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@  Character  display  panels  and  panel  devices. 

@  A  multi-character  multi-segment  electrically  address- 
able  display  panel.  Character  segments  (a  to  h)  are  defined 
at  each  of  a  number  of  adjacent  locations  by  the  overlap  of 
two  sets  of  electrodes  (Fig.  6;  Fig.  7).  The  electrodes  of  one 
set  (Fig.  7)  are  each  associated  with  a  location  and  a  group 
of  one  or  more  segments  [(a,  b,  g);  (c,  e);  (d,  f);  (h)].  The 
electrodes  of  the  other  set  (Fig.  6)  extend  across  each 
location  and  are  associated  with  no  more  than  one  segment 
in  each  segment  group  [(a);  (b,  e,  f);  (c,  d,  g)].  The  panel  is 

CI  addressed  using  isogonal  signals  -  eg  pseudo-random  bi- 
^   nary  sequence  coded  signals.  The  panel  medium  may  be  of 

dyed  or  undyed  cholesteric-to-nematic  phase  change  effect 
_   liquid  crystal  material,  of  low  threshold  or  wide  temperature 

range  liquid  crystal  material. 
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ACTORUM  AG 

A   multi-character  multi-segment  electrically  address- 
able  display  panel.  Character  segments  (a  to  h)  are  defined 
at  each  of  a  number  of  adjacent  locations  by  the  overlap  of 
two  sets  of  electrodes  (Fig.  6;  Fig.  7).  The  electrodes  of  one 
set  (Fig.  7)  are  each  associated  with  a  location  and  a  group 
of  one  or  more  segments  [(a,  b,  g);  (c,  e);  (d,  f);  (h)].  The 
electrodes  of  the  other  set  (Fig.  6)  extend  across  each 
location  and  are  associated  with  no  more  than  one  segment 
in  each  segment  group  [(a);  (b,  e,  f);  (c,  d,  g)].  The  panel  is 
addressed  using  isogonal  signals -  eg  pseudo-random  bi- 
nary  sequence  coded  signals.  The  panel  medium  may  be  of 
dyed  or  undyed  cholesteric-to-nematic  phase  change  effect 
liquid  crystal  material,  of  low  threshold  orwide  temperature 
range  liquid  crystal  material. 



TECHNICAL  FIELD 

This  i n v e n t i o n   concerns  e l e c t r i c a l l y   a d d r e s s a b l e   d i s p l a y   p a n e l s ,  
and  panel  devices   for  the  d i sp l ay   of  c h a r a c t e r s  -   for  example  

numera l s , symbo l s   or  a l p h a b e t   c h a r a c t e r s .   Such  panels   and  p a n e l  

devices   have  a p p l i c a t i o n   to  c a l c u l a t o r   and  i n s t r u m e n t   panel   d i s p l a y  

and  t y p i c a l l y   such  panels   i n c o r p o r a t e   an  e l e c t r i c a l l y   s e n s i t i v e   medium 

-  for  example  a  medium  of  l i q u i d   c r y s t a l   m a t e r i a l  -   enc losed   b e t w e e n  

sets   of  opposing  e l e c t r o d e s   d e f i n i n g   s e v e r a l   a d j a c e n t   d i s p l a y   a r e a s .  

Each  d i sp l ay   a r e a - o r - u n i t   comprises   s e v e r a l  d i s p l a y   segments ,   v a r i o u s  

of  which  may  be  d r iven   ON  by  the  a p p l i c a t i o n   of  an  a p p r o p r i a t e   e l e c -  

t r i c a l   address   to  the  e l e c t r o d e s   d e f i n i n g   those  segments ,   to  d i s p l a y  

any  p a r t i c u l a r   one  of  a  set   of  c h a r a c t e r s .   The  i n v e n t i o n   is  c o n c e r n e d  

p a r t i c u l a r l y ,   a l though   not  e x c l u s i v e l y ,   with  panels   and  panel   d e v i c e s  

i n c o r p o r a t i n g   a  dyed  phase  change  l i q u i d   c r y s t a l   m a t e r i a l   as  t h e  

e l e c t r i c a l l y   s e n s i t i v e   medium. 

BACKGROUND  ART 

Display  panels   i n c o r p o r a t i n g   7-segment  (7-bar   f i g u r e - o f - P i g h t )  

and  8-segment  (7-bar   f i g u r e - o f - e i g h t   +  decimal  po in t )   d i s p l a y   u n i t s  

are  well  known,  used  both  in  c a l c u l a t o r s   and  d i g i t a l   i n s t r u m e n t s .  

Low-power  consumption  l i q u i d   c r y s t a l   medium  d i s p l a y   panels   are  a l s o  

well  known,  p a r t i c u l a r l y   those  using  the  t w i s t e d   nematic   e f f e c t  

or  the  dynamic  s c a t t e r i n g   e f f e c t .  



Two  forms  of  panel   address   are  also  well  known,  d i s c r e t e   a d d r e s s  

and  time  m u l t i p l e x e d   add re s s .   For  d i r e c t   d i s c r e t e   a d d r e s s ,   the  7 -  

segment  d i s p l a y   r e q u i r e s   seven  d i s c r e t e   f r o n t   plane  e l e c t r o d e s   f o r  

each  d i s p l a y   un i t   and  a  common  back -p l ane   e l e c t r o d e .   Where  more  t h a n  

a  few  d i s p l a y   un i t s   are  r e q u i r e d ,   the  number  of  c o n n e c t i o n s   to  t h e  

panel   e l e c t r o d e s   becomes  p r o h i b i t i v e l y   l a r g e .   In  g e n e r a l ,   the  l a r g e r  

the  number  of  c o n n e c t i o n s ,   the  lower  is  the  p r o d u c t i o n   y i e l d ,   and  t h e  

h igher   is  the  p r o d u c t i o n   cos t .   This  form  of  address   t h e r e f o r e   h a s  

very  r e s t r i c t e d   a p p l i c a t i o n .   On  the  o ther   hand  the  number  of  c o n n e c -  

t ions   r e q u i r e d   for  time  m u l t i p l e x e d   address   can  be  c o n s i d e r a b l y   s m a l -  

l e r .   For  th i s   the  d i s p l a y   segments  of  each  d i s p l a y   un i t   are  d e f i n e d  

by  seven  shaped  e l e c t r o d e s   f ron t   and  back,  v a r i o u s   of  these  s h a p e d  

e l e c t r o d e s   being  i n t e r c o n n e c t e d   (eg  GB  Pa ten t   S p e c i f i c a t i o n   No  1596 

705).  However,  in  th i s   t echn ique   s e l e c t e d   segments  are  dr iven  ON  f o r  

o n l y   pa r t   of  the  address   s igna l   cyc le ,   and  the  d r i v i n g   f i e l d s   or  v o l -  

tages   are  changed  between  a  maximum  l eve l   and  a  minimum  but  f i n i t e  

l eve l   to  d r ive   the  segments  e i t h e r   ON  or  OFF.  The  r a t i o   of  maximum  t o  

minimum  l eve l   is  however  l i m i t e d   and  depends  on  the  time  m u l t i p l e x e d  

t echn ique   adopted.   Fu r the rmore   the  minimum  l eve l   must  be  of  s u f f i -  

c i e n t l y   low  l eve l   tha t   segments  are  not  i n a d v e r t e n t l y   d r iven   ON.  Many 

l i q u i d   c r y s t a l   media  e x h i b i t   a  low  t h r e s h o l d   above  which  the  med ia  

changes  to  an  ON  s t a t e ,   a  t h r e s h o l d   o f ten   s e n s i t i v e   to  t e m p e r a t u r e .  
Thus  to  op t imi se   maximum  leve l   i t   is  o f t en   n e c e s s a r y   to  i n c o r p o r a t e  

e l e c t r o n i c   compensa t ion   for  t e m p e r a t u r e   change,  a c c e p t i n g   i n c r e a s e   i n  

uni t   c o s t s .   C e r t a i n l y   i t   is  d i f f i c u l t ,   if  not  i m p o s s i b l e ,   to  a c h i e v e  

the  angle  of  view,  b r i g h t n e s s ,   and  c o n t r a s t   per formance   achieved  by 
d i r e c t   d i s c r e t e   a d d r e s s .  

Panels   i n c o r p o r a t i n g   dyed  phase  change  l i q u i d   c r y s t a l   media  can  

p rov ide   a t t r a c t i v e   d i s p l a y s   with  e x c e l l e n t   angle  of  view,  good  c o n t r a s t ,  

and  r e a s o n a b l e   b r i g h t n e s s .   Also  for  d i f f e r e n t   co lour   cho ice ,   a  wide 

range  of  dyes  can  be  used;  there   is  a  wide  choice .   However,  t h e s e  

media  u s u a l l y   have  a  rap id   r e sponse ,   and  e x h i b i t   s u b s t a n t i a l   h y s t e r e s i s  

-  ie  the  v o l t a g e s   r e q u i r e d   to  turn  OFF  segments  ON,  and  ON  segments  OFF, 

can  d i f f e r   markedly ,   and  the  a c c e p t a b l e   d r ive   l eve l   minimum  can  be  e x -  

c e p t i o n a l l y   low,  making  time  m u l t i p l e x e d   address   t e c h n i q u e s   i m p r a c t i c a l .  



Brief   mention  is  made  here  of  d i s p l a y   p a n e l s ,   pane ls   o the r   t h a n  

m u l t i - s e g m e n t   d i s p l a y   p a n e l s ,   tha t   u t i l i s e   i sogona l   s i g n a l s   for  t h e i r  

add res s .   GB  Pa ten t   No.  1 ,526,266  d i s c l o s e s   a  ma t r i x   d i s p l a y   p a n e l  

using  th ree   i sogona l   address   s i g n a l s ,   in  p a r t i c u l a r   t h ree   s i n u s o i d a l  

s i g n a l s   of  l ike   f r equency   and  ampl i tude   but  which  d i f f e r   from  e a c h  

o ther   in  phase  by +  1200.  This  panel   may  be  used  to  d i s p l a y  

c h a r a c t e r s  -   for  example  the  l e t t e r   "L",  but  to  do  th i s   t h e  . s i g n a l s  

must  be  app l i ed   to  the  e l e c t r o d e s   in  a  de f ined   time  sequence .   The 

d i s p l a y e d   c h a r a c t e r   "L"  is  d e p i c t e d   by  s e l e c t e d   ma t r ix   e lements   t h a t  

are  held  "OFF"  a g a i n s t   a  background  of  a l l   o ther   ma t r i x   e lements   t h a t  

are  held  "ON".  It  is  a  d i s a d v a n t a g e   tha t   r e p r e s e n t a t i v e   e lements   a r e  
held  "OFF"  for  only  par t   of  the  t ime,  thus  though  to  the  o b s e r v e r ' s  

eye  a l l   r e p r e s e n t a t i v e   e lements   may  appear   to  be  OFF  s i m u l t a n e o u s l y ,  

the  c o n t r a s t   is  less   than  optimum.  B e t t e r   c o n t r a s t   is  o b t a i n a b l e  

using  the  address   t e chn ique   d i s c l o s e d   in  GB  P a t e n t   A p p l i c a t i o n   No 

2 ,001,794A,   a  t e chn ique   using  pseudo-random  b ina ry   sequence  ( p . r . b . s . )  

coded  a d d r e s s  s i g n a l s .   According  to  th i s   t e chn ique   a  d i f f e r e n t   p . r . b . s .  

s i g n a l   is  app l i ed   to  each  of  the  ma t r ix   row  e l e c t r o d e s ,   and  s e l e c t e d  

row  s i g n a l s   are  app l i ed   to  the  ma t r ix   column  e l e c t r o d e s .   Thus  a l l  

ma t r ix   e l emen t s ,   except   one  s e l e c t e d   in  each  column,  are  d r iven   "ON". 

This  t e chn ique   is  u s e f u l   for  d i s p l a y i n g   s i n g l e   va lued   waveforms,   b u t  

s ince   only  one  element  per  column  may  be  used  for  d i s p l a y   r e p r e s e n t a -  

t ion ,   th i s   t e chn ique   is  n o t - r e a d i l y   a p p l i c a b l e   to  c h a r a c t e r   d i s p l a y .  

P . r . b . s .   coded  address   s i g n a l s   have  also  been  used  for  index  p o i n t e r  

d i s p l a y s  -   eg  for  clock  and  meter  d i s p l a y s  -   cf  GB  Pa t en t   A p p l i c a t i o n  

No  2 , 0 4 4 , 9 7 5 A .  

DISCLOSURE  OF  THE  INVENTION 

This  i n v e n t i o n   is  i n t ended   to  p rov ide   a  remedy.  In  the  p a n e l  

d i s p l a y   dev i ce s ,   means  are  p rovided   to  dr ive  0N  d i s p l a y   s e g m e n t s  

c o n t i n u o u s l y ,   using  a  d i f f e r e n t   address   t e c h n i q u e .   Fu r the rmore   u s i n g  

this   t e c h n i q u e ,   a  minimum  l eve l   of  zero  is  a t t a i n e d  a n d   the  maximum 

l eve l   is  l i m i t e d   only  by  choice ,   a l l owing   choice   of  l eve l   to  o p t i m i s e  

panel   angle  of  view,  b r i g h t n e s s   and  c o n t r a s t .  



According  to  the  i n v e n t i o n   there   is  p rov ided   a  m u l t i - c h a r a c t e r  

m u l t i - s e g m e n t   e l e c t r i c a l l y   a d d r e s s a b l e   d i s p l a y   dev ice ,   capable  of  d i s -  

p l ay ing   each  one  of  a  p l u r a l i t y   of  d i f f e r e n t   d i s p l a y   c h a r a c t e r s ,   t h e  

members  of  a  c h a r a c t e r   se t ,   each  at  a  p l u r a l i t y   of  a d j a c e n t   l o c a t i o n s ,  

the  device   c o m p r i s i n g : -  

a  d i s p l a y   panel   having  two  sets   of  e l e c t r o d e s   one  each  side  of  an 

e l e c t r i c a l l y   s e n s i t i v e   medium,  each  set  mounted  on  a  s u p p o r t i n g  

s u b s t r a t e ; ,  a n d ,  

panel   address   means  connected   to  the  d i s p l a y   panel   e l e c t r o d e s   t o  

apply  con t inuous   i s o g o n a l   address   s i g n a l s   t h e r e t o ;  

one  set  of  e l e c t r o d e s   o v e r l a p p i n g   the  o ther   set  to  def ine   a  p l u r a l i t y  

of  d i s p l a y   c h a r a c t e r   segments  at  each  l o c a t i o n ;   wherein  at  each  l o c a -  

t ion   e l e c t r o d e s   of  the  one  set  are  each  a s s o c i a t e d   with  a  d i f f e r e n t  

group  of  one  or  more  segments ,   at  l e a s t   one  e l e c t r o d e   being  a s s o c i a t e d  

with  a  group  of  two  or  more  segments,   and,  wherein   each  e l e c t r o d e   o f  

the  o ther   set  ex tends   between  and  ac ross   each  l o c a t i o n ,   and  is  a s s o c i -  

ated  with  no  more  than  one  segment  in  each  group  of  segments,   at  l e a s t  

one  e l e c t r o d e   being  a s s o c i a t e d   with  a  p l u r a l i t y   of  groups  at  each  l o c a -  

t ion ;   the  panel  address   means  being  r e s p o n s i v e   to  c o n t r o l   so  to  a p p l y  

d i f f e r e n t   i s o g o n a l   s i g n a l s   to  e l e c t r o d e s   a s s o c i a t e d   w i t h  s e l e c t e d   s e g -  

ments  to  hold  a l l   the  s e l e c t e d   segments  at  each  l o c a t i o n   ON  s i m u l t a n e -  

ous ly ,   and  to  apply  i d e n t i c a l   i sogona l   s i g n a l s   to  e l e c t r o d e s   a s s o c i a t e d  

with  n o n - s e l e c t e d   segments  to  hold  a l l   the  n o n - s e l e c t e d   segments  a t  

each  l o c a t i o n   OFF. 

An  i s o g o n a l   set  of  s i g n a l s   has  the  p r o p e r t y   tha t   the  root   mean 

square  average   d i f f e r e n c e   of  any  two  members  of  the  se t ,   is  of  c o n s t a n t  

va lue .   This  term  is  i n t e n d e d   to  inc lude   a  set  of  o r t h o g o n a l   s i g n a l s .  

Examples  are  Walsh  f u n c t i o n   s i g n a l s   and  pseudo-random  b ina ry   s e q u e n c e  

( p . r . b . s )   coded  waveform  s i g n a l s .  



Using  these  s i g n a l s ,   the  medium  is  d r iven   ON  wherever   d i f f e r e n t  

s i g n a l s   are  app l i ed   to  o p p o s i t e   e l e c t r o d e s .   The  ampl i tude   of  the  s i g -  

nals   i s   t h e r e f o r e   chosen  to  give  a  d i f f e r e n c e   l eve l   of  s u f f i c i e n t l y  

high  magni tude .   Thus  for  example,  using  as  medium -  dyed  phase  change  

l i q u i d   c r y s t a l   m a t e r i a l  -   t h i s   l eve l   is  chosen  to  be  above  t h r e s h o l d  

maximum  and  is  p r e f e r a b l y   chosen  to  have  a  va lue   near  or  in  excess  o f  

the  s a t u r a t i o n   l eve l   to  give  optimum  b r i g h t n e s s .   Like  s i g n a l s   a r e  

app l i ed   to  the  oppos i t e   e l e c t r o d e s   of  a l l   OFF  segments ,   and  r e s u l t   i n  

a  zero  l eve l   d i f f e r e n c e .  

The  c h a r a c t e r   d i s p l a y   may  be  combined  with  a  q u a s i - a n a l o g u e   d i s -  

play,   for  example  a  car  dashboard   d i s p l a y   such  as  tha t   d e s c r i b e d   in  c o -  

pending  GB  Pa ten t   A p p l i c a t i o n   No  81.28733,   or  an  ana logue   watch  o r  

meter  d i s p l a y   such  as  tha t   d e s c r i b e d   in  GB  Pa ten t   A p p l i c a t i o n   No  2 , 0 4 4 ,  

975A,  a l l   e l e c t r o d e s   being  i n c o r p o r a t e d   on  common  s u b s t r a t e s ,   t h e  

c h a r a c t e r   and  analogue  d i s p l a y s   using  a  common  s i gna l   g e n e r a t o r .  

BRIEF  INTRODUCTION  OF  THE  DRAWINGS: 

In  the  accompanying  d r a w i n g s : -  

F igure   1  shows  (a)  the  d i s p l a y   segment  a r rangement   of  a  7-bar  d i s p l a y  

u n i t ,  

and,  (b)  the  d i s p l a y   segment  a r rangement   of  an  8-bar   d i s p l a y  

u n i t ,   a  simple  m o d i f i c a t i o n   of  the  7-bar   d i s p l a y  

u n i t ;  

F igure   2  shows  (a)  a  c h a r a c t e r   fount   adopted  for  d i s p l a y i n g   the  numer -  
als  0  to  9  by  the  7-bar  d i s p l a y   u n i t ,  

and,  (b)  a  m o d i f i c a t i o n   of  the  numeral  1  d i s p l a y ,   adopted  f o r  

the  8-bar  d i s p l a y   segment  a r rangement   of  f i g u r e   l ( b )  

a b o v e ;  



Figure   3  shows  (a)  a  segment  c o r r e l a t i o n   graph  c o r r e s p o n d i n g   to  t h e  

c o n v e n t i o n a l   7-bar  segment  a r rangement   and  t h e  

c h a r a c t e r   fount   shown  in  f i g u r e   2(a)  a b o v e ,  

and,  (b)  a  sub-graph  de r ived   from  th i s   c o r r e l a t i o n   g r a p h ;  

F igure   4  is  a  plan  drawing  of  a  7-bar  d i s p l a y   un i t   showing 

an  op t imal   e l e c t r o d e   c o n n e c t i o n   c o n f i g u r a t i o n   f o r  

the  f r o n t   and  back  e l e c t r o d e s ,   a  c o n f i g u r a t i o n  

s u i t a b l e   for  i sogona l   s igna l   a d d r e s s ;  

F igure   5  shows  (a)  a  segment  c o r r e l a t i o n   graph  c o r r e s p o n d i n g   to  the  8 -  

bar  segment  a r rangement   and  the  c h a r a c t e r   fount  i n -  

c lud ing   the  modi f ied   numeral  1  d i s p l a y   of  f i g u r e   2b 

a b o v e ,  

and,  (b)  a  sub-graph   der ived   from  th i s   l a t t e r   c o r r e l a t i o n  

g r a p h ;  

F igu re s   6  and  7  are  plan  drawings  of  the  back  and  the  f r o n t   e l e c -  

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

s e v e r a l   a d j a c e n t   8-bar  segment  d i s p l a y   u n i t s ;  

F igure   8  is  a  c i r c u i t   diagram  of  the  c o n t r o l   e l e c t r o n i c s  

adopted  for  a  d i s p l a y   panel  having  e igh t   a d j a c e n t   8 -  

bar  segment  d i s p l a y   un i t s   with  e l e c t r o d e s   c o n n e c t e d  

and  a r ranged   in  the  manner  shown  in  the  p r e c e d i n g  

f i g u r e s   6  and  7;  and 

F igure   9  is  a  c r o s s - s e c t i o n   drawing  of  a  l i q u i d   c r y s t a l  

medium  d i s p l a y   panel ,   a  panel  i n c o r p o r a t i n g   t h e  

e l e c t r o d e s   shown  in  the  p reced ing   f i g u r e s   6  and  7. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

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  o f  

example  only,  with  r e f e r e n c e   to  the  accompanying  d r a w i n g s .  



Using  an  address   compr i s ing   s eve ra l   i sogona l   waveform  dr ive   s i g -  

na l s ,   i t   is  p o s s i b l e   to  reduce  the  number  of  e x t e r n a l   c o n n e c t i o n s  

r e q u i r e d   for  a  c h a r a c t e r   d i s p l a y   u n i t ,   p rov ided   that   the  un i t   i s  

r e q u i r e d   to  d i s p l a y   c h a r a c t e r s   compr is ing   a  r e s t r i c t e d   c h a r a c t e r   s e t  -  

for  example  the  set  of  numeric  c h a r a c t e r s ,   the  numerals   "0"  to  " 9 " .  

There  are  many  ways  of  connec t i ng   the  f r o n t   and  the  back  e l e c t r o d e  

pa r t s   of  a  d i s p l a y   u n i t , b u t   only  some  of  these  c o n f i g u r a t i o n s   are  i n  

genera l   s u i t a b l e   for  d i s p l a y i n g   a  p a r t i c u l a r   c h a r a c t e r   se t .   A  s y s t e m -  
a t i c   approach  is  t h e r e f o r e   needed  to  de f ine   s u i t a b l e   c o n n e c t i o n   c o n -  

f i g u r a t i o n s ,   and  to  s e l e c t   from  these  a  c o n f i g u r a t i o n   a l lowing   a  m i n i -  

'mum  number  of  e x t e r n a l   c o n n e c t i o n s .   In  the  f o l l o w i n g   t e x t ,   a  g e n e r a l  

des ign   approach  is  adopted  and  it   is  i l l u s t r a t e d   by  two  e x a m p l e s  -  

f i r s t l y   the  approach  is  app l i ed   to  a  7-segment  d i s p l a y   u n i t ,   a n d ,  

secondly ,   i t   is  app l i ed   to  a  modi f ied   d i s p l a y   u n i t ,   an  8-segment   d i s -  

play  u n i t .  

Consider   then  the  f i r s t   of  these   examples,   a  7-segment  d i s p l a y  

uni t   r e q u i r e d   to  d i s p l a y   the  numeric  c h a r a c t e r s ,   the  numerals   "0"  t o  

"9".  The  a r rangement   of  the  seven  d i s p l a y   segments  is  of  c o n v e n t i o n a l  

f i g u r e - o f - e i g h t   form  compr i s ing   seven  segments  a  to  g  a r ranged   as  shown 

in  f i g u r e   l ( a ) .   The  c h a r a c t e r   fount   for  the  numerals   "0"  to  "9"  t h a t  

may  be  d i s p l a y e d   by  th i s   a r rangement   of  seven  segments  is  shown  i n  

f i g u r e   2(a) .   The  d i f f e r e n t   d i s p l a y   segments  a  to  g  are  p rov ided   by  t h e  

over lap   of  a  set  of  f r o n t   e l e c t r o d e s   and  a  set  of  back  e l e c t r o d e s   d i s -  

posed  e i t h e r   side  of  an  e l e c t r i c a l l y   s e n s i t i v e   medium,  and  depending  on 
the  address   that   is  app l i ed   to  opposed  segments ,   each  segment  wi l l   be 

d r iven   ON  or  OFF.  D i f f e r e n t   segments  are  d r i ven   ON  for  each  d i s p l a y e d  

c h a r a c t e r .   The  d i f f e r e n t   segments  tha t   are  d r iven   to  d i s p l a y   each  o f  

the  c h a r a c t e r s   "0"  to  "9"  are  summarised  in  Table  1  appea r ing   b e l o w .  

In  th i s   t ab le   h e   "ON"  segments  are  r e p r e s e n t e d   by  logic   symbol  "1"  

and  "OFF"  segments  by  logic   symbol  " 0 " .  

The  exponent  symbol  "E"  may  also  be  r e p r e s e n t e d  b y   7-segment   d i s -  

p lay.   The  d i f f e r e n t   segments  d r iven   for  th is   c h a r a c t e r   are  a lso   shown 

at  the  foot   of  th i s   t a b l e .  



Thus  a l l   segments  are  d r iven   "ON"  to  r e p r e s e n t   numeral  "8";  s e g -  

ments  a,  b,  c  and  f  are  d r iven   "ON"  to  r e p r e s e n t   numeral  "7";  and  so 

f o r t h .   I t   is  noted  tha t   numeral  "1"  d i s p l a y   co r r e sponds   to  ON  segments  

b and  c  o n l y .  

The  many  ways  in  which  seven  f r o n t   e l e c t r o d e s   can  be  grouped  and 

i n t e r c o n n e c t e d   are  summarised  in  Table  2  appea r ing   below.  In  t h i s  

t a b l e   the  number  of  e l e c t r o d e s   connected  to  form  a  group  is  r e p r e s e n t e d  

by  a  number  and  the  number  of  groups  of  l i ke   d imension  is  r e p r e s e n t e d  

by  a  s u p e r s c r i p t .   For  example,  where  the  e l e c t r o d e s   are  p a r t i t i o n e d   t o  

form  two  p a i r s   of  connec ted   e l e c t r o d e s   and  a  s i n g l e   group  of  th ree   c o n -  

nec ted   e l e c t r o d e s ,   t h i s   p a r t i t i o n   is  r e p r e s e n t e d   by  the  l abe l   2 2 . 3 .  

The  numbers  of  c o n n e c t i o n s   r e q u i r e d   for  a  d i s p l a y   panel   i n c o r p o r a t i n g  

f i r s t l y   a  number  N  of  a d j a c e n t   u n i t s ,   and  secondly   e igh t   d i s p l a y   u n i t s ,  

are  shown  in  the  r i g h t   hand  columns  of  the  t a b l e : -  



The  design  problem  t h e r e f o r e   is  to  de te rmine   which  of  these   p a r t i t i o n s  

wi l l   allow  d i s p l a y   of  the  c h a r a c t e r   se t ,   and  which  one  of  the  s u i t a b l e  

p a r t i t i o n s   wi l l   r e s u l t   in  a  minimum  number  of  e x t e r n a l   c o n n e c t i o n s .  

The  s e l e c t i o n   of  s u i t a b l e   p a r t i t i o n s   can  be  much  s i m p l i f i e d ,   using  a s  

a  s t a r t i n g   poin t   the  SUM,  the  mat r ix   shown  in  t ab l e   1.  This  ma t r ix   i s  

i n s p e c t e d   to  de te rmine   which  segment  e l e c t r o d e s   may  be  pa i r ed   t o g e t h e r  -  



those   segments  which  are  never  r e q u i r e d   to  be  d r iven   OFF  t o g e t h e r .  

This  may  be  done  by  comparing  columns  of  the  ma t r ix   two  at  a  t i m e ,  

a s s o c i a t i n g   only  those  segments  which  are  r e p r e s e n t e d   by  columns  f o r  

which  no  rows  c o n t a i n   log ic   "0"  in  both  co lumns .  

A l t e r n a t i v e l y ,   for  c o m p u t a t i o n a l   pu rposes ,   the  complement  m a t r i x  

formed  by  changing  0 @  1 and  1 @ 0  may  be  used,  t r e a t i n g   each  column 

as  a  m u l t i - d i m e n s i o n   v e c t o r   and  a s s o c i a t i n g   those  segments  c o r r e s p o n -  

ding  to  o r t h o g o n a l   v e c t o r s .   This  then  r e s u l t s   in  a  l i s t   of  a s s o c i a t e d  

segments  as  f o l l o w s : -  

( a , b ) ;   ( a , c ) ;   ( b , c ) ;   (b ,d) ;   ( b , f ) ;   (b ,g ) ;   ( c , d ) ;   ( c , e ) ;   ( c , g ) .  

[*Note:   For  the  extended  c h a r a c t e r   set  "0"  to  "9"  and  "E",  t h e  

segments  (b,c)  are  not  a s s o c i a t e d   and  would  not  be  inc luded   i n  

the  above  l i s t . ]  

These  g roup ings   for  conven ience   are  r e p r e s e n t e d   by  a  c o r r e l a t i o n   g r a p h  

-  see  f i g u r e   3 (a ) ,   formed  by  t r e a t i n g   each  segment  as  a  graph  v e r t e x  

and  j o i n i n g   the  v e r t i c e s   of  a s s o c i a t e d   segments.   The  al lowed  p a r t i -  

t i ons   can  then  be  deduced  by  i n s p e c t i n g   the  c o r r e l a t i o n   graph.  T h i s  

graph  is  decomposed,  by  c u t t i n g   l i n e s ,   to  form  complete  s u b - f i g u r e s :  

p o i n t s ,   l i n e s ,   t r i a n g l e s ,   e tc ,   and  each  s u b - f i g u r e   having  the  p r o p e r t y  
tha t   every  v e r t e x   is  j o ined   to  every  o ther   v e r t e x   of  the  s u b - f i g u r e .  

One  such  d e c o m p o s i t i o n   is  shown  in  sub-graph   f i g u r e   3(b) .   The  c o r r e l -  

a t i o n   graph  ( f i g u r e   3(a))   has  been  decomposed  into  th ree   poin t   s u b -  

f i g u r e s   (d),  (e)  and  (f)  and  two  l ine   s u b - f i g u r e s   (a,b)  and  ( e , g ) .  

This  is  not  a  unique  s o l u t i o n ,   for  o ther   decompos i t i ons   lead  to  o t h e r  

d i f f e r e n t   p a r t i t i o n   g r o u p i n g s ,   e g : -  

( a , b ) ;   ( c , e ) ;   (d);  ( f ) ;   (g);  and  (b ,g) ;   ( c , e ) ;   (a);  (d);  ( f ) ;   e t c .  

This  d e c o m p o s i t i o n   and  the  o ther   d e c o m p o s i t i o n s   given  above  are  a l l  

examplesof   the  p a r t i t i o n   13  22.  The  sub-graph   shown  however,  g r o u p s  

n e a r e s t   ne ighbour   segments  a  and  b,  c  and  g,  and  is  thus  conven i en t   t o  

implement  as  a  c o n f i g u r a t i o n   des ign  for  the  f r o n t - p l a n e   e l e c t r o d e s .  

This  des ign   is  implemented  as  shown  in  bold  o u t l i n e   in  f i g u r e   4 .  



The  d i s p l a y   is  add re s sed   by  having  a  s i ng l e   data  e l e c t r o d e   f o r  

each  e l e c t r o d e   g r o u p  -   ie.  each  s u b - f i g u r e ,   and  s e p a r a t e   s t robe   e l e c -  

t rodes   c a r r y i n g   d i f f e r e n t   i sogona l   s t robe   waveforms  for  each  v e r t e x   o f  

the  s u b - f i g u r e .   Since  the  s t robe   waveforms  can  be  used  over  again  f o r  

the  d i f f e r e n t   s u b - f i g u r e s ,   the  minimum  number  r e q u i r e d   is  only  t h e  

l a r g e s t   sub-graph   d imension  o c c u r r i n g   in  the  d e c o m p o s i t i o n  -   in  t h i s  

case  only  two.  Thus  an  N - d i g i t   d i s p l a y  -   ie  a  d i s p l a y   having  N  a d j a -  

cent  d i s p l a y   u n i t s  -   using  the  d e c o m p o s i t i o n   grouping  shown  in  s u b -  

graph  f i g u r e   3(b) ,   r e q u i r e s   only  (3+2).N  +  2  c o n n e c t i o n s ,   a  r e d u c t i o n  

of  2N-1  c o n n e c t i o n s   over  d i r e c t   d r ive .   Jus t   as  the  d e c o m p o s i t i o n   o f  

the  c o r r e l a t i o n   graph  is  not  in  g e n e r a l   unique,   n e i t h e r   is  the  a s s i g n -  

ment  of  s t robe   f u n c t i o n s   to  back  p lace   e l e c t r o d e s .   One  p o s s i b l e  

ass ignment   of  s t r o b e   s i g n a l s   ( f l , f 2 )   is  given  as  f o l l o w s : -  

Thus,  in  the  b a c k - p l a n e   one  common  s t robe   e l e c t r o d e ,   the  f l - s t r o b e  
e l e c t r o d e ,   is  a s s o c i a t e d   with  d i s p l a y   segments  a,  e,  f  and  g;  w h i l s t   a  

second  common  s t robe   e l e c t r o d e ,   the  f 2 - s t r o b e   e l e c t r o d e ,   is  a s s o c i a t e d  

with  d i s p l a y   segments  b,  c  and  d.  See  f i g u r e   4,  where  the  f1- ,   and  f 2 -  
back  plane  e l e c t r o d e s   are  shown  in  broken  o u t l i n e .  

Although  in  th i s   p a r t i c u l a r   case  the  des ign   of  a r twork   to  i m p l e -  

ment  the  a r rangement   of  f i g u r e   4  is  f e a s i b l e ,   in  g e n e r a l   s o l u t i o n s   may 
be  gene ra t ed   which  are  d i f f i c u l t   or  i m p o s s i b l e   to  implement  w i t h o u t  

u n a c c e p t a b l e   c r o s s - o v e r s   in  the  e l e c t r o d e s .   It  is  in  gene ra l   d e s i r a b l e  

t h e r e f o r e   to  enumerate  the  p o s s i b l e   s o l u t i o n s   both  to  minimise  the  c o n -  
n e c t i o n   count  and  to  choose  e l e c t r o d e   i n t e r c o n n e c t i o n s   tha t   are  t o p o -  
l o g i c a l l y   p o s s i b l e   and  g e o m e t r i c a l l y   c o n v e n i e n t .   In  g e n e r a l ,   the  m o s t  

f a v o u r a b l e   s o l u t i o n s   wi l l   be  those  that   decompose  the  c o r r e l a t i o n   g r a p h  

into  s u b - f i g u r e s   of  a p p r o x i m a t e l y   equal  d i m e n s i o n s .  



A l t e r n a t i v e   opt imal   e l e c t r o d e   i n t e r c o n n e c t i o n s   for  the  " f r o n t "  

e l e c t r o d e   segments,   s u i t a b l e   for  i sogona l   s i gna l   a d d r e s s ,   o ther   13  22 

p a r t i t i o n s , a r e   l i s t e d   as  f o l l o w s : -  

Each  of  these   a r r angemen t s   of  the  " f r o n t "   e l e c t r o d e s   may  be  combined 

with  any  a r rangement   of  "back"  e l e c t r o d e s   in  which  each  member  of  e a c h  

of  the  p a i r s   of  " f r o n t "  e l e c t r o d e s   o v e r l a p s   a  d i f f e r e n t   "back"  e l e c -  

t rode .   For  example,  in  the  f i r s t   a r rangement   of  i n t e r c o n n e c t i o n s  l i s t e d  

above  the  a l lowed  o v e r l a p s   are  of  the  f o r m : -  

where,  p r e f e r a b l y ,   e i t h e r   f3  =  f1  and  f4  =  f2  or  f3  =  f2  and  f4  =  f  
and  the  " f r o n t "   e l e c t r o d e s   for  segments  (e),  (f)  and  (g)  may  o v e r l a p  

with  any  "back"  e l e c t r o d e .  

In  the  p a r t i c u l a r   case  de sc r i bed   thus  f a r ,   the  c o n n e c t i o n   c o u n t  

for  an  8 - d i g i t   7-bar   segment  d i s p l a y   is  42,  f i f t e e n   less   c o n n e c t i o n s  

than  are  r e q u i r e d   for  d i r e c t   a d d r e s s .  

N o t w i t h s t a n d i n g   th is   r e d u c t i o n   in  the  number  of  e x t e r n a l   c o n n e c -  

t ions   r e q u i r e d ,   the  c o n n e c t i o n   count  is  s t i l l   r e l a t i v e l y   high.   It  can  

be  shown  tha t   th is   is  due  to  the  low  segment  usage  a s s o c i a t e d   with  t h e  

d i s p l a y   of  the  c h a r a c t e r   "1".  F u r t h e r   improvements  may  be  achieved  by 

i n c r e a s i n g   the  c h a r a c t e r   "1"  segment  usage,   i n t r o d u c i n g   an  ex t ra   s e g -  

ment  and  modify ing   the  c h a r a c t e r   f o u n t .  



Thus,  in  th i s   the  second  example,  an  8-segment  un i t   i n s t e a d   i s  

used  to  d i s p l a y   the  numerals   "0"  to  "9".  This  uni t   i n c l u d e s   seven  s e g -  
ments  a  to  g  a r ranged   in  f i g u r e - o f - e i g h t   form  as  in  the  p r ev ious   exam- 

ple  f i g u r e   l ( a ) ,   but  it   also  i n c l u d e s   an  e igh th   segment  h  to  the  r i g h t  
and  at  the  foot   of  the  u n i t ,   a d j a c e n t   segment  d  -   see  f i g u r e   l ( b ) .  
The  c h a r a c t e r   fount   now  used  is  s i m i l a r   to  the  fount   shown  in  f i g u r e  

2(a)  except   tha t   the  form  for  d i s p l a y   of  numeral  "1"  has  been  m o d i f i e d  

as  shown  in  f i g u r e   2(b) .   Thus  the  numeral  "1"  is  d i s p l a y e d   by  d r i v i n g  

ON  d i s p l a y   segment  a,  b,  c,  d  and  h  and  not  merely  segments  b  and  c  a s  
be fo re .   The  modi f ied   usage  ma t r ix   for  t h i s   d i s p l a y   is  shown  in  t ab l e   3 

appea r ing   b e l o w : -  



The  c o r r e l a t i o n   graph  for  th i s   8-bar  d i s p l a y ,   de r ived   as  before   by 

comparing  columns,  is  shown  in  f i g u r e   5 (a ) .   Comparing  the  two  c o r r e -  
l a t i o n   g r a p h s  -   f igs   3(a)  and  5 (a ) ,   i t   can  be  seen  tha t   the  c o n n e c t i -  

v i t y   of  t h i s   new  graph  is  h i g h e r .   More  conven i en t   s o l u t i o n s   can  now 
be  found.  One  p o s s i b l e   d e c o m p o s i t i o n   is  shown  in  f i g u r e   5(b) .   T h i s  

shows  the  d i s p l a y   segments  p a r t i t i o n e d   as  f o l l o w s : -  

The  f r o n t - p l a t e   data  e l e c t r o d e s   d e f i n i n g   the  d i s p l a y   segments  a  to  h  

are  shown  in  f i g u r e   7.  A  s i n g l e   shaped  e l e c t r o d e   is  a s s o c i a t e d   w i t h  

segments  a,  b  and  g,  ano the r   e l e c t r o d e   with  segments  c  and  e,  a n o t h e r  

with  segments  d  and  f,  and  a  f o u r t h   e l e c t r o d e   with  segment  h.  Each  

d i s p l a y   un i t   t h e r e f o r e   r e q u i r e s   only  4 -da ta   address   e l e c t r o d e s .   To 

s i m p l i f y   i l l u s t r a t i o n ,   only  t w o a d j a c e n t   u n i t s   are  shown  in  the  f i g u r e .  

The  group  of  l a r g e s t   d imension ,   the  group  ( a , b , g )   i nc ludes   t h r e e  

segments ,   thus  a  minimum  of  th ree   e l e c t r o d e s   are  r e q u i r e d   on  the  b a c k -  

p lane   to  apply  the  r e q u i r e d   s t robe   add re s s .   One  s u i t a b l e   choice   o f  

e l e c t r o d e   l ayou t   is  shown  in  f i g u r e   6,  the  s t r o b e - f u n c t i o n   a s s i g n m e n t  

chosen  being  as  f o l l o w s : -  

Thus  the  b a c k - p l a n e   e l e c t r o d e s   are  a s s o c i a t e d   one  with  segment  a ,  

ano ther   with  segments  b,  f  and  e,  and  a  t h i r d   with  segments  g,  c,  d 

and  h.  This  p a r t i c u l a r   a r rangement   is  conven i en t   because  the  e l e c -  

t rodes   of  a d j a c e n t   d i s p l a y   un i t s   may  be  j o ined   in  a  con t inuous   s e r i e s ,  

us ing  the  a r rangement   of  f i g u r e   6  as  a  r epea t   p a t t e r n .   The  d i f f e r e n t  

p a r t i t i o n s   of  an  8-segment  un i t   are  t a b u l a t e d   b e l o w  -  



t ab le   4  -   and  for  the  chosen  p a r t i t i o n   J . 2 2 . 3  -   the  number  o f  

e x t e r n a l   connec t ions   r e q u i r e d   for  8 - d i g i t   d i s p l a y   is  35,  a  f u r t h e r  

e l i m i n a t i o n   of  some  seven  e x t e r n a l   c o n n e c t i o n s .  



The  c h a r a c t e r   d i s p l a y   may  be  used  as  pa r t   of  a  more  comprehen -  
sive  d i s p l a y  -   for  example,  as  the  d i g i t a l   d i sp l ay   p a r t  -   t h e .  o d o m e t e r  

or  o d o m e t e r / t r i p m e t e r   d i s p l a y   p a r t  -   of  a  car  dashboard   d i s p l a y .   An 

ana logue   car  dashboard   d i s p l a y   d r iven   by  i sogona l   waveform  s i g n a l s   i s  

d e s c r i b e d   in  co-pending   GB  P a t e n t   A p p l i c a t i o n   No  81.  28733.  The 

d i g i t a l   d i s p l a y   d e s c r i b e d   may  be  i n c o r p o r a t e d   as  a  u s e f u l   a d d i t i o n   t o  

th i s   d i s p l a y ,   and  s ince   s t robe   c o n n e c t i o n s   are  a l r e a d y   p rov ided   f o r  

analogue   d i s p l a y ,   only  32  a d d i t i o n a l   c o n n e c t i o n s   are  r e q u i r e d   f o r  

8 - d i g i t   d i s p l a y  -   eg  3 - d i g i t   t r i p m e t e r   and  5 - d i g i t   o d o m e t e r .  

A  c o n t r o l   c i r c u i t   for  d r i v i n g   the  8 - d i g i t   8-bar   segment  d i s p l a y  

is  shown  in  f i g u r e   8.  In  th i s   c i r c u i t   a  16 -b i t   s t a t i c   s h i f t   r e g i s t e r  

101  is  used  to  g e n e r a t e   the  i s o g o n a l   waveform  s i g n a l s  -   in  f a c t  

pseudo- random  b ina ry   sequence  (prbs)  s i g n a l s  -   r e q u i r e d   to  s t robe   t h e  

th ree   b a c k - p l a n e   e l e c t r o d e s .   The  pseudorandom  sequencing   is  i n t r o -  

duced  by  feedback;   the  t h i r d   r e g i s t e r   output   l i ne   Q2,  and  the  f i f t h  

output   l ine   Q4,  ie  two  of  the  s i x t e e n   ou tput   l i ne s   QO  to  Q15,  a r e  

connec ted   to  the  r e g i s t e r   input   D  via  an  e x c l u s i v e   OR  gate  103.  To 

i n t r o d u c e   s e l f - s t a r t i n g   c a p a b i l i t y ,   the  f i r s t   four  output   l i ne s   of  t h e  

r e g i s t e r   101,  l i n e s   Q  to  Q3,  are  coupled  to  th i s   same  input   D  via  a 

NOR  gate   105  and  both  OR  and  NOR  gate  ou tpu t s   connected   to  th i s   i n p u t  

D  by  an  a d d i t i o n a l   OR  gate  107.  S ix t een   o r t h o g o n a l   prbs  waveform 

s i g n a l s   are  g e n e r a t e d ,   one  on  each  l ine   Q  to  Q15'  when  clock  p u l s e s  

de r ived   and  d i v i d e d   down  from  a  mas te r   c lock  CP  are  app l i ed   to  t h e  

clock  input   C  of  the  r e g i s t e r   101.  This  s h i f t   r e g i s t e r   101  is  some- 

what  l a r g e r   than  would  be  r e q u i r e d   to  produce  th ree   s t robe   s i g n a l s .  

However,  the  l a r g e r   r e g i s t e r   101  d e s c r i b e d   here  g e n e r a t e s   as  many 

s i g n a l s   as  may  be  r e q u i r e d   for  analogue   d i s p l a y  -   here  s i x t e e n   as  

r e q u i r e d   for  the  analogue  d i s p l a y   d e s c r i b e d   in  co-pending   p a t e n t  

a p p l i c a t i o n   GB  8 1 . 2 8 7 3 3 .  

The  ou tpu t   l i nes   Qo  to  Q2  of  the  r e g i s t e r   101  are  connected   to  t h e  

t h ree   b a c k - p l a n e   e l e c t r o d e   c o n n e c t i o n s ,   the  c o n n e c t i o n s   for  the  f 1 f 2 f 3 -  
e l e c t r o d e s   (cf  f i g u r e   6)  via  dr ive  a m p l i f i e r s   (not  shown).  The  p r b s  

waveforms  are  r e p e a t e d   a f t e r   every  t h i r t y - o n e   b i t s .  

S e l e c t e d   o r t h o g o n a l   prbs  s i g n a l s   for  d r i v i n g   the  8  x  4   f r o n t -  



plane  e l e c t r o d e s   are  s y n t h e s i s e d   b i t   by  b i t   using  a  512  x  4 - b i t   p r e -  
programmed  r e a d - o n l y   memory  ROM  109  which  serves   four  8 - b i t   s h i f t - a n d -  

s to r e   bus  r e g i s t e r s   111  to  114,  the  data  input   D  of  each  of  t h e s e  

r e g i s t e r s   111  to  114  being  connec ted   to  the  four  read  ou tpu t s   Qo  to  Q3 
of  the  ROM  109.  The  e igh t   bus  l ine   ou tpu t s   Qo  to  Q7  of  each  of  t h e s e  

r e g i s t e r s   are  connected   via  dr ive   a m p l i f i e r s   (not  shown)  to  a  d i f f e r -  

ent  one  of  the  e igh t   d i s p l a y   u n i t s ;   each  r e g i s t e r   is  d e d i c a t e d   t o  

serve  a  d i f f e r e n t   one  of  the  four  f r o n t - p l a n e   e l e c t r o d e s   of  each  d i s -  

play  u n i t .   Thus  the  f i r s t   bus  l ine   ou tpu t   Q  o f   each  r e g i s t e r   111  t o  

114  is  connected  to  the  most  s i g n i f i c a n t   d i g i t   d i s p l a y   un i t ;   . . . . . . . . ;  

the  l a s t   bus  l ine   ou tpu t   Q7  of  each  r e g i s t e r   111  to  114  is  c o n n e c t e d  

to  the  l e a s t   s i g n i f i c a n t   d i g i t   d i s p l a y   u n i t .   The  f i r s t   r e g i s t e r   111 

serves   the  f r o n t - p l a n e   e l e c t r o d e s   c o r r e s p o n d i n g   to  the  segments  a , b  

and  g ; . . . . . . . . . ;   the  f o u r t h   r e g i s t e r   114  serves   the  f r o n t - p l a n e   e l e c -  

t rodes   c o r r e s p o n d i n g   to  segment  h .  

The  ROM  109  memory  is  pre-programmed  in  s i x t e e n   b locks   of  32  x  

4  b i t s  -   each  block  is  d e d i c a t e d   to  the  d i s p l a y   of  a  p a r t i c u l a r   c h a r -  

a c t e r .   For  d i s p l a y   of  the  ten  numerals  "0"  to  "9"  only  ten  of  t h e s e  

blocks   t h e r e f o r e   are  u t i l i s e d .   In  each  b lock ,   each  row  of  32  b i t s  -  

in  f ac t   only  31  b i t s   in  each  case  are  u t i l i s e d  -   r e p l i c a t e s   a  31  b i t  

prbs  waveform,  one  of  the  waveforms  produced  by  the  s h i f t   r e g i s t e r   101 

output   l i ne s   Qo  to  Q2  or  one  o ther   waveform  o r t h o g o n a l   to  t h e s e  -   eg 
the  waveform  on  ou tpu t   l ine   Q3,  whichever   is  r e q u i r e d   by  the  p a r t i c u -  

lar   one  of  the  four  f r o n t - p l a n e   e l e c t r o d e s   served  by  that   row  for  d i s -  

play  of  the  c h a r a c t e r   p a r t i c u l a r   to  tha t   b lock .   The  ROM  109  has  n i n e  

address   inputs   Ao  to  A8.  The  address   on  four  of  these   inpu t s   A5  to  A8 
de t e rmines   the  memory  block  from  which  s t o r e d   data  is  read.   At  any  

one  time,  the  address   on  these  inputs   A5  to  A8  is  a  4 - b i t   word  coded  

for  a  p a r t i c u l a r   c h a r a c t e r   to  be  d i s p l a y e d .   The  p a r t i c u l a r   4  b i t s  

read  from  the  four  read  ou tpu t s   Qo  to  Q3  of  the  ROM  109,  chosen  f rom 

the  add res sed   b lock,   one  b i t   from  each  3 1 - b i t   row,  are  dependent   on 

the  phase  of  the  gene ra t ed   s t robe   s i g n a l s ,   th is   phase  being  i n d i c a t e d  

by  a  f i v e - b i t   address   on  the  remaining  address   i n p u t s ,   i npu t s   Ao  to  A4. 
This  f i v e - b i t   address   is  p rov ided   from  the  o u t p u t s   Qo  to  Q4  of  a  5 - b i t  

b ina ry   counter   115.  This  counter   11.5  is  c locked  at  the  same  r a t e   as  



the  s h i f t   r e g i s t e r   101  at  one  e igh th   the  mas ter   clock  f r equency .   The 

clock  s i g n a l   for  t h i s   coun te r   115,  and  for  the  s h i f t   r e g i s t e r ,   a r e  

de r ived   from  the  mas ter   c lock  CP  via  a  d i v i d e - b y - e i g h t   3 - b i t   c o u n t e r  

117  and  an  i n v e r t e r   119.  The  r e s e t   input   R  of  the  5 - b i t   counter   115 

is  connec ted   to  the  ou tpu t   of  NOR-gate  105  via  a  r e s e t   OR-gate  120  t o  

enable   s t a r t   r e s e t .   The  f ive  ou tput   l ines   Q  to  Q4  of  the  5 - b i t  

coun te r   115  are  connected   to  an  AND-gate  121,  the  ou tput   of  the  AND- 

gate  121  to  the  r e s e t   input   R  of  the  5 - b i t   coun te r   115  via  the  r e s e t  

OR-gate  120.  This  r e s t r i c t s   the  coun te r   115  to  a  0  to  30  count.   The 

coun te r   is  r e s e t   every  31  clock  p u l s e s .  

The  r emain ing   components  of  th is   c i r c u i t   are  p rov ided   for  t h e  

s t o r a g e   of  input   da ta ,   for  a d d r e s s i n g   the  ROM  109  and  for  c o - o r d i n a t -  

ing  e v e n t s .   The  c i r c u i t   has  th ree   input   l i n e s ,   one  for  da ta ,   one  f o r  

data  c lock  s i g n a l ,   and  one  for  data  v a l i d   s i g n a l .   Input   data  i s  

p r e s e n t e d   as  a  s e r i a l   coded  s i g n a l   3 2 - b i t   long,  ie  8  x  4 - b i t   w o r d s ,  

each  word  coded  for  the  p a r t i c u l a r   d i s p l a y   c h a r a c t e r   tha t   is  to  be  

d i s p l a y e d   by  a  c o r r e s p o n d i n g   one  of  the  e igh t   d i s p l a y   u n i t s .   T h i s  

data   is  c locked  into  the  temporary  s t o r e ,   a  4 - b i t   s e r i e s / p a r a l l e l  

s h i f t   r e g i s t e r   122  under  the  c o n t r o l   of  the  data  clock  CD.  The  d a t a  

t e m p o r a r i l y   s t o r ed   in  th i s   r e g i s t e r   is  read  out,   one  4 - b i t   word  at  a  

time  and  w r i t t e n   into  a  data  s t o r e ,   a  random  access   memory  RAM  123.  

The  r e a d / w r i t e   mode  of  th is   RAM  123  is  c o n t r o l l e d   by  a  monopu l se  

s i g n a l   de r ived   from  the  data  c lock  CD  via  a  d i v i d e - b y - f o u r   2 - b i t  

b ina ry   coun te r   125,  an  i n v e r t e r   127,  a  monopulse  delay  129  and  a  mono- 

s t a b l e   131.  Each  data  word  s t o r ed   in  the  s h i f t   r e g i s t e r   122  is  w r i t t e n  

in to   a  s e l e c t e d   memory  address   of  the  RAM  123  f o l l o w i n g   every  f o u r t h  

data  c lock  pu l se .   The  memory  add re s s ,   which  is  i nc remented   f o l l o w i n g  

each  w r i t e   pu l s e ,   is  s e l e c t e d   by  a  3  x  2:1  m u l t i p l e x e r   133.  The 

m u l t i p l e x e r   133  is  c locked  at  one  q u a r t e r   of  the  data  c lock  f r e q u e n c y ,  

the  c lock  s igna l   being  der ived   from  the  data  clock  CD  via  the  2 - b i t  

coun te r   125,  the  i n v e r t e r   127  and  a  monostable   135.  The  output   o f  

m u l t i p l e x e r   133  is  de te rmined   by  a  3 - b i t   counte r   137  c locked  at  one 

q u a r t e r   of  the  data  c lock  f r equency .   The  clock  pu l ses   for  th i s   c o u n t e r  

137  are  p rov ided   from  the  i n v e r t i n g   ou tput   Q  of  the  monos tab le   135.  



Both  the  2 - b i t   coun te r   125  and  the  3 - b i t   counte r   137  are  r e s e t   a t  

s t a r t   of  data ,   ie  when  the  data  v a l i d   l ine   goes  Hi,  the  r e s e t   inpu t s   R 

of  these  coun te r s   being  connected   to  the  data  va l i d   l ine   via  a  mono- 

s t a b l e   139.  

The  m u l t i p l e x e r   133  is  also  connected   to  the  3 - b i t   counte r   117 ,  

and  when  swi tched  to  r e l ay   the  s i g n a l s   on  the  output   of  th is   c o u n t e r  

117,  p r o v i d e s  . t h e   r e a d - o u t   address   for  RAM  123.  

Opera t ion   of  th i s   c i r c u i t   w i l l   now  be  d e s c r i b e d : -  

LOADING  DATA 

1.  The  DATA  VALID  l ine   r i s e s   Hi  at  s t a r t   of  data  and  r e s e t s   c o u n t e r s  

125  and  137.  

2,  The  data  clock  CD  clocks  data  b i t s   in to   the  S/P  s h i f t   r e g i s t e r  

122  and  c locks  the  2 - b i t   counter   125. 

3.  On  the  f o u r t h   data  clock  pu l se ,   the  delay  monos tab le   129  and  

monos tab le   131  are  a c t i v a t e d   and  the  m u l t i p l e x e r   133  is  s w i t c h e d .  

4.  The  RAM  R/W  delay  monopulse  129  times  out  f i r s t   and  clocks  p u l s e  

mono  131  to  a c t i v a t e   the  R/W  input   of  the  RAM  123  to  wr i t e   t h e  

con ten t s   of  the  S/P  s h i f t   r e g i s t e r   121  into  RAM  address   000 .  

5.  The  delay  mono  135  to  the  3 -b i t   counter   137  then  times  out  and 

changes  the  3  x  2:1  m u l t i p l e x e r   back  to  read  address   coun te r s   117 

and  clocks  the  3 - b i t   b inary   counter   137  to  output   the  w r i t e  

address   001 .  

6.  Steps  2  to  5  are  r e p e a t e d   a  f u r t h e r   seven  times  to  load  s u c c e s s i v e  

words  from  the  S/P  s h i f t   r e g i s t e r   1 2 2  i n t o   add re s se s   001  to  111 

of  the  RAM  123.  



7.  The  data  is  now  loaded  in  the  RAM  123,  the  DATA  VALID  l ine   goes  
Lo  and  the  data  clock  l ine   remains  Lo. 

DISPLAYING  DATA 

1.  The  16 -b i t   s t a t i c   s h i f t   r e g i s t e r   101  is  s e l f - s t a r t i n g   and  o u t p u t s  
s i x t e e n   3 1 - b i t   prbs  waveform  s i g n a l s   on  i t s   output   l ines   Qo  t o  

Q15,  o n e  b i t   every  e igh t   master   clock  p u l s e s .   On  s t a r t ,   t h e  

5 - b i t   b ina ry   coun te r   115  is  r e s e t   and  counts  0  to  30  in  s y n c h r o n -  

ism  with  the  prbs  b i t   r a t e  -   ie  at  one  e igh th   of  the  master   c l o c k  

f r e q u e n c y .  

2.  The  mas ter   clock  CP  clocks  the  3 - b i t   read  address   counte r   117  t o  

output   s e q u e n t i a l l y   the  data  values   s to red   in  the  RAM  123.  

3.  These  address   the  address   inputs   A5  to  A8  of  the  ROM  109  and 

cause  the  a p p r o p r i a t e   b i t s   of  the  d e s i r e d   prbs  waveforms  to  be 

loaded  into  the  four  s h i f t - a n d - s t o r e   bus  r e g i s t e r s   111  to  114 .  

These  r e g i s t e r s   111  to  114  are  then  s t robed   at  one  e igh th   of  t h e  

mas te r   c lock  f requency   by  a  monos tab le   141  connected   to  t h e  

i n v e r t e r   119  f o l l o w i n g   the  read  address   coun te r   117.  The  5 - b i t  

b ina ry   coun te r   115  is  inc remented   so  tha t   the  next  b i t s   of  t h e  

d e s i r e d   prbs  waveforms  are  output   from  the  ROM  109  during  the  n e x t  

e igh t   mas ter   clock  p u l s e s .  

D e t a i l s   of  a  p r e f e r r e d   panel   c o n s t r u c t i o n   now  fo l low.   The  d i s p l a y  

panel   shown  in  f i g u r e   9  is  in  the  form  of  a  l e c i t h i n   a l i gned   dyed  p h a s e  

change  c e l l   201  i n c o r p o r a t i n g   a  layer   203  of  l i q u i d   c r y s t a l   m a t e r i a l .  

This  m a t e r i a l   is  of  D82.E61  blue  dyed  nematic   l i q u i d   c r y s t a l   to  wh ich  

has  been  added  a p p r o x i m a t e l y   3.9%  by  weight  of  CB15  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 .   The  blue  a n t h r a q u i n o n e   d i c h r o i c   dye  D82  is  given  by 

the  s t r u c t u r a l   f o r m u l a : -  



This  dye -   4 ,  5 -d iamino-2 ,   7 - d i - i s o b u t y l - l ,   8 -d ihydroxy   a n t h r a q u i n o n e -  

is  de sc r i bed   in  UK  Pa t en t   A p p l i c a t i o n   No  GB.  2 , 0 8 1 , 7 3 6 A ,  

The  l i q u i d   c r y s t a l   m a t e r i a l s   E61,  CB15  and  the  dyed  nemat ic   m a t e -  

r i a l   D82.E61  are  l i s t e d   in  the  t r ade   c a t a l o g u e s   of  BDH  Ltd,  P o o l e ,  

Dorse t ,   E n g l a n d .  

The  l i q u i d   c r y s t a l   l ayer   203  is  enc losed   between  two  g l a s s  

suppor t   p l a t e s   205  and  207  and  to  a p p r o x i m a t e l y   9  microns  th ick   t o  

give  an  a c c e p t a b l e   t hesho ld   v o l t a g e   c h a r a c t e r i s t i c   of  about  5  v o l t s .  

The  p l a t e s   205  and  207  are  each  4mm  th i ck   and  have  been  coated   w i t h  

30  Ω/@  indium  t in   oxide,   and  e tched  to  give  the  e l e c t r o d e   c o n f i g u r a -  

t ion  shown  in  f i g u r e s   6  and  7  above,  the  e l e c t r o d e s   f ron t   and  b a c k ,  

209  and  211,  o v e r l a p p i n g   to  def ine   e igh t   a d j a c e n t   d i s p l a y   u n i t s .   The 

back  p l a t e   207  of  the  panel   ce l l   201  is  backed  by  a  white  card  r e f l e c -  

tor  213.  This  r e f l e c t o r   213  has  been   t i n t e d   s l i g h t l y   yel low  to  give  a 

n e u t r a l   gray  colour   appearance   in  the  d i s p l a y   b a c k g r o u n d .  

For  th is   panel  the  data  clock  r a te   chosen  is  a p p r o x i m a t e l y   32kbaud 

giv ing  a  load  time  of  a p p r o x i m a t e l y   1  msec.  The  frame  r a te   is  a r o u n d  

30  Hz  to  give  f l i c k e r   f ree   d i s p l a y ,   the  mas ter   c lock  running  t h e r e f o r e  

at  31  x  8 x  30  =  8  kHz.  Whi ls t   the  loading   and  d i s p l a y   sequences  may 

over lap  and  as  a  consequence  s igna l   data  may  become  c o r r u p t e d ,   t h e  

load  time  is  so  small --  approx  1  msec  -   that   in  p r a c t i c e   the  e f f e c t   i s  

i m p e r c e p t i b l e .  



In  gene ra l   terms,  for  the  8-segment  d i s p l a y   of  f i g u r e   l(b)  above ,  

the  op t imal   e l e c t r o d e   i n t e r c o n n e c t i o n s   of  " f r o n t "   e l e c t r o d e s   s u i t a b l e  

for  i s o g o n a l - s i g n a l   address   are  l i s t e d   b e l o w : -  

The  l a t t e r   two  of  the  above  a r r angement s   are  less  f a v o u r a b l e   than  t h e  

f i r s t   for  i t   is  d i f f i c u l t   to  des ign   simple  e l e c t r o d e   p a t t e r n s   h a v i n g  

the  d e s i r e d   c o n n e c t i v i t y .  

Each  of  these   a r r angemen t s   of  the  " f r o n t "   e l e c t r o d e s   may  be  com- 

bined  with  any  a r rangement   of  "back"  e l e c t r o d e s   in  which  each  member  o f  

each  set  of  connected   " f r o n t "   e l e c t r o d e s   ove r l aps   a  d i f f e r e n t   " b a c k "  

e l e c t r o d e .   For  example,  in  the  f i r s t   a r rangement   of  i n t e r c o n n e c t i o n s  

l i s t e d   above  the  al lowed  ove r l aps   are  of  the  f o r m : -  

where  p r e f e r a b l y   f.4,f5  are  two  d i f f e r e n t   members  of  the  set  f 1 , f 2 , f 3  
and  l i k e w i s e   f 6 , f 7   and  f u r t h e r m o r e   the  e l e c c r o d e   a s s o c i a t e d   with  segment  
h  may  over lap   any  "back"  e l e c t r o d e .  

Examples  of  7-segment  and  8-segment  d i s p l a y   of  the  numeral  c h a r a c -  

t e r s   "0"  to  "9"  have  been  d i s c u s s e d   above.  The  i n v e n t i o n   is  however  n o t  

so  l i m i t e d   and  is  a p p l i c a b l e   to  d i s p l a y s   using  o ther   segment  con ten t   and 

des ign ,   and  for  d i s p l a y i n g   o ther   c h a r a c t e r s .  



Decimal  po in t   i n d i c a t i o n   can  be  inc luded   r e a d i l y   for  e i t h e r   t h e  

7-segment  d i s p l a y ,   as  shown  in  f i g u r e   4  (broken  o u t l i n e )   or  the  8 -  

segment  d i s p l a y ,   as  shown  in  f i g u r e s   6  and  7  (broken  o u t l i n e )   by 

i n c l u d i n g   an  a d d i t i o n a l   segment,  segment  i.  This  r e q u i r e s   one  a d d i -  

t i o n a l   e l e c t r o d e   for  each  d i sp l ay   l o c a t i o n .   For  the  7-segment  d i s p l a y ,  

th i s   e l e c t r o d e   can  be  des igned   to  over lap   with  e i t h e r   the  f1  common 

"back"  e l e c t r o d e   or  the  f2  common  "back"  e l e c t r o d e   (as  shown  i n  

f i g u r e   4).  This  co r r e sponds   to  the  s igna l   a s s i g n m e n t : -  

For  the  8-segment  d i s p l a y ,   th i s   e l e c t r o d e   can  be  des igned  to  o v e r l a p  

with  e i t h e r   the  common  e l e c t r o d e   bea r ing   f2  (Q1  of  f i g u r e   6,  as  shown) 

or  f3  (Q2  of  f i g u r e   6).  Based  on  th i s   a r r angemen t ,   the  s i gna l   a s s i g n -  

ment  i s : -  

[ I t   is  noted  that   the  e l e c t r o d e s   Qo,Ql  ( f i g u r e   6)  are  c o n f i g u r e d  

to  avoid  any  over lap   with  the  i - segment   e l e c t r o d e   ( f i g u r e   7)  at  o t h e r  

pa r t s   of  the  d i s p l a y   a r e a . ]  

Although  the  i n v e n t i o n   d i s c l o s e d   here  has  p a r t i c u l a r   advan tages   f o r  

d r i v i n g   d i s p l a y s   based  on  the  dyed   or  undyed  c h o l e s t e r i c - t o - n e m a t i c  

phase  change  e f f e c t ,   i t   may  also  be  advan tageous   for  dev ices   using  nema- 

t ic   or  long  p i t c h e d   c h o l e s t e r i c   m a t e r i a l s .   Thus  for  example  the  method 

d e s c r i b e d   h e r e i n b e f o r e   may  be  p r e f e r r e d   to  m u l t i p l e x e d   dr ive   for  v a r i a b l e  

b i r e f r i n g e n c e   d i s p l a y s   or  s ing le   p o l a r i s e r   g u e s t - h o s t   d i s p l a y s .   F u r t h e r -  

more,  the  i n v e n t i o n   may  be  used  for  a p p l i c a t i o n s   using  low  v o l t a g e   c i r -  

c u i t r y   or  r e q u i r i n g   wide  t e m p e r a t u r e   o p e r a t i o n .   Low  t h r e s h o l d   m a t e r i a l s  

such  as  E24LV  or  E31LV  ( supp l i ed   by  BDH  Chemicals  Ltd)  or  wide  t e m p e r a -  

ture  range  m a t e r i a l s   such  as  b i p h e n y l .  m i x t u r e s   (see  GB  Pa ten t   No  1452826) 



for  example  the  m a t e r i a l s   E43,  E44  ( s u p p l i e d   by  EDH  Chemicals  Ltd)  may 
be  u s e d .  

It  is  to  be  under s tood   tha t   the  terms  " f r o n t "   and  "back"  a s  

a p p l i e d   to  the  e l e c t r o d e s   h e r e i n b e f o r e   have  no  s p e c i a l   s i g n i f i c a n c e .  

The  terms  however  serve  only  to  d i s t i n g u i s h   those  e l e c t r o d e s   that   a r e  

a s s o c i a t e d   with  p a r t i c u l a r   d i s p l a y   l o c a t i o n s   (the  " f r o n t "   e l e c t r o d e s  

shown  in  f i g u r e s   4  and  7)  from  those  e l e c t r o d e s   that   are  common  to  a l l  

a d j a c e n t  l o c a t i o n s   (the  "back"  e l e c t r o d e s   shown  in  f i g u r e s   4  and  6 ) .  



1.  A  m u l t i - c h a r a c t e r   m u l t i - s e g m e n t   e l e c t r i c a l l y   a d d r e s s a b l e  

d i s p l a y   dev ice ,   capable   of  d i s p l a y i n g   each  one  of  a  p l u r a l i t y  

of  d i f f e r e n t   d i s p l a y   c h a r a c t e r s ,   the  members  of  a  c h a r a c t e r  

se t ,   each  at  a  p l u r a l i t y   of  a d j a c e n t   l o c a t i o n s ,   the  d e v i c e  

c o m p r i s i n g : -  

a  d i s p l a y   panel   (201)  having  two  se ts   of  e l e c t r o d e s  

(209,  211)  one  each  side  of  an  e l e c t r i c a l l y   s e n s i t i v e  

medium  (203),  each  set  mounted  on  a  s u p p o r t i n g   s u b s t r a t e  

(205,  207);  and ,  

panel  address   means  ( f ig .   8)  connec ted   to  the  d i s p l a y  

panel   e l e c t r o d e s   (209,  211)  to  apply,   in  r e sponse   t o  

c o n t r o l ,   a p p r o p r i a t e   address   d r ive   s i g n a l s   t h e r e t o ;  

one  set  of  e l e c t r o d e s   (209)  o v e r l a p p i n g   the  o the r   set  (211)  

to  de f ine   a  p l u r a l i t y   of  d i s p l a y   c h a r a c t e r   segments  ( f i g .   1) 

at  each  l o c a t i o n ;   wherein   at  each  l o c a t i o n   e l e c t r o d e s   o f  

the  one  set  (209)  are  each  a s s o c i a t e d   with  a  d i f f e r e n t  

group  of  one  or  more  of  the  segments  (a  to  g),  at  l e a s t  

one  e l e c t r o d e   (209)  being  a s s o c i a t e d   with  a  group  of  two  o r  

more  of  the  segments  ( f ig   4;  f ig  7),  and,  where in   e a c h  

e l e c t r o d e   of  the  o ther   set   (211)  extends   between  and 

across   each  l o c a t i o n ,   and  is  a s s o c i a t e d   with  no  more  t h a n  

one  segment  (a  to  g)  in  each  group  of  segments ,   at  l e a s t  

one  e l e c t r o d e   (211)  being  a s s o c i a t e d   with  a  p l u r a l i t y   o f  

the  groups  at  each  l o c a t i o n ;  

the  device   being  c h a r a c t e r i s e d   in  t h a t : -  

the  panel   address   means  ( f ig .   8)  i n c l u d e s   a  s i g n a l s   s o u r c e  

(101  to  107)  to  p rov ide   as  dr ive   s i g n a l s   a  set  of  c o n t i n u o u s  

i s o g o n a l   s i g n a l s ,   the  segment  c o n n e c t i v i t y   of  the  e l e c t r o d e s  

(209,  211)  being  i d e n t i c a l   at  each  l o c a t i o n   and  such  tha t   f o r  

each  d i s p l a y   c h a r a c t e r   the  d i s p l a y   segments  c o r r e s p o n d i n g   t h e r e t o  

( f ig .   2)  can  be  held'ON  s i m u l t a n e o u s l y   upon  a p p l i c a t i o n   o f  

d i f f e r e n t   i s o g o n a l   s i g n a l s   to  the  e l e c t r o d e s   (209,  211)  a s s o c i a -  

ted  t h e r e w i t h ,   and  the  n o n - s e l e c t e d   segments  for  each  d i s p l a y  



c h a r a c t e r   can  be  held  OFF  s i m u l t a n e o u s l y   upon  a p p l i c a t i o n   o f  

i d e n t i c a l   i s o g o n a l   s i g n a l s   to  the  e l e c t r o d e s   (209,  211) 

a s s o c i a t e d   t h e r e w i t h .  

2.  A  d i s p l a y   device   as  c laimed  in  claim  1  above,  being  a  d e v i c e  

capable   of  d i s p l a y i n g   each  one  of  the  p l u r a l i t y   of  d i f f e r e n t  

d i s p l a y   c h a r a c t e r s ,   the  members  of  one  of  the  c h a r a c t e r   s e t s :  

the  numerals   "0"  to  "9",  or  the  numerals   "0"  to  "9"  and  t h e  

exponent   symbol  "E",  where in   the  e l e c t r o d e s   (209,  211)  d e f i n e  

by  t h e i r   over lap   seven  d i s p l a y  S e g m e n t s   (a)  to  (g)  a r ranged   i n  

a  f i g u r e - o f - e i g h t   f o r m a t i o n  ( f i g .   1  (a))  at  each  l o c a t i o n ,   and 

the  e l e c t r o d e s   of  the  one  set   (209)  a f o r e m e n t i o n e d   are  a s s o c i a -  

ted  with  two  p a i r s   of  connected   segments  (eg  a  &  b;  c  &  g)  and 

three   i s o l a t e d   segments  (eg  d,  e,  f)  at  each  l o c a t i o n   ( f ig .   4 ) .  

3.  A  d i s p l a y   device  as  c laimed  in  claim  2  above  wherein  t h e  

e l e c t r o d e s   of  the  one  set  (209)  a f o r e m e n t i o n e d   are  a s s o c i a t e d  

with  two  p a i r s   of  connected   segments ,   p a i r e d   segments  (a)  and 

(b),  (g)  and  ( c )  -   and  three   i s o l a t e d   segments ,   the  segments  

(d),  (e)  and  (f)  at  each  l o c a t i o n   ( f ig .   4 ) .  

4.  A  d i s p l a y   device  as  claimed  in  claim  3  above  wherein  t h e  

e l e c t r o d e s   of  the  o the r   set  a f o r e m e n t i o n e d   i nc lude   one  

e l e c t r o d e   ( f l ) a s s o c i a t e d   with  a l l   segments  (a),   (e) ,   (f)  and  

(g);  with  ano the r   e l e c t r o d e   (f2)  a s s o c i a t e d   with  a l l   s egments  

(b),  (c)  and  ( d )  -   ( f i g .   4 ) .  



5.  A  d i s p l a y   device  as  c laimed  in  claim  1  above,  being  a  d e v i c e  

capable   of  d i s p l a y i n g   each  one  of  the  p l u r a l i t y   of  d i f f e r e n t  

d i s p l a y   c h a r a c t e r s ,   the  members  of  one  of  the  c h a r a c t e r   s e t s :  

the  numerals   "0"  to  "9",  or  the  numerals   "0"  to  "9"  and  t h e  

exponent   symbol  "E";  where in ,   the  e l e c t r o d e s   (209,  211)  d e f i n e  

by  t h e i r   over lap   e igh t   d i s p l a y   segments  (a)  to  (h)  at  e a c h  

l o c a t i o n   (Fig.  l ( b ) )   the  seven  d i s p l a y   segments  (a)  to  (g) 

being  a r ranged   in  a  f i g u r e - o f - e i g h t   f o r m a t i o n ,   and  t h e  

remaining  segment  (h)  being  d i sposed   at  the  foot   of  t h i s   f i g u r e  

a d j a c e n t   to  segments  (c)  and  (d),  at  each  l o c a t i o n .  

6.  A  d i s p l a y   device  as  c laimed  in  claim  5  a b o v e ,  w h e r e i n   t h e  

e l e c t r o d e s   of  the  one  set  (209;  Fig  7)  a f o r e m e n t i o n e d   a r e  

a s s o c i a t e d   with  groups  of  segments  as  f o l l o w s : -   (a,  b  &  g ) ;  

(c  &  e);  (d  &  f) ;   and,  (h),  r e s p e c t i v e l y .  

7.  A  d i s p l a y   device  as  c laimed  in  claim  6  above,  where in   t h e  

e l e c t r o d e s   of  the  o ther   set  (211;  Fig.  6)  a f o r e m e n t i o n e d  

i n c l u d e   one  e l e c t r o d e   (QO)  a s s o c i a t e d   with  a l l   segments  ( a ) ;  

ano ther   e l e c t r o d e   (Ql)  a s s o c i a t e d   with  a l l   segments  (b),   (e )  

and  ( f ) ;   and,  ano the r   e l e c t r o d e   (Qz)  a s s o c i a t e d   with  a l l   s e g -  

ments  (c),   (d),  (g)  and  ( h ) .  

8.  A  d i s p l a y   device   as  c laimed  in  any one  of  the  p r e c e d i n g   c l a i m s  

1  to  7,  wherein   the  one  set  (209;  Fig  7)  of  e l e c t r o d e s   a f o r e -  

ment ioned  i n c l u d e s   f u r t h e r   e l e c t r o d e s ,   at  l e a s t   one  at  e a c h  

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

the  o ther   set  (211;  Fig  6)  a f o r e m e n t i o n e d   to  de f ine   at  e a c h  

l o c a t i o n   a  segment  (i)  for  the  d i s p l a y   of  a  decimal  p o i n t .  

9.  A  d i s p l a y   device  as  c laimed  in  any one  of  the  p r e c e d i n g   c l a i m s  

1  to  8,  wherein  the  d i f f e r e n t   i s o g o n a l   s i g n a l s   are  p s e u d o -  

random  b ina ry   sequence  code  s i g n a l s .  



10.  An  analogue  and  c h a r a c t e r   combina t ion   d i s p l a y   compr i s ing   a  

c h a r a c t e r   d i s p l a y   device  as  claimed  in  any one  of  t h e  

p r e c e d i n g   c la ims ,   the  panel   i n c l u d i n g   a d d i t i o n a l   e l e c t r o d e s  

each  side  of  the  medium,  these  d e f i n i n g   by  t h e i r   over lap  an  

analogue   d i s p l a y   area;   wherein  the  e l e c t r o d e s   of  the  o ther   s e t  

(211)  a f o r e m e n t i o n e d   extend  across   th i s   area  and  in  common  w i t h  

o ther   of  the  a d d i t i o n a l   e l e c t r o d e s   on  the  same  s u b s t r a t e   (207)  

are  connec ted   to  the  panel   address   means  ( f ig .   8)  and  share  a  

common  i s o g o n a l   address   s i g n a l s   source  ( 1 0 1 ) .  
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