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@  Flat  panel  display. 

  A  flat-panel  display  (1)  comprising  a  panel  (3)  including 
intersecting  row  and  column  electrodes  (11,  13)  and  using 
selected  unipolar  isogonal  waveform  signals  to  address  each 
set  of  row  electrodes  (11)  and  each  set  of  column  electrodes. 
This  allows  display  of  simple  geometric  structures -  reference 
lines,  grids,  cross-wire  features  and  reference  symbols  such  as 
boxes  and  line  markers,  structures  all  requiring  representation 
by  two  or  more  picture  elements  in  some  of  the  colums  (13). 
The  panel  matrix  may  be  of  cartesian  or  polar  format.  As exam- 
ple,  a  cross-wire  feature  display  (1)  is  shown  and  described. 
Two  isogonal  signals,  a  squarewave  and  its  inverse,  are  gener- 
ated  using  two  shift  and  store  bus  registers  (7  &  9).  Signal  and 
electrode  selection  is  controlled  in  response  to  input  co-ordi- 
nate  addrass  data,  using  a  comparator  (27;  29)  and  an  exclu- 
sive-OR  gate (15;  17)  to  control  the  data  input  (D)  of  each  regis- 
ter  (7;  9). 

The  flat  panel  display  (1)  may  be  used  as  a  graticule  in  an 
optical  sight  or  image  projection  system.  Alternatively  it  may 
be  used  as  an  overlay  to  printed,  back  projected,  and  other  stat- 
ic  images  and  pictures.  It  may  be  used  as  an  accessory  to  a 
cathode  ray  tube  or  to  another  flat-panel  electronic  display. 
Also,  it  may  take  the  form  of  a  quasi-analogue  meter  display 
with  an  additional  hand  used  to  denote  or  record  some  particu- 
lar  value  or  values  of  the  variable  displayed  by  the  main  hand. 



TECHNICAL  FIELD:-  

The  p r e sen t   i n v e n t i o n   concerns  a  f l a t - p a n e l   d i s p l a y ,   in  p a r t i c u l a r   a  

d i s p l a y   for  use  as  a  g r a t i c u l e   or  as  an  ove r l ay ,   one  s u i t a b l e   f o r  

d i s p l a y i n g   g r a t i c u l e   or  grid  f e a t u r e s ,   or  g raph ics   symbols  of  s i m p l e  

geometr ic   shape,  in  o u t l i n e   or  in  so l id   form,  eg.  for  c o - o r d i n a t e  

r e f e r e n c e   or  for  l a b e l l i n g .  

BACKGROUND  ART:- 

A  f l a t - p a n e l   l i q u i d   c r y s t a l   d i s p l a y ,   in  p a r t i c u l a r   a  g r a t i c u l e ,   i s  

de sc r ibed   in  UK  Pa ten t   S p e c i f i c a t i o n   No.  1 ,432 ,558 .   This  g r a t i c u l e  

comprises   a  f i lm  of  l i qu id   c r y s t a l   m a t e r i a l   sandwiched  between  e l e c -  

trode  bear ing   t r a n s p a r e n t   p l a t e s .   The  e l e c t r o d e s   on  each  p l a t e   a r e  

ar ranged  in  rows  and  columns  to  d e f i n e ,   by  t h e i r   i n t e r s e c t i o n ,   a 

ma t r ix   of  c o - o r d i n a t e   a d d r e s s a b l e   p i c t u r e   e lements .   Ant iphase   or  i n -  

phase  a l t e r n a t i n g - v o l t a g e   address   s i g n a l s   are  app l i ed   to  one  row 

e l e c t r o d e   and  to  one  column  e l e c t r o d e .   All  remain ing   e l e c t r o d e s   a r e  

r e f e r r e d   to  e a r t h   p o t e n t i a l .   This  r e s u l t s   in  the  d i s p l a y   of  a  c r o s s -  

wire  g r a t i c u l e   f e a t u r e .   By  apply ing   the  address   s i g n a l s   to  d i f f e r e n t  

rows  and  columns,  the  c r o s s - w i r e   f e a t u r e   may  be  c e n t r e d   on  any 
s e l e c t e d   c o - o r d i n a t e   p o s i t i o n   of  the  d i s p l a y .   Although  in  t h a t  

s p e c i f i c a t i o n ,   r e f e r e n c e   is  made  to  the  a p p l i c a t i o n   of  dc  s i g n a l  

add res s ,   such  form  of  address   is  i m p r a c t i c a l   for  s u s t a i n e d   l i q u i d  

c r y s t a l   panel  d i s p l a y .   Liquid  c r y s t a l   m a t e r i a l s   and  panel  p e r f o r m -  

ance  tend  to  degrade  in  the  p resence   of  s u s t a i n e d   u n i p o l a r   f i e l d s .  

This  is  due  to  e l e c t r o l y t i c   p o l a r i s a t i o n   phenomena.  An  a l t e r n a t i n g  

cu r r en t   power  source  is  r e q u i r e d .   Where  these  d i s p l a y s   are  b a t t e r y  

powered,  an  i n v e r t e r   or  o s c i l l a t o r   must  be  employed  to  provide   t h e  

neces sa ry   a l t e r n a t i n g   power.  In  consequence  of  t h i s ,   there   is  l o s s  

in  power  e f f i c i e n c y .  



DISCLOSURE  OF  THE  INVENTION 

It   has  now  been  found  tha t   u n i p o l a r ,   i s ogona l ,   waveform  s i g n a l s ,  

i n s t e a d ,   may  be  used  as  address   s i g n a l s   for  the  above  a p p l i c a t i o n .  

F u r t h e r m o r e ,   these  s i g n a l s   may  be  used  not  only  to  d i s p l a y   c r o s s - w i r e  

f e a t u r e s ,   but  a lso  to  d i s p l a y   o ther   f e a t u r e s   and  symbols  of  s i m p l e  

geomet r i c   form.  These  s i g n a l s   are  c h a r a c t e r i s e d   by  the  f o l l o w i n g  

p r o p e r t i e s : -  

S igna l s   Wn(t).  n  =  1  to  N; 

a n d ,  

sin  a,  n  #  m ,  

where  I   here  denotes 1 T∫12,  T  being  the  per iod   of  one  c y c l e .  
0 

The  v o l t a g e   d r ive   s i g n a l s   Wn(t),  have,  as  expressed   by  the  above  

fo rmulae ,   non-zero   RMS  va lue .   The  v o l t a g e   d i f f e r e n c e   between  any  two 

d i f f e r e n t   s i g n a l s   is  t r u l y   a l t e r n a t i n g   in  n a t u r e ,   and  th i s   v o l t a g e  

d i f f e r e n c e   is  of  c o n s t a n t   RMS  value  for  a l l   pa i r s   of  d i f f e r e n t  

i sogona l   s i g n a l s .   P a r t i c u l a r   examples  of  i sogonal   s i g n a l s   are  p s e u d o -  

random  b ina ry   sequence  coded  waveforms  and  W a l s h - f u n c t i o n   waveforms.  

For  m a t r i x ,   or  m a t r i x - e q u i v a l e n t   e l e c t r o d e   c o n f i g u r a t i o n   pane l s ,   t h e s e  

s i g n a l s   have  been  used  only  where  i t   has  been  p o s s i b l e   to  r e p r e s e n t  
the  d e s i r e d   f e a t u r e   by,  at  most,  a  s ing le   c o n t r a s t i n g   poin t   or  segment 

c o r r e s p o n d i n g   to  each  column.  H i t h e r t o ,   i sogonal   s igna l   address   has  

been  used  for  s i gna l -wave fo rm  d i s p l a y s   (See  UK  Pa ten t   S p e c i f i c a t i o n  

Nos  2001794;  2050667;  2101786);  for  h o r o l o g i c a l   or  meter  d i s p l a y s  

(See  UK  Pa ten t   S p e c i f i c a t i o n   Nos.  2044975;  2106298);  for  numeral  b a r -  

segment  d i s p l a y s   (See  UK  Pa ten t   S p e c i f i c a t i o n   No.  2114354);  and,  f o r  

r adar   t a r g e t   p lo t   d i s p l a y s   (See  UK  Pa ten t   S p e c i f i c a t i o n   No.  2129993) .  

In  these   known  a p p l i c a t i o n s   d i f f e r e n t   i sogonal   waveforms  are  a p p l i e d ,  



in  a  p r ede t e rmined   f ixed  order ,   one  to  each  row  e l e c t r o d e ,   s i m u l -  

t aneous ly .   At  the  same  time,  s e l e c t e d   waveform  s i g n a l s   are  a p p l i e d  

one  to  each  column  e l e c t r o d e .   The  s e l e c t e d   waveform,  in  each  c a s e ,  

may  be  the  same  as  one  of  the  d i f f e r e n t   row  waveforms,  or  it   may  be  

a  d i f f e r e n t   i sogona l   s i gna l .   At  the  m a j o r i t y   of  p i c t u r e   e l e m e n t s  

the  address   s i g n a l s   c a r r i e d   by  the  i n t e r s e c t i n g   row  and  column  e l e c -  

t rodes   are  d i f f e r e n t .   The  v o l t a g e   d i f f e r e n c e   is  a l t e r n a t i n g ,   and  i s  

of  s u f f i c i e n t   RMS  magnitude  to  m a i n t a i n   the  sandwiched  l i q u i d   c r y s t a l  

m a t e r i a l   in  i t s   ON  s t a t e .   At  the  remain ing   p i c t u r e   e l emen t s ,   however ,  

at  most  one  c o r r e s p o n d i n g   to  each  column  e l e c t r o d e ,   the  i n t e r s e c t i n g  

row  and  column  e l e c t r o d e s   are  addressed   by  i d e n t i c a l   waveform  s i g n a l s .  

At  these  p i c t u r e   elements  the  d i f f e r e n c e   v o l t a g e   is  i d e n t i c a l l y   z e r o .  

The  sandwiched  l i q u i d   c r y s t a l   m a t e r i a l   at  these  p i c t u r e   e lements   i s  

ma in t a ined   in  an  OFF  s t a t e .   Using  c o n t r a s t i n g   ON/OFF  s t a t e   o p t i c a l  

e f f e c t s  -   such  as  dynamic  s c a t t e r i n g ,   twis ted   nemat ic ,   or  dyed 

c h o l e s t e r i c ,   the  OFF  p i c t u r e   e lements   are  d i s p l a y e d   in  c o n t r a s t  

a g a i n s t   a  background  of  ON  p i c t u r e   e l e m e n t s .  

Unipolar   i sogona l   s i gna l s   o f fe r   an  advantage   in  tha t   they  can  be  

gene ra t ed   or  s to red   using  dc  power  and  us ing  only  low-power  consuming 

semiconductor   components.   The  same  f a b r i c a t i o n   t e c h n o l o g y  -   eg .  
s i l i c o n   MOS,  can  be  employed  for  the  f a b r i c a t i o n   of  power  c i r c u i t s  

and  address   log ic   c i r c u i t s .   I t   is  thus  p o s s i b l e   to  ach ieve   a  h i g h  

degree  of  c i r c u i t   i n t e g r a t i o n   and  th i s   i n d i c a t e s   the  p o s s i b i l i t y   o f  

low-cos t   high  y ie ld   mass  p r o d u c t i o n .  

In  the  a p p l i c a t i o n s   d e s c r i b e d   below  only  a  few  i sogona l   waveform 

s i g n a l s   are  r e q u i r e d   for  the  d i s p l a y   of  simple  geometr ic   f e a t u r e s   and 

symbols.  The  number  of  s igna l   b i t s   per  cycle  can  t h e r e f o r e   be  c h o s e n  

low.  This  impl ies   low  clock  r a t e s ,   simple  e l e c t r o n i c s   and  low  power .  

Whils t   s i m i l a r   types  of  d i s p l a y   can  be  addressed   using  time  m u l t i -  

plexed  address   methods,  the  i sogona l   waveform  addressed   d i s p l a y s  

d i s c l o s e d   h e r e i n   have  advantage  in  the  f ac t   that   t h e  p i c t u r e   e l e m e n t  

v o l t a g e   d i f f e r e n c e s   produced  are  e i t h e r   zero  or  of  a r b i t r a r i l y   h i g h  



f ixed   a m p l i t u d e .   They  are  in  comparison,   t h e r e f o r e ,   r e l a t i v e l y  

immune  to  e f f e c t s   of  ambient  t empera tu re   d r i f t   and  the  na tu re   of  t h e  

e l e c t r o - o p t i c   media  c h a r a c t e r i s t i c s  -   eg.  the  l i qu id   c r y s t a l   t h r e s -  

hold  v o l t a g e   c h a r a c t e r i s t i c .  

In  accordance   with  th i s   i n v e n t i o n ,  t h e r e   is  provided  a  f l a t - p a n e l  

d i s p l a y   c o m p r i s i n g : -  

an  o p t i c a l l y   t r a n s m i s s i v e   f l a t - p a n e l   of  the  type  i n c l u d i n g   a  set  o f  

row  and  a  set   of  column  e l e c t r o d e s ,   one  set  each  side  of  a n  

e l e c t r o - o p t i c   medium,  the  e l e c t r o d e s   p rov id ing   by  t h e i r   i n t e r -  

s e c t i o n   a  ma t r i x   of  c o - o r d i n a t e   a d d r e s s a b l e   p i c t u r e   e l e m e n t s ;  

a  s o u r c e - m e a n s ,   for  p rov id ing   a  set  of  u n i p o l a r   i sogona l   waveform 

d r ive   s i g n a l s ;  

r a w - a d d r e s s   means,  c o - o p e r a t i v e   with  the  source  means,  and  c o n n e c t e d  

to  each  row  e l e c t r o d e ,   for  app ly ing   s e l e c t e d   dr ive   s i g n a l s   to  each 

one  s i m u l t a n e o u s l y ,   w h i l s t   being  capable   of  apply ing   i d e n t i c a l  

s i g n a l s   to  a  p l u r a l i t y   of  the  row  e l e c t r o d e s ;   and ,  

column  address   means,  a lso  c o - o p e r a t i v e   with  the  source  means,  and 

connec ted   to  each  column  e l e c t r o d e ,   for  applying  s e l e c t e d   d r i v e  

s i g n a l s   to  each  column  e l e c t r o d e   s i m u l t a n e o u s l y ,   w h i l s t   b e i n g  

capable   thus  of  app ly ing   i d e n t i c a l   s i g n a l s   to  a  p l u r a l i t y   of  t h e  

column  e l e c t r o d e s .  

The  e l e c t r o - o p t i c   m a t e r i a l   may  be,  for   example,  a  l i qu id   c r y s t a l  

m a t e r i a l .   Acco rd ing ly ,   the  f l a t - p a n e l   may  be  of  dynamic  s c a t t e r i n g ,  

t w i s t e d   nemat ic ,   dyed  nematic  or  d y e d - c h o l e s t e r i c   type.   The  O N - s t a t e  

can  be  o p t i c a l l y   t r a n s m i t t i n g ,   or  i t   can  be  chosen  opaque,  d e p e n d i n g  

on  the  choice   of  panel  type  and  the  c o n s t r u c t i o n   adopted.   For  o v e r -  

lay  a p p l i c a t i o n ,   a  z e r o - p o l a r i s e r   g u e s t - h o s t   panel  is  p r e f e r r e d   as  

t h i s   e x h i b i t s   a  high  ON-state   t r a n s m i s s i o n .  

The  row  and  column  e l e c t r o d e s   may  be  s t r a i g h t   and  i n t e r s e c t   o r t h o -  

g o n a l l y ,   forming  a  C a r t e r s i a n   c o - o r d i n a t e   format .   However,  the  i n t e r -  

s e c t i o n   can  be  n o n - o r t h o g o n a l ,   and  the  e l e c t r o d e s   can  be  of  c u r v e d  

form.  The  d i s p l a y   area  may  be  a r c u a t e ,   the  row  e l e c t r o d e s - c o n c e n t r i c  



annular   segments,   and  the  column  e l e c t r o d e s  -   r a d i a l   segments ,   a l l o w -  

ing  r e p r e s e n t a t i o n   in  polar   c o - o r d i n a t e   format .   A l t e r n a t i v e l y ,   t h e  

d i s p l a y   area  may  be  f u l l   c i r c u l a r   or  e l l i p t i c ,   the  row  e l e c t r o d e s  

of  s p i r a l   form,  and  the  column  e l e c t r o d e s   of  e i t h e r   r a d i a l   segment  o r  

c o u n t e r - s p i r a l   fo rm.  

The  source  means  may  comprise  a  s i ng l e   g e n e r a t o r   or  s to re   c o - o p e r a t i v e  

with  both  row  and  column  address   means.  A l t e r n a t i v e l y   i t   may  c o m p r i s e  

a  pa i r   of  components,   one  c o - o p e r a t i v e   with  the  row-address   means,  t h e  

other   c o - o p e r a t i v e   with  the  co lumn-address   means.  I sogona l   s i g n a l s  

may  be  g e n e r a t e d ,   for  example,  using  a  s h i f t - r e g i s t e r ,   or  by  c l o c k i n g  

s igna l   b i t s   from  a  memory. 

The  d i s p l a y   may  be  operab le   in  a  dynamic  mode.  In  th i s   mode  i t   c an  

d i s p l a y   the  chosen  f e a t u r e   or  symbol  at  a  p o s i t i o n   cen t r ed   on  a  d a t a -  

de termined  c o - o r d i n a t e   of  the  d i s p l a y   area.   The  row  and  column 

address   means  may  be  data  address   r e s p o n s i v e ,   and  capable   t h e r e f o r e   o f  

s e l e c t i n g   d r ive   s i g n a l s   and  e l e c t r o d e s   in  accordance   with  data  a d d r e s s .  

I t   is  thus  p o s s i b l e   to  d i s p l a y   a  c r o s s - w i r e   f e a t u r e   or  o ther   r e f e r e n c e  

symbol,  such  as  a  cross  or  square ,   in  a  manner  a l lowing   t r a c k i n g   o v e r  
the  d i s p l a y   a r e a .  

The  d i s p l a y   may  i n s t e a d ,   be  ope rab le   in  an  i n t e r c h a n g e a b l e   s t a t i c  

mode.  For  example,  i t   may  be  used  for  the  d i s p l a y   of  gr id   l i n e s .   The 

d i sp l ay   may  be  changed  from  d i s p l a y i n g   gr id  l ines   of  one  d i m e n s i o n a l  

sca le   to  d i s p l a y i n g   gr id  l ines   of  ano ther   sca le ,   or  from  d i s p l a y i n g  

one  form  eg.  l i n e a r - l i n e a r   s ca l e ,   to  d i s p l a y i n g   ano ther   form,  eg.  l o g -  

l i n e a r   or  l og - log   s ca l e .   This  may  be  achieved  using  cycled  c o -  

o r d i n a t e   address   data .   Manual  sw i t ch ing ,   or  f o r m - s p e c i f i c   a d d r e s s  

data  may  i n s t ead   be  used  to  s e l e c t   s i g n a l s   from  a  p r e - l o a d e d   memory. 



BRIEF  INTRODUCTION  OF  THE  DRAWINGS 

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

Figure   1  is  a  b l o c k - s c h e m a t i c   c i r c u i t   drawing  i l l u s t r a t i n g  

an  embodinent  of  th is   i n v e n t i o n ,   a  dynamic  c r o s s - w i r e  

f e a t u r e   d i s p l a y ;  

F igure   2  is  a  b l o c k - s c h e m a t i c   drawing  showing  a  m o d i f i c a t i o n  

of  the  above  d i sp l ay ,   one  enab l ing   the  s t a t i c   d i s p l a y  

of  g r i d - l i n e   f e a t u r e s ;  

F igures   3  to  7  are  i l l u s t r a t i v e   schematic   drawings  showing 

d i f f e r e n t   d i s p l a y   f e a t u r e s ,   or  symbols  and  a s s o c i a t e d  

waveform  s igna l   a l l o c a t i o n s ;  

F igures   8  and 9  shown,  in  schemat ic   plan,   two  types  o f  

e l e c t r o d e   a r rangements   that   may  be  used  for  the  d i s p l a y  

of  complex  f e a t u r e s   and  symbo l s .  

F igu re s   10a,  b  show  in  schemat ic   plan  f ron t   and  back  e l e c t r o d e  

a r rangements   for  an  analog  meter  d i sp l ay ;   and 

F igures   11a,  b,  c,  d  show,  the  matr ix  to  which  the  a r r a n g e m e n t  

of  F igure   10  is  e q u i v a l e n t .  



DESCRIPTION  OF  PARTICULAR  EMBODIMENTS 

Embodiments  of  th is   i nven t ion   wi l l   now  be  desc r ibed   with  r e f e r e n c e  

to  the  drawings.   Such  d e s c r i p t i o n   is  given  by  way  of  example  o n l y .  

In  f igure   1,  the  f l a t   panel  d i s p l a y   1  shown  comprises  a  l i q u i d  

c r y s t a l   f l a t - p a n e l   3  and  e l e c t r o d e   address   drive  c i r c u i t r y   5.  The 

panel  e l e c t r o d e s   are  addressed   using  no  more  than  two  i s o g o n a l  

un ipo l a r   waveform  address   s i g n a l s ,   W1, W2,  simple  a n t i p h a s e  

square  wave  s i g n a l s   of  common  ampli tude  V  i . e .   one  square  wave 

s igna l   and  i t s   i n v e r s e .   These  s i g n a l s   are  genera ted   us ing  a  p a i r  

of  clocked  s h i f t - a n d - s t o r e   bus  r e g i s t e r s   7  and  9.  These  also  a r e  

arranged  with  t h e i r   outputs   connected  to  the  row  e l e c t r o d e s   11  and 

to  the  column  e l e c t r o d e s   13.  S ignal   i n v e r s i o n ,   and  t h u s  

g e n e r a t i o n   of  the  i sogona l   i n v e r t e d   s i g n a l s ,   is  c o n t r o l l e d   by  means 

of  two  e x c l u s i v e   OR-gates  15  and  17,  one  connected  to  each  r e g i s t e r  

7  and  9.  A  clock  o s c i l l a t o r   19  is  provided  to  clock  b o t h  

r e g i s t e r s   7  and  9.  This  clock  19  is  also  connected  to  the  s t r o b e  

input  ST,  of  each  r e g i s t e r   7  and  9,  via  a  d ivide-down  counte r   21 

and  a  monostable  23.  The  d i sp l ay   also  i n c l u d e s  



a  f l i p - f l o p   b i s t a b l e   25.  This  is  r e s p o n s i v e   to  the  monostable   23, 

and  is  connected   to  one  input   of  each  of  the  e x c l u s i v e   OR  gates   15 

and  17.  The  o ther   input  of  each  e x c l u s i v e   OR  gate  15  and  17  i s  

connected   to  a  data  compara tor .   One  comparator   27,  compares  c o u n t e r  

data  with  input   Y - c o - o r d i n a t e   da ta .   The  other   compara tor ,   29,  

compares  the  coun te r   data  with  input  X - c o - o r d i n a t e   d a t a .  

For  s i m p l i c i t y   of  d e s c r i p t i o n ,   the  mat r ix   comprises   16  rows  and  16 

columns.  However  i t   w i l l   be  apparen t   that   the  c i r c u i t   can  be  e a s i l y  

expanded  to  d r ive   l a r g e r   m a t r i c e s .  

Opera t ion   is  as  f o l l o w s : -   As  a  f i r s t   s i m p l i f i c a t i o n ,   o p e r a t i o n   o f  

the  e x c l u s i v e   OR  gates  15  and  17  and  the  compara tors   27  and  29  can  be  

i gno red .   As  the  coun te r   21,  here  a  4 - b i t   coun te r ,   is  c l o c k e d  

through  i t s   sequence,   the  s h i f t   r e g i s t e r s   7  and  9  are  c locked  at  t h e  

same  r a t e .   The  +2  f l i p - f l o p   25  s u p p l i e s   a  logic  "0"  l eve l   s igna l   t o  

the  s e r i a l   data   input  D  of  the  column  address   r e g i s t e r   9.  At  t h e  

same  t ime,   i t   s u p p l i e s   a  log ic   "1"  level   s igna l   to  the  s e r i a l   d a t a  

input  D  of  the  row  address   r e g i s t e r   7.  Af ter   16  clock  p u l s e s ,   t h e  

s h i f t   r e g i s t e r s   7  and  9  are  f u l l y   loaded  and  the  monostable   23,  which  

is  t r i g g e r e d   from  the  n e g a t i v e   going  edge  of  the  c o u n t e r ' s   f i n a l  

ou tpu t ,   produces   a  s t robe   pulse   which  t r a n s f e r s   "0"s  from  the  column 

s h i f t   r e g i s t e r   9  to  a l l   the  column  e l e c t r o d e s   3  and  "I"s  from  t h e  

row  s h i f t   r e g i s t e r   7  to  a l l   the  row  e l e c t r o d e s   11.  At  the  same 

i n s t a n t ,   the  f l i p - f l o p   25  is  c l o c k e d ,  r e v e r s i n g   the  inputs   to  t h e  

s h i f t   r e g i s t e r s .   For  the  next  16  clock  p u l s e s ,   "I"s   are  fed  to  t h e  

column  s h i f t   r e g i s t e r   9  and  "0"s  to  the  row  s h i f t   r e g i s t e r   7.  On  t h e  

32nd  c lock  pulse   "1"s  are  s t robed   out  to  the  column  e l e c t r o d e s   13, 

and  "0"s  to  the  row  e l e c t r o d e s   11.  The  f l i p - f l o p   25  again  changes  

s t a t e   and  the  p rocess   r e p e a t s ,   r e s u l t i n g   in  square  waves  of  o p p o s i t e  

phase  being  a p p l i e d   to  the  column  and  row  e l e c t r o d e s   13  and  11.  

The  e f f e c t   on  the  d i s p l a y   is  tha t   the  d i f f e r e n c e   of  the  two  waveforms 

W1  and  W2  is  app l i ed   across   a l l   the  p i c t u r e   elements  causing  t h e  

whole  d i s p l a y   1  to  be  ma in t a ined   in  the  ON  s t a t e .  



Consider  now  the  o p e r a t i o n   of  the  exc lus ive-OR  gates   15  and  17,  and 

the  row  and  column  data  compara tors   27  and  29.  When  b ina ry   data   f rom 

the  counter   21  matches  the  X - c o - o r d i n a t e   input  data ,   a  "1"  appears   a t  

the  output   of  the  column  comparator   29.  This  is  fed  to  one  input   o f  

the  column  exc lus ive-OR  gate  17  and  causes  the  gate  to  i n v e r t   t h e  

leve l   app l i ed   to  i t s   o ther   inpu t ,   for  one  clock  per iod   only.  T h i s  

r e s u l t s   in  a  waveform  eg.  W2  from  one  of  the  s h i f t   r e g i s t e r   o u t p u t s ,  

a  waveform  which  is  the  i nve r se   of  a l l   the  o ther   output   wavefo rms ,  

eg.  W1.  The  p o s i t i o n   tha t   th is   i n v e r t e d   waveform  occupies   in  t h e  

column  s h i f t   r e g i s t e r   9  is  de te rmined   by  the  data  app l i ed   to  t h e  

column  comparator   29.  The  e l e c t r o d e   13  to  which  th i s   waveform  i s  

app l i ed   wi l l   have  zero  v o l t s   between  i t   and  a l l   but  one  of  the  row 

e l e c t r o d e s ,   for  i d e n t i c a l   s i g n a l s   are  a p p l i e d .   This  causes  a l l   b u t  

one  of  the  p i c t u r e   e lements ,   de f ined   by  th i s   column  e l e c t r o d e ,   to  b e  

held  in  the  OFF  s t a t e .   Opera t ion   of  the  row  r e g i s t e r   7,  row 

exc lus ive-OR  gate  15  and  row  comparator   27  is  e x a c t l y   s i m i l a r   but  f o r  

the  p o s i t i o n   of  the  i n v e r t e d   l eve l   which  is  de te rmined   by  Y - c o - o r d i n a t e  

input   data.   As  the  X  and  Y  c o - o r d i n a t e   input   data  is  changed,  t h e  

c r o s s - w i r e   f e a t u r e   31  t r acks   across   the  d i s p l a y   3  to  fol low  t h e s e  

changes.   The  c r o s s - w i r e   f e a t u r e   31  is  cen t red   at  a l l   times  on  t h e  

c o - o r d i n a t e   p o s i t i o n s   def ined   by  the  input   d a t a .  

With  the  simple  a d d i t i o n   ( f ig .   2)  of  a  l a t ched   s tack   memory  33,  and  a  

s t robe   monostable   delay  35  to  act  as  data  sources   for  the  row  and 

column  compara tors   27  and  29,  i t   is  p o s s i b l e   to  conver t   the  d i s p l a y  

desc r ibed   above  to  a  s t a t i c - m o d e   o p e r a t i o n a l   gr id  r e f e r e n c e   d i s p l a y .  

The  row  and  column  c o - o r d i n a t e s   are  s to red   in  t h e i r   r e s p e c t i v e   s t a c k s  

and  moved  on  by  each  s t robe   pu lse   fo l lowing   the  "1"  l eve l   c o m p a r a t o r  

ou tput .   With  data  p r e s e n t e d   in  th is   way,  the  data  input   D  to  e a c h  

r e g i s t e r   7  and  9  r e c e i v e   an  i n v e r t e d   l eve l   s eve ra l   times  each  s t r o b e  

cycle  and  a  p l u r a l i t y   of  rows  and  columns  are  addressed   with  i n v e r t e d  

s i gna l .   This  r e s u l t s   in  a  grid  d i s p l a y .   T h e r e a f t e r ,   by  s w i t c h i n g  

from  one  s tack   block  to  ano the r ,   i t   is  p o s s i b l e   to  change  the  p o s i t i o n  

of  the  gr id  l i n e s .   The  data  s to re   in  each  s tack  block  can  be  c h o s e n  

to  r e p r e s e n t   d i f f e r e n t   dimension  sca les   and  d i f f e r e n t   sca le   f o r m s .  



In  the  above  two  examples  the  two  s i g n a l s   W1,  W2  used  can  be  e x p r e s s e d  

as  a  s t r i n g   of  b inary   d i g i t s : -  

For  these  two  s i g n a l s : -  

ie.  each  is  of  non-zero   mean  v a l u e ;  

a n d ,  

. . . . .   a  t r u l y   a l t e r n a t i n g   v o l t a g e   d i f f e r e n c e  

b u t ,  

a  non-zero   RMS  v o l t a g e .  

The  s i g n a l s   W1,  "2  are  thus  i s o g o n a l ,   as  d e f i n e d .  

Var ious   waveform  a l l o c a t i o n s   are  dep i c t ed   in  f i g u r e s   3  -  7 .   These  

f i g u r e s   serve  to  i l l u s t r a t e   some  of  the  simple  geometr ic   symbols  and 

f e a t u r e s   tha t   can  be  achieved  us ing  i sogona l   s igna l   d r ive .   In  t h e  

f i r s t   three   of  these   f i g u r e s ,   f i g u r e s   3  -  5 ,   only  two  i sogona l   d r i v e  

s i g n a l s   W1  and  W2  are  r e q u i r e d .   In  both  f i g u r e s   3  and  5,  which  d e p i c t  

a  c r o s s - w i r e   f e a t u r e   and  a  gr id   f e a t u r e ,   r e s p e c t i v e l y ,   most  p i c t u r e  

e lements   are  d r iven   ON.  In  the  a l t e r n a t i v e   c r o s s - w i r e   f e a t u r e  

d i s p l a y ,   f i g u r e   4,  most  p i c t u r e   e lements   are  d r iven   OFF.  (One  i n p u t  

of  the  row  gate  15  may  be  connected  i n s t e a d   to  the  n o n - i n v e r t i n g  

ou tpu t   of  the  f l i p - f l o p   27,  to  produce  th i s   r e s u l t . )   According  t o  

the  d i s p l a y   e f f e c t   u t i l i s e d ,   the  ON  s t a t e   may  cor respond  to  e i t h e r   a  

t r a n s m i s s i v e   or  an  opaque  o p t i c a l   s t a t e .   With  a  g r e a t e r   number  o f  

i sogona l   waveform  s i g n a l s ,   o ther   and  more  complex  p a t t e r n s   can  be  



gene ra t ed .   In  f i gu re   6  i t   is  shown  how  a  box  domain  can  be  d e f i n e d  

using  only  4  d i f f e r e n t   i sogona l   s i g n a l s .   A  more  complex  t r a c k i n g  

symbol  is  shown  in  f i gu re   7.  This  uses  7  waveform  s i g n a l s .  

More  complex  p a t t e r n e d   f e a t u r e s   or  symbols  may  be  ob ta ined   by  t h e  

s u p e r p o s i t i o n   of  pane l s .   For  example  a  double  panel  comprised  o f  

three   e l e c t r o d e - b e a r i n g   p l a t e s ,   two  e l e c t r o - o p t i c   media  and  four  s e t s  
of  t r a n s p a r e n t   e l e c t r o d e s ,   can  be  u t i l i s e d .   The  two  s u p e r i m p o s e d  

p a t t e r n s   may  be  of  d i f f e r e n t   co lour ,   and  l ike   or  r e v e r s e   c o n t r a s t s  

can  be  employed.  A l t e r n a t i v e l y ,   one  panel  may  be  used  as  an  a t t e n u a -  

tor  or  colour  f i l t e r   while  the  o ther   is  used  to  show  the  d e s i r e d  

f e a t u r e   or  symbol  p a t t e r n .  

In  f i g u r e   8  a  conca t ena t ed   e l e c t r o d e   layout   is  shown,  e s s e n t i a l l y   a  

combinat ion   of  s u b - m a t r i c e s .  

In  f i gu re   9  an  i n t e r l e a v e d   e l e c t r o d e   layout   is  shown.  For  s i m p l e  

d e p i c t i o n ,   only  one  r e p r e s e n t a t i v e   column  is  shown. 

Conca t ena t i on   or  i n t e r l e a v i n g  -   as  for  example  shown  by  f i g u r e s   8  and 

9 -  may  be  used,  e i t h e r   with  s ing le   panels   or  with  double  p a n e l s ,   t o  

i n c r e a s e   the  range  of  p a t t e r n s   which  may  be  shown. 

Fur thermore ,   where  broken  o u t l i n e   p a t t e r n s   are  a c c e p t a b l e ,   a  pa i r   o f  

f e a t u r e s   may  be  d i s p l a y e d   by  us ing  odd  rows  and  columns,  for  one,  and 

even  rows  and  columns  for  the  o the r .   A  complex  f e a t u r e   can  then  be  

formed  by  combina t ion   of  two  s impler   f e a t u r e s .  



The  a d d r e s s i n g   technique   d i s c l o s e d   above  can  be  used  to  address   an  

analogue  meter  having  a  v a r i a b l e   p o i n t e r   and  an  i n d e p e n d e n t l y  

c o n t r o l l e d   a d d i t i o n a l   p o i n t e r ,   e .g.   a  maximum  or  minimum  l i m i t  

s top .   One  s u i t a b l e   e l e c t r o d e   p a t t e r n   is  shown  in  F igures   10a,  b .  

A  f ron t   e l e c t r o d e   p a t t e r n ,   Figure   10a,  has  four  s e c t o r s   4 1 ,  4 2 ,  4 3 ,  

44  each  with  an  a d d r e s s i n g   lead.   A  back  e l e c t r o d e   p a t t e r n ,   F i g u r e  

10b,  has  four  meander  e l e c t r o d e s   45,  46,  47,  48  each  having  a 

s e c t i o n   in  r e g i s t e r   with  each  s e c t o r   of  the  rear   e l e c t r o d e .   Thus 

s i x t e e n   s e p a r a t e l y   a d d r e s s a b l e   p o i n t e r s   can  be  d i s p l a y e d .  

When  two  p o i n t e r s ,   e .g .   a  main  p o i n t e r   and  a  maximum  (or  minimum) 

p o i n t e r ,   are  to  be  d i sp layed   at  the  same  time  the  a d d r e s s i n g  

c i r c u i t   can  be  ar ranged  to  give  an  audib le   warning  when  the  s e t  

l i m i t   is  exceeded.   A l t e r n a t i v e l y   the  a d d i t i o n a l   p o i n t e r   can  be 

used  to  record  the  maximum  or  minimum  d e v i a t i o n   of  the  main 

p o i n t e r .   I f   both  a  maximum  and  a  minimum  p o i n t e r   are  r e q u i r e d  

they  may  be  d i sp l ayed   a l t e r n a t e l y .   A  meter  d i s p l a y   is  n o r m a l l y  

used  in  a  r e f l e c t i v e   mode  but  could  be  used  in  a  t r a n s m i s s i o n   mode. 



The  e l e c t r o d e   arrangement   of  Figure  10  is  e l e c t r i c a l l y   e q u i v a l e n t  

to  a  four  by  four  matrix  as  shown  in  F igures   11,  where  the  f r o n t  

e l e c t r o d e s   41,  42,  43,  44  become  row  e l e c t r o d e s ,   and  the  back  

e l e c t r o d e s   45,  46,  47,  48  become  column  e l e c t r o d e s .   As  b e f o r e  

waveforms  W ,  n  is  an  i n t e g e r ,   are  appl ied   to  each  e l e c t r o d e .  
n 

The  a l l o c a t i o n   of  waveforms  are  of  four  t y p e s :  

(i)  those  in  which  the  main  p o i n t e r   alone  is  p r e s e n t ,   e . g .  

Figure  11a;  

( i i )   those  in  which  the  main  and  a d d i t i o n a l   p o i n t e r s  

correspond  to  two  i n t e r s e c t i o n s   lying  on  d i s t i n c t   rows  and 

columns,  e .g.   Figure  11b; 

( i i i )   those  in  which  the  main  and  a d d i t i o n a l   p o i n t e r s  

correspond  to  two  i n t e r s e c t i o n s   lying  on  the  same  row 

e.g.   Figure  11c;  and 

(iv)  those  in  which  the  main  and  a d d i t i o n a l   p o i n t e r s  

cor respond  to  two  i n t e r s e c t i o n s   lying  on  the  same  column 

e.g.   Figure  11d.  

Waveforms  W  to  W a r e   appl ied   as  shown  in  F igures   1 1 a - d .  

FIELDS  OF  APPLICATION 

The  f l a t   panel  a fo rement ioned   may  be  used  as  a  dynamic  or  s t a t i c  

over lay   to  p r i n t e d ,   b a c k - p r o j e c t e d ,   and  other   s t a t i c   images.  I t  

may  be  used  as  a  g r a t i c u l e   in  an  o p t i c a l   s i gh t ,   or  in  an  imag ing  

system  or  other   s i m i l a r   o p t i c a l   system,  for  example  a  p r o j e c t i o n  

s y s t e m .  

It  may  be  used  as  a  dynamic  or  s t a t i c   over lay   as  an  a cce s so ry   to  a  

cathode  ray  tube  (C.R.T.)   or  to  another   f l a t - p a n e l   e l e c t r o n i c  

d i s p l a y  -   e.g.   for  use  as  an  o s c i l l o s c o p e   g r a t i c u l e .  

The  analogue  meter  d i sp lay ,   F igures   10,  11,  may  be  used  in  h a n d h e l d  

and  p o r t a b l e   measurement  i n s t rumen t s   where  low  power  consumpt ion  

and  low  vo l t age   o p e r a t i o n   are  r e q u i r e d .  



1.  A  f l a t   panel  d i s p l a y   c o m p r i s i n g : -  

an  e l e c t r o - o p t i c   medium  con ta ined   between  two  spaced  p l a t e s ,   a  
f i r s t   set  of  e l e c t r o d e s   and  a  second  set  of  e l e c t r o d e s   formed 

on  the  p l a t e s ,   the  e l e c t r o d e s   p rov id ing   by  t h e i r   i n t e r s e c t i o n  

a  matr ix  of  c o - o r d i n a t e   a d d r e s s a b l e   p i c t u r e   e l e m e n t s ;  
c h a r a c t e r i s e d   b y : -  

a  source-means ,   for  p rov id ing   a  set  of  u n i p o l a r   i s o g o n a l  

waveform  drive  s i g n a l s ;  

f i r s t - a d d r e s s   means,  c o - o p e r a t i v e   with  the  source  means, 
and  connected  to  each  e l e c t r o d e   in  the  f i r s t   se t ,   f o r  

apply ing   s e l e c t e d   drive  s i g n a l s   one  to  each  e l e c t r o d e  

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

the  e l e c t r o d e s ;   and ,  

second  address   means,  also  c o - o p e r a t i v e   with  the  s o u r c e  

means,  and  connected  to  each  e l e c t r o d e   in  the  second  s e t ,  
for  app ly ing   s e l e c t e d   drive  s i g n a l s   one  to  each  column 

e l e c t r o d e   s i m u l t a n e o u s l y ,   with  i d e n t i c a l   s i g n a l s   to  a 

p l u r a l i t y   of  the  e l e c t r o d e s .  



2.  The  d i sp l ay   of  claim  1  and  i n c l u d i n g   means  for  c h a n g i n g  

the  order  of  drive  s i gna l s   appl ied   to  at  l e a s t   one  set  o f  

e l e c t r o d e s .  

3.  The  d i sp lay   of  claim  1  and  i n c l u d i n g   means  for  c h a n g i n g  

the  s e l e c t i o n   of  drive  s i g n a l s   appl ied   to  at  l e a s t   one  set  o f  

e l e c t r o d e s .  

4.  The  d i sp l ay   of  claim  1  wherein  the  f i r s t   and  second  s e t  

of  e l e c t r o d e s   are  arranged  as  row  and  column  e l e c t r o d e s .  

5.  The  d i sp lay   of  claim  1  wherein  the  f i r s t   and  second  s e t  

of  e l e c t r o d e s   are  arranged  as  s ec to r   and  meander  e l e c t r o d e s .  

6.  The  d i sp l ay   of  claim  1  wherein  the  e l e c t r o - o p t i c   medium 

is  a  l i qu id   c r y s t a l   m a t e r i a l .  

7.  The  d i sp l ay   of  claim  1  wherein  the  source  means  i s  

adapted  to  provide  two  i sogona l   d i f f e r e n t   drive  s i g n a l s   to  b o t h  

sets   of  e l e c t r o d e s   to  d i sp l ay   a  f e a t u r e   of  cross  or  grid  wire  fo rm.  

8.  The  d i sp l ay   of  claim  1  wherein  the  wall  p l a t e s   and 

e l e c t r o d e   are  o p t i c a l l y   t r a n s p a r e n t .  

9.  The  d i sp l ay   of  claim  1  wherein  a  r e f l e c t o r   i s  

i n c o r p o r a t e d   at  the  rear   of  the  f l a t   p a n e l .  



10.  The  d i s p l a y   of  any one  of  claims  1  to  9  c o n s t r u c t e d ,  

a r ranged  and  adapted  to  opera te   s u b s t a n t i a l l y   as  h e r e i n b e f o r e  

de sc r i bed   with  r e f e r e n c e   to  the  accompanying  d r a w i n g s .  












	bibliography
	description
	claims
	drawings

