
J E u r o p a i s c h e s   

Pa t en t amt  

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  1 5 9   0 6 8  

A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  85200430.8  ©  Int.  CI.4:  G  09  G  3 /18  

©  Date  of  filing:  20.03.85 

@  Priority:  26.03.84  GB  8407788  @  Applicant:  N.V.  Philips'  Gloeilampenfabrieken 
Groenewoudseweg  1 
NL-5621  BA  Eindhoven(NL) 

©  Dateof  publication  of  application: 
23.10.85  Bulletin  85/43  ©  Designated  Contracting  States: 

CH  DE  FR  LI  SE 
©  Designated  Contracting  States: 

CH  DE  FR  GB  LI  SE  ©  Inventor:  Philips,  Ian 
TMC  LIMITED  Swindon  Road 

©  Applicant:  PHILIPS  ELECTRONIC  AND  ASSOCIATED  Malmesbury  Wiltshire(GB) 
INDUSTRIES  LIMITED 
Arundel  Great  Court  8  Arundel  Street  ©  inventor:  Mulkerrin,  Robert  Anthony 
London  WC2R  3DT(GB)  TMC  LIMITED  Swindon  Road 

_  Malmesbury  Wiltshire(GB) 
(m)  Designated  Contracting  States: 

6B  ©  Representative:  Andrews,  Arthur  Stanley  et  ai. 
Philips  Electronic  and  Associated  Industries  Limited 
Patent  Department  Mullard  House  Torrington  Place 
London  WC1E7HD(GB) 

<  

00 
<0 
o  

O) 
ID 

©  Alpha-numeric  display  device  and  visual  display  arrangement 
  An  alpha-numeric  display  device  comprises  seven  rows 
of  five  elements  (1-35)  in  which  each  element  (6-10)  of  the 
second  row  is  connected  to  the  corresponding  element 
(11-15)  in  the  third  row  so  that  a  single  signal  controls  both 
element.  Similarly  each  element  (21-25)  in  the  fifth  row  is 
connected  to  the  corresponding  element  (26-30)  in  the  sixth 
row.  In  addition  the  second  element  (2)  in  the  first  tow  may 
be  conected  (36)  to  the  fourth  element  (4)  in  the  first  row.  A 
full  alpha-numeric  character  set  may  be  generated  by 
appropriately  energising  selected  elements.  Since  the  dis- 
play  device  effectively  comprises  either  twenty  four  or 
twenty  five  elements  rather  than  thirty  five  elements  the 
number  of  electrical  connections  required  is  reduced.  In 
addition  the  quantity  of  information  required  to  be  stored  to 
drive  the  display  is  also  reduced. 

The  elements  (1-35)  may  be  formed  as  liquid  crystal  cells 
and  a  plurality  of  devices  may  be  formed  into  a  multi- 
character  display  arrangement.  When  addressing  the  display 
devices  in  matrix  form  either  a  five  row  by  five  column 
matrix  or  two  four  row  by  three  column  matrices  may  be 
used  depending  on  whether  the  link  (36)  between  the  second 
(2)  and  fourth  (4)  elements  of  the  first  row  is  provided. 



The  inven t ion   r e l a t e s   to  an  a lpha -numer i c   d i sp l ay   d e v i c e  

comprising  seven  rows  of  five  d i s p l a y   e lements .   The  i nven t ion   a l s o  

r e l a t e s   to  a  v i sua l   d i sp lay   a r rangement   inc lud ing   a  p l u r a l i t y   of  

such  a lpha-numer ic   d i sp lay   d e v i c e s .  

When  a  p l u r a l i t y   of  d i sp lay   devices   are  used  to  provide  a  

m u l t i - c h a r a c t e r   d i sp lay   it  is  usual   to  m u l t i p l e x   the  drive  to  t h e  

d i sp l ay   to  reduce  the  number  of  e x t e r n a l   connec t ions   r e q u i r e d .   A 

commonly  used  method  of  i n t e r c o n n e c t i o n   with  d i s p l a y s   made  from 

l i g h t   emi t t ing   diodes  is  to  connect   t o g e t h e r   a l l   those  e l e m e n t s  

that   have  the  same  l o c a t i o n   in  each  d i sp l ay   device  and  then  t o  

address   each  d isp lay   device  i n d i v i d u a l l y .   However,  th is   method  of 

time  d i v i s i o n   mu l t ip l ex ing   is  not  widely  used  with  l i q u i d   c r y s t a l  

d i s p l a y s   because  of  l i m i t a t i o n s   in  the  e l e c t r o - o p t i c   response  of 

l i q u i d   c r y s t a l s   which,  at  p r e s e n t ,   prevent   the  e f f e c t i v e   s e q u e n t i a l  

address ing   of  more  than  three  or  four  d i sp l ay   dev i ce s .   To  p roduce  

l i qu id   c r y s t a l   v i s u a l   d i sp lay   a r r angemen t s   having  a  g r e a t e r   number 

of  c h a r a c t e r s   ( d i s p l a y   devices)   each  d i s p l a y   device  can  be 

conf igured   as  a  mat r ix .   A  d e s c r i p t i o n   of  a  matr ix  addressed   l i q u i d  

c r y s t a l   d i sp lay   array  is  given  in  an  a r t i c l e   e n t i t l e d   " M u l t i p l e x i n g  

Liquid   Crys ta l   Displays"   by  Paul  Smith  which  appeared  i n  

E l e c t r o n i c s   dated  25th  May  1978  at  pages  113  to  121,  the  c o n t e n t s  

of  which  are  hereby  i n c o r p o r a t e d   by  r e f e r e n c e .  

The  seven  by  five  dot  matr ix   a r ray   d i s p l a y   device  is  n o r m a l l y  

used  when  a  fu l l   a lpha-numer ic   d i s p l a y   is  r equ i r ed   and  in  order  to  

dr ive   such  a  device  a  seven  by  f ive   matr ix   is  needed.  Thus  f i v e  

t e rmina l s   are  requi red   for  each  c h a r a c t e r   in  a  m u l t i - c h a r a c t e r  

d i sp l ay   plus  seven  t e rmina l s   for  the  common  connec t ion   to  a l l   t h e  

c h a r a c t e r s .   This  implies   a  1  to  7  m u l t i p l e x   r a t i o .   With  p r e s e n t  

LCD  elements   such  a  high  m u l t i p l e x   r a t i o   tends  to  lead  to  a  low 

c o n t r a s t   d i sp l ay .   It  is  p r e f e r a b l e   to  keep  to  the  m u l t i p l e x   r a t i o  

to  around  4  to  1.  This  could  be  achieved  by  s p l i t t i n g   the  7  by  5 

ar ray  into  a  4  by  5  and  a  3  by  5  a r r a y .   However  th i s   would 

i n c r e a s e   the  number  of  connec t ions   needed  to  each  d i s p l a y   device  t o  



an  u n a c c e p t a b l e   number .  

It  is  an  o b j e c t   of  the  i nven t ion   to  provide  a  d i s p l a y   d e v i c e  

which  is  c apab le   of  d i s p l a y i n g   a  fu l l   set  of  a l p h a - n u m e r i c  
c h a r a c t e r s   and  which  may  be  dr iven  in  a  way  which  r e q u i r e s   a 

smal le r   number  of  c o n n e c t i o n s   than  the  s tandard   seven  row  by  f i v e  

column  ma t r ix   d e v i c e .  

The  i n v e n t i o n   provides   a  a lpha-numer ic   d i sp lay   device   a s  

set  fo r th   in  the  opening  pa ragraph   c h a r a c t e r i s e d   in  tha t   e ach  

element  in  the  second  row  is  connected  to  or  formed  i n t e g r a l l y   w i t h  

the  c o r r e s p o n d i n g   element  in  the  th i rd   row  and  that   each  element  i n  

the  f i f t h   row  is  connected  to  or  formed  i n t e g r a l l y   with  t h e  

co r r e spond ing   element  in  the  s ix th   row. 

Since  twenty  of  the  d i s p l a y   elements  are  connected  t o g e t h e r   i n  

pa i r s   th i s   means  tha t   only  twenty  five  elements  need  to  be  d i r e c t l y  

a d d r e s s a b l e .   Such  a  d i s p l a y   device  may  be  driven  as  a  f ive   row  by 

f ive  column  m a t r i x   a r ray .   Matrix  address ing   is  p a r t i c u l a r l y  

a p p l i c a b l e   to  l i q u i d   c r y s t a l   d i sp l ays   s ince  other  forms  of  e l e m e n t  

such  as  l i g h t   e m i t t i n g   diodes  or  i ncandescen t   lamps  are  n o t  

normally  d r i v e n   in  th is   manner.  However,  a  device  accord ing   to  t h e  

i nven t ion   s t i l l   p rovides   the  advantage  tha t   the  d i s p l a y   d r i v i n g  

i n f o r m a t i o n   r e q u i r e d   to  be  s tored   is  reduced  in  p r o p o r t i o n   to  t h e  

reduced  number  of  d r i v a b l e   e l e m e n t s .  

The  second  element  in  the  f i r s t   row  may  be  connected   to  t h e  

four th   e lement   in  the  f i r s t   row.  This  reduces  the  number  o f  

elements   which  can  be  s e p a r a t e l y   addressed  and  s e l e c t e d   and  e n a b l e s  

the  d i s p l a y   dev i ce   to  be  c o n f i g u r e d   as  two  four  row  by  th ree   column 

m a t r i c e s .  

The  i n v e n t i o n   f u r t h e r   p rov ides   a  v i s u a l   d i sp l ay   a r r a n g e m e n t  

for  d i s p l a y i n g   a  p l u r a l i t y   of  a lpha-numer ic   c h a r a c t e r s   compris ing  a  

p l u r a l i t y   of  such  d i s p l a y   d e v i c e s ,   in  which  the  d i s p l a y   devices   a r e  

dr iven  in  time  d i v i s i o n   m u l t i p l e x   form. 

The  v i s u a l   d i s p l a y   a r rangement   may  be  such  that   each  d i s p l a y  

device  is  e l e c t r i c a l l y   a r ranged   as  two  four  row  by  th ree   column 

m a t r i c e s ,   t h a t   the  d r iv ing   s i g n a l s   are  appl ied   to  the  four  rows  o f  

each  device  s i m u l t a n e o u s l y   from  a  common  source  and  t ha t   t h e  



e l e c t r i c a l   d r iv ing   s i gna l s   applied  to  the  three  columns  of  e a c h  

d i sp lay   device  are  genera ted   from  separate   i n fo rma t ion   s o u r c e s .  

An  embodiment  of  the  invent ion   will  now  be  desc r ibed   by  way  of  

example  with  r e f e r e n c e   to  the  accompanying  drawings,   in  w h i c h :  

Figure  1  shows  s c h e m a t i c a l l y   an  a lpha-numeric   d i s p l a y   d e v i c e  

according  to  the  i n v e n t i o n ,  

Figure  2  shows  an  a lpha-numeric   cha rac t e r   set  which  can  be 

genera ted   with  a  d i s p l a y   device  according  to  the  i n v e n t i o n ,  

Figure  3  shows  one  set  of  e l ec t rodes   and  t h e i r  

i n t e r c o n n e c t i o n s   for  a  d i sp lay   device  as  shown  in  Figure  1  in  which  

the  d isp lay   e lements   are  formed  as  l iquid   c r y s t a l   c e l l s .  

Figure  4  shows  the  other  set  of  e l e c t r o d e s   and  t h e i r  

i n t e r c o n n e c t i o n s   for  a  d i sp lay   device  as  shown  in  Figure  1  in  which 

the  d i sp lay   e lements   are  formed  as  l iqu id   c r y s t a l   c e l l s .  

Figures  5a  and  5b  show  in  schematic  form  the  e l e c t r i c a l  

connect ion  of  one  par t   of  the  d i sp lay   device  shown  in  F i g u r e s   3  and 

4  as  two  four  row  by  three   column  m a t r i c e s .  

Figure  6  shows  some  waveforms  of  e l e c t r i c a l   d r iv ing   s i g n a l s  

for  the  d i s p l a y   device  of  Figures  3  and  4,  

Figure  7  shows  in  block  schematic  form  a  v i s u a l   d i s p l a y  

arrangement  accord ing   to  the  i n v e n t i o n ,  

Figure  8  shows  a  logic   diagram  of  a  f i r s t   embodiment  of  a  

mul t ip l ex   waveform  g e n e r a t o r   s u i t a b l e   for  use  in  the  a r rangement   o f  

Figure  7,  

Figure  9  shows  a  logic  diagram  of  a  second  embodiment  of  a  

mul t ip lex   waveform  g e n e r a t o r   s u i t a b l e   for  use  in  the  a r r angemen t   o f  

Figure  7 ,  

Figure  10  shows  waveforms  of  s igna ls   used  in  t h i rd   and  f o u r t h  

embodiments  of  m u l t i p l e x   waveform  gene ra to r s   for  use  in  t h e  

arrangement  of  F igure   7 ,  

Figure  11  shows  a  logic   diagram  of  a  th i rd   embodiment  of  a 

mul t ip lex   waveform  g e n e r a t o r   s u i t a b l e   for  use  in  the  a r r a n g e m e n t  

shown  in  Figure   7,  and 

Figure  12  shows  a  logic   diagram  of  a  four th   embodiment  of  a 

mul t ip le   waveform  g e n e r a t o r   s u i t a b l e   for  use  in  the  a r r a n g e m e n t  

shown  in  Figure  7 .  



Figures   1  shows  in  schematic  form  a  d i s p l a y   device  compr i s ing  

t h i r t y   five  d i sp l ay   elements  1  to  35  a r ranged   in  seven  rows  of  f i v e  

e l e m e n t s .   The  d i s p l a y   elements  6  to  10  in  the  second  row  a r e  

connected   to  co r respond ing   ones  of  the  d i s p l a y   elements  11  to  15  i n  

the  th i rd   row.  S i m i l a r l y   the  d i sp lay   e lements   21  to  25  in  t he  

f i f t h   row  are  connected  to  cor responding   ones  of  the  d i s p l a y  

e l emen t s   26  to  30  in  the  s ix th   row.  The  d i s p l a y   e lements   2  and  4 

in  the  f i r s t   row  may  also  be  connected  t o g e t h e r   via  a  l i n k   36.  The 

d i s p l a y   elements  may  be  formed  in  any  conven ien t   manner  and  cou ld  

be,  for  example,  l i g h t   emi t t ing   d iodes ,   l i q u i d   c r y s t a l   c e l l s   o r  

b locks   of  m a t e r i a l   having  faces  of  c o n t r a s t i n g   co lou r s ,   the  b l o c k s  

being  s e l e c t i v e l y   p o s i t i o n a b l e   to  show  a  de s i r ed   coloured  face.  I f  

the  l ink  36  is  omitted  a l l   the  e lements   in  the  f i r s t   fou r th   and 

seven th   rows  are  i n d i v i d u a l l y   s e l e c t a b l e ,   while  e lements   in  t h e  

second  row  are  s e l e c t a b l e   only  with  the  co r r e spond ing   element  i n  

the  th i rd   row  and  elements   in  the  f i f t h   row  are  s e l e c t a b l e   o n l y  

wi th   the  co r respond ing   element  in  the  s i x t h   row.  Thus  there   a r e  

twenty   f i v e a d d r e s s a b l e   elements  in  the  a r r a y .   If  the  l i nk   be tween 

e l emen t s   2  and 4  is  provided  the  number  of  a d d r e s s a b l e   elements  i n  

reduced  to  twenty  f o u r .  

The  connec t ion   between  the  connected  elements   may  be  e i t h e r   a  

mechan ica l   coupling  when  the  d i sp l ay   e lements   are  c o n s t r u c t e d   from 

b l o c k s   of  m a t e r i a l   having  c o n t r a s t i n g   co loured   faces  or  may  be 

e l e c t r i c a l   connec t ions   where  l igh t   e m i t t i n g   diodes  or  l i q u i d  

c r y s t a l   c e l l s   are  used.  A  poss ib le   m o d i f i c a t i o n   to  th i s   embodiment 

is  to  make  the  e lements   of  the  second  and  t h i r d   rows  in to   e l o n g a t e  

e lements   so  that   a  s ing le   element  covers   both  the  second  and  t h i r d  

row  in  any  p o s i t i o n   along  the  row.  A  s i m i l a r   a r rangement   may  be 

used  for  rows  5  and  6 .  

Figure  2  shows  an  a lpha-numer ic   c h a r a c t e r   set  which  can  be  

d i s p l a y e d   by  a p p r o p r i a t e l y   ene rg i s ing   the  e lements   of  the  d i s p l a y  

dev ice   shown  in  Figure  1.  It  can  be  seen  from  Figure  2  that   a  

r e c o g n i s a b l e   c h a r a c t e r   can  be  gene ra t ed   to  r e p r e s e n t   each  numera l  

from  0  to  9  and  each  l e t t e r   of  the  a l p h a b e t .   The  c h a r a c t e r   s e t  



shown  in  F igure   2  is  not  the  only  cha r ac t e r   set  which  could  be 

g e n e r a t e d   using  the  d i sp lay   device  of  Figure  1.  V a r i o u s  

m o d i f i c a t i o n s   could  be  made  to  i nd iv idua l   c h a r a c t e r s   p a r t i c u l a r l y  

if  the  l ink   36  is  o m i t t e d .  

It  is  not  e s s e n t i a l   that  each  d i sp lay   element  is  square  bu t  

r a t h e r   the  e lements   may  be  shaped  to  provide  a  more  a e s t h e t i c a l l y  

p l e a s i n g   or  r eadab le   c h a r a c t e r .   The  r e l a t i v e   s izes   and  spacing  of 

the  element  may  be  changed  to  provide  the  most  r eadab le   c h a r a c t e r  

for  a  given  s ize  of  d i sp lay   d e v i c e .  

F igures   3  and  4  show  the  e l e c t r o d e s   and  t h e i r   connec t ions   in  a 

d i s p l a y   device  of  the  type  shown  in  Figure  1,  in  which  the  d i s p l a y  

e lements   are  formed  by  l iqu id   c rys t a l   c e l l s .   The  d i s p l a y   e l emen t s  

are  c o n f i g u r e d   as  two  matr ices   for  a d d r e s s i n g .   The  f i r s t   m a t r i x  

mainly  cor responds   to  the  upper  half  of  the  c h a r a c t e r   while  t h e  

second  mat r ix   mainly  corresponds  to  the  lower  hal f   of  t h e  

c h a r a c t e r .   Figure  3  shows  the  sepa ra te   connec t ions   for  e a c h  

c h a r a c t e r   while  Figure  4  shows  the  common  connec t ions   for  a l l   t h e  

d i s p l a y   devices   in  a  s e r i a l   a r r a y .  
For  each  d i s p l a y  d e v i c e   ( c h a r a c t e r )   in  the  s e r i a l   a r ray   t h e  

upper  mat r ix   comprises  elements  1  to  15,  17,  19  and  20,  while  t h e  

lower  mat r ix   comprises  the  other  d i sp lay   e lements .   In  the  uppe r  
m a t r i x   a  f i r s t   connec t ion   S1  is  connected  to  e l e c t r o d e s   la,   6a,  7a,  

l l a ,   12a  and  17a;  a  second  connect ion  S2  is  connected  to  e l e c t r o d e s  

2a,  3a,  4a,  8a,  13a  and  19a;  and  a  th i rd   connec t ion   S3  is  connec t ed  

to  e l e c t r o d e s   5a,  9a,  10a,  14a,  15a  and  20a.  These  e l e c t r o d e s   a r e  

one  e l e c t r o d e   of  the  co r r e spond ing ly   numbered  d i s p l a y   element  o f  

F igure   1.  In  the  s e r i a l   d i r e c t i o n   of  the  a r ray   a  connec t ion   Bl  i s  

connected   to  e l e c t r o d e s   lb,  2b,  4b  and  5b;  a  connec t i on   B2  i s  

connec ted   to  e l e c t r o d e s   7b,  3b,  9b,  12b  and  14b;  a  connec t ion   B3  i s  

connec ted   to  e l e c t r o d e s   6b,  l lb ,   13b,  8b,  15b  and  lOb;  and  a  

c o n n e c t i o n   B4  is  connected  e l e c t r o d e s   17b,  19b  and  20b.  These  

e l e c t r o d e s   form  the  other   e l ec t rode   of  the  l i q u i d   c r y s t a l   c e l l  

which  makes  up  the  d i sp lay   element  of  the  co r r e spond ing   number.  

S i m i l a r l y   for  the  second  matrix  which  p rov ides   the  lower  h a l f  

of  the  c h a r a c t e r   connec t ion   S4  is  connected  to  e l e c t r o d e s   31a,  26a ,  



21a,  16a,  22a  and  27a;  connec t ion   S5  is  connected  to  e l e c t r o d e s  

33a,  32a,  28a,  23a  and  18a;  and  connec t ion   S6  is  connected  t o  

e l e c t r o d e s   34a,  35a,  29a,  24a,  25a  and  30a.  In  the  s e r i a l  

d i r e c t i o n   of  the  a r r ay   connec t ion   B5  is  connected  to  e l e c t r o d e s  

16b,  18b,  25b  and  30b;  connec t ion   B6  is  connected  to  e l e c t r o d e s  

22b,  27b,  23b,  28b,  24b  and  29b;  connect ion   B7  is  connected  t o  

e l e c t r o d e s   26b,  21b,  32b  and  35b;  and  connect ion  B8  is  connected  t o  

e l e c t r o d e s   31b,  33b  and  34b .  

Depending  on  the  s i g n a l s   appl ied   to  the  f i r s t   and  second  

e l e c t r o d e s   of  the  e lements   the  l i qu id   c r y s t a l s   forming  e l e m e n t s  

wi l l   become  e i t h e r   t r a n s p a r e n t   or  opaque  and  hence  by  s e l e c t i v e l y  

applying  a p p r o p r i a t e   s i g n a l s   to  the  connect ions   Sl  to  S6  and  B1  t o  

B8  the  d i sp l ay   dev ices   can  be  opera ted   to  d isp lay   a  d e s i r e d  

c h a r a c t e r .  

With  a  matrix  addressed   l i q u i d   c r y s t a l   d i sp lay   each  e l e m e n t  

t o g e t h e r   with  i t s   a s s o c i a t e d   back  plane  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  lossy  n o n - l i n e a r   v o l t a g e   dependent  c a p a c i t o r .   Thus  e a c h  

d i s p l a y   device  may  be  r e p r e s e n t e d   s c h e m a t i c a l l y   as  row  and  co lumn 

conduc to r s   i n t e r c o n n e c t e d   at  each  i n t e r s e c t i o n   by  a  c a p a c i t o r   a s  

shown  in  Figures  5a  and  5b.  The  r e f e r e n c e   numbers  of  t h e  

c a p a c i t o r s   are  the  same  as  those  of  the  elements  which  t h e y  

r e p r e s e n t .   A  s e r i e s   of  s e l e c t   pulses   dr ives   each  row  while  a  

s e r i e s   of  data  pu l ses   d r ives   each  column.  Figures  6b,  c,d  and  e  

show  the  waveforms  of  the  s e l e c t   pulses  applied  to  the  back  p l a n e  

t e r m i n a l s   Bl  to  B4  and  B5  to  B8  r e s p e c t i v e l y .   The  basic  waveform 

of  pe r iod   T  is  shown  in  Figure   6a.  Each  period  T  is  d iv ided   in  8 

s u b - p e r i o d s   tl  to  t8.  Each  row  is  s e l ec ted   for  a  qua r t e r   of  t h e  

per iod  T  by  taking  the  bas ic   waveform  shown  in  Figure  6f  and  

modifying  it   to  produce  a  p o s i t i v e   going  pulse  in  the  f i r s t   ha l f   o f  

the  per iod   T  and  a  n e g a t i v e   going  pulse  in  the  second  half   of  t h e  

per iod  T.  The  p o s i t i v e   going  pulses   occur  for  1/8  of  the  pe r iod   T ,  

the  per iods   t l , t 2 , t 3   and  t4  co r responding   to  the  per iods   of  t h e  

p o s i t i v e   going  pu l ses   for  the  rows  Bl,B2,B3  and  B4  r e s p e c t i v e l y   o r  

B5,B6,B7  and  B8  r e s p e c t i v e l y .   S i m i l a r l y   the  nega t ive   going  p u l s e s  

also  occur  for  1/8  of  the  period  T,  the  periods  t 5 , t 6 , t 7   and  t 8  



c o r r e s p o n d i n g   to  the  per iods  of  nega t ive   going  pu lses   for  the  rows 

B1,B2,B3  and  B4  r e s p e c t i v e l y   or  B5,B6,B7  and  B8  r e s p e c t i v e l y .  

Examples  of  data  pulses  which  may  be  appl ied   to  the  columns 

S1,S2  and  S3  or  S4,S5  and  S6  are  shown  in  F igures   6f  to  6 j .  

Re fe r r i ng   to  the  l ine   Sl,  the  waveform  shown  in  F igure   6f  w i l l  

cause  a l l   the  elements  1 , 7 , 1 2 , 6 , 1 1   and  17  to  be  o f f ;   the  waveform 

shown  in  F igure   6g  wil l   cause  element  1  only  to  switch  on;  t h e  

waveform  shown  in  Figure  6h  will   cause  elements  7  and  12  to  s w i t c h  

on;  the  waveform  shown  in  Figure  6i  wil l   cause  e lements   6  and  11  to  

switch  on;  and  the  waveform  shown  in  Figure  6j  w i l l   cause  e l emen t  

17  to  swi tch   on.  It  will   be  r ead i ly   apparent   tha t   these  waveforms 

shown  in  Figure  6f  to  6j  may  be  combined  to  s e l e c t   s eve ra l   of  t h e  

elements   s i m u l t a n e o u s l y .   S i m i l a r l y ,  r e f e r r i n g   to  the  l ine   S4,  t h e  

waveform  shown  in  Figure  6f  will   cause  a l l   the  e l e m e n t s  

1 6 , 2 2 , 2 7 , 2 1 , 2 6   and  31  to  be  off;  the  waveform  shown  in  Figure  6g 

wil l   cause  element  16  only  to  switch  on;  the  waveform  shown  i n  

Figure  6h  wi l l   cause  elements  22  and  27  to  switch  on;  the  waveform 

shown  in  Figure   6j  w i l l   cause  elements  21  and  26  to  switch  o n ; a n d  

waveform j   w i l l   cause  element  31  only  to  switch  on.  It  wi l l   be  

r e a d i l y   apparen t   tha t   these  waveforms  shown  in  F igu re   6  f  t o  j   may 
be  combined  to  s e l e c t   more  than  one  of  the  e lements   s i m u l t a n e o u s l y .  

In  a  p a r t i c u l a r   c o n s t r u c t i o n   the  ampli tude  of  the  waveforms  i n  

Figures  6a  t o  j   may  be  as  shown  in  the  F igure .   The  l i q u i d   c r y s t a l  

elements  are  opera ted   by  a .c .   s igna ls   and  the  c o n t r a s t   r a t i o   i s  

dependent   on  the  RMS  v o l t a g e   of  the  a .c .   s igna l   a c ro s s   t h e  

element .   Using  the  waveform  shown  in  Figure  6  i t   can  be  d e r i v e d  

that   the  RMS  vo l t age   across  an  element  which  is  swi tched   off  is  1 

volt   and  that   across  an  element  which  is  switched  on  is  1 . 7 3  

v o l t s .   Other  v o l t a g e s   may  be  used  dependent  on  the  r equ i r emen t s   o f  

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

F igure   7  shows  in  block  schematic  form  an  a r rangement   f o r  

dr iving  an  n  c h a r a c t e r   d i sp l ay ;   where  n  is  an  i n t e g e r ,   for  example 

16.  Such  a  d i sp l ay   may,  for  example,  be  used  on  a  t e l e p h o n e  

in s t rumen t   to  d i sp l ay   the  number  d i a l l e d   or  to  d i s p l a y   s i m p l e  

messages  such  as  NUMBER  ENGAGED. 



The  a r r angement   shown  in  Figure  7  has  an  input   t e rmina l   100  t o  
which  inpu t   data   in  the  form  of  cha rac t e r s   to  be  d i s p l a y e d   is  f e d .  

The  input   da ta   may  be  in  the  form  of  a  s e r i a l   ASCII  code  which  i s  
clocked  in to   a  s h i f t   r e g i s t e r   101  under  the  c o n t r o l   of  a  c l o c k  

s igna l   on  a  l i ne   102  which  is  generated  in  a  clock  s igna l   g e n e r a t o r  
103.  The  c lock  s i g n a l s   produced  by  the  g e n e r a t o r   103 

must  e i t h e r   be  synchron i sed   with  the  input  data  or  some  means  must  

be  p rov ided   to  synchron i se   the  clock  and  data.   When  a  c h a r a c t e r  

has  been  r e c e i v e d   it  is  fed  in  p a r a l l e l   to  a  decoder   104  over  l i n e s  

105-1  to  105-n.   The  decoder  104  which  may  be  in  the  form  of  a  r e a d  

only  memory  (ROM)  produces  outputs   which  are  fed  via   an  a p p r o p r i a t e  

one  of  the  l i n e s   106-1  to  106-n  to  an  encoder  107  which  c o n v e r t s  

the  decoded  c h a r a c t e r   into  an  element  code  which  i n d i c a t e s   which 

elements  of  the  d i s p l a y   device  are  to  be  dr iven  to  d i s p l a y   t h a t  

c h a r a c t e r .   The  encoder  107  may  also  be  formed by  a  ROM  and  may  be  

combined  wi th   the  ROM  104  to  provide  the  element  d r i ve   code 

d i r e c t l y   from  the  input  code.  The  output  of  the  encoder   107  is  f e d  

via  l i n e s   108-1  to  108-n  and  clocked  into  a  r e g i s t e r   109  i n  

p a r a l l e l   under   the  c o n t r o l   of  clock  s igna ls   from  a  c lock  s i g n a l  

g e n e r a t o r   103  over  a  l ine   110.  A  fu r the r   clock  s i g n a l   causes  t h e  

data  to  be  read  out  of  the  r e g i s t e r   109  into  a  s e l e c t e d   one 

of  a  p l u r a l i t y   of  r e g i s t e r s   111-1  to  111-n,  the  p a r t i c u l a r   r e g i s t e r  

being  s e l e c t e d   by  means  of  address  s ignals   g e n e r a t e d   in  the  c l o c k  

g e n e r a t o r   103  and  fed  to  the  r e g i s t e r s   111-1  to  111-n  over  l i n e s  

112-1  to  112-n.   The  ou tpu ts   of  the  r e g i s t e r   111-1  to  111-n  are  f e d  

via  l i n e s   113-1  to  113-n  to  inputs  of  r e s p e c t i v e   m u l t i p l e x   waveform 

g e n e r a t o r s   114-1  to  114-n.  The  mul t ip lex   waveform  g e n e r a t o r s   114-1  

to  114-n  are  a lso   fed  with  clock  s ignals   from  the  c lock  g e n e r a t o r  
103  over  l i n e s   115-1  to  115-n.  The  mul t ip lex   waveform  g e n e r a t o r s  

114-1  to  114-n  produce  th ree   separa te   waveforms  at  t h ree   s e p a r a t e  

o u t p u t s ,   the  th ree   waveforms  being  for  a p p l i c a t i o n   to  r e s p e c t i v e  

ones  of  the  l i n e s   S1,S2  and  S3  of  each  i n d i v i d u a l   d i s p l a y   d e v i c e .  

These  waveforms  are  fed  via  r e s p e c t i v e   d r iver   c i r c u i t s   116-1  t o  

116-n  to  the  Sl,S2  and  S3  inputs   of  each  device  w i t h i n   a  d i s p l a y  

uni t   l 1 7 .  



The  clock  pulse  g e n e r a t o r   103  is  connected  via  a  l ine   118  to  a 

fu r the r   mu l t ip l ex   waveform  g e n e r a t o r   119  which  gene ra t e s   the  f o u r  

waveforms  which  are  appl ied   via  a  d r ive r   c i r c u i t   120  to  l i n e s  

B1,B2,B3  and  B4  of  the  d i s p l a y   uni t   117,  the  l ines   B.1,B2,B3  and  B4 

of  each  d i sp lay   device  in  the  d i s p l a y   unit  117  being  s e r i a l l y  
c o n n e c t e d .  

The  arrangement   so  far  d e s c r i b e d   up  to  but  not  i nc lud ing   t h e  

d i sp lay   arrangement  117  is  d u p l i c a t e d   in  the  box  i n d i c a t e d   125 .  

The  arrangement  in  box  125  produces  the  driving  s igna l s   for  t h e  

S4,S5  and  S6  inputs   of  each  of  the  d i sp lay   devices  and  the  B5,B6,B7 

and  B8  l ines   of  the  d i s p l a y   un i t   117.  Thus  block  125  produces   t h e  

s igna l s   for  the  lower  half   of  each  c h a r a c t e r .  

In  the  fo l lowing  d e s c r i p t i o n   of  the  opera t ion   of  t h e  

arrangement  only  the  g e n e r a t i o n   of  the  driving  s igna l s   for  t h e  

upper  half  of  each  c h a r a c t e r   wi l l   be  descr ibed  in  d e t a i l .   T h e  

g e n e r a t i o n   of  the  s i g n a l s   for  the  lower  half  of  each  c h a r a c t e r   i s  

achieved  in  the  same  manner .  

In  o p e r a t i o n   the  c h a r a c t e r s   to  be  displayed  are  encoded  and  

fed  to  the  input  100  and  read  into  t h e  s h i f t   r e g i s t e r   101.  If  t h e  

encoded  c h a r a c t e r s   are  p r e sen t   in  p a r a l l e l   form  then  a  p a r a l l e l  

input  r e g i s t e r   wi l l   be  used  i n s t ead   of  t h e  s h i f t   r e g i s t e r   10.1. 

When  a  data  word  co r r e spond ing   to  a  s ingle   cha rac t e r   has  been  r e a d  

into  the  s h i f t   r e g i s t e r   101  a  clock  s ignal   on  l ine  102  causes  t h e  

p a r a l l e l   outputs   of  the  s h i f t   r e g i s t e r   101  to  be  connected  to  t h e  

inputs   of  the  decoder  104  which  conver t s   the  ASCII  code  t o  

i n d i v i d u a l   c h a r a c t e r s   and  causes  one  of  the  l ines   106-1  to  106-n  t o  

be  a c t i v a t e d   to  address   the  encoder  107.  The  i n d i v i d u a l   c h a r a c t e r s  

are  encoded  by  the  encoder  107  into  a  code  which  i n d i c a t e s   which  o f  

the  d i sp lay   elements  are  to  be  opera ted   to  form  the  top  ha l f   of  t h e  

c h a r a c t e r .   The  encoder  107  produces  a  12  bit  binary  code  for  t h a t  

purpose  and  this   code  is  read  into  the  r e g i s t e r   109  under  t h e  

con t ro l   of  clock  s i g n a l s   from  the  clock  signal   g e n e r a t o r   103  o v e r  

the  l ine   110.  The  output   from  the  r e g i s t e r   109  is  fed  under  t h e  

con t ro l   of  f u r t h e r   c locks  s i g n a l s   on  l ine  110  to  a  s e l e c t e d   one  o f  

the  r e g i s t e r s   111-1  to  111-n,  the  p a r t i c u l a r   r e g i s t e r   b e i n g  



s e l e c t e d   by  an  address   genera ted   in  the  clock  s i g n a l . g e n e r a t o r  

103.  Normally  the  r e g i s t e r s   111-1  to  111-n  wil l   be  a d d r e s s e d  

s e q u e n t i a l l y   whenever  i n fo rma t ion   to  be  d i sp layed   is  changed  and 

the  add re s se s   g e n e r a t e d   wil l   allow  for  the  d i sp l ay   of  b l a n k  

c h a r a c t e r s   e .g .   to  mark  the  end  of  complete  words.  For  t h i s  

purpose  the  address   g e n e r a t o r   s ec t ion   of  the  d i s p l a y   needs  to  have 

an  i n d i c a t i o n   of  when  a  new  c h a r a c t e r   or  set  of  c h a r a c t e r s   i s  

a v a i l a b l e   and  i s / a r e   to  be  d i s p l a y e d .   This  would  be  der ived   from 

the  source  of  the  c h a r a c t e r s   for  example  when  push  bu t tons   a r e  

d e p r e s s e d   or  from  the  output  of  a  computer.   It  should  be  n o t e d  

t h a t   the  r e g i s t e r s   111-1  to  111-n  are  only  addressed   when  t h e  

i n f o r m a t i o n   to  be  d i sp l ayed   is  a l t e r e d .   The  ou tputs   of  t h e  

r e g i s t e r   111-1  to  111-n  are  connected  to  r e s p e c t i v e   m u l t i p l e x  

waveform  g e n e r a t o r s   114-1  to  114-n  which  g e n e r a t e   the  waveforms 

r e q u i r e d   to  d r ive   the  cor responding   i n d i v i d u a l   c h a r a c t e r   d i s p l a y  

d e v i c e s .   These  waveforms  are  gene ra t ed   with  the  aid  of  c l o c k  

s i g n a l s   from  the  clock  s igna l   g e n e r a t o r   103  which  are  conveyed  to  

the  m u l t i p l e x   waveform  g e n e r a t o r s   over  the  l ines   115-1  to  1 1 5 - n .  

The  m u l t i p l e x   waveform  g e n e r a t o r s   produce  waveforms  such  as  t h o s e  

shown  in  F igure   6f  to  j,  the  p rec i se   waveform  produced  b e i n g  

dependen t   on  the  con ten t s   of  the  r e g i s t e r   111  a s s o c i a t e d   with  i t .  

Each  m u l t i p l e x   waveform  g e n e r a t o r   114  produces  th ree   s e p a r a t e  

waveforms  which  are  for  a p p l i c a t i o n   to  the  S1,S2  and  S3  l i ne s   o f  

i t s   a s s o c i a t e d   d i s p l a y   device   via  r e s p e c t i v e   d r i v e r   c i r c u i t s   116.  

A  f u r t h e r   m u l t i p l e x   waveform  g e n e r a t o r   119  g e n e r a t e s   t h e  

waveforms  which  are  appl ied   to  the  B1,B2,B3  and  B4  l i n e s   of  a l l   t h e  

d i s p l a y   devices   in  the  d i sp l ay   unit   117.  The  waveforms  g e n e r a t e d  

by  the  m u l t i p l e x   waveform  g e n e r a t o r   119  are  not  dependent   on  t h e  

c h a r a c t e r   to  be  d i s p l a y e d   and  are  gene ra t ed   with  the  aid  of  c l o c k  

p u l s e s   fed  from  the  clock  pulse  g e n e r a t o r   over  l i n e   118.  S i g n a l s  

produced  by  the  m u l t i p l e x   waveform  g e n e r a t o r   l19  are  fed  to  t h e  

d i s p l a y   unit   117  via  the  d r i ve r   c i r c u i t   120 .  

C lea r ly   i t   is  not  e s s e n t i a l   to  d u p l i c a t e   a l l   the  d r i v i n g  

c i r c u i t r y   for  each  half   of  each  c h a r a c t e r .   The  input   s h i f t  

r e g i s t e r   101,  decoder   104,  encoder  107  and  r e g i s t e r   109  could  d r i v e  



both  halves  of  the  c i r c u i t   s e p a r a t e l y   and  be  common  to  bo th  

ha lves .   S imi la r ly   the  clock  g e n e r a t o r   103  may  be  common  to  b o t h  

s ec t i ons   as  may  also  be  m u l t i p l e x   waveform  gene r to r   119  and  d r i v e r  

120  with  the  Bl  connec t i on   being  d i r e c t l y   connected  to  the  B5 

connec t ion ,   the  B2  c o n n e c t i o n   beomg  d i r e c t l y   connected  to  the  B6 

connec t ion ,   the  B3  c o n n e c t i o n   being  d i r e c t l y   connected  to  the  B7 

connec t ion   and  the  B4  connec t i on   being  d i r e c t l y   connected  to  the  B8 

connec t ion .   Also,  the  r e g i s t e r   111  could  be  common  to  both  h a l v e s  

of  the  d i sp lay .   The  a c t u a l   p a r t i t i o n   wi l l   depend  on  t h e  

p r a c t i c a l i t i e s   of  the  number  of  connec t ions   to  the  i n t e g r a t e d  

c i r c u i t s   requi red   in  each  p a r t i c u l a r   c a s e .  

Figure  8  shows  part   of  one  embodiment  of  the  m u l t i p l e x  

waveform  g e n e r a t o r s   114-1  to  114-n.  Each  mul t ip lex   waveform 

g e n e r a t o r   comprising  three   of  the  c i r c u i t s   shown  in  Figure  8 .  

As  shown  in  Figure  8  the  f i r s t   t e rminal   201  is  connected  to  t h e  

f i r s t   input  of  an  AND  gate   211  and  to  the  f i r s t   input  of  an  AND 

gate  221.  The  output   of  AND  gate  211  is  connected  to  a  c o n t r o l  

input  of  an  analogue  swi tch   231  while  the  output  of  the  gate  221  i s  

connected  to  a  con t ro l   input   of  an  analogue  switch  241.  The  p o l e  

of  switch  231  is  connec ted   to  a  f i r s t   input   251  of  a  s ingle   p o l e  

e ight   way  switch  260  while   the  pole  of  switch  241  is  connected  to  a  
second  input  252  of  the  switch  260.  A  f i r s t   t e rminal   of  switch  231 

is  connected  to  OV  whi le   a  second  t e rmina l   is  connected  to  2V 

A  f i r s t   terminal   of  the  swi tch   241  is  connected  to  3V  while  a  

second  te rminal   is  connected   to  1V.  As  can  be  seen  from  Figure   8 

three  f u r t he r   i d e n t i c a l   a r rangements   are  provided  to  which  i n p u t  

t e rmina l s   202,203  and  204  are  connected  and  which  are  connected  t o  

inputs   253  to  258  of  the  switch  260.  

The  pole  259  of  the  switch  260  is  the  output  of  the  m u l t i p l e x  

waveform  g e n e r a t o r   and  is  connected  to  the  l ine   Sl.  The  t i m i n g  

s i g n a l s   tl  to  tg  are  also  connected  to  a  con t ro l   input  261  of  t h e  

switch  260  and  are  o p e r a t i v e   to  cause  the  pole  259  of  the  switch  t o  

be  connected  to  s e l e c t e d   inputs   at  the  a p p r o p r i a t e   time,  that  is  t o  

input  251  during  time  tl   to  input   252  during  time  t5  and  so  on .  
Thus  to  produce  the  waveform  shown  in  Figure  6g  a  l o g i c a l   ' 1 '  



is  appl ied   to  t e r m i n a l   201  and  and  l og i ca l   '0'  to  t e r m i n a l s   202 ,203  
and  204.  As  a  r e s u l t   of  th is   the  AND  gate  211  produces  a  l o g i c a l  
'1'  at  i t s   ou tpu t   during  the  time  tl  and  causes  the  pole  of  s w i t c h  

231  to  be  connec ted   to  OV.  Hence  OV  is  appl ied  to  input   251  of  t h e  

switch  260.  During  the  per iod  tl  the  pole  of  259  of  swi tch   260  i s  

connected  to  inpu t   251  and  hence  OV  is  applied  to  l ine   S1.  Dur ing  

the  per iods   t2  to  t4  the  pole  switch  260  is  connected  to  i n p u t s  

253,255  and  257  in  tu rn .   As  the  inputs   202,203  and  204  are  at  a  

l o g i c a l   '0'  the  poles   of  swi tches   232,233  and  234  are  a l l   c o n n e c t e d  

to  2V  and  hence  during  the  per iods   t2  to  t4  l ine   Sl  c a r r i e s   2V. 

S i m i l a r l y   during  the  period  t5  the  pole  of  switch  241  c a r r i e s   3V 

and  hence  th is   v o l t a g e   is  t r a n s f e r r e d   to  the  l ine  S1  during  t h e  

time  t5  but  dur ing  the  per iods   t6  to  tg  the  poles  of  swi tches   242 

to  244  are  connec ted   to  1V  and  hence  l ine   Sl  is  at  lVfrom  t6  to  t 8 .  

S i m i l a r l y   if   a  l o g i c a l   '1'  is  appl ied  to  te rminal   202  a  

vo l t age   of  OV  w i l l   be  appl ied   to  l ine   S1  during  the  per iod   t2  and  

during  the  p e r i o d  t 6   a  vo l t age   of  3V  wi l l   be  applied  to  the  l i n e  

Sl.  The  s igna l   app l i ed   to  t e r m i n a l   203  wil l   determine  the  v o l t a g e s  

appl ied   to  l i n e  S l   during  the  per iods   t3  and  t7  and  the  s i g n a l  

appl ied   to  t e r m i n a l   204  wil l   de te rmine   the  vo l t ages   app l i ed   to  t h e  

l ine   Sl  during  the  per iods   t4  and  t 8 .  
To  complete  the  m u l t i p l e x   waveform  g e n e r a t o r s   114-1  to  1 1 4 - n  

two  f u r t h e r   i d e n t i c a l   a r rangements   are  provided  which  produce  t h e  

outputs   for  l i n e s   S2  and  S3  from  the  o ther   8  b i t s   of  i n f o r m a t i o n  

rece ived   from  the  r e g i s t e r s   111-1  to  111-n,  the  a r rangement   shown 

using  the  f i r s t   four  b i t s   from  the  r e s p e c t i v e   r e g i s t e r   1 1 1 .  

The  m u l t i p l e x   waveform  g e n e r a t o r   119  which  provides   t h e  

dr iv ing   waveforms  shown  in  F igures   6b  to  e,  produces  u n c h a n g i n g  

waveforms,  tha t   is  waveforms  which  do  not  change  with  t h e  

c h a r a c t e r s   to  be  d i s p l a y e d .   Consequent ly   the  mu l t i p l ex   waveform 

g e n e r a t o r   119  r e c e i v e s   a  clock  s igna l   input  but  not  data  i n p u t s .  

The  embodiment  of  the  m u l t i p l e x   waveform  gene ra to r   119  shown  i n  

Figure  9compr i ses   four  s i m i l a r   c i r c u i t s   the  only  d i f f e r e n c e   be tween  

the  c i r c u i t s   being  the  timing  s i g n a l s   appl ied  to  them.  The  f i r s t  

c i r c u i t   comprises   two  c o n t r o l l e d   s ing le   pole  changeover  s w i t c h e s  



301  and  302,  the  switching  of  which  is  c o n t r o l l e d   by  timing  s i g n a l s  

t1  and  t5  r e s p e c t i v e l y .   The  poles  of  switches  of  301  and  302  a r e  

connected  to  f i r s t   and  second  inpu t s   of  a  f u r t he r   c o n t r o l l e d   s i n g l e  

pole  changeover  switch  303,  the  pole  of  which  is  connected  t o  

B1.  The  control   input  of  switch  303  is  connected  to  the  output  of 

an  RS  b i s t a b l e   c i r c u i t   304  which  is  set  by  the  timing  pulse  t1  and 

rese t   by  the  timing  pulse  t 5 .  

In  opera t ion   when  the  pulse  t1  occurs  switch  301  is  set  so 

that   the  movable  contac t   connects   the  pole  to  3V  and  the  b i s t a b l e  

304  is  set  so  that  the  pole  of  swi tch   303  is  connected  to  the  po le  

of  switch  301.  Consequently  during  the  period  tl  3V  is  applied  to  

the  l ine  Bl.  At  the  end  of  the  period  tl  the  pole  of  switch  301  i s  

connected  to  1V  but  the  s t a t e   of  switch  303  remains  unchanged  and 

hence  1V  is  applied  to  the  l ine   Bl  u n t i l   the  s t a r t   of  the  p e r i o d  

t5.  At  the  s t a r t   of  the  period  t5  the  pole  of  switch  302  i s  

connected  to  OV  and  the  b i s t a b l e   304  is  rese t   thus  causing  the  p o l e  

of  switch  303  to  be  connected  to  switch  302.  Thus  during  t h e  

period  t5  OV  is  appl ied   to  the  l i n e   B1.  At  the  end  of  the  p e r i o d  

t5  the  pole  of  switch  202  is  connected   to  2V  but  the  s t a t e   o f  

switch  303  remains  unchanged  and  hence  2V  is  appl ied  to  the  l ine  B1 

for  the  periods  t6  to  tg.  Consequen t ly   the  l ine  Bl  is  at  3V  d u r i n g  

t l ,   1V  from  t2  to  t4,  OV  during  t5  and  2V  from  t6  to  tg.  S i m i l a r l y  

switches  311,312  and  313  b i s t a b l e   314  and  timing  pulses  t2  and  t6 

produce  the  waveform  on  l ine   B2;  swi tches   321,322,323,   b i s t a b l e   341 

and  timing  pulses  t3  and  t7  produce  the  waveform  on  B3;  and 

switches  331,332  and  333  b i s t a b l e   334  and  timing  pulses  t6  and  tg  

produce  the  waveform  on  l ine  B4.  

The  clock  s ignal   g e n e r a t o r   103  comprises  an  o s c i l l a t o r   and  a  

number  of  d iv ider   and  decoder  s t ages   to  produce  the  requi red   t iming 

and  address  waveforms.  It  is  not  neces sa ry   for  the  input  d a t a  

c locks ,   that   is  the  clocking  of  the  s h i f t   r e g i s t e r   101,  r e g i s t e r  

109  and  r e g i s t e r s   111-1  to  111-n,  to  be  synchronised   with  t h e  

waveforms  of  the  mu l t ip l ex   waveform  g e n e r a t o r s .   The  c l o c k . r a t e   f o r  

the  r e g i s t e r s   may  be  chosen  to  s u i t   the  speed  of  the  t e c h n o l o g y  



chosen  to  implement  them  and  the  rate  at  which  a  c h a r a c t e r   data  i s  

a p p l i e d .   C l e a r l y   if  the  c h a r a c t e r   data  is  r ece ived   s e r i a l l y   t h e  

s h i f t   r e g i s t e r   101  must  be  clocked  at  the  data  r a t e .   S i m i l a r l y  

there  must  be  e x t e r n a l   inputs   to  the  clock  s igna l   g e n e r a t o r   t o  

enable  the  a p p r o p r i a t e   c h a r a c t e r s   or  r e g i s t e r s   to  be  r e se t   when  new 

d i sp l ay   i n f o r m a t i o n   is  to  be  received  so  that  the  i n f o r m a t i o n   can  

be  routed   to  the  a p p r o p r i a t e   d isplay   d e v i c e .  

A l t e r n a t i v e   a r rangements   for  the  mu l t i p l ex   waveform  g e n e r a t o r s  

114  and  119  are  i l l u s t r a t e d   in  Figures  11  and  12  r e s p e c t i v e l y   and 

waveforms  g e n e r a t e d   in  the  clock  pulse  g e n e r a t o r   103  and  app l i ed   t o  

the  m u l t i p l e x   waveform  g e n e r a t o r s   114  and  119  are  shown  in  F i g u r e  

10.  The  waveforms  shown  in  Figure  10  comprise  square  waves  o f  

period  T  each  ha l f   of  the  square  wave  is  divided  into  four  p e r i o d s  

PO,  Pl,  P2,  P3  and  s i g n a l s   corrsponding  to  these  pe r iods   a r e  

g e n e r a t e d   in  the  clock  pulse  gene ra to r   103  by  means  of  a p p r o p r i a t e  

d i v i d e r   and  decoder   c i r c u i t s .   In  this   embodiment  the  waveform 

shown  in  F igu re   10a  has  peak  ampli tudes  of  1V  and  2V,  the  waveform 

shown  in  F igure   10b  has  peak  ampli tudes  of  OV  and  3V,  the  waveform 

shown  in  F igure   10c  has  peak  ampli tudes  of  1V  and  2V,  and  t h e  

waveform  shown  in  Figure  10d  has  peak  ampl i tudes   of  OV  and  3V. 

F igure   11  shows  an  a l t e r n a t i v e   form  for  the  m u l t i p l e x   waveform 

g e n e r a t o r   119  which  g e n e r a t e s   the  backplane  waveforms  f o r  

a p p l i c a t i o n   to  the  t e rmina l s   Bl,B2,B3  and  B4  or  B5,B6,B7  and  B8  o f  

the  d i s p l a y   a r rangement   117.  The  mul t ip lex   waveform  g e n e r a t o r  

shown  in  F igu re   11  comprises  four  changeover  swi tch ing   a r r a n g e m e n t s  

400,  401,  402,  and  403,  a  con t ro l   input  of  which  is  conected  t o  

c o n t r o l   s i g n a l   input   t e rmina l s   410,  411,  412,  and  413 

r e s p e c t i v e l y .   The  waveform  shown  in  Figure  10a  is  app l i ed   to  a 

f i r s t   c o n t a c t   of  each  switching  arrangement  via  t e r m i n a l s   420,  421 ,  

422,  and  423,  r e s p e c t i v e l y ,   while  the  waveform  shown  in  Figure   10b 

is  a p p l i e d   to  a  second  contac t   of  each  switching  a r rangement   v i a  

t e r m i n a l s   430,  431,  432,  and  433  r e s p e c t i v e l y .   The  pole  of  e ach  

swi t ch ing   a r rangement   is  connected  to  r e s p e c t i v e   output   t e r m i n a l s  

440,  441,  442,  and  443  which  carry  the  s igna l s   for  a p p l i c a t i o n   to  

the  t e r m i n a l s   B1,B2,B3,  and  B4  or  B5,B6,B7,  and  B8  of  the  d i s p l a y  



arrangement  117.  Thus,  in  o p e r a t i o n ,   s igna l s   P0,  P1,  P2,  and  P3 

are  applied  to  the  r e s p e c t i v e   changeover  switching  a r r angemen t s  

400,401,402  and  403  and  cause  the  changeover  switches  to  change 

s t a t e   for  the  per iods   P0,  P1,  P2  and  P3,  r e s p e c t i v e l y .   Hence 

during  the  period  Po  the  waveform  shown  in  Figure  10b  is  applied  t o  

terminal   440  as  the  s i gna l   B1  (or  B5)  while  the  waveform  shown  i n  

Figure  10a  is  applied  to  t e r m i n a l s   441,442,  and  443.  S i m i l a r l y  

during  the  period  P1  the  waveform  shown  in  Figure  lOb  is  applied  t o  

te rminal   441  as  the  s igna l   B2  (or  B6)  while  the  waveform  shown  i n  

Figure  10a  is  applied  to  the  t e r m i n a l s   440,  442,  and  443.  During 

the  periods  P2  and  P3  the  waveform  shown  in  Figure  10b  is  a p p l i e d  

to  terminals   442  and  443,  r e s p e c t i v e l y   (as  s ignals   B3  or  B7  and  B4 

or  B8)  while  the  other  t e r m i n a l s   carry  the  waveform  shown  in  F i g u r e  
10a .  

Figure  12  shows  an  a l t e r n a t i v e   form  for  the  waveform  g e n e r a t o r  

114-n,  the  arrangement  in  F igure   12  being  t r i p l i c a t e d   to  form  t h e  

complete  waveform  g e n e r a t o r   114-n.  The  arrangement  shown  in  F i g u r e  

12  comprises  four  two  input   AND  gates   500,501,502  and  503  h a v i n g  

r e s p e c t i v e   f i r s t   inputs   connected  to  t e rmina l s   510,511,512  and  513 

and  r e spec t ive   second  inpu t s   connected  to  t e rmina l s   520,521,522  and 

523.  The  outputs  of  the  AND  ga tes   500  to  503  are  conected  to  

r e s p e c t i v e   inputs  of  a  four  input   OR  gate  530  whose  output  i s  

connected  to  a  con t ro l   input   of  a  changeover  switching  a r r a n g e m e n t  

531.  F i rs t   and  second  c o n t a c t s   of  the  changeover  s w i t c h i n g  

arrangement  531  are  connected  to  r e s p e c t i v e   input  te rminals   532  and  

533  while  the  pole  of  the  changeover  switching  arrangement  531  i s  

connected  to  an  output  t e r m i n a l   534.  The  output  terminal   534  i s  

arranged  to  convey  the  s i g n a l   S1,  S2,  or  S3  (or  S4,S5  or  S6)  t o  

each  display  device  in  the  d i s p l a y   arrangement  117. 

In  opera t ion   data  s i g n a l s   D1,D2,D3,  and  D4  are  applied  to  t h e  

f i r s t   inputs  of  the  AND  g a t e s   500,501,502,   and  503,  the  d a t a  

s ignals   being  derived  from  the  r e g i s t e r   111,  while  the  t iming  

s ignal   P0,  P1,  P2,  and  P3  are  appl ied   to  the  second  inputs  of  t h e  

AND  gates  500,501,502,   and  503.  The  waveform  shown  in  Figure  lOc 

is  applied  to  the  t e rmina l   532  while  the  waveform  shown  in  F i g u r e  



10d  is  a p p l i e d   to  the  te rminal   533.  Thus  for  each  per iod  P0,  P1,  

P2,  and  P3  the  s t a t e   of  the  a p p r o p r i a t e   data  s ignal   wi l l   d e t e r m i n e  

which  of  the  waveforms  appl ied  to  the  te rminals   532  and  533  wi l l   be 

passed  to  the  output   t e rminal   534.  Consequently  any  combinat ion   o f  

elements  in  the  d i sp lay   can  be  s e l ec t ed   by  the  a p p l i c a t i o n   of  

a p p r o p r i a t e   da ta   s igna l s   Dl  to  D4. 

The  s w i t c h e s   shown  in  Figures   8,  9,  11  and  12  are  in  the  form 

of  sol id   s t a t e   switches  which  may  be  take  d i f f e r e n t   forms  depend ing  

on  the  t e c h n o l o g y   used  to  produce  a  d isplay   a r rangement ,   f o r  

example  b i p o l a r   or  MOS  i n t e g r a t e d   c i r c u i t s   using  smal l ,   medium  o r  

large  sca le   i n t e g r a t i o n .   Such  switching  arrangements   are  w e l l  

known  to  those   s k i l l e d   in  the  a r t .  

The  form  of  the  d i sp lay   devices   shown  in  Figure  1  enables   a 

fu l l   a l p h a - n u m e r i c   cha rac t e r   set  to  be  d isp layed  while  reducing  t h e  

m u l t i p l e x   f a c t o r   that   needs  to  be  used  in  a  matrix  a d d r e s s e d  

d i sp lay   d e v i c e .   Fur ther   the  d i s p l a y   in format ion   r e q u i r e d   to  be 

s tored  is  reduced  by  approx imate ly   30%.  When  producing  a  d i s p l a y  

arrangement   in  the  form  of  a  LSI  c i r c u i t   in  combinat ion  with  t h e  

d i sp lay   un i t   a  s i g n i f i c a n t   o v e r a l l   saving  in  chip  area  can  be 

a c h i e v e d .  

While  the  d e t a i l e d   embodiments  have  been  desc r ibed   w i t h  

r e f e r ence   to  the  d i sp lay   devices   of  l iqu id   c r y s t a l   c e l l s   any  o t h e r  

form  of  d i s p l a y   element  could  be  used,  al though  the  d r i v i n g  

c i r c u i t r y   would  have  to  be  r e - d e s i g n e d   to  suit   the  c h a r a c t e r i s t i c s  

of  the  p a r t i c u l a r   d i sp lay   device .   The  advantage  of  a  s m a l l e r  

quan t i ty   of  s t o r ed   in fo rmat ion   requ i red   would  s t i l l   e x i s t .   The 

arrangement   d e s c r i b e d   with  r e f e r e n c e   to  Figures  7  to  9  or  7  and  10 

to  12  p a r t i c u l a r l y   sui ted  to  the  d i sp lay   device  in  which  the  l i n k  

36  is  p r o v i d e d .   If  the  l ink  36  is  omitted  it  would  be  more 

convenient   to  d r ive   the  d i sp l ay   in  the  form  of  a  f ive  row  by  f i v e  

column  ma t r ix   r a t h e r   than  two  four  row  by  three  column  m a t r i c e s .  

While  p a r t i c u l a r   forms  of  m u l t i p l e x   waveform  g e n e r a t o r s   and  d r i v i n g  

c i r c u i t r y   have  been  descr ibed   persons  sk i l l ed   in  the  a r t   would 

r e a d i l y   a p p r e c i a t e   that  many  a l t e r n a t i v e   arrangements   would  be  

p o s s i b l e .  



1.  An  a lpha-numer ic   d isplay   device  compris ing  seven  rows  o f  

five  d i sp l ay   elements  c h a r a c t e r i s e d   in  that  each  element  of  t he  

second  row  is  connected  to  or  is  formed  i n t e g r a l l y   with  t h e  

co r r e spond ing   element  in  the  third  row  and  each  element  in  t he  

f i f t h   row  is  connected  to  or  formed  i n t e g r a l l y   with  t h e  

c o r r e s p o n d i n g   element  in  the  s ixth   row. 

2.  An  a lpha-numer ic   d isplay  device  as  claimed  in  Claim  1,  i n  

which  the  second  in  the  f i r s t   row  is  connected  to  the  f o u r t h  

element  in  the  f i r s t   row. 

3.  An  a lpha-numer ic   d isplay  device  as  claimed  in  Claim  1  or  

2,  in  which  each  d isplay   element  comprising  a  l i q u i d   c r y s t a l   c e l l .  

4.  A  v i s u a l   display  arrangement  for  d i s p l a y i n g   a  p l u r a l i t y   of 

a lpha -numer i c   c h a r a c t e r s   comprising  a  p l u r a l i t y   of  d i sp lay   d e v i c e s  

as  claimed  in  any  of  Claims  1  to  3 .  

5.  An  arrangement   as  claimed  in  Claim  4,  in  which  the  d i s p l a y  

devices   are  d r iven   in  time  d iv i s ion   m u l t i p l e x   f o r m .  

6.  An  arrangement   as  claimed  in  Claim  5  when  dependent  on 

Claim  2,  c h a r a c t e r i s e d   in  that  each  d i sp lay   device  is  e l e c t r i c a l l y  

ar ranged  as  two  four  row  by  three  column  m a t r i c e s ,   that   for  each  

mat r ix   e l e c t r i c a l   dr iving  s igna ls   are  appl ied   to  the  four  rows  i n  

each  d i s p l a y   device  s imul taneous ly   from  a  common  source  and  t h a t  

the  e l e c t r i c a l   d r iv ing   s ignal   appl ied   to  three   columns  of  each 

matr ix   of  each  d i sp lay   device  are  genera ted   from  s e p a r a t e  

i n f o r m a t i o n   s o u r c e s .  
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