d   a c t u a t i n g   m e a n s .  
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