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§)  Display  system  for  computers. 
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i§7)  A  CP!J  communicates  over  a  bus  (203)  /,  !tn  a  liquid  crystal 
display  (LCD!  device  (209)  by  way  of  a  control  unit  121  7i,  a  dis- 
play  "s.rory  (213)  and  another  control  unit  (219).  The 
memory  (213)  includes  a  screen  image  RAM  (223)  which  is  a 
pixel  memory  cyclically  accessed  by  the  latter  control  unit 
(213.<  w  keeo  the  display  refreshed.  The  former  control  unit 
(217)  keeps  the  contents  of  the  screen  image  RAM  (223)  up- 
dated  in  accordance  with  ASCII  codes  in  a  RAM  (221),  each 
with  an  associated  attribute  code.  The  control  unit  (21  7)  con- 
verfs  A3C!!  character  codes  into  corresponding  groups  of  pixel 
codas  '.vr.cter-mto  the  screen  image  RAM  <223)  by  reference  to 
a  fc.it  extern  =225;.  ASCII  graphic  cooes  are  passed  to 
the  son---*  -fsags  RAM  (223)  without  conversion  but,  in  *ther 
ever-,  xri  attrbute  cedes  selectively  modify  what  goss  ito 
the  jars  -t  rrjge  RAM  (223).  on  a  character  by  character  ba- 
s;3,  ;  .  :  whether  normal  or  reve-ss  video  is  employed, 
blinking  characters  are  employed,  a  high  speed,  imperceptible 
-Al~  -  -q  3  --i'Tioloyed  to  crovide  3n  intermediate  visual  tone  and 
to  '.T!?:s.-.j3nt  a  form  of  co«ur  emuidtioc  which  coiour  codes 
in  the  attribute  codes  seiect  the  backgrouna  tone  iand  ccmple- 
Tients'y  f:re~i-ound  tone)  of  tha  display. 
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57  A  CPU  communicates  over  a bus  (203)  with  a  liquid  crystal 
display  (LCD)  device  (209)  by way  of  a  control  unit  (217),  a  dis- 
play  memory  (213)  and  another  control  unit  (219).  The 
memory  (213)  includes  a  screen  image  RAM  (223)  which  is  a 
pixel  memory  cyclically  accessed  by  the  latter  control  unit 
(219)  to  keep  the  display  refreshed.  The  former  control  unit 
(217)  keeps  the  contents  of  the  screen  image  RAM  (223)  up- 
dated  in  accordance  with  ASCII  codes  in  a  RAM  (221),  each 
with  an  associated  attribute  code.  The  control  unit  (217)  con- 
verts  ASCH  character  codes  into  corresponding  groups  of  pixel 
codes wroten into the screen  image RAM  (223)  by reference to 
a font  partern  RAM  (225:. ASCll  graphic coaes  are  passed  to 
the  scream image  RAM  (223)  without  conversion  but,  in  eitner 
envents  the  atribute  codes  selectively  modify  what  goes  t o  
the  screen  image  RAM  (223),  on  a  character  by  character  ba- 
 s i s   whether  normal  or  reverse  video is  emproved. 
blinking  characters  are  employed ,  a  high  speed,  imperceptible 
b l i o   a employed  to  provide  an  intermediate  visual  tone  and 
to  imprentent  a form  of  colour  emuration  to which  colour  codes 
in  the  attribute  codes  seiect  the  backgrouna  tone  (and  comple- 
mentary  freground  tone)  of the  display. 



This  i n v e n t i o n   r e l a t e s   to  a  d i s p l a y   system  for  c o m p u t e r s ,  

e s p e c i a l l y   smal l ,   p o r t a b l e   c o m p u t e r s .  

In  r ecen t   years ,   t he re   has  been  unpreceden ted   growth  in  the  u s e  

of  pe r sona l   computers .   When  compared  to  computers  of  only  a  d e c a d e  

ago,  p e r s o n a l   computers  are  a  small  f r a c t i o n   of  the  size  and  y e t  
have  ma in t a ined   s i g n i f i c a n t   p r o c e s s i n g   c a p a b i l i t i e s .  

Many  of  the  pe r sona l   computers  of  today  a v a i l a b l e   f rom 

d i f f e r e n t   m a n u f a c t u r e r s   employ  the  same  or  s i m i l a r   c e n t r a l   p r o c e s s i n g  

u n i t s   ( c p u ' s )   f a b r i c a t e d   as  one  or  more  i n t e g r a t e d   c i r c u i t   c h i p s  

using  l a rge   sca le   i n t e g r a t i o n   (LSI)  or  very  la rge   sca le   i n t e g r a t i o n  

(VLSI)  p r o c e s s e s .   These  cpu 's   have  in  some  r e s p e c t s   become  t h e  

p re sen t   s t a n d a r d s   for  the  i n d u s t r y .   As  a  n a t u r a l   consequence ,   one 

or  more  s o p h i s t i c a t e d   o p e r a t i n g   systems  has  been  developed  for  each  

brand  of  cpu  and  is  commercia l ly   a v a i l a b l e   to  users   of  the  p e r s o n a l  

computers .   When  used  t o g e t h e r   the  s t andard   cpu 's   and  the  o p e r a t i n g  

systems  t h e r e f o r   provide  s u f f i c i e n t   p r o c e s s i n g   speed  and  f l e x i b i l i t y  

for  a  l a rge   m a j o r i t y   of  the  users   of  p e r s o n a l   c o m p u t e r s .  



The  s t a n d a r d i z a t i o n   of  cpu ' s   and  o p e r a t i n g   systems  h a s  

p e r m i t t e d   m a n u f a c t u r e r s   of  p e r s o n a l   computers   to  focus  t h e i r  

a t t e n t i o n   on  o the r   f e a t u r e s   of  the  computers   in  order   t o  

d i f f e r e n t i a t e   among  the  a v a i l a b l e   computers   and  to  e s t a b l i s h  

f a v o u r a b l e   marke t ing   s h a r e s .   M a n u f a c t u r e r s   have  d e v e l o p e d  

s p e c i a l i z e d   data  en t ry   and  e d i t i n g   d e v i c e s ,   p e r i p h e r a l   d e v i c e s ,  

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

p r o g r a m s .  
With  few  e x c e p t i o n s ,   however,   p e r s o n a l   computers  a l l   u s e  

cathode  ray  tube  (CRT)  d i s p l a y s   e i t h e r   through  s p e c i a l   CRT  d i s p l a y s  

or  by  c o n n e c t i o n   to  a  s t anda rd   t e l e v i s i o n   r e c e i v e r .   A  CRT  i s  

capable   of  good  r e s o l u t i o n ,   colour   d i s p l a y ,   and  can  d i s p l a y   many 
c h a r a c t e r s   on  the  s c r e e n .  

The  use  of  a  CRT  d i s p l a y ,  h o w e v e r ,   l i m i t s   the  e x t e n t   to  which  a  

pe r sona l   computer  can  be  reduced  in  s ize   and,  s ince   most  CRT's  a r e  

qu i t e   l a r g e ,   p r even t s   the  computer  and  d i s p l a y   from  being  t r u l y  

p o r t a b l e .   Some  m a n u f a c t u r e r s   have  s u b s t i t u t e d   o the r   types   o f  

d i s p l a y s   i n c l u d i n g   l i q u i d   c r y s t a l   d i s p l a y   (LCD)  d e v i c e s .   An  LCD  i s  

much  more  compact  than  a  CRT  and,  t h e r e f o r e ,   c o n t r i b u t e s   to  t h e  

p o r t a b i l i t y   of  the  pe r sona l   c o m p u t e r s .  

N o n e t h e l e s s ,   there   are  s e v e r a l   drawbacks  r e l a t e d   to  use  of  LCD 

d e v i c e s .   One  is  tha t   the  number  of  c h a r a c t e r s   d i s p l a y a b l e   on  an  LCD 

screen  is  no rmal ly   much  smal le r   than  the  number  wh ich  



can  be  d i s p l a y e d   on  a  CRT  d i s p l a y .   Also,  the  c h a r a c t e r   c e l l s   in  LCD 

dev ices   are  t y p i c a l l y   square  whereas  c h a r a c t e r   c e l l s   for  a  CRT  c a n  
be  square  or  r e c t a n g u l a r   with  the  longer   d imension  in  e i t h e r   w i d t h  

or  h e i g h t .   An  LCD  does  not  have  the  c a p a b i l i t y   to  d i s p l a y   colour   a s  
is  p o s s i b l e   with  a  CRT  d i s p l a y .  

These  d i f f e r e n c e s   in  the  o p e r a t i n g   c h a r a c t e r i s t i c s   of  a  CRT 

d i s p l a y   and  an  LCD  device   have  s i g n i f i c a n t   r a m i f i c a t i o n s .   F o r  

example,  even  if  a  pe r sona l   computer  with  a  CRT  d i s p l a y   i s  

c o n f i g u r e d   i d e n t i c a l l y   to  a  pe r sona l   computer  with  an  LCD  d e v i c e ,  

i . e .   the  same  cpu,  the  same  o p e r a t i n g   system,  and  the  same 

p e r i p h e r a l s ,   the  l a t t e r   wi l l   not  be  able  to  run  a p p l i c a t i o n   p rograms  

w r i t t e n   for  the  former  when,  as  in  almost  a l l   cases ,   the  program 

r e q u i r e s   the  use  of  a  d i s p l a y .   This  is  a  s e r i o u s   problem  because  i t  

e i t h e r   r e q u i r e s   modi f ic t t ion   of  a p p l i c a t i o n   so f tware   programs  or  t h e  

independen t   development  of  programs  for  use  by  computers   with  LCD 

d e v i c e s .   The  lack  of  c o m p a t a b i l i t y   between  computers  with  an  LCD 

device   and  computers  with  the  more  popular   CRT  d i s p l a y   p laces   a  

m a n u f a c t u r e r   of  the  former  in  an  u n f a v o u r a b l e   market  p o s i t i o n .  

Thus,  the  p r io r   ar t   does  not  p rovide   a  small ,   e a s i l y   p o r t a b l e  

computer  with  an  LCD  device   which  may  be  used  wi thout   r e v i s i n g  

a p p l i c a t i o n   sof tware   programs  w r i t t e n   for  computers  with  CRT 

d i s p l a y s .  



Thus  the  ob j ec t s   of  the  p re sen t   i n v e n t i o n   are  to  make  i t  

p o s s i b l e   to  p rovide   a  smal l ,   e a s i l y   p o r t a b l e   computer  with  a  compac t  

d i s p l a y ,   in  p a r t i c u l a r   a  l i q u i d   c r y s t a l   d i s p l a y   which  is  c o m p a t i b l e  

with  so f tware   programs  p repared   for  computers  with  cathode  ray  t u b e  

d i s p l a y s .  

Another  ob jec t   of  the  p r e s e n t   i n v e n t i o n   is  to  p rovide   a 

p o r t a b l e   computer  with  a  l i q u i d   c r y s t a l   d i s p l a y   tha t   d i s p l a y s   a s  

many  c h a r a c t e r s   as  the  s t anda rd   cathode  ray  tube  d i s p l a y .  

An  a d d i t i o n a l   ob j ec t   of  the  p re sen t   i n v e n t i o n   is  to  c o n t r o l   a  

l i q u i d   c r y s t a l   d i s p l a y   to  d i s p l a y   hal f   tone  i m a g e s .  

The  i n v e n t i o n   in  a  number  of  d i f f e r e n t   a s p e c t s   is  de f ined   i n  

the  appended  c l a i m s .  

The  i n v e n t i o n   w i l l   be  de sc r i bed   in  more  d e t a i l ,   by  way  o f  

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

F igu re s   l ( a ) - l ( c )   are  views  of  a  p r o t a b l e   computer  using  a  

d i s p l a y   and  d i s p l a y   c o n t r o l   c i r c u i t r y   i n c l u d i n g   the  p r e s e n t  

i n v e n t i o n ;  

F igu re s   2 ( a ) - 2 ( b )   are  block  digrams  of  a  computer  and  a  d i s p l a y  

subsys tem,   r e s p e c t i v e l y ,   u t i l i s i n g   the  p r e s e n t   i n v e n t i o n ;  

F i g u r e s   3 ( a ) - 3 ( e )   s c h e m a t i c a l l y   i l l u s t r a t e   the  r e l a t i o n s h i p  

between  the  d i s p l a y   and  d i s p l a y   memory  w i th in   a  system  u t i l i z i n g   t h e  

p r e s e n t   i n v e n t i o n ;  

F igure   4  is  a  d e t a i l e d   block  diagram  of  c o n t r o l   c i r c u i t r y   f o r  

t r a n s f e r r i n g   screen   image  data  to  an  LCD  in  a  computer  s y s t e m  

u t i l i s i n g   the  p r e s e n t   i n v e n t i o n ;  



F i g u r e   5  i s   a  h i g h   l e v e l   b l o c k   d i a g r a m   of   c o n t r o l   c i r c u i t r y  

f o r   c o n v e r t i n g   A S C I I - c o d e d   d a t a   to   s c r e e n   image   d a t a   in  a  

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

F i g u r e s   6 - 2 4   a r e   d e t a i l e d   c i r c u i t   d i a g r a m s   i l l u s t r a t i n g   a n  

e m b o d i m e n t   of  t h e   c o n t r o l   c i r c u i t r y   of   F i g u r e   5 .  

F i g u r e   l ( a )   i s   a  p e r s p e c t i v e   i l l u s t r a t i o n   of   a  c o m p u t e r  

u t i l i z i n g   t he   p r e s e n t   i n v e n t i o n .   The   c o m p u t e r   i n c l u d e s   a  b a s e  

p o r t i o n   11  and  a  d i s p l a y   p o r t i o n   13.   The  d i s p l a y   p o r t i o n   13  i s  

h i n g e d   to   t h e   b a s e   p o r t i o n   11  and  i s   shown  in  t h e   c l o s e d ,   i . e . ,  

f o l d e d ,   p o s i t i o n .   The  c o m p a c t   n a t u r e   o f   t h e   c o m p u t e r   and  d i s p l a y  

t e s t i f i e s   as  to  i t s   e a s y   p o r t a b i l i t y .  

The  c o m p u t e r   i s   shown  in  F i g u r e   l ( b )   w i t h   t h e   d i s p l a y  

p o r t i o n   13  in  t h e   o p e r a t i v e   p o s i t i o n .   An  LCD  d e v i c e   15  i s  

i n c l u d e d   w i t h i n   t h e   d i s p l a y   p o r t i o n   13.   The  LCD  d e v i c e   1 5  

d i s p l a y s   as  many  c h a r a c t e r s   as  a  c o n v e n t i o n a l   CRT,  f o r   e x a m p l e   25  

l i n e s   of   80  c h a r a c t e r s   e a c h ,   b u t   c an   e a s i l y   be  s e e n   to   be  m u c h  

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

k e y b o a r d   17  i s   p r o v i d e d   b e n e a t h   and  in  f r o n t   of   t h e   LCD  d e v i c e  

15.   The  d i s p l a y   p o r t i o n   13  when  c l o s e d   i s   a  p r o t e c t i v e   c o v e r  

o v e r   t h e   k e y b o a r d   1 7 .  



F i g u r e   l ( c )   i s   a  s i d e   v i e w   of   t h e   c o m p u t e r   w i t h   t h e   d i s p l a y  

p o r t i o n   13  in  t h e   o p e r a t i v e   p o s i t i o n .   A  s u p p o r t   member  19  s u p p o r t s  

t h e   b a s e   p o r t i o n   11  in  s u c h   a  m a n n e r   t h a t   t h e  k e y b o a r d   17  i s  

p o s i t i o n e d  f o r   o p t i m u m   o p e r a t i o n .   Two  f l o p p y   d i s c   d r i v e s   21  a r e  

p r o v i d e d   w i t h i n   t h e   b a s e  p o r t i o n   11  to   p r o v i d e   i n t e r c h a n g e a b l e  

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

F i g u r e   2 ( a )   i s   b l o c k   d i a g r a m   i l l u s t r a t i n g   t h e   c o m p u t e r  

s y s t e m   e m b o d y i n g   t h e   p r e s e n t   i n v e n t i o n .   The  c o m p u t e r   s y s t e m  

i n c l u d e s   a  p r o c e s s o r   201  w h i c h   i s   c o n n e c t e d   t o  a n   i n t e r n a l   b u s  

203  f o r   t he   b i d i r e c t i o n a l   t r a n s f e r   of   d a t a   and  c o n t r o l   s i g n a l s  

t h e r e b e t w e e n .   A  s u i t a b l e   p r o c e s s o r   i s   t h e   M o d e l   8 0 C 8 8  

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

m i c r o p r o c e s s o r   i n c l u d e s   b o t h   a  r a n d o m   a c c e s s   memory  (RAM)  and  a  

r e a d - o n l y   memory  (ROM)  w h i c h   a r e   u s e d   in  t h e   o p e r a t i o n   of   t h e  

m i c r o p r o c e s s o r ,   and  may  be  u s e d   in  c o n j u n c t i o n   w i t h   t h e   MSDOS  a n d  

t h e   CP /M-86   o p e r a t i n g   s y s t e m s .  

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

t h e   k e y b o a r d   and  t h e   d i s k   s t o r a g e   s u b s y s t e m   b o t h   of   w h i c h   a r e  

i n d i v i d u a l l y   c o u p l e d   to   t h e   i n t e r n a l   b u s .   A  s u i t a b l e   d i s k  

s u b s y s t e m   i n c l u d e s   one   or  more   c o m p a c t   f l o p p y   d i s k   d r i v e s   21  a s  

shown   in  F i g u r e   l ( c ) .  



A  l i q u i d   c r y s t a l   d i s p l a y   (LCD)  209  i s   c o n n e c t e d   t o   d i s p l a y  

c o n t r o l   c i r c u i t r y   211 .   The  d i s p l a y   c o n t r o l   c i r c u i t r y   2 1 1  

t r a n s f e r s   d a t a   to  be  d i s p l a y e d   and  c o n t r o l   s i g n a l s   to  t h e  L C D  

209.   The  LCD  209 ,   in  t u r n ,   s e n d s   s t a t u s   s i g n a l s   t o   t he   d i s p l a y  

c o n t r o l   211  a l o n g   w i t h   s i g n a l s   i d e n t i f y i n g   t h e   f o r m a t   of  t h e  

d i s p l a y .  

The  d i s p l a y   c o n t r o l   211  i s   c o n n e c t e d   to   t h e   i n t e r n a l  b u s   2 0 3  

f o r   b i d i r e c t i o n a l   c o m m u n i c a t i o n   t h e r e b e t w e e n .   A  d i s p l a y   m e m o r y  

213  i s   a l s o   c o n n e c t e d   to  t h e   i n t e r n a l   bus   203  and  to   t h e   d i s p l a y  

c o n t r o l   c i r c u i t r y   211 .   As  w i l l   be  e v i d e n t   f rom  t h e   d e s c r i p t i o n  

w h i c h   f o l l o w s ,   d a t a   to  be  d i s p l a y e d   on  t h e   LCD  209  can   be  s t o r e d  

in  and  r e t r i e v e d   f rom  t he   d i s p l a y   memory  213  by  t h e   d i s p l a y  

c o n t r o l   c i r c u i t r y   211 .   T h e   p r o c e s s o r   201  c a n   a l s o   t r a n s f e r   d a t a  

to  t h e   d i s p l a y   memory  213  d i r e c t l y   o v e r   t h e   i n t e r n a l   bus   2 0 3 .  

F i g u r e   2 (b )   i s   a  more   d e t a i l e d   b l o c k   d i a g r a m   of   t h e   d i s p l a y  

c o n t r o l   c i r c u i t r y   211  and  t h e   d i s p l a y   213 .   As  e m b o d i e d   h e r e i n ,  

t h e   d i s p l a y   c o n t r o l   c i r c u i t r y   211  i n c l u d e s   LCD  c o n t r o l - 1   2 1 9  

w h i c h   t r a n s f e r s   d a t a   to   be  d i s p l a y e d   f rom  t h e   d i s p l a y   memory  2 1 3  

to   t h e   LCD  209 .   S t a t u s   s i g n a l s   g e n e r a t e d   by  t h e   LCD  209  a r e  

t r a n s f e r r e d   f r o m   t h e   LCD  209  to   t h e   LCD  c o n t r o l - 1   2 1 9 .  

L C D - c o n t r o l - 2   217  i s   c o n n e c t e d   b e t w e e n   t h e   i n t e r n a l   bus   2 0 3  

and  t h e   d i s p l a y   memory  213  and  c o n t r o l s   t h e   s t o r i n g   o f   A S C I I -  



c o d e d   d i s p l a y   d a t a   in  t h e   d i s p l a y   memory  213  as  w e l l   as  t h e  

c o n v e r s i o n   of   t h e   A S C I I - c o d e d   d i s p l a y   d a t a   t o   s c r e e n   image   d a t a  

s u i t a b l e   f o r   d i s p l a y   on  t h e   LCD  2 0 9 .  

The  d i s p l a y   memory   213  c o m p r i s e s   a  RAM  d i v i d e d   i n t o   t h r e e  

s e c t i o n s ,   an  ASCII   c o d e   RAM  221  f o r   s t o r i n g   d a t a   to   be  d i s p l a y e d  

on  t h e   LCD,  a  s c r e e n   i m a g e   RAM  223  f o r   s t o r i n g   a l l   or   p a r t   of   t h e  

d a t a   a l s o   s t o r e d   in  t h e   A S C I I   c o d e   RAM  221  b u t   in  a  f o r m a t  

s u i t a b l e   f o r   d i s p l a y   on  t h e   LCD  2 0 9 ,   and  a  f o n t   p a t t e r n   RAM  2 2 5  

f o r   s t o r i n g   c o n v e r s i o n   d a t a   u s e d   in  c o n v e r t i n g   A S C I I - c o d e d   d a t a  

i n t o   s c r e e n   image   d a t a .  

As  w i l l   be  d e s c r i b e d   l a t e r ,   L C D - c o n t r o l - 2   217  i n c l u d e s   m a n y  

i n t e r n a l   r e g i s t e r s   w h i c h   a r e   a c c e s s i b l e   by  t h e   p r o c e s s o r   201  a n d  

a r e   u s e d   to  d e f i n e   and  c o n t r o l   t h e   LCD  209 .   One  of   t h e s e  

r e g i s t e r s   is   an  i n d e x   r e g i s t e r   ( n o t   shown)   w h i c h   i s   u s e d   as  a  

p o i n t e r   to   t h e   memory  l o c a t i o n s   s t o r i n g   t h e   l o c a t i o n s   of   t h e  

o t h e r   r e g i s t e r s .   The  i n d e x   r e g i s t e r  i s   a  r e g i s t e r   w h i c h   i s  

l o a d e d   by  t he   p r o c e s s o r   201  by  e x e c u t i n g   an  OUT  i n s t r u c t i o n .   I n  

o r d e r   to   l o a d   any  of  t h e   o t h e r   c o n t r o l   r e g i s t e r s ,   t h e   i n d e x  

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

d a t a   r e g i s t e r   ( n o t   shown)   i s   l o a d e d  w i t h  i n f o r m a t i o n   t o   be  s t o r e d  

in  t h e   s e l e c t e d   c o n t r o l   r e g i s t e r ,   and  an  OUT  i n s t r u c t i o n   i s  

e x e c u t e d   by  t h e   p r o c e s s o r   2 0 1 .  



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

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

d i f f e r e n t   o p e r a t i o n   modes   of   t h e   LCD  2 0 9 .  



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

w i t h i n   t h e   c o n t r o l   r e g i s t e r s   i s   e x p l a i n e d   n e x t .  

R l :   H o r i z o n t a l   d i s p l a y e d  

B i t s   7-0  T o t a l   h o r i z o n t a l   d i s p l a y e d   c h a r a c t e r s .   R a n g e   i s  

f rom  2  t o   OFFH.  I f   t h e   s t o r e d   v a l u e   d o e s   n o t  

m a t c h   t h e   r e a l   s c r e e n   s i z e   (40  a t   low  r e s o l u t i o n  

mode ,   80  a t   h i g h   r e s o l u t i o n   m o d e ) ,   t h e n   ERROR.  



R6:  V e r t i c a l   d i s p l a y e d  

B i t s   7 -0   T o t a l   v e r t i c a l   d i s p l a y e d   c h a r a c t e r s .   Range   i s  

f r o m   2  to   OFFH.  I f   t h e   s t o r e d   v a l u e   d o e s   n o t  

m a t c h   t h e   p r o p e r   s c r e e n   s i z e   (25  r o w s ) ,   t h e n   ERROR. 

R9:  Maximum  s c a n   l i n e   a d d r e s s  

B i t s   7-4  I g n o r e d  

B i t s   3-0  S t o r e s   a  v a l u e   c o r r e s p o n d i n g   to   one   l e s s   t h a n   t h e  

number of scan lines in  a  c h a r a c t e r .   R a n g e   i s   f r om  0 

to   OFH.  

R10:  C u r s o r   s t a r t   s c a n   l i n e  

B i t s   6-5   C o n t r o l s   t h e   e n a b l i n g   or  d i s a b l i n g   of  t h e  

d i s p l a y   c u r s o r .  

B i t   4  I g n o r e d  

B i t s   3-0   S t a r t   s c a n   l i n e   of   t h e   c u r s o r .   R a n g e   i s   f r o m   0  t o  

OFFH.  When  t h e   s t o r e d   v a l u e   i s   g r e a t e r   t h a n   b i t s  

3 -0   of   R9  ( c h a r a c t e r   s c a n   l i n e   s i z e ) ,   t h e   c u r s o r  

may  n o t   b e   d i s p l a y e d .  



R l l :   C u r s o r   end  s c a n   l i n e   ( w r i t e   o n l y )  

B i t s   7-4   I g n o r e d  

B i t s   3-0  End  s c a n   a d d r e s s   of   t h e   c u r s o r .   R a n g e   i s   f r o m   0 

to  OFFH.  When  t h e   s t o r e d   v a l u e   i s   l e s s   t h a n   b i t s  

3-0  of   R10  ( c u r s o r   s t a r t   s c a n   a d d r e s s ) ,   t h e   c u r s o r  

may  n o t   be  d i s p l a y e d .  

R12:  S t a r t   a d d r e s s   o f   c h a r a c t e r / i m a g e   b u f f e r   h i g h   ( r e a d / w r i t e )  

B i t s   7-6   I g n o r e d   a t   w r i t e ,   r e t u r n   z e r o s   a t   r e a d .  

B i t s   5-0  Mos t   s i g n i f i c a n t   6  b i t s   of   r e l a t i v e   s t a r t   a d d r e s s  

of   c h a r a c t e r / i m a g e   b u f f e r  

R13:  S t a r t   a d d r e s s   of   c h a r a c t e r / i m a g e   b u f f e r   low  ( r e a d / w r i t e )  

B i t s   7-0   L e a s t   s i g n i f i c a n t   8  b i t s   of   r e l a t i v e   s t a r t   a d d r e s s  

of   c h a r a c t e r / i m a g e   b u f f e r .   R e l a t i v e   s t a r t   a d d r e s s  

of   c h a r a c t e r / i m a g e   b u f f e r   r e g i s t e r   i s   14  b i t s   i n  

w i d t h ,   t h e r e f o r e ,   16K  b y t e s   of   c h a r a c t e r / i m a g e  

b u f f e r   a r e a   a r e   a c c e s s i b l e .  

R14:  C u r s o r   a d d r e s s   h i g h   ( r e a d / w r i t e )  

B i t s   7-6   I g n o r e d   a t   w r i t e ,   r e t u r n   z e r o s   a t   r e a d .  

B i t s   5-0   M o s t   s i g n i f i c a n t   6  b i t s   of   r e l a t i v e   a d d r e s s   o f   t h e  

c u r s o r .  

R15:   C u r s o r   a d d r e s s   low  ( r e a d / w r i t e )  



B i t s   7-0   L e a s t   s i g n i f i c a n t   8  b i t s   of   r e l a t i v e   a d d r e s s   o f  

t h e   c u r s o r .   R e l a t i v e   a d d r e s s   of   t h e   c u r s o r   r e g i s t e r  

i s   14  b i t s   in  w i d t h .   T h e r e f o r e ,   16K  b y t e s   o f  

c h a r a c t e r / i m a g e   b u f f e r   a r e a   a r e   a c c e s s i b l e .   W h e n  

t h i s   c u r s o r   a d d r e s s   i s   o f f   s c r e e n ,   t h e   c u r s o r   m a y  

n o t   be  d i s p l a y e d .  

R18:   O p e r a t i o n   mode  ( w r i t e   o n l y )  

B i t   7  C o n t r o l s  t h e   r e c o g n i t i o n   of  c h a r a c t e r   a t t r i b u t e s  

in  c h a r a c t e r   mode.   When  i t   i s   0 ,   b l a c k   and  w h i t e  

mode  i s   s e l e c t e d .   When  i t   i s   1,  c o l o r   ( e m u l a t i o n )  

mode  is   s e l e c t e d .  

B i t   6  C o n t r o l s   t he   e n a b l i n g   or  d i s a b l i n g   of   t h e  

c o l o r / i m a g e   b u f f e r   s c a n n i n g   f a c i l i t y .   When  i t   i s  

0,  s c a n   f u n c t i o n   i s   d i s a b l e d .   When  i t   i s   1,  s c a n  

f u n c t i o n   is  e n a b l e d .   When  m a i n   p r o c e s s o r   i s   c h a n g i n g  

t he   mode  r e g i s t e r s   of   t h e   L C D - c o n t r o l - 2 ,   t h e   s c a n  

f u n c t i o n   may  be  d i s a b l e d   to   i n h i b i t   t h e   d e s t r u c t i o n  

of   d a t a   s t o r e d   in  t h e   s c r e e n   i m a g e   RAM  2 2 3 ,   i . e . ,  

t h e   v i d e o   b u f f e r .  

B i t   5  When  t h i s  b i t   i s   0,  maximum  s c a n   l i n e   a d d r e s s   i n  

R9  i s   p r o g r a m m a b l e .   When  t h i s   b i t   i s   1,  m a x i m u m  

s c a n   l i n e   a d d r e s s   i s   n o t   p r o g r a m m a b l e   ( " O U T "  

i n s t r u c t i o n   of  R9  i s   i g n o r e d )   and  i s   s e t   e q u a l   t o  



7.  T h i s   b i t   may  be  s e t   when  s e l e c t i n g   m o n o c h r o m e  

d i s p l a y   m o d e .  

B i t s   4-3   I g n o r e d  

B i t s   2-0   Mask  b i t s   of   s c a n   a d d r e s s   of   c o d e / i m a g e   b u f f e r .  

C o d e / i m a g e   b u f f e r   a d d r e s s   e q u a l s   t h i s   mask  v a l u e  

.AND.  s c a n   a d d r e s s   r e g i s t e r   (14  b i t s ) .  

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

a d d c e s s   s t r u c t u r e .  

R19 :  S c a n   i n t e r v a l   s e l e c t  

B i t s   7-4  I g n o r e d  

B i t s   3-0   W a i t   t i m e   b e t w e e n   t h e   s c a n   of   e a c h   p l a n e   of   t h e  

d i s p l a y   209 .   I f   i t   i s   0,  t h e n   L C D - c o n t r o l - 1   2 1 9  

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

R20:  B l i n k   i n t e r v a l   s e l e c t  

B i t   7  S e l e c t s   b a s e   c l o c k   f o r   p i x e l   b l i n k i n g .   When  i t   i s  

0,  c h a r a c t e r   b l i n k   t i m i n g   i s   s y n c h r o n i z e d   w i t h  

L C D - c o n t r o l - 2   217  s c a n   f r a m e   c l o c k   ( n o t   s h o w n ) .  

When  i t   i s   1,  c h a r a c t e r   b l i n k   t i m i n g   i s   s y n c h r o n i z e d  

w i t h   c h a r a c t e r / i m a g e   b u f f e r   s c a n   c l o c k .  

B i t   6-4  I g n o r e d  

B i t s   3-2   C o n t r o l s   t h e   h i g h   s p e e d   b l i n k i n g   c y c l e .   B l i n k  

c y c l e   i s   s p e c i f i e d   εts  f o l l o w s :  



B i t s   1-0   C o n t r o l s   t he   low  s p e e d  b l i n k i n g   c y c l e .   B l i n k  

c y c l e   i s   s p e c i f i e d   as  f o l l o w s :  

R  21:  U n d e r l i n e   p o s i t i o n   and  o v e r - s c a n   w r i t e   p r o t e c t i o n  

B i t   7  I g n o r e d  

B i t s   6-4   L i m i t   a d d r e s s   of   i m a g e   memory   s c a n n i n g .   By  t h i s  

f u n c t i o n ,   t he   s c r e e n   i m a g e   RAM  209  i s   p r o t e c t e d  

f rom  b e i n g   o v e r w r i t t e n   when  mode  r e g i s t e r   is   c h a n g e d .  

B i t   3  R a s t e r   a d d r e s s   of  u n d e r s c o r e .   R a n g e   i s   f r o m   0  t o  

OFH.  When  t h e   s t o r e d   v a l u e   i s   g r e a t e r   t h a n   t h e  

maximum  s c a n   l i n e   a d d r e s s   in  R9,   u n d e r s c o r e   m a y  

d i s a p p e a r .  



R22:  F o n t   s e l e c t  

B i t s   7-4   A d d r e s s   of   t h e   f o n t   p a t t e r n   RAM  2 2 5 .   T h i s   b i t  

s e r i e s   w i l l   be  u s e d   f o r   b i t s   1 2 - 1 5   o f   t h e   a d d r e s s  

f o r   f o n t   RAM  2 2 5 .  

B i t   3  S e l e c t s   f u n c t i o n   o f   h i g h l i g h t   mode .   When  t h e  

s t o r e d   v a l u e   i s   0,  b i t   1 1  o f   a d d r e s s   f o r   f o n t  

a d d r e s s i n g   i s   b i t   1  of   R22  ( s e e   b e l o w ) .   When  t h e  

s t o r e d   v a l u e   i s   1,  b i t   11  o f   t h e   a d d r e s s   f o r   f o n t  

a d d r e s s i n g   i s   " I "  ( i n t e n s i t y )   b i t   of   c h a r a c t e r  

a t t r i b u t e .  

B i t   2  S e l e c t   f u n c t i o n   of   h i g h l i g h t   mode .   When  t h e  

s t o r e d   v a l u e   i s   0,  h i g h   s p e e d   b l i n k   i s   d i s a b l e d .  

When  t h e   s t o r e d   v a l u e   i s   1,  h i g h   s p e e d   b l i n k   i s  

e n a b l e d .  

B i t   1  When  b i t   3  of   R22  i s   0,  b i t   11  o f   t h e   a d d r e s s   f o r  

f o n t   a d d r e s s i n g   i s   s e t   to   t h e   same  v a l u e .   W h e n  

b i t   3  of   R22  i s   1,  i t   i s   i g n o r e d .  

B i t   0  When  t h e   v a l u e   of   t h e  s c a n   l i n e   in  R23  i s   e q u a l   o r  

l e s s   t h a n   7,  i t   i s   u s e d   f o r   b i t   10  o f   t h e   a d d r e s s  

f o r   f o n t   a d d r e s s i n g .  

R23:   B a c k g r o u n d   c o l o r   t a b l e  

B i t s   7-0   When  c o l o r   mode  i s   s e l e c t e d   ( b i t   7  of   RIB  i s   o n e ) ,  

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

d e c o d e d   by  t h i s   b i t   a r r a y .  



n o t e :   R e f e r e n c e   b i t   =  0   W h i t e   b a c k g r o u n d  

=  1   B l a c k   b a c k g r o u n d   ( r e v e r s e  

v i d e o )  

R24:  S t a r t   a d d r e s s   of  image   b u f f e r   h i g h   ( w r i t e )  

B i t   7  I g n o r e d  

B i t s   6-0  Mos t   s i g n i f i c a n t   b i t s   of   s t a r t   a d d r e s s   of   i m a g e  

b u f f e r .  

R25:  S t a r t   a d d r e s s   of   image   b u f f e r   low  ( w r i t e )  

B i t s   7-0  L e a s t   s i g n i f i c a n t   b i t s   of   s t a r t   a d d r e s s   of  i m a g e  

b u f f e r .  

R26:   D i s p l a y   memory  213  a d d r e s s   mask  ( w r i t e )  



B i t   7  E n a b l e s   or  d i s a b l e s   r e a d / w r i t e   a c c e s s i n g   o f  

d i s p l a y   memory  2 1 3 .  

B i t   6  I g n o r e d  

B i t s   5-3   B i t s   1 5 - 1 3   of   d i s p l a y   memory  a d d r e s s   f r o m  

p r o c e s s o r   201  to   d i s p l a y   memory  t h r o u g h   t h e   RAM 

s e l e c t   #1  i s   m a s k e d   by  t h i s   b i t   a r r a y .  

B i t s   2-0  B i t s   1 5 - 1 3   of   d i s p l a y   memory  a d d r e s s   f r o m  

p r o c e s s o r  2 0 1   to   d i s p l a y   memory  t h r o u g h   t h e   RAM 

s e l e c t   #2  i s   m a s k e d   by  t h i s   b i t   a r r a y .   By  t h i s  

f e a t u r e ,   c o n f i g u r a t i o n   of   memory  a d d r e s s   c an   b e  

i n c r e a s e d .  

R27:  T e s t   mode  ( w r i t e )  

B i t   7  I n d i c a t e s   t e s t   mode .   When  t h e   s t o r e d   v a l u e   i s   0 ,  

n o r m a l   mode  i s   s e l e c t e d .   When  t h e   s t o r e d   v a l u e   i s  

1,  t e s t   mode  is   s e l e c t e d .   When  in  t e s t   mode ,   m e m o r y  

a c c e s s i n g   is   e n a b l e d   o n l y   by  s c a n   c o n t r o l   s e c t i o n  

and  memory  a d d r e s s i n g   f rom  o t h e r   s e c t i o n s   i s   i g n o r e d .  

B i t s   6-3  I g n o r e d  

B i t   2  C o n t r o l s   r e a d   c y c l e   t i m e   of   v i d e o   RAM.  When  i t   i s  

0,  r e a d   memory  c y c l e   t i m e   i s   5  m a c h i n e   c l o c k   c y c l e s .  

When  i t   i s   1,  r e a d   memory   c y c l e   t i m e   i s   4  m a c h i n e  

c l o c k   c y c l e s .  

B i t   0  C o n t r o l s   w r i t e   c y c l e   t i m e   of   d i s p l a y   memory   2 1 3 .  

When  i t   i s   1,  w r i t e   memory   c y c l e   t i m e   i s   5  m a c h i n e  



c l o c k   c y c l e s .   When  i t   is  1,  w r i t e   memory  c y c l e  

t i m e   is   4  m a c h i n e   c l o c k   c y c l e s .  

R28:  T e s t   s t a t u s  -   1  ( r e a d )  

B i t s   7-0   T h e s e   b i t s   a r e   u s e d   f o r   d i a g n o s t i c   p u r p o s e s .  

R29:   T e s t   s t a t u s  -   2  ( r e a d )  

B i t s   7-0  T h e s e   b i t s   a r e   u s e d   f o r   d i a g n o s t i c   p u r p o s e s .  

R30:  D a t a   l o o p   back   h i g h   ( r e a d )  

B i t s   7-0  T h e s e   b i t s   a r e   u s e d   f o r   d i a g n o s t i c   p u r p o s e s .  

R31:  D a t a   l o o p   back   low  ( r e a d )  

B i t s   7-0  T h e s e   b i t s   a r e   u s e d   f o r   d i a g n o s t i c   p u r p o s e s .  

Mode  c o n t r o l   r e g i s t e r  

T h i s   i s   a  6  b i t   r e g i s t e r   w i t h   t h e   I /O   a d d r e s s   3D8H.  T h i s  

r e g i s t e r   c o n t r o l s   s t a t u s   of   t h e   d i s p l a y   c o n t r o l   c i r c u i t r y   211  a s  

f o l l o w s :  

B i t s   7-6  I g n o r e d  

B i t   5  When  t h e   s t o r e d   v a l u e   i s   1,  t h i s   b i t   w i l l   c h a n g e  



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

a t t r i b u t e   f u n c t i o n   f o r   a l p h a n u m e r i c   m o d e s .   W h e n  

t h e   h i g h   o r d e r   a t t r i b u t e   b i t   i s   n o t   s e l e c t e d ,   1 6  

b a c k g r o u n d   c o l o r s   (or   i n t e n s i f i e d   c o l o r s )   a r e  

a v a i l a b l e .   For   n o r m a l   o p e r a t i o n ,   t h i s   b i t   i s   s e t  

to   1  to   a l l o w   t h e   b l i n k i n g   f u n c t i o n .  

B i t   4  When  t h e   s t o r e d   v a l u e   i s   1,  h i g h - r e s o l u t i o n   m o d e  

(640  by  200)  i s   s e l e c t e d   f o r - b l a c k   and  w h i t e   g r a p h i c  

mode .   One  c o l o r   of   8  c a n   be  s e l e c t e d   ( f o r   e m u l a t i o n )  

on  d i r e c t   d r i v e   s e t s   in  t h i s   mode  by  u s i n g   t h e  

mono  mode  r e g i s t e r   or  g r a p h i c   mode  r e g i s t e r .  

B i t   3  When  t h e   s t o r e d   v a l u e   i s   1,  t h e   v i d e o   s i g n a l s   a t  

t i m e s   of   mode  c h a n g e s   a r e   e n a b l e d .  

B i t   2  When  t h e   s t o r e d   v a l u e   i s   0,  t h e   c o l o r   mode  i s  

s e l e c t e d .   When  t h e   s t o r e d   v a l u e   i s   1,  b l a c k   a n d  

w h i t e   mode  i s   s e l e c t e d .  

B i t   1  When  t h e   s t o r e d   v a l u e   i s   0,  320  by  200  g r a p h i c  

mode  i s   s e l e c t e d .   When  t h e   s t o r e d   v a l u e   i s   1 ,  

a l p h a n u m e r i c   mode  i s   s e l e c t e d .  

B i t   0  When  t h e   s t o r e d   v a l u e   i s   0,  40  c h a r a c t e r   by  2 5  

l i n e   a l p h a n u m e r i c   mode  ( l o w   r e s o l u t i o n )   i s   s e l e c t e d .  

When  t h e   s t o r e d   v a l u e  i s   1,  80  c h a r a c t e r   by  2 5  

l i n e   a l p h a n u m e r i c   mode  ( h i g h   r e s o l u t i o n )   i s   s e l e c t e d .  



The  f o l l o w i n g   i s   a  l i s t i n g   of   t h e   modes   s e l e c t e d   by  t h i s  

r e g i s t e r :  

F i g u r e   3 ( a )   i s   a  s c h e m a t i c   i l l u s t r a t i o n   of   t h e   LCD  209  w h i c h  

i s   c o m p r i s e d   of   an  a r r a y   of   p i x e l s   301 .   In  t h e   p r e f e r r e d   e m b o d i m e n t ,  

t h e   LCD  209  has   a  r e s o l u t i o n   of   640  p i x e l s   in  t h e   h o r i z o n t a l  

d i r e c t i o n   and  256  p i x e l s   in  t h e   v e r t i c a l   d i r e c t i o n .   The  LCD  2 0 9  

has   a  c a p a c i t y   to   d i s p l a y   25  rows   of   c h a r a c t e r s   w i t h   80  c h a r a c t e r s  

in  e a c h   row.  T h i s   i s  a   common  c o n f i g u r a t i o n   f o r   a  CRT  d i s p l a y .  

The  p i x e l s   301  a r e   g r o u p e d   i n t o   r e s p e c t i v e   c h a r a c t e r   c e l l s  

303  w h i c h ,   in  t h e   p r e f e r r e d   e m b o d i m e n t ,   i n c l u d e   an  a r r a y   of   p i x e l s  

301  8  w ide   by  10  h i g h .   The  n o r m a l   c h a r a c t e r   c e l l   f o r   an  LCD  d e v i c e  

i s   a  s q u a r e   a r r a y   of   p i x e l s   s u c h   as  an  8  by  8  a r r a y   shown   in  c e l l  

3 0 5 .   The  u se   o f  a   c h a r a c t e r   c e l l   g r e a t e r   in   h e i g h t   t h a n   in  w i d t h  



c o n t r i b u t e s   to   t h e   r e a d a b i l i t y   o f   an  LCD  d e v i c e   and  i s   t h e   r e a s o n  

t h a t   a  r e c t a n g u l a r l y   s h a p e d   c e l l   was  s e l e c t e d   f o r   t h e   p r e f e r r e d  

e m b o d i m e n t .   As  w i l l   be  e x p l a i n e d   b e l o w ,   h o w e v e r ,   t h e   s i z e   of   a  

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

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

i s   one   p i x e l   e a c h .  

In  t h e   p r e f e r r e d   e m b o d i m e n t ,   t h e   d i s p l a y   memory   213  h a s   a  

c a p a c i t y   of   48K  b y t e s   d i v i d e d   in  s e g m e n t s   o f   16K  b y t e s   f o r   t h e  

ASCII   c o d e   RAM  221 ,   24K  B y t e s   f o r   t h e   s c r e e n   i m a g e   RAM  2 2 3 ,   a n d  

8K  B y t e s   f o r   t h e   f o n t   p a t t e r n   RAM  225 .   The  d i s p l a y   c o n t r o l   2 1 1  

has   f o u r   m a j o r   c o n t r o l   modes   i n c l u d i n g :   c h a r a c t e r   mode  in  b l a c k  

and  w h i t e   (B  &  W),  c h a r a c t e r   mode  in  c o l o r   s i m u l a t i o n ,   g r a p h i c  

mode  in  c o l o r   s i m u l a t i o n ,   and  d i r e c t   b i t   map  m o d e .  

In  any  of   t he   c o n t r o l   m o d e s ,   r e a d   or  w r i t e   o p e r a t i o n s   of   t h e  

d i s p l a y   d a t a   by  t h e   p r o c e s s o r   201  a r e   d o n e   t h r o u g h   t h e   L C D - c o n t r o l -  

2  217 .   I f   t h e   c h a r a c t e r   d i s p l a y   mode  h a s   b e e n   s e l e c t e d ,   t h e   L C D -  

c o n t r o l - 2   217  s c a n s   t h e   ASCII   c o d e   RAM  221  a t   e v e r y   i d l e   c y c l e  

and  c o n v e r t s   A S C I I - c o d e d   c h a r a c t e r   d a t a ,   in  a c c o r d a n c e   w i t h  

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

f o n t   d a t a   s t o r e d   in  t h e   f o n t   p a t t e r n  R A M   225 .   The  c o n v e c t e d   d i s p l a y  

d a t a   i s   s t o r e d   in  t h e   s c r e e n   i m a g e   RAM  3 2 3 .   I f   t h e   g r a p h i c   m o d e  

has   b e e n   s e l e c t e d ,   t h e   L C D - c o n t r o l - 2   217  c o n v e r t s   A S C I I - c o d e d  

g r a p h i c   d a t a   s t o r e d   in  t h e   ASCI I   c o d e   RAM  221  i n t o   a p p r o p r i a t e  



p i x e l   image   d a t a   and  w r i t e s   t h e   p i x e l   i m a g e   d a t a   i n t o   t h e   s c r e e n  

image   RAM  2 2 3 .  

The  L C D - c o n t r o l - 1   219  s c a n s   t h e   p i x e l   image   d a t a   s t o r e d   i n  

t h e   s c r e e n   image   RAM  223  and  t r a n s f e r s   t h e   i m a g e   d a t a   to   t h e   LCD 

209  f o r   d i s p l a y   in  a c c o r d a n c e   w i t h   LCD  s c a n   t i m i n g .   The  f o n t  

p a t t e r n   RAM  225  i s   a c c e s s i b l e   by  t h e   p r o c e s s o r   201  d u r i n g   i d l e  

t i m e .  

The  p r o c e s s o r   201  s e n d s   A S C I I - c o d e d   d i s p l a y   d a t a   to   t he   LCD-  

c o n t r o l - 2   217  in  t h e   fo rm  of   two  b y t e s ,   a  c o d e   (or   d a t a )   b y t e   a n d  

an  a t t r i b u t e   b y t e .   In   a  d i r e c t   b i t   map  mode ,   t h e   p r o c e s s o r   2 0 1  

s e n d s   d i s p l a y   d a t a   d i r e c t l y   to  t h e   s c r e e n   i m a g e   RAM  2 2 3 .  

When  any  c o n t r o l   mode  e x c e p t   t h e   d i r e c t   b i t   map  mode  i s  

s e l e c t e d ,   and  i f   t h e   mode  r e g i s t e r   i n d i c a t e s   t h e   B  &  W  mode ,   t h e  

L C D - c o n t r o l - 2   217  c o n v e r t s   t h e   A S C I I - c o d e d   d a t a   i n t o   p i x e l   d a t a  

by  a c c e s s i n g   t h e   f o n t   p a t t e r n   RAM  225  and  p e r f o r m i n g   l o g i c a l  

o p e r a t i o n s   in  a c c o r d a n c e   w i t h   t h e   v a l u e   of   t h e   a t t r i b u t e   b y t e .  

I f   t he   mode  r e g i s t e r   i n d i c a t e s   c o l o r   s i m u l a t i o n ,   t h e   o p e r a t i o n s  

p e r f o r m e d   a r e   a l m o s t   i d e n t i c a l   to   t h e   B  &  W  mode  b u t   p r o c e s s i n g  

of   t h e   a t t r i b u t e   b y t e   i s   d i f f e r e n t   due   t o  a c c e s s   of  t h e   c o l o r  

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

a t t r i b u t e   to   a  s e l e c t e d   p a t t e r n   of   B  &  W  p i x e l s .   I f   g r a p h i c   m o d e  

in  c o l o r   s i m u l a t i o n   i s   s e l e c t e d ,  t h e   d a t a   s t o r e d   in  t h e   A S C I I -  



c o d e   RAM  221  i s   t r a n s f e r r e d   t o   a p p r o p r i a t e   l o c a t i o n s   in  t h e  

s c r e e n   image   RAM  223  w i t h o u t   a c c e s s e s   of   t h e   f o n t   p a t t e r n   RAM 

2 2 5 .  

I f   r e v e r s e   v i d e o   c h a r a c t e r s   a r e   to   be  s t o r e d   in  t h e   s c r e e n  

i m a g e   RAM  2 2 3 ,   t h e   LCD  C o n t r o l - 2   217  c h a n g e s   t h e   b a c k g r o u n d   c o l o r  

i n t o   b l a c k   and  t h e   c o l o r   of   t h e   c h a r a c t e r   s t r o k e   i n t o   w h i t e .   I n  

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

s t o r e d   in  t he   s c r e e n   image   RAM  2 2 3 ,   t h e   L C D - c o n t r o l - 2   217  w i l l  

c a u s e   s e l e c t e d   p o r t i o n s   of  t h e   d i s p l a y   209  t o   d i s p l a y   c h a r a c t e r  

d a t a   a l t e r n a t e l y   w i t h   an  a l l   w h i t e   c h a r a c t e r   c e l l ,   or   an  a l l   b l a c k  

c h a r a c t e r   c e l l   in  t h e   e v e n t   t h e   c h a r a c t e r   i s   to   be  d i s p l a y e d   w i t h  

r e v e r s e   v i d e o .  

The  L C D - c o n t r o l - 2   217  a l s o   i m p l e m e n t s   t h e   d i s p l a y   o f  

h i g h l i g h t e d   c h a r a c t e r s   and  h a l f - t o n e   i m a g e s .   In  t h e   c a s e   o f  

h i g h l i g h t e d   c h a r a c t e r s ,   t h e   L C D - c o n t r o l - 2   217  a c c e s s e s   a  s e c o n d  

s e t   of  f o n t   d a t a   s t o r e d   in  t h e   f o n t   p a t t e r n   RAM  215 ,   e . g . ,   a  b o l d  

f o n t ,   d u r i n g   t h e   c o n v e r s i o n   of   A S C I I - c o d e d   d a t a   to   s c r e e n   i m a g e  

d a t a .   H a l f - t o n i n g   i s  a c c o m p l i s h e d   by  a l t e r n a t i n g   t h e   d i s p l a y   o f  

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

h a l f - t o n e   i m a g e .  

In  t h e   c h a r a c t e r   d i s p l a y   mode ,   c h a r a c t e r   d a t a   i n c l u d e s   2 

b y t e s   c o n s i s t i n g  o f   a  c h a r a c t e r   c o d e   b y t e   and   an  a t t r i b u t e   b y t e .  



The  f o l l o w i n g   s h o w s   t h e   d e f i n i t i o n   of  t he   2  b y t e s   d u r i n g  

o p e r a t i o n   in  t h e   B &  W  c o n t r o l   m o d e .  

BL:  B l i n k   a t t r i b u t e   c a u s i n g   t h e   a l t e r n a t e   d i s p l a y   of   a  c h a r a c t e r  

c e l l   and  a  c e l l   f i l l e d   by  u n i q u e   d a t a ,   e . g . ,   a l l   w h i t e  

p i x e l s ,   d e f i n e d   by  b a c k g r o u n d .  

I  :   I n t e n s i t y   a t t r i b u t e   to  d i s p l a y   c h a r a c t e r   w i t h   e i t h e r   h i g h -  

l i g h t   by  s e l e c t i n g   an  a l t e r n a t e   f o n t   or  d i m m e r   by  b l i n k i n g  

a t   a  h i g h e r   r a t e   t h a n   t h e   r e s p o n s e   t i m e   of   t h e   LCD  2 0 9 .  

B a c k g r o u n d   and  f o r e g r o u n d   a t t r i b u t e   p o r t i o n s   a r e   c o d e d   a s  

f o l l o w s :  



The  f o l l o w i n g   shows   t h e   d e f i n i t i o n   of   2  b y t e s   of   c h a r a c t e r  

d a t a   in  t h e   c o l o r   s i m u l a t i o n   mode .   B e c a u s e   t h e   LCD  209  c a n n o t  

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

p r o j e c t   to   s p e c i f i c   b l a c k   and  w h i t e   c o m b i n a t i o n s   w i t h  

p r o g r a m m a b l e   t h r e s h o l d .  

BL:  B l i n k   a t t r i b u t e   t o   a l t e r n a t e   n o r m a l   d i s p l a y   c h a r a c t e r   c e l l  

and  a  c e l l   f i l l e d   by  u n i q u e   d a t a ,   e . g . ,   a l l   w h i t e   p i x e l s ,  

d e f i n e d   by  b a c k g r o u n d .  

I :   I n t e n s i t y   a t t r i b u t e   t o   d i s p l a y   c h a r a c t e r   w i t h   e i t h e r  

h i g h l i g h t   by  s e l e c t i n g   an  a l t e r n a t e   f o n t   or  d i m m e r   b y  

b l i n k i n g   a t   a  h i g h e r   r a t e   t h a n   t h e   r e s p o n s e   t i m e   of   t h e   LCD 

2 0 9 .  

B a c k g r o u n d :   3  b i t   c o l o r   a t t r i b u t e   i s   u s e d   as  b i t   a d d r e s s   t o  

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



I f   a c c e s s e d   b i t   in  t h e   c o l o r   t a b l e   r e g i s t e r   i s   0  t h i s  

c h a r a c t e r   c e l l   w i l l   be  d i s p l a y e d   as  a  b l a c k   c h a r a c t e r   on  a  w h i t e  

b a c k g r o u n d ,   and  i f   i t   i s   1  t h e n   t h e   c e l l   w i l l   be  d i s p l a y e d   as  a  

w h i t e   c h a r a c t e r   on  a  b l a c k   b a c k g r o u n d .   The  c o r r e s p o n d e n c e  

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

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

r e g i s t e r .   The  f o r e g r o u n d   b i t s   h a v e   no  m e a n i n g .  

F o n t   d a t a   s t o r e d   in  t h e   f o n t   p a t t e r n   RAM  225  is   a l w a y s  

t r e a t e d   as  a  c e l l ,   and  a  d i s p l a y   c e l l   s i z e   i s   p r o g r a m m a b l e   w i t h  

t h e   e x c e p t i o n   t h a t   t h e   c e l l   w i d t h   i s " f i x e d   as  8  p i x e l s ,   b u t   m a y  

be  e l o n g a t e d   to   16  p i x e l s   ( low  r e s o l u t i o n   m o d e )   w i t h   8  p i x e l  

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

f r o m   1  t o   F  p i x e l s .  



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

c h a r a c t e r   b o d y ,   i n t e r - c h a r a c t e r   s p a c e   and  i n t e r - l i n e   s p a c e .   I n  

t h e   f o n t   p a t t e r n   RAM  2 2 5 ,   an  8  p i x e l   row  in  a  c e l l   i s   t r e a t e d   a s  

a  b y t e   of  d i s p l a y   d a t a   and  t h e   MSB  in  a  b y t e   of   d i s p l a y   d a t a  

r e p r e s e n t s   t h e   l e f t   m o s t   p i x e l   on  t h e   s c r e e n   and  t he   LSB  t h e  

r i g h t   mos t   p i x e l .  

The  8K  b y t e s   of   t h e   f o n t  p a t t e r n   RAM  225  c an   be  m a n a g e d   a s  

f o u r   2048  b y t e s   s e g m e n t s   c o r r e s p o n d i n g   to   256  c h a r a c t e r   p a t t e r n s  

w i t h   w i d t h s   of  8  p i x e l s   and  h e i g h t s   of   8  p i x e l s   to   r e a l i z e  

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

h e i g h t   g r e a t e r   t h a n   8  p i x e l s   w i l l   e n a b l e   up  t o   two  d i f f e r e n t  

f o n t s   to  be  s t o r e d   in  two  4096  b y t e   s e g m e n t s .  

The  a c t u a l   b y t e   a d d r e s s   in   h e x a d e c i m a l   f o r   a  p a r t i c u l a r   r o w  

in  t h e   d i s p l a y   c e l l s   i s   g e n e r a t e d   as  f o l l o w s :  

FS1:   I t   i s   t h e   h i g h   o r d e r   b i t   of   t h e   f o n t   p a t t e r n   RAM 

s e g m e n t   s e l e c t   b i t s .   I f   h i g h l i g h t e d   f o n t   i s   e n a b l e d ,  

t h i s   b i t   i s   a l t e r e d   by  t h e   i n t e n s i t y   b i t .  



FSO:  I t   i s   t h e   low  o r d e r   b i t   of   t h e   f o n t   p a t t e r n   RAM  s e g m e n t  

s e l e c t   b i t s .   I f   a  c h a r a c t e r   h e i g h t   g r e a t e r   t h a n   8 

p i x e l s   i s   s e l e c t e d ,   t h i s   b i t   i s   a l t e r e d   by  ROW3. 

ROW3-ROWO:  T h e s e   4  b i t s   r e p r e s e n t   a  p a r t i c u l a r   row  in  t h e  

c h a r a c t e r   c e l l .   I f   t h e   c h a r a c t e r   h e i g h t   i s   l e s s   t h a n  

or   e q u a l   to   8  p i x e l s ,   t h e n   ROW3  d o e s   n o t   h a v e   m e a n i n g .  

CD:  I t   i s   an  8  b i t   c h a r a c t e r   c o d e   e n a b l i n g   t h e   d e f i n i t i o n  

of   up  t o   256  d i s t i n c t   c h a r a c t e r s ,   i n c l u d i n g   s y m b o l s .  

In  t h e   g r a p h i c   d i s p l a y   mode ,   g r a p h i c   d a t a   t o   be  d i s p l a y e d   i s  

t r e a t e d   as  a  b y t e   c o r r e s p o n d i n g   t o   8  p i x e l s ,   and  i s   d i r e c t l y  

t r a n s f e r r e d   to   s t o r a g e   l o c a t i o n s   w i t h i n   t h e   16K  b y t e s   of   t h e  

s c r e e n   image   RAM  225 .   The  s c r e e n   i m a g e   RAM  225  i s   s e p a r a t e d   i n t o  

two  s e g m e n t s   of  8K  b y t e s   e a c h   c o r r e s p o n d i n g   to   an  odd  row  i m a g e  

memory  and  an  e v e n   row  image   m e m o r y .   The  e v e n   row  i m a g e   m e m o r y  

s t o r e s   80  b y t e s   by  100  rows  ( r o w 0 ,   r o w 2 ,   . . . .   r o w l 9 8 )   of   i m a g e  

d a t a ,   and  t h e   odd  row  image   memory   s t o r e s   80  b y t e s   by  100  r o w s  

( r o w l ,   row2 ,   . . .   r o w l 9 9 )   of   i m a g e   d a t a .  

The  a c t u a l   b y t e   a d d r e s s   in  h e x a d e c i m a l   f o r   a  p a r t i c u l a r  

g r o u p   of  8  h o r i z o n t a l   p i x e l s   on  t h e   s c r e e n   i s   g e n e r a t e d   a s  

f o l l o w s :  



MOD:  I t   r e p r e s e n t s   a  m o d u l o   f u n c t i o n  

INT:  I t   r e p r e s e n t s   an  i n t e g e r   f u n c t i o n  

ROW:  I t   i s   t h e   v e r t i c a l   l o c a t i o n   c o u n t   of   rows  on  t h e  

s c r e e n   a s s u m i n g   t h a t   t h e   t o p m o s t   row  on  t h e   s c r e e n  

i s   row  0 

COL:  I t   is   h o r i z o n t a l   l o c a t i o n   c o u n t   in  8  p i x e l   u n i t s  

a s s u m i n g   t h a t   t h e   l e f t m o s t   g r o u p   of   8  p i x e l s   i s   0 .  

F i g u r e   3 ( b )   t h r o u g h   3 ( d )   s c h e m a t i c a l l y   i l l u s t r a t e   a  f u r t h e r  

f e a t u r e   of   t h e   p r e s e n t   i n v e n t i o n   w h e r e i n   t h e   LCD  209  c an   c o m p r i s e  

1,  2,  or  4  s e g m e n t s   or  p l a n e s .   I f   t h e   LCD  209  c o m p r i s e s   a  s i n g l e  

p l a n e ,   d a t a   i s   t r a n s f e r r e d   to   and  d i s p l a y e d   t h e r e o n   c h a r a c t e r   b y  

c h a r a c t e r   and  l i n e   by  l i n e .   I f   t h e   LCD  209  i s   d i v i d e d   i n t o  

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

number   of  p l a n e s   can   be  t r a n s f e r r e d   in  p a r a l l e l   f r om  t h e   s c r e e n  

image   RAM  223  to   t h e   LCD  2 0 9 .  

As  shown  in  F i g u r e   3 ( b )   a  s i n g l e   p l a n e   LCD  i n c l u d e s   L  l i n e s  

( e . g . ,   25)  w i t h   e a c h   l i n e   i n c l u d i n g  N   w o r d s   ( e . g . ,   8 0 ) .   E a c h  

word  c o r r e s p o n d s   to   a  c h a r a c t e r   to   be  d i s p l a y e d .   A s s u m i n g   t h a t  

t h e   f i r s t   c h a r a c t e r   to   be  d i s p l a y e d   i s   s t o r e d   in   memory   a d d r e s s   A 



in  t h e   s c r e e n   i m a g e   RAM  323 ,   t h e n   A+N-1  is   t h e   a d d r e s s   of  t h e  

l a s t   c h a r a c t e r   of   t h e   f i r s t   l i n e ,   A + ( L - 1 ) N   is   t h e   a d d r e s s   of   t h e  

f i r s t   c h a r a c t e r   of   t h e   l a s t   l i n e   and  t h e   l a s t   c h a r a c t e r   in  t h e  

l a s t   l i n e   i s   s t o r e d   a t   a d d r e s s   A+LN-1 .   T h u s ,   t he   v a l u e   L  i s   t h e  

l i n e   number   and  t h e   v a l u e   N  i s   t h e   l i n e   o f f s e t   m e a n i n g   t h e  

c h a r a c t e r   p o s i t i o n   w i t h i n   a  l i n e .  

F i g u r e   3 ( c )   i l l u s t r a t e s   an  e m b o d i m e n t   w h e r e i n   t h e   LCD  209  i s  

d i v i d e d   i n t o   p l a n e - A   and  p l a n e - B .   L i n e s   1  -   L  a r e   i n c l u d e d   i n  

p l a n e - A   and  l i n e s   L + l  -   2L  a r e   i n c l u d e d   in  p l a n e - B .   D a t a   word  1 

in  l i n e   1  is   s t o r e d   a t   p l a n e - o f f s e t   a d d r e s s   A,  e . g . ,   0,  and  d a t a  

word   1  in  l i n e   L+l   i s   s t o r e d   a t   p l a n e - o f f s e t   a d d r e s s   B,  e . g . ,  

B=A+LN.  

F i g u r e   3 (d )   i l l u s t r a t e s   an  e m b o d i m e n t   w h e r e i n   t h e   LCD  2 0 9  

c o m p r i s e s   f o u r   p l a n e s ,   i . e . ,   p l a n e - A ,   p l a n e - B ,   p l a n e - C ,   and  p l a n e -  

D.  In  t h i s   e m b o d i m e n t ,   t h e   l i n e   o f f s e t   max imum,   N,  t a k e s   a  v a l u e  

of  o n e - h a l f   of  t h a t   w i t h   r e s p e c t   to   t h e   e m b o d i m e n t s   of   F i g u r e s  

3 ( b )   and  3 ( c ) .   The  a d d r e s s e s   of   t h e   f i r s t   d a t a   word  in  t h e   f i r s t  

l i n e   of   p l a n e - A ,   p l a n e - B ,   p l a n e - C ,   and  p l a n e - D   a r e   A ,  

B = ( L + 1 ) 2 N ,   C=N,  and  D = ( L + 1 ) 2 N + N ,   r e s p e c t i v e l y .  

F i g u r e   3 ( e )   s c h e m a t i c a l l y   i l l u s t r a t e s   t h e   c o r r e s p o n d e n c e  

b e t w e e n   a d d r e s s e s   in  t h e   s c r e e n   i m a g e   RAM  223  and  t h e   LCD  209  i n  

an  e m b o d i m e n t   w h e r e i n   t h e   LCD  209  i n c l u d e s   two  p l a n e s ,   i . e . ,  



p l a n e - A   and  p l a n e - B .   A s s u m i n g   t h a t   t h e   p l a n e - o f f s e t   a d d r e s s   A  i s  

e q u a l   to  a d d r e s s   0  w i t h i n   t h e   s c r e e n   i m a g e   RAM  2 2 3 ,   w o r d s   a r e  

t r a n s f e r r e d   f rom  t h e   s c r e e n   i m a g e   RAM  223  t o   p l a n e - A   o f   t h e   LCD 

209  b e g i n n i n g   a t   a d d r e s s   0  and  c o n c l u d i n g   a t   a d d r e s s   L ( N - 1 ) .  

W i t h i n   p l a n e - B ,   t h e   d a t a   w o r d s   s t o r e d   a t   a d d r e s s e s   L N  -   2LN-1  a r e  

d i s p l a y e d .  

I f   t he   LCD  209  i s   c o m p r i s e d   o f   f o u r   p l a n e s ,   t h e   p l a n e - o f f s e t  

a d d r e s s e s   f o r   p l a n e s   A,  B,  C,  and  D  w o u l d   be  0 ,   N,  ( L + 1 ) N ,   a n d  

(L+1)N+N,   r e s p e c t i v e l y .  

F i g u r e   4  i l l u s t r a t e s   a  b l o c k   d i a g r a m   of   L C D - c o n t r o l - 1   2 1 9  

w h e r e i n   d i s p l a y   d a t a   i s   t r a n s f e r r e d   f rom  t h e   s c r e e n   i m a g e   RAM  3 2 3  

to  t h e   LCD  209 .   T h i s   b l o c k   d i a g r a m   i l l u s t r a t e s   t h e   c i r c u i t r y   f o r  

g e n e r a t i n g   t h e   d i s p l a y   l o c a t i o n   in  t h e   LCD  209  f o r   t h e   d a t a   to   b e  

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

RAM  223  to   t h e   LCD  2 0 9 .  

D u r i n g   i n i t i a t i o n   of   t h e   c o m p u t e r   s y s t e m ,   e . g . ,   a t   p o w e r - u p  

of   t h e   p r o c e s s o r   2 0 1 ,   c e r t a i n   c o n t r o l   v a l u e s   a r e   t r a n s f e r r e d   t o  

t h e   r e g i s t e r s   4 0 3 - 4 1 1 .   The  c o n t r o l   v a l u e s   r e l a t e   t o   t h e   n u m b e r  

of   p l a n e s   w i t h i n   t h e   LCD  209  and  t o  t h e   n u m b e r   of   w o r d s   i n c l u d e d  

in  e a c h   p l a n e .   For   e x a m p l e ,   F i g u r e   4  i l l u s t r a t e s   an  e m b o d i m e n t  

of  t h e   L C D - c o n t r o l - 1   219  w h e r e i n   t h e   LCD  209  i n c l u d e s  p l a n e s   A 

t h r o u g h   D.  T h u s ,   r e g   A  403  s t o r e s   t h e   a b o v e - d i s c u s s e d   p l a n e  



o f f s e t   A,  w h i c h   may  t a k e   on  a  z e r o   v a l u e   when  t h e   f i r s t   s t o r a g e  

word  in  t h e   s c r e e n   i m a g e   RAM  323  s t o r e s   t h e   c h a r a c t e r   t o   b e  

d i s p l a y e d   a t   l o c a t i o n   0  of   row  z e r o   of   t he   LCD  2 0 9 .  

S i m i l a r l y ,   r eg   B  4 0 5 ,   r e g   C  407 ,   and  r eg   D  409  s t o r e   t h e  

v a l u e s   of  p l a n e - o f f s e t   B,  p l a n e - o f f s e t   C,  and  p l a n e - o f f s e t   D ,  

r e s p e c t i v e l y .   T h e s e   v a l u e s   c o r r e s p o n d   to  t h e   l o c a t i o n   on  t h e   LCD 

209  f o r   t h e   d i s p l a y   of  t h e   f i r s t   c h a r a c t e r   in  p l a n e   B,  p l a n e   C ,  

and  p l a n e   D.  

Reg  E  411  i s   l o a d e d   w i t h   a  v a l u e   e q u a l   t o   t h e   number   o f  

c h a r a c t e r s   in  e a c h   row  of   a  p l a n e .   A s s u m i n g   t h a t   t h e   LCD  2 0 9  

d i s p l a y s   80  c h a r a c t e r s   in  a  row,   t h e   v a l u e   s t o r e d   in  reg   E  4 1 1  

f o r   t h e   e m b o d i m e n t s   of  t h e   LCD  209  shown  in  F i g s .   3 (b )   and  3 ( c )  

w i l l   be  80  and  t he   v a l u e   s t o r e d   in  reg   E  411  f o r   t h e   e m b o d i m e n t  

of  F i g .   3 (d )   w i l l   be  4 0 .  

The  o u t p u t s   of   t h e   r e g i s t e r s   4 0 3 - 4 0 9   a r e   s u p p l i e d   as  i n p u t s  

to   a  m u l t i p l e x e r   413 .   The  s i g n a l s   PLNSELO  and  PLNSEL1  c o n t r o l  

t h e   m u l t i p l e x e r   413  to   s e l e c t i v e l y   o u t p u t   t h e   v a l u e s   s t o r e d   i n  

t h e   r e g i s t e r s   4 0 3 - 4 0 9   to   one   i n p u t   of   an  a d d e r   4 1 5 .   The  v a l u e  

o u t p u t t e d   by  t h e   m u l t i p l e x e r   413  c o m p r i s e s   a  16  b i t   b a s e   o f f s e t  

a d d r e s s   f o r   one   of  t h e   p l a n e s   A  t h r o u g h   D .  



The  o u t p u t   of   t h e   a d d e r   415  c o m p r i s e s   a  16  b i t   a d d r e s s   o f   a  

c h a r a c t e r   p o s i t i o n   on  t h e   LCD  209  f o r   one  o f   t h e   p l a n e s   A  t h r o u g h  

D.  The  f i r s t   v a l u e   o u t p u t t e d   by  t h e   a d d e r   415  f o r   e a c h   of   t h e  

p l a n e s   A  t h r o u g h   D  c o r r e s p o n d s   to   t h e   f i r s t   d i s p l a y   l o c a t i o n   o n  

t h e   LCD  209  w i t h i n   e a c h   of   t h e   p l a n e s   A  t h r o u g h   D  and   w i l l   e q u a l  

t h e   o f f s e t   v a l u e s   s t o r e d   in  t h e   r e g i s t e r s   4 0 3  -   4 0 9 .   For   e a c h   o f  

t h e   o t h e r   c h a r a c t e r s   in  a  row,   i t   i s   n e c e s s a r y   to   i n c r e m e n t   t h e  

b a s e   o f f s e t   v a l u e s .   The  i n c r e m e n t   is   g e n e r a t e d   by  t h e   a d d e r   4 1 7 ,  

r e g i s t e r   419 ,   and  t h e   c o u n t e r   4 2 1 .  

The  v a l u e   s t o r e d   in  t h e   r e g   E  411  i s   s u p p l i e d   to   one   i n p u t  

of  t h e   a d d e r   417 .   The  o t h e r   i n p u t   to   t h e   a d d e r   417  r e c e i v e s   t h e  

o u t p u t   of  t he   r e g i s t e r   4 1 9 ,   L I N S A O - 1 5 .   The  o u t p u t   o f   t h e  

r e g i s t e r   419  i s   a l s o   l o a d e d   i n t o   t h e   c o u n t e r   421  u n d e r   t h e  

c o n t r o l   of  t h e   l i n e   l o a d   s i g n a l ,   LINELD.  The  r e g i s t e r   419  s t o r e s  

t h e   o u t p u t   of   t h e   a d d e r   417  and  i s   l o a d e d   w i t h   t h a t   v a l u e   u n d e r  

t h e   c o n t r o l   of   t h e   l i n e   end  s i g n a l   LINEEND.  In   t h e   e m b o d i m e n t  

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

a d d e r s   a r e   e x p r e s s e d   in  t w o s - c o m p l e m e n t .   At  i n i t i a t i o n ,   t h e  

v a l u e s   s t o r e d   in  t h e   r e g i s t e r   419  and  t h e   c o u n t e r   421  a r e   s e t   t o  

z e r o .   The  v a l u e   s t o r e d   in  t h e   c o u n t e r   421  i s   i n c r e m e n t e d   by  o n e  

u n d e r   t he   c o n t r o l   of   t h e   d a t a   r e a d y   s i g n a l ,   DATARDY.  T h e  

g e n e r a t i o n   of   DATARDY  w i l l   be  d e s c r i b e d   h e r e i n a f t e r .  



A  l i n e   word   r e g i s t e r   423  i s   l o a d e d   a t   i n i t i a t i o n   w i t h   a  

v a l u e   e q u a l   to   o n e - h a l f   of   t h e   n u m b e r   o f   c h a r a c t e r s   d i s p l a y e d   i n  

a  row  of   e a c h   p l a n e .   T h u s ,   in   t h e   e m b o d i m e n t s   o f   F i g s   3 (b )   a n d  

3 ( c )   t h e   s t o r e d   v a l u e   i s   40  b a s e d   upon   t h e   a s s u m p t i o n   o f   t h e   LCD 

209  d i s p l a y i n g   80  c h a r a c t e r s   in   a  row.   In   t h e   e m b o d i m e n t   of   F i g  

3 ( d ) ,   e a c h   row  i n c l u d e s   two  p l a n e s   a n d ,   t h e r e f o r e ,   t h e   v a l u e   s t o r e d  

in  t h e   l i n e   word   r e g i s t e r   423  i s   20.   The   s t o r e d   v a l u e   t a k e s   i n t o  

a c c o u n t   t h e   f a c t   t h a t   two  8 - b i t   w o r d s  o r   c h a r a c t e r s   a r e   t r a n s f e r r e d  

a t   one   t i m e   f r o m   t h e   s c r e e n   i m a g e   RAM  223  as   t h e   s i g n a l s   VRAMDO- 

1 5 .  

The  t w o ' s   c o m p l e m e n t   o f   t h e   v a l u e   s t o r e d   in  t h e   l i n e   w o r d  

r e g i s t e r   423  i s   l o a d e d   i n t o   a  t i m i n g   c o u n t e r   425  u p o n   t h e  

o c c u r r e n c e   of   LINELD  w h i c h   i s   g e n e r a t e d   when  t h e   c o u n t e r   4 2 5  

o v e r f l o w s .   The  t i m i n g   c o u n t e r   425  i s   i n c r e m e n t e d   u n d e r   t h e  

c o n t r o l   of  t h e   o u t p u t   of   an  OR  g a t e   429  w h i c h   r e c e i v e s   as  i n p u t s  

DATARDY  and  t h e   l o c a l   c l o c k   s i g n a l ,   LOCLK.  The  v a l u e   s t o r e d   i n  

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

t r a n s f e r s   f r o m   t h e   s c r e e n   i m a g e   RAM  223  to   t h e   LCD  2 0 9 .  

A  l i n e   n u m b e r   r e g i s t e r   429  i s  l o a d e d   a t   i n i t i a t i o n   w i t h   t h e  

n u m b e r   of   l i n e s   to   be  d i s p l a y e d   w i t h i n   a , p l a n e .   In   t h e  

e m b o d i m e n t   of   F i g .   3 ( b ) ,   t h i s   n u m b e r   i s   e q u a l   to   t h e   m a x i m u m  

n u m b e r   of   l i n e s   t h a t   c an   be  d i s p l a y e d   on  t h e   LCD  2 0 9 .   In   t h e  

e m b o d i m e n t s   of   F i g s .   3 ( c )   and  3 ( d ) ,   t h e   v a l u e   s t o r e d   in  t h e  



r e g i s t e r   429  i s   o n e - h a l f   t h e   maximum  n u m b e r   of  l i n e s   t h a t   c a n   b e  

d i s p l a y e d   on  t h e   LCD  209  b e c a u s e   t h e   LCD  209  i s   v e r t i c a l l y   d i v i d e d  

i n t o   two  p l a n e s .   The  v a l u e   s t o r e d   in  t h e   r e g i s t e r   429  i s   e x p r e s s e d  

in  t w o ' s   c o m p l e m e n t   and  i s   i n c r e m e n t e d   when  a l l   d a t a   w o r d s   w i t h i n  

a  d i s p l a y   l i n e   of   t h e   LCD  209  h a v e   b e e n   t r a n s f e r r e d .   Upon  o v e r f l o w ,  

t h e   t i m i n g   c o u n t e r   431  i s   r e l o a d e d   w i t h   t h e   v a l u e   s t o r e d   in  t h e  

l i n e   number   r e g i s t e r .  

As  w i l l   be  a p p a r e n t   to   one   s k i l l e d   i n  t h e   a r t ,   t h e   d i s p l a y  

p a r a m e t e r s ,   i . e . ,   t h e   n u m b e r   of   l i n e s   and  c h a r a c t e r s   p e r   l i n e ,   o f  

t h e   LCD  209  a r e   p r o g r a m m a b l e .   T h i s   p r o v i d e s   f l e x i b i l i t y   to   t h e  

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

The  r e g i s t e r s   4 4 1 ,   4 4 3 ,   4 4 5 ,   and  447  a r e   u s e d   in  t h e   a c t u a l  

t r a n s f e r   of  d i s p l a y   d a t a   f rom  t h e   s c r e e n   i m a g e   RAM  323  to   t h e   LCD 

209 .   Each   of   t h e s e   r e g i s t e r s   i s   a s s o c i a t e d   w i t h   a  d i f f e r e n t   o n e  

of  t h e   p l a n e s   of   t h e   LCD  209 .   T h u s ,   d a t a   to   be  d i s p l a y e d   i n  

p l a n e - A   is   r e c e i v e d   by  r e g i s t e r   A  4 4 1 ,   p l a n e - B   by  r e g i s t e r   B  4 4 3 ,  

p l a n e   C  by  r e g i s t e r   C  4 4 5 ,   and  p l a n e   D  by  r e g i s t e r   D  4 4 7 .  

In  t he   e m b o d i m e n t   of  F i g .   3 ( c ) ,   o n l y   two  p l a n e s   a r e   p r o v i d e d  

in  t h e   LCD  209  a n d ,   t h e r e f o r e ,   o n l y ' - - r e g i s t e r   A  441  and   r e g i s t e r   B 

443  w o u l d   be  n e c e s s a r y .   S i m i l a r l y ,   in   t h e   s i n g l e - p l a n e  

e m b o d i m e n t   of  F i g .   3 ( b ) ,   o n l y   r e g i s t e r   A  441  w o u l d   be  u t i l i z e d .  



S i n c e   t h e   f o u r   d a t a   t r a n s f e r   p a t h s   shown  in  F i g u r e   4  a r e  

i d e n t i c a l   and  o p e r a t e   in  p a r a l l e l   o n l y   one   d a t a   p a t h   w i l l   b e  

d e s c r i b e d   in  d e t a i l .  

Two  w o r d s   of   d a t a ,   VRAMDO-15,  f rom  t h e   s c r e e n   image   RAM  2 2 3  

a r e   l o a d e d   i n t o   t h e   r e g i s t e r   441  and  a r e   s h i f t e d   to   a  p a r a l l e l -  

t o - s e r i a l   c o n v e r t e r   448  u n d e r   t h e   c o n t r o l   of   t h e   s i g n a l   PLANASTB. 

The  s h i f t i n g   of  t h e   d a t a   f rom  t h e   r e g i s t e r   A  441  to   t h e   p a r a l l e l -  

t o - s e r i a l   c o n v e r t e r   4 4 8  g e n e r a t e s   t h e   s i g n a l   DATARDYA  w h i c h   i s  

s u p p l i e d   t o   an  i n p u t   of   an  AND  g a t e   4 3 0 .  

The  p a r a l l e l - t o - s e r i a l   c o n v e r t e r   448  c o m p r i s e s   a  s h i f t  

r e g i s t e r   449A  and  a  m u l t i p l e x e r   451A.   The  16  b i t s   of   d a t a ,   ADO- 

15,   r e c e i v e d   as  i n p u t s   by  t he   s h i f t   r e g i s t e r   449A,   a r e   o u t p u t t e d  

in  g r o u p s   of   f o u r   b i t s   e a c h ,   i . e . ,   NAOO-3,  N A 0 4 - 7 ,   N A 0 8 - 1 1 ,   a n d  

N A 0 1 2 - 1 5 ,   u n d e r   t h e   c o n t r o l   of   t h e   s e l e c t i o n   s i g n a l s   NBLSELO  a n d  

NBLSELl .   The  o u t p u t   of   t h e   m u l t i p l e x e r   451A  i s   s u p p l i e d   t o  

p l a n e - A   of   t h e   LCD  209  as  t h e   d a t a   PLANADO-3  and  to   a  b u f f e r   4 5 3 .  

As  e v i d e n t   f rom  F i g u r e   4,  t h e  r e g i s t e r s   4 4 3 ,   4 4 5 ,   and  4 4 7  

g e n e r a t e   r e s p e c t i v e   d a t a   r e a d y   s i g n a l s   DATARDYB,  DATARDYC,  a n d  

DATARDYD.  T h e s e   s i g n a l s   a r e   a l s o  s u p p l i e d   as  i n p u t s   t o   t h e   AND 

g a t e   430  w i t h   t h e   r e s u l t   t h a t   t h e   s i g n a l   DATARDY  w i l l   b e  

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



c o u n t e r   425  a f t e r   t h e   d i s p l a y   d a t a   has   b e e n   s h i f t e d   f rom  e a c h   o f  

the   r e g i s t e r s   4 4 1 - 4 4 7 .   In   t h e   c a s e   of   s i n g l e   or  d u a l   p l a n e  

e m b o d i m e n t s   o f   t h e   LCD  209  t h e   a p p r o p r i a t e   v a l u e s   f o r   t h e   i n p u t s  

s i g n a l s   t o .  

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

e m b o d i m e n t   of  t h e   LCD  209  a r e   l o a d e d   i n t o   t h e   r e g i s t e r s   4 0 3 ,   4 0 5 ,  

4 0 7 ,   409 ,   411 ,   4 2 3 ,   and  4 2 9 ,   as  d e s c r i b e d   a b o v e .   The  v a l u e s  

r e f l e c t   n o t   o n l y   t h e   n u m b e r   o f   p l a n e s   i n c l u d e d   in  t h e   LCD  209  b u t  

a l s o   t he   number   of   c h a r a c t e r s   in  a  row  and  t h e   n u m b e r   of  l i n e s   i n  

t h e   LCD  209 .   The  a d d e r   415  o u t p u t s   t h e   d i s p l a y   a d d r e s s e s   w i t h i n  

e a c h   p l a n e   of   t h e   LCD  209  and  t h e   m u l t i p l e x e r s   4 5 1 A - 4 5 1 D   b e g i n   t o  

t r a n s f e r   s c r e e n   image   d a t a   t o   t h e   LCD  2 0 9 .  

A s s u m i n g   t h e   f o u r   p l a n e   e m b o d i m e n t   of   t h e   LCD  209  as  s h o w n  

in  F i g u r e   3 ( d ) ,   t h e   d a t a   w o r d s   a r e   t r a n s f e r r e d   to   t h e   LCD  209  b y  

t h e   f o u r   m u l t i p l e x e r s   451A,   451B,   451C,   and   451D.   E a c h   t i m e   t w o  

d a t a   w o r d s ,   t h a t   i s   16  d a t a   b i t s ,   a r e   t r a n s f e r r e d   f rom  t h e  

r e g i s t e r s   4 4 1 ,   4 4 3 ,   445 ,   and  447  to   t h e   s h i f t   r e g i s t e r s   4 4 9 A ,  

449B,   449C,   and  449D,   r e s p e c t i v e l y ,   t h e   s i g n a l   DATARDY  i s  

g e n e r a t e d   w i t h   a  h i g h   v a l u e   t o   i n c r e m e n t   t h e   t i m i n g   c o u n t e r s   4 2 5  

and  4 2 1 .   A f t e r   20  two  word   d a t a   t r a n s f e r s   h a v e   b e e n   made  t o   t h e  

r e s p e c t i v e   s h i f t   r e g i s t e r s ,   t h e   t i m i n g   c o u n t e r s   421  and  425  w i l l  

o v e r f l o w .   T h i s   r e s u l t s   in  t he   g e n e r a t i o n   o f   t h e   s i g n a l   L I N E L D  

w h i c h   r e s e t s   t h e   c o u n t e r   425  to   t h e   v a l u e   s t o r e d   in   t h e   l i n e   w o r d  



r e g i s t e r   423,  i n c r e m e n t s   the  t iming   coun te r   431,  sets   the  c o u n t e r  

421  to  the  value  s to red   in  the  r e g i s t e r   419,  and  loads  the  r e g i s t e r  

419  with  the  c u r r e n t   output   of  the  adder  4 1 7 .  

As  a  r e s u l t ,   the  counter   421  ou tpu t s   the  i n c r e m e n t a l   a d d r e s s  

which,  when  added  to  the  plane  base  address   s to red   in  the  r e g i s t e r s  

403-409,  g e n e r a t e s   the  screen   add re s se s   of  the  LCD  209  in  the  second  

row  of  each  d i s p l a y   plane.  Subsequent  o p e r a t i o n s   t r a n s f e r   the  d a t a  

words  to  be  d i s p l a y e d   in  the  second  l ine   of  each  plane  at  the  s c r e e n  

l o c a t i o n s   o u t p u t t e d   by  the  adder  415.  Af ter   the  data  c o m p r i s i n g  

the  second  l ine   in  each  plane  of  the  LCD  209  have  been  d i s p l a y e d ,  

the  t h i r d   and  subsequent   l i ne s   are  d i s p l a y e d .   When  the  l a s t   l i n e  

in  each  plane  has  been  d i sp layed   the  t iming  counter   431  o v e r f l o w s  

and  is  r e s e t   to  the  value  s t o r e d   in  the  l ine   number  r e g i s t e r   429.  

This  causes  the  r e g i s t e r   419  to  be  r e s e t   to  zero.  The  data  in  t h e  

screen  image  RAM  223  is  again  t r a n s f e r r e d   to  the  LCD  209  to  r e f r e s h  

the  d i s p l a y   and  to  change  the  d i s p l a y e d   data  to  r e f l e c t   changes  i n  

the  data  s t o r e d   in  the  screen  image  RAM  223 .  

The  address   provided  by  the  adder  415  on  the  l i qu id   c r y s t a l  

device   address   bus  LCDAO-15  is  a lso  output   to  the  m u l t i p l e x e d   v i d e o  

RAM  bus  VRAMMO-15  via  a  m u l t i p l e x e r   463  and  a  buffer   465.  D a t a  

from  the  video  RAM  is  r e t u r n e d   to  a  b u f f e r   467  d r i v i n g   a  data  bus  

VRAMDO-15  which  p rov ides   the  data  for  the  r e g i s t e r s   441,  443,  445 

and  447  d e s c r i b e d   above.  The  CPU  s u p p l i e s   the  data  to  t h e  

r e g i s t e r s   403,  405,  407,  409,  411  via  the  system  bus  203  and  a  

b u f f e r   401  which  can  also  output   data  and  address   to  the  video  RAM 

bus  via  a  r e g i s t e r   461  and  the  m u l t i p l e x e r   463 .  

Figure   5  is  a  high  l e v e l   block  diagram  of  the  L C D - c o n t r o l - 2  

217.  The  LCD-cont ro l -2   217  i n c l u d e s   the  s t a t u s   and  c o n t r o l  

r e g i s t e r s   p r e v i o u s l y   d e s c r i b e d ,   address   and  data  paths  to  and  f rom 

the  CPU  201,  the  ASCII  code  RAM  221,  the  screen  image  RAM 



2 2 3 ,   t h e   f o n t   p a t t e r n   RAM  2 2 5 ,   and  c i r c u i t r y   f o r   m o d i f y i n g   d a t a  

in  a c c o r d a n c e   w i t h   a s s o c i a t e d   a t t r i b u t e s .  

The  s t a t u s   and  c o n t r o l   s e c t i o n   501  i n c l u d e s   t h e   r e g i s t e r s  

R l ,   R6,  R 9 - R l 5 ,   and  R 1 8 - R 2 7 .   The  f u n c t i o n s   o f   t h e s e   r e g i s t e r s  

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

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

An  8  b i t   d a t a   bus   f rom  t h e   CPU  201  p r o v i d e s   t h e   s i g n a l s   DBO- 

7.  The  d a t a   bus   t o   t he   t h r e e   RAMs  2 2 1 ,   2 2 3 ,   and  225  w i t h i n   t h e  
a d d r e s s  

memory   213  i s   i n d i c a t e d   by  t h e   s i g n a l s   MBO-15.   A  m e m o r y / b u s  

s h a r e d   by  t h e   CPU  2 0 1 ,   t h e  m e m o r y   2 1 3 ,   and  t h e   L C D - c o n t r o l - 2   2 1 7  

i s   i n d i c a t e d   by  t h e   s i g n a l s   A O - 1 5 .  

Upon  i n i t i a l i z a t i o n ,   s e l e c t   r e g i s t e r   l o g i c   503  i s   c o n t r o l l e d  

by  f i v e   b i t s   of  t h e   a d d r e s s   s i g n a l   AO-7  to   e n a b l e   i n i t i a l   v a l u e s  

f o r   t h e   s t a t u s   and  c o n t r o l   v a l u e s   to   be  l o a d e d   i n t o   t h e   a p p r o p r i a t e  

c o n t r o l   and  s t a t u s   r e g i s t e r s   f r o m   t h e  C P U   d a t a   b u s   D B O - 7 .   A f t e r  

i n i t i a l i z a t i o n ,   when  i t   b e c o m e s   n e c e s s a r y   t o   c h a n g e   t h e   v a l u e s   i n  

any  of  t he   s t a t u s   and  c o n t r o l   r e g i s t e r s ,   t h e   s e l e c t   r e g i s t e r   l o g i c  

503  i s   e n a b l e d   to  r e l o a d   t h e   a p p r o p r i a t e   r e g i s t e r   or  r e g i s t e r s .  

D a t a   s u p p l i e d   f rom  t h e   CPU  201  c a n   be  d i r e c t l y   t r a n s f e r r e d  

t o   t h e   memory  213  t h r o u g h   two  w r i t e   d a t a   l a t c h e s   5 0 4   and  5 0 5 .  

The  d a t a   l a t c h e s   e n a b l e   two  8  b i t   d a t a   t r a n s f e r s   f r o m  t h e   C P U ,  



i . e . ,   CPUDO-7,  to   be  t r a n s f e r r e d   in  p a r a l l e l   on  t h e   16  b i t   m e m o r y  

bus  as  memory  d a t a   MEMBO-15.  

S i m i l a r l y ,   a  16  b i t   d a t a   t r a n s f e r   f rom  t he   memory  213 ,   i . e . ,  

MEMIO-15,   can   be  o u t p u t t e d   to   t h e   CPU  201  as  two  8  b i t   d a t a   w o r d s ,  

C P U D I O - 7 ,   t h r o u g h   a  p a i r   of  r e a d   d a t a   l a t c h e s   507 ,   509 .   The  m e m o r y  

d a t a ,   MEMIO-15,   c a n   a l s o   be  s u p p l i e d   to  an  ASCII   c o d e   l a t c h   5 1 1  

w h i c h   r e c e i v e s   t h e   h i g h   o r d e r   8  b i t s ,   MEMIB-15 ,   and  an  A S C I I  

a t t r i b u t e   l a t c h   513  w h i c h   r e c e i v e s   t h e   l o w  o r d e r   8  b i t s ,   M E M I O - 7 .  

The  ASCII   l a t c h e s   511 ,   513  a r e   e m p l o y e d   to  r e c e i v e   d a t a   f rom  t h e  

ASCII   c o d e   RAM  2 2 1 .  

The  c o n t e n t s   of  t he   ASCII   c o d e   l a t c h   511  a r e   t r a n s f e r r e d   t o  

t h e   memory  bus  as  t h e  l o w   o r d e r   8  b i t s ,   AO-7 ,   of   an  a d d r e s s   i n  

t h e   f o n t   p a t t e r n   RAM  225 .   The  h i g h   o r d e r   8  b i t s ,   A8 -15   a r e  

s u p p l i e d   by  f o n t   s e l e c t   l o g i c   515  w h i c h   r e c e i v e s   i n p u t s   f rom  t h e  

f o n t   s e l e c t   r e g i s t e r ,   R22.   The  16  b i t   a d d r e s s   i s   u s e d   to   a c c e s s  

s p e c i f i c   memory  l o c a t i o n s   w i t h i n   t h e   f o n t   p a t t e r n   RAM  225  w h i c h  

s t o r e   s c r e e n   image   d a t a   c o r r e s p o n d i n g   to   A S C I I - c o d e d   d a t a .   T h e  

a c t u a l   b i t   r e p r e s e n t a t i o n   of   t h e   A S C I I - c o d e d   d a t a   i s  u s e d   as  p a r t  

of   t h e   a d d r e s s   w i t h i n   t h e   f o n t   p a t t e r n   RAM  2 2 5 .  

The  two  w o r d s   of  d a t a   r e t u r n e d   f rom  t h e   f o n t   p a t t e r n   RAM  2 2 5  

a r e   r e c e i v e d   by  t h e   f o n t   d a t a   l a t c h e s   5 1 7 ,   5 1 9 .   The  low  o r d e r   8  

b i t s   a r e   r e c e i v e d   by  t h e   l a t c h   519  w h i c h   s u p p l i e s   them  to   t h e  



a t t r i b u t e   p r o c e s s i n g   c i r c u i t r y   521  and  to  t h e   memory  b u s   as  t h e  

low  o r d e r   8 - b i t   word   AO-7 .   The  f o n t   d a t a   l a t c h   517  s u p p l i e s   t h e  

h i g h   o r d e r   8  b i t s   t o   t h e   a t t r i b u t e   p r o c e s s i n g   c i r c u i t r y   521  a n d  

to   t h e   memory  bus   as  t h e   h i g h   o r d e r   8 - b i t   word  A 8 - 1 5 .   The  d a t a  

b i t s   t r a n s f e r r e d   d i r e c t l y   f r o m   t h e   f o n t   d a t a   l a t c h e s   5 1 7 ,   519  a r e  

t r a n s f e r r e d   by  t h e   memory  bus   to   t h e   s c r e e n   image   RAM  2 2 3 .  

The  a t t r i b u t e   p r o c e s s i n g   c i r c u i t r y   521  r e c e i v e s   t h e   d a t a  

f rom  the   f o n t   d a t a   l a t c h e s   5 1 7 ,   519  e i g h t   b i t s   a t   a  t i m e   a n d  

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

c o n t r o l   c i r c u i t r y   5 2 3 .   The  m o d i f i e d   d a t a   i s   s u p p l i e d   to   t h e  

memory  bus  t h r o u g h   t h e   o u t p u t   r e g u l a r   mode  f o n t   d a t a   l a t c h e s   5 2 5 ,  

527  or  t h r o u g h   t h e   b o l d   mode  f o n t   d a t a   l a t c h e s   5 2 9 ,   5 3 1 .   In   t h e  

b o l d   ( low  r e s o l u t i o n )   mode ,   e a c h   d i s p l a y e d   c h a r a c t e r   i s   t w o  

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

The  a d d r e s s e s   w i t h i n   t h e   s c r e e n   image   RAM  223  f o r   s t o r i n g  

s c r e e n   image   d a t a   a r e   g e n e r a t e d   by  a  c o u n t e r   541  w h i c h   r e c e i v e s  

t h e   image   s t a r t   a d d r e s s ,   I S A O - 1 5   f r o m   t h e   i m a g e   s t a r t   a d d r e s s  

r e g i s t e r s   R24,   R25.   An  o f f s e t   v a l u e   can   be  a d d e d   to   t h e   o u t p u t  

of  t h e   c o u n t e r   541  by  an  a d d e r   c i r c u i t   543 .   The  o f f s e t   i s  

g e n e r a t e d   by  an  a d d e r   545  and  i s   s t o r e d   in  a  l a t c h   547  c o u p l e d  

t h e r e t o .   The  o u t p u t   of  t h e   a d d e r   543  c o m p r i s e s   a  16  b i t   i m a g e  
t  

p l a n l a d d r e s s ,   IMPAO-15 ,   w h i c h   i s   s u p p l i e d   t o   t h e   memory   b u s .   A 

p a i r   of   d a t a   l a t c h e s   5 4 9 ,   551  i s   p r o v i d e d   t o   t r a n s f e r   t h e   i m a g e  



p l a n e  a d d r e s s   f r o m   t h e   memory  b u s   to   t h e   CPU  201  as  l o o p   b a c k   d a t a  

LBDO-15.   A  n e x t   l i n e   a d d r e s s   l a t c h   5 5 3 ,   5 5 5 ,   i s   p r o v i d e d   t o  

r e c e i v e   an  a d d r e s s   f rom  t h e   memory  bus  and  to   s u p p l y   t h e   r e c e i v e d  

a d d r e s s   to  t h e   c o u n t e r   541  t h r o u g h   an  a d d e r   557  or  to   t h e  C P U   2 0 1  

as  l o o p   back   d a t a .  

F i g u r e s   6 -  2 4   c o m p r i s e   d e t a i l e d   l o g i c   d i a g r a m s   of  a  p r e f e r r e d  

e m b o d i m e n t   of  t h e   L C D - c o n t r o l - 2   217  as  shown  in  F i g u r e   5  a n d  

g e n e r a l l y   d e s c r i b e d   a b o v e .   As  shown  in  F i g u r e   6,  t h e   memory  b u s  

i n c l u d e s   a  p a i r   o f   8  b i t   l a t c h e s   6 0 1 ,   603  w h i c h   r e c e i v e   t h e   m e m o r y  

bus   s i g n a l s   AO-15  f r o m   t h e   CPU  201  and  t h e   memory  213 .   The  s i g n a l s  

AO-7  a r e   t r a n s f e r r e d   t o   a  l a t c h   605  and  a r e   s u b s e q u e n t l y   d e s i g n a t e d  

MEMBO-7.  The  b i t s   A 8 - 1 1   a r e   t r a n s f e r r e d   to   a  l a t c h   607  to   b e c o m e  

t h e   b i t s   MEMB8-11.   The  f o u r   h i g h   o r d e r   b i t s ,   MEMB12-15  o u t p u t t e d  

by  t h e   l a t c h   607  a r e   s u p p l i e d   by  t h e   d i s p l a y   memory   a d d r e s s   m a s k  

r e g i s t e r   R 2 6 .  

The  e i g h t   b i t   d a t a   b u s ,   DO-7,   c o u p l e d   w i t h   t h e   CPU  2 0 1 ,   i s  

r e c e i v e d   by  an  i n p u t   l a t c h   609  w h i c h   o u t p u t s   t h e   CPU  d a t a ,  

CPUDOO-07.   D a t a   i s   t r a n s f e r r e d   t o  t h e   CPU  201  v i a   an  o u t p u t  

l a t c h   611 .   C l o c k   s i g n a l s   e m p l o y e d   w i t h i n   t h e   L C D - c o n t r o l - 2   a r e  

g e n e r a t e d   by  an  o s c i l l a t o r   613  and  o u t p u t t e d   by  a  l a t c h   6 1 5 .  

The  s e l e c t   r e g i s t e r   l o g i c   503  ( F i g u r e   5)  i s   e m b o d i e d   b y  

d e c o d e r s   6 2 1 ,   623  and  NAND  g a t e s   6 2 5 - 6 4 5 .   The   i n p u t s   t o   t h e  



d e c o d e r s   6 1 7 - 6 2 3   i n c l u d e   t h e   s i g n a l s   REGSELO -   REGSEL4  w h i c h  

c o m p r i s e   t he   CPU  d a t a   b i t s   C P U D 1 0  -   CPUD14  o u t p u t t e d   by  a  l a t c h  

6 4 7 .   The  l a t c h e s   6 2 1 ,   623  o u t p u t   e n a b l e   s i g n a l s   UR18WR-UR27WR 

f o r   c o n t r o l l i n g   w r i t i n g   o f   c o r r e s p o n d i n g   s t a t u s   and  c o n t r o l  

r e g i s t e r s .   The  d e c o d e r   623  a l s o   o u t p u t s   t h e   s i g n a l s   U R 2 8 R D -  

UR31RD  w h i c h   a r e   r e a d   e n a b l e   s i g n a l s .  

The  NAND  g a t e s   6 2 5 - 6 2 9   and  6 3 9 - 6 4 5   o u t p u t   LCD  c o n t r o l  

r e g i s t e r   w r i t e   e n a b l e   s i g n a l s   UR9WR-UR25WR,  r e s p e c t i v e l y .   T h e  

NAND  g a t e s   6 3 1 - 6 3 7   o u t p u t   LCD  c o n t r o l   r e g i s t e r   r e a d   c o n t r o l  

s i g n a l s   UR12RD-UR15RD,  r e s p e c t i v e l y .  

F i g u r e   7  i l l u s t r a t e s   c i r c u i t r y   701  f o r   g e n e r a t i n g   CPU  a c c e s s  

r e q u e s t   s i g n a l s .   W h i l e   t h i s   c i r c u i t r y   p l a y s   a  r o l e   in  t h e   o p e r a t i o n  

of   t h e   L C D - c o n t r o l - 2   217 ,   a  d e t a i l e d   d e s c r i p t i o n   t h e r e o f   w i l l   n o t  

be  s e t   f o r t h   b e c a u s e   s u c h   d e s c r i p t i o n   of   t h e   c i r c u i t r y   701  i s   n o t  

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

F i g u r e   7  a l s o   i l l u s t r a t e s   e m b o d i m e n t s   o f   t h e   w r i t e   d a t a   l a t c h e s  

5 0 4 ,   505  w h i c h   r e c e i v e   as  i n p u t s   CPU  d a t a ,   CPUDOO-07,   and  r e s p e c t i v e l y  

o u t p u t   to   t h e   memory  bus   MEMB8-15  and   MEMBO-7.  S i m i l a r l y ,   t h e  

r e a d   d a t a   l a t c h e s   5 0 7 ,   509  a r e   s h o w n   as  r e c e i v i n g   as  i n p u t s   MEMB8- 

15  and  MEMBO-7,  r e s p e c t i v e l y ,   and  g e n e r a t i n g   as  o u t p u t s   C P U D I O - 7  

w h i c h   a r e   t r a n s m i t t e d   t o   t h e   CPU  2 0 1 .  



F i g u r e s   8 - 1 0   i l l u s t r a t e   e m b o d i m e n t s   of   t h e   s t a t u s   and  c o n t r o l  

r e g i s t e r s   d i s c u s s e d   a b o v e .   The  mode  c o n t r o l   r e g i s t e r   is   e m b o d i e d  

as  an  e d g e - t r i g g e r e d   f l i p - f l o p   801  w h i c h   s e l e c t i v e l y   o u t p u t s   t h e  

b l i n k   e n a b l e   s i g n a l   (BLKENB),   t h e   v i d e o   e n a b l e   s i g n a l   ( V I D E N B ) ,  

t h e   g r a p h i c   mode  s i g n a l   (GRAPHIC) ,   and  t he   h i g h   r e s o l u t i o n   s i g n a l  

(HIRES)  in  a c c o r d a n c e   w i t h   t h e   CPU  d a t a ,   CPUDOO-07.   The  h o r i z o n t a l  

d i s p l a y e d   r e g i s t e r   Rl  and  t h e   v e r t i c a l   d i s p l a y e d   r e g i s t e r   R6  a r e  

s i m i l a r l y   e m b o d i e d   as  e d g e - t r i g g e r e d   f l i p - f l o p s   8 0 3 ,   8 0 5 ,  

r e s p e c t i v e l y ,   w h i c h   r e c e i v e   as  i n p u t s   C P U D O O - 0 7 .  

The  r e g i s t e r   R12  s t o r i n g   t h e   s t a r t   a d d r e s s   o f   t h e  

c h a r a c t e r / i m a g e   b u f f e r   ( h i g h )   i s   e m b o d i e d   as  an  e d g e - t r i g g e r e d  

f l i p - f l o p   807  r e c e i v i n g   t h e   i n p u t   s i g n a l s   CPUDOO-07  and  a  

t r a n s c e i v e r   809  r e c e i v i n g   t h e   i n p u t   s i g n a l s   C P U D I O - 7 .   D a t a   to   b e  

w r i t t e n   i n t o   t h e   r e g i s t e r   R12  is   s u p p l i e d   by  t h e   f l i p - f l o p   8 0 7  

w h e r e a s   a  r e a d   o u t   of   t h e   r e g i s t e r   R12  is   t r a n s f e r r e d   t h r o u g h   t h e  

t r a n s c e i v e r   8 0 9 .  

The  r e g i s t e r   R13,   w h i c h   s t o r e s   t h e   s t a r t   a d d r e s s   of   t h e  

c h a r a c t e r / i m a g e   b u f f e r   ( l o w ) ,   i s   e m b o d i e d   as  an  e d g e - t r i g g e r e d  

f l i p - f l o p   811  and  a  t r a n s c e i v e r   8 1 3 .   The  d a t a   to   be  w r i t t e n   i n t o  

t h e   r e g i s t e r   R13  is   s u p p l i e d   t h r o u g h   t h e   e d g e - t r i g g e r e d   f l i p - f l o p  

811  and  d a t a   t o   be  r e a d   f rom  t h e   r e g i s t e r   R13  is   t r a n s f e r r e d   t h r o u g h  

t h e   t r a n s c e i v e r   8 1 3 .  



The  c u r s o r   a d d r e s s   ( h i g h )  r e g i s t e r ,   w h i c h   i s   t h e   r e g i s t e r  

R14,   i s   s u p p l i e d   by  an  e d g e - t r i g g e r e d   f l i p - f l o p   8 1 5 .   A  t r a n s c e i v e r  

817  i s   e m p l o y e d   to  t r a n s f e r   t h e   v a l u e s   s t o r e d   in  t h e   r e g i s t e r   R14  

to  t he   CPU  2 0 1 .   S i m i l a r l y ,   t h e   r e g i s t e r   R15  s t o r i n g   t h e   c u r s o r  

a d d r e s s   ( low)   i s   e m b o d i e d   as  an  e d g e - t r i g g e r e d   f l i p - f l o p   819  a n d  

a  t r a n s c e i v e r   8 2 1 .  

The  r e g i s t e r   R9  s t o r i n g   t h e   maximum  s c a n   l i n e   a d d r e s s   i s  

e m b o d i e d   as  an  e d g e - t r i g g e r e d   f l i p - f l o p   9 0 1 .   The  r e g i s t e r   R 1 0  

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

t r i g g e r e d   f l i p - f l o p   9 0 3 .   An  AND  g a t e   905  c o u p l e d   t o   t h e   f l i p  

f l o p   903  t h r o u g h   an  i n v e r t e r   906  g e n e r a t e s   t h e   c u r s o r   i n h i b i t  

s i g n a l   CSRINH.  The  r e g i s t e r   R l l   c o n t r o l l i n g   t h e   c u r s o r   end  s c a n  

l i n e   i s   e m b o d i e d   as  an  e d g e - t r i g g e r e d   f l i p - f l o p   9 0 7 .   The  f l i p  

f l o p s   901 ,   9 0 3 ,   907  a l l   r e c e i v e   t he   CPU  d a t a ,   CPUDOO-07,   a s  

i n p u t s .  

The  o p e r a t i o n   mode  r e g i s t e r   R18,   t h e   s c a n   i n t e r v a l   s e l e c t  

r e g i s t e r   R19,   and  t h e   b l i n k   i n t e r v a l   s e l e c t   r e g i s t e r   R20  a r e  

e m b o d i e d   as  e d g e - t r i g g e r e d   f l i p - f l o p s   9 0 9 ,   9 1 1 ,   and   9 1 3 ,  

r e s p e c t i v e l y .  

The  u n d e r l i n e   p o s i t i o n   and  o v e r - s c a n   p r o t e c t i o n   r e g i s t e r  

R21,   t h e   f o n t   s e l e c t   r e g i s t e r   R22,   and  t h e   b a c k g r o u n d   c o l o r  



r e g i s t e r   R23  a r e   e m b o d i e d   by  t h e   e d g e - t r i g g e r e d   f l i p - f l o p s   9 1 5 ,  

9 1 7 ,   and  919 ,   r e s p e c t i v e l y .  

F i g u r e   10  i l l u s t r a t e s   t h e   i m a g e   b u f f e r   s t a r t   a d d r e s s   ( h i g h )  

r e g i s t e r   R24,  t h e   image   b u f f e r   s t a r t   a d d r e s s   ( low)   r e g i s t e r   R 2 5 ,  

t h e   d i s p l a y   memory  mask  r e g i s t e r   R26,   and  t h e   t e s t   mode  r e g i s t e r  

R27  as  b e i n g   e m b o d i e d   by  e d g e - t r i g g e r e d   f l i p - f l o p s   1 0 0 1 ,   1 0 0 3 ,  

1 0 0 5 ,   and  1 0 0 7 .   A  m u l t i p l e x e r   1009  r e c e i v e s   t h e   o u t p u t s   of   t h e  

f l i p - f l o p   1005  and  i s   c o u p l e d  t o   t h e   AND  g a t e s   1 0 1 1 ,   1 0 1 3 ,   a n d  

1015   to  g e n e r a t e   t h e   t h r e e   h i g h   o r d e r   a d d r e s s   mask  b i t s .   T h e  

t e s t - s t a t u s - 1   r e g i s t e r   R28,  t e s t - s t a t u s - 2   r e g i s t e r   R29,   d a t a   l o o p  

b a c k   ( h i g h )   r e g i s t e r   R30,   and  t h e   d a t a   l o o p   b a c k   ( low)   r e g i s t e r  

R31  a t e   e m b o d i e d   as  t r a n s c e i v e r s   1 0 1 7 ,   1 0 1 9 ,   1 0 2 1 ,   and  1 0 2 3 ,  

r e s p e c t i v e l y ,   to   s e l e c t i v e l y   o u t p u t   t h e   d a t a   C P U D I O - 7 .  

f i g u r e s   11  and  12  i l l u s t r a t e   c i r c u i t r y   f o r   g e n e r a t i n g   t i m i n g  

and  c o n t r o l   s i g n a l s   u s e d   w i t h i n   t h e   L C D - c o n t r o l - 2   2 1 7 ,   i n c l u d i n g  

t i m i n g   s i g n a l s   f o r   a c c e s s i n g   t h e   memory  213 .   A l s o   shown  in  F i g u r e  

11  i s  a   p r i o r i t y   e n c o d e r   1101  i n c l u d i n g   a  D  f l i p - f l o p   1103  w h i c h  

o u t p u t s   t h e   s i g n a l s   LCDSEL,  CPUSEL,  and  SCNSEL  to  c o n t r o l   a c c e s s  

t o   t h e   LCD  209 ,   CPU  201 ,   and  memory  2 1 3 ,   r e s p e c t i v e l y .   The   f u n c t i o n  

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

s u c h   d e s c r i p t i o n   i s   n o t   n e c e s s a r y   f o r   an  u n d e r s t a n d i n g   o f   t h e  

p r e s e n t   i n v e n t i o n .  



F i g u r e   13  i l l u s t r a t e s   c i r c u i t r y   f o r   g e n e r a t i n g   a d d i t i o n a l  

t i m i n g   and  c o n t r o l   s i g n a l s .   A  s c a n   c o n t r o l   s e q u e n c e r   1301  g e n e r a t e s  

t i m i n g   and  c o n t r o l   s i g n a l s   f o r   r e a d i n g   t h e   ASCII   c o d e   RAM  2 2 1 ,  

a c c e s s i n g   t he   f o n t   p a t t e r n   RAM 225 ,   and  w r i t i n g   s c r e e n   i m a g e   d a t a  

i n t o   t he   s c r e e n   i m a g e   RAM  2 2 3 .  

F i g u r e   14  i l l u s t r a t e s   an  e m b o d i m e n t   of   t h e   c o u n t e r s   a n d  

c o m p a r a t o r s   ( shown   in  F i g u r e   5)  c o n n e c t e d   to   t h e   h o r i z o n t a l  

d i s p l a y e d   r e g i s t e r   R l ,   t h e   v e r t i c a l   d i s p l a y e d   r e g i s t e r   R6,  a n d  

t h e   maximum  s c a n   l i n e   a d d r e s s   r e g i s t e r   R9.  As  e m b o d i e d   h e r e i n ,   a  

h o r i z o n t a l   c h a r a c t e r   c o u n t e r   1401   i n c l u d e s   a  c o m p a r a t o r   1 4 0 3  

h a v i n g   one  s e t   of  i n p u t s   HDISPO-7   c o r r e s p o n d i n g   to   t h e   c o n t e n t s  

of   t h e   r e g i s t e r   R1  and  a  s e c o n d   s e t   of   i n p u t s   g e n e r a t e d   b y  

c o u n t e r s   1 4 0 5 ,   1 4 0 7 .   The  c o u n t e r s   1 4 0 5 ,   1407  a r e   i n c r e m e n t e d  

e a c h   t i m e   an  ASCII   c o d e   c h a r a c t e r   i s   c o n v e r t e d   to   a  s c r e e n   i m a g e  

c h a r a c t e r   by  t he   L C D - c o n t r o l - 2   2 1 7 .   The  c o u n t   s t o r e d   in  t h e  

c o u n t e r s   1 4 0 5 ,   1407  is   e q u a l   to   t h e   p r e s e n t   v a l u e   s t o r e d   i n  

r e g i s t e r   Rl .   An  end  of   l i n e   s i g n a l ,   LINEND,  i s   g e n e r a t e d   by  a  D 

f l i p - f l o p   1 4 0 9 .  

A  v e r t i c a l   l i n e   c o u n t e r   1411   i n c l u d e s   a  c o m p a r a t o r   1 4 1 3  

h a v i n g   one  s e t   of  i n p u t s ,   V D I S P O - 7 ,  s u p p l i e d   by  t h e   v e r t i c a l  

d i s p l a y e d   r e g i s t e r   R6  and  a  s e c o n d   s e t   of   i n p u t s   s u p p l i e d   by  t h e  

c o u n t e r s   1 4 1 5 ,  1 4 1 7 .   The  c o u n t e r s   1 4 1 5 ,   1417  a r e   i n c r e m e n t e d   b y  

t h e   LINEND  s i g n a l   and  s t o r e   an  i n d i c a t i o n   of   t h e   l i n e   n u m b e r  



b e i n g   s t o r e d   w i t h i n   t h e   s c r e e n   image   RAM  223 .   When  t he   l i n e  

number   s t o r e d   in  t h e   c o u n t e r s   1 4 1 5 ,   1417  is   e q u a l   to  t he   p r e s e t  

v a l u e   in  t h e   v e r t i c a l   d i s p l a y e d   r e g i s t e r   R6,  a  D  f l i p - f l o p   1 4 1 9  

g e n e r a t e s   a  f r a m e   end  s i g n a l ,   UFRAMEND. 

A  c h a r a c t e r   row  a d d r e s s   c o u n t e r   1421  c o m p r i s e s   a  c o m p a r a t o r  

1423  h a v i n g   one  s e t   of   i n p u t s   r e c e i v i n g   t h e   c o n t e n t s   of   t h e  

maximum  s c a n   l i n e   a d d r e s s   r e g i s t e r   R 9 ' a n d   a  s e c o n d   s e t   of  i n p u t s  

r e c e i v i n g   t he   v a l u e   s t o r e d   in  a  c o u n t e r   1 4 2 5 .   The  o u t p u t   of   t h e  

c o u n t e r   1423  is   t h e   maximum  row  c o n t r o l   s i g n a l ,   MAXROW. 

F i g u r e   15  i l l u s t r a t e s   an  e m b o d i m e n t   of   t h e   f o n t   d a t a   l a t c h  

517 ,   519 ,   t he   ASCII   c o d e   l a t c h   5 1 1 ,   and  t he   a t t r i b u t e   l a t c h   5 1 3 .  

The  v a l u e s   of  t h e   a t t r i b u t e s   a s s o c i a t e d   w i t h   an  ASCII   c o d e   w o r d  

a r e   o u t p u t t e d   by  t h e   a t t r i b u t e   l a t c h   and  i n c l u d e   t h e   c o n t r o l  

s i g n a l s   fo r   t he   b l i n k   b i t   ( B L B I T ) ,   b a c k g r o u n d   r ed   ( B G R E D ) ,  

b a c k g r o u n d   g r e e n   (BGGRN),  b a c k g r o u n d   b l u e   (BGBLU),  i n t e n s i t y   b i t  

( I B I T ) ,   f o r e g r o u n d   r e d   (FGRED),   f o r e g r o u n d   g r e e n   (FGGREN),  a n d  

f o r e g r o u n d   b l u e   ( F G B L U ) .  

The  s i g n a l s   BGRED,  BGGRN,  and  BGBLU  a r e   e m p l o y e d   as  t h e  

s e l e c t o r   s i g n a l s   o f   a  c o l o r   e m u l a t o r  m u l t i p l e x e r   1 5 0 1 .   T h e  

i n p u t s   to  t h e   m u l t i p l e x e r   1501  c o m p r i s e   t h e   o u t p u t s   of   t h e   e d g e  

t r i g g e r e d   f l i p - f l o p   919  w h i c h   i s   an  e m b o d i m e n t   of   t h e   b a c k g r o u n d  

c o l o r   t a b l e   r e g i s t e r   R23.   S i n c e   t h e   LCD  209  i s   n o t   c a p a b l e   o f  



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

m u l t i p l e x e r   1501  i s   p r o v i d e d   to   s e l e c t   e i t h e r   a  l i g h t   or  d a r k  

b a c k g r o u n d   on  t h e   d i s p l a y   209  d e p e n d i n g   upon   t h e   v a l u e s   o f   BGRED, 

BGGRN,  and  BGBLU. 

F i g u r e   15  f u r t h e r   i l l u s t r a t e s   an  e m b o d i m e n t   of   a  c u r s o r  

t i m i n g   c i r c u i t   1503  w h i c h   i n c l u d e s   c o m p a r a t o r s   1505  and  1 5 0 7  

w h i c h   c o m p a r e   t h e   o u t p u t ,   ROWO-3,  of   t h e   c o u n t e r   1425  t o   t h e  

c o u n t e r s   of  t h e   c u r s o r   s t a r t   s c a n   l i n e   r e g i s t e r   R10  and  t h e  

c u r s o r   end  s c a n   l i n e   r e g i s t e r   R l l ,   r e s p e c t i v e l y .   The  i n p u t s   o f  

an  AND  g a t e   1509  a r e   c o n n e c t e d   to   t h e   o u t p u t s   of   t h e   c o m p a r a t o r s  

1 5 0 5 ,   1 5 0 7 .   The  o u t p u t ,   CSRPOS,  of   t h e   AND  g a t e   1509  c o n t r o l s  

d i s p l a y   of  t he   c u r s o r   on  t h e   LCD  2 0 9 .  

A  b l a c k   and  w h i t e   mode  a t t r i b u t e   d e c o d e r   1511   g e n e r a t e s   t h e  

c o n t r o l   s i g n a l s   n o - d i s p l a y   w h i t e ,   UNDWHT,  w h i c h   c a u s e s   a l l   p i x e l s  

in  a  c h a r a c t e r   c e l l   to  be  d i s p l a y e d   as  w h i t e   and  n o - d i s p l a y   b l a c k ,  

NDBLK,  w h i c h   c a u s e s   a l l   p i x e l s   of   a  c h a r a c t e r   c e l l   to   be  d i s p l a y e d '  

as  b l a c k .   The  d e c o d e r   1511  f u r t h e r   g e n e r a t e s   t h e   r e v e r s e   v i d e o  

c o n t r o l   s i g n a l ,   RVVID,  w h i c h   c a u s e s   a l l   p i x e l s   in  an  a s s o c i a t e d  

c h a r a c t e r   c e l l   to   d i s p l a y   r e v e r s e   v a l u e s .  

An  u n d e r l i n e   t i m i n g   g e n e r a t o r   1513  i n c l u d e s   a  c o u n t e r   1 5 1 5  

w h i c h   a t   one  s e t   of  i n p u t s   r e c e i v e s   t h e   o u t p u t s   o f   t h e   c o u n t e r  

1425  and  a t   a n o t h e r   s e t   of   i n p u t s   r e c e i v e s   t h e   v a l u e   s t o r e d   i n  



t h e   u n d e r l i n e   p o s i t i o n   r e g i s t e r   R21.   An  AND  g a t e   1517  c o u p l e d   t o  

t h e   o u t p u t s   of   t h e   c o u n t e r   1513  and  t h e   d e c o d e r   1511  g e n e r a t e s  

t h e   u n d e r l i n e   c o n t r o l   s i g n a l ,   LNUNDER. 

F i g u r e   16  i s   an  e m b o d i m e n t   of   t h e   a t t r i b u t e   c i r c u i t   521  o f  

F i g u r e   5.  A  p a i r   of   t r a n s c e i v e r s   p r o c e s s i n g   1 6 0 1 ,   1603  r e c e i v e  

t h e   two  d a t a   w o r d s   (16  b i t s )   in  p a r a l l e l   f rom  t h e   f o n t   d a t a  

l a t c h e s   517 ,   519  and  c o n v e r t s   them  i n t o   two  s e r i a l   d a t a   w o r d s   o f  

e i g h t   b i t s   e a c h .   The  e i g h t   b i t s   of   e a c h   d a t a   word  a r e   t h e n  

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

a t t r i b u t e   b i t s   to   g e n e r a t e   an  e i g h t   b i t   f o n t   d a t a ,   w o r d ,   FWRDO-7.  

B e c a u s e   each   b i t   i s   i d e n t i c a l l y   p r o c e s s e d ,   o n l y   t h e   p r o c e s s i n g   o f  

b i t   0  w i l l   be  d i s c u s s e d   in  d e t a i l .  

B i t   z e r o   i s   s u p p l i e d   as  one   i n p u t   of  a  two  i n p u t   OR  g a t e  

1 6 0 5 .   The  o t h e r   i n p u t   to  t h e   OR  g a t e   1605  is   t h e   o u t p u t   of   an  OR 

g a t e   1607  h a v i n g   as  i n p u t s   t h e   s i g n a l s   LNUNDER  and  NDBLK.  I f  

e i t h e r   LNUNDER  or  NDBLK  is   s e t   e q u a l   to   1  (TRUE)  t h e n   t h e   o u t p u t  

of   t h e   OR  g a t e   1605  w i l l   be  1  i n d i c a t i n g   t h a t   t h e   p i x e l   in  t h e  

d i s p l a y   209  c o r r e s p o n d i n g   t o   b i t   0  s h o u l d   be  d i s p l a y e d   as  b l a c k .  

The  o u t p u t   of   t h e   OR  g a t e   1 6 0 5 \ i s   s u p p l i e d   to   one   i n p u t   o f  

an  AND  g a t e   1 6 0 9 .   The  AND  g a t e   1609  i m p l e m e n t s   s e v e r a l   f u n c t i o n s  

w h i c h   a r e   b a s e d   upon   t h e   c o n t r o l l e d   b l i n k i n g   of   p i x e l s   of   t h e   LCD 

209  a t   s e l e c t e d   p o s i t i o n s .   One  f u n c t i o n   i s   h a l f - t o n i n g   w h i c h  



e n t a i l s   b l i n k i n g   o f   p i x e l s   a t  a   v e r y   h i g h   r a t e   so  t h a t   t h e   v i s u a l  

a p p e a r a n c e   i s   of   a  c o n t i n u o u s   t o n e   b e t w e e n   w h i t e   and  b l a c k .   T h i s  

f u n c t i o n   i s   e m b o d i e d   by  a  NAND  g a t e   1611  w h i c h   r e c e i v e s   t h e   d i m  

e n a b l e   s i g n a l ,   DIMEN,  and  a  d im  b l i n k   c l o c k   s i g n a l ,   DIMBLK,  o f  

h i g h   f r e q u e n c y .   The  AND  g a t e   1611  f u n c t i o n s   as  a  s w i t c h   t o   t u r n  

on  and  o f f   t h e   p i x e l   c o r r e s p o n d i n g   to  b i t   z e r o   a t   a  h i g h   r a t e .  

T h i s   s w i t c h i n g   i s   d o n e   t h r o u g h   t h e   s e c o n d   i n p u t   o f   t h e   AND  g a t e  

1 6 0 9 .  

A  p i x e l   c a n   a l s o   be  b l i n k e d   a t   r a t e   d i s c e r n i b l e   v i s u a l l y .  

T h i s   is   a c c o m p l i s h e d   by  an  AND  g a t e   1613  and  a  NAND  g a t e   1 6 1 5 .  

B l i n k i n g   of  t h e   p i x e l   is   c o n t r o l l e d   by  t h e   b l i n k   b i t ,   B L B I T ,  

w h i c h   i s   one  i n p u t   to   t h e   NAND  g a t e   1 6 1 5 .   The  o t h e r   i n p u t   of  t h e  

NAND  g a t e   1615  i s   t h e   o u t p u t   of  t h e   AND  g a t e   1 6 1 3 .   The  AND  g a t e  

1613  o u t p u t s   t h e   b l i n k   f r e q u e n c y   s i g n a l   in  a c c o r d a n c e   w i t h   t h e  

b l i n k   c l o c k   s i g n a l   CHARBLK. 

The  o u t p u t   of   t h e   AND  g a t e   1609  is   s u p p l i e d   to   one   i n p u t   o f  

an  OR  g a t e   1 6 1 7 .   The  o t h e r   i n p u t   to   t h e   OR  g a t e   1617  i s   t h e  

o u t p u t   of  a  c u r s o r   b l i n k   AND  g a t e   1 6 1 9 .   I f   t h e   c u r s o r   p o s i t i o n  

i n c l u d e s   t he   p i x e l   a s s o c i a t e d   w i t h   b i t   0,  t h e   p i x e l   w i l l   b e  

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

CSRBLK.  The  f r e q u e n c y   of   t he   c u r s o r   b l i n k   c l o c k   s i g n a l ,   C S R B L K ,  

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



f r e q u e n c y   of  t h e   c h a r a c t e r   b l i n k   c l o c k   s i g n a l ,   CHARBLK,  to   e n a b l e  

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

The  o u t p u t   of   t h e   OR  g a t e   1617  is   s u p p l i e d   to   one  i n p u t   of   a  

NOR  g a t e   1 6 2 1 .   The  o t h e r   i n p u t   to   t h e   NOR  g a t e   1621  is   t h e   o u t p u t  

o f   an  OR  g a t e   w h i c h   r e c e i v e s   t h e   c o l o r   e m u l a t o r   s i g n a l s   BGDARK 

and  RVVID.  The  OR  g a t e   1613  e n a b l e s   t h e   v a l u e   of   b i t   0  to   b e  

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

b a c k g r o u n d   c o l o r ,   i . e . ,   b l a c k   or  w h i t e .  

F i g u r e   11  i l l u s t r a t e s   t h e   c i r c u i t r y   f o r   i m p l e m e n t i n g   t h e  

h i g h   r e s o l u t i o n   mode  of  t h e   LCD  209  and  a l s o   t h e   e m b o d i m e n t s   o f  

t h e   l a t c h e s   5 2 5 - 5 3 1 .   In  low  r e s o l u t i o n   mode  e a c h   c h a r a c t e r  

i n c l u d e s   t w i c e   as  many  c h a r a c t e r   c e l l s   as  in  low  r e s o l u t i o n   m o d e .  

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

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

t h e   p i x e l s   in  a  p a i r   b e i n g   i d e n t i c a l .  

The  o u t p u t   of   t he   a t t r i b u t e   p r o c e s s i n g   c i r c u i t r y   521 ,   i . e . ,  

t h e   f o n t   d a t a   s i g n a l s   FWRDO-7  a r e   s u p p l i e d   to   t h e   d a t a   l a t c h e s  

5 2 7 ,   525  ( F i g u r e   17)  and  o u t p u t t e d  a s   t h e   s i g n a l s   MEMBB-15  a n d  

MEMBO-7,  r e s p e c t i v e l y ,   in  h i g h   r e s o l u t i o n   mode .   In   n o r m a l   ( l o w )  

r e s o l u t i o n   mode ,   b i t s   FWRD4-7  of   t h e   f o n t   d a t a   word   a r e   s u p p l i e d  

to   t h e   l a t c h   529  and  b i t s   FWRDO-3  of   t h e   f o n t   d a t a   word  a r e  

s u p p l i e d   to   t h e   l a t c h   5 3 1 .   The  d a t a   b i t   FWRD7  i s   s u p p l i e d   t o  



i n p u t s   6 - a n d   7  of   t he   l a t c h   529  so  t h a t   b i t s   MEMB14  and  MEMB15 

w i l l   h ave   e q u a l   v a l u e s .   S i m i l a r l y ,   i n p u t s   4  and  5  of   t h e   l a t c h  

529  a r e   s e t   to   t h e   v a l u e   of   FWRD6  so  t h a t   b i t s   MEMB12  and  MGMB13 

w i l l   have   e q u a l   v a l u e s .   E a c h   of   t h e   b i t s   FWRD  0-5   is   s i m i l a r l y  

d u p l i c a t e d   in  t h e   o u t p u t   b i t s   MEMBO-11  of   t h e   l a t c h e s   5 2 9 ,   5 3 1 .  

S e l e c t i o n   of  t he   h i g h   r e s o l u t i o n   or  t h e   low  r e s o l u t i o n   mode  i s  

a c c o m p l i s h e d   by  t h e   a t t r i b u t e   b i t   HIRES.   G r a p h i c   mode  f o n t   d a t a  

i n p u t s ,   FDO-15 ,   a r e   t r a n s m i t t e d   to   t h e   memory   b u s   MEMB  0 - 1 5   t h r o u g h  

t h e   l a t c h e s   1 7 0 1 ,   1 7 0 3 .  

F i g u r e   18  i l l u s t r a t e s   t h e   c i r c u i t r y   f o r   g e n e r a t i n g   a d d r e s s e s  

in  t he   ASCII   c o d e   RAM  221  to   e n a b l e   a c c e s s   of   ASCII   c o d e   w o r d s  

s t o r e d   t h e r e i n   so  t h a t   c o n v e r s i o n   to   d i s p l a y   i m a g e   d a t a   may  b e  

a c c o m p l i s h e d   by  r e f e r e n c e   to   t h e   f o n t   d a t a .   The  ASCII   c o d e   RAM 

s t a r t   a d d r e s s   i s   s u p p l i e d   by  t h e   r e g i s t e r s   R12,   R13  as  i n p u t s   t o  

c o d e   b u f f e r   a d d r e s s   c o u n t e r s   1 8 0 1 ,   1 8 0 3 ,   1 8 0 5 ,   and  1 8 0 7 .   T h e  

v a l u e   s t o r e d   in  t he   c o u n t e r s   1 8 0 1 ,   1 8 0 3 ,   1 8 0 5 ,   and  1807  i s  

i n c r e m e n t e d   to  o u t p u t   in  s e q u e n c e   t h e   a d d r e s s e s   of   ASCI I   c o d e  

w o r d s   s t o r e d   in  t h e   ASCII   c o d e   RAM  2 2 1 .  

The  c o m p a r a t o r s   1 8 0 9 ,   1811   c o m p a r e   t h e   o u t p u t   o f   t h e   A S C I I  

c o d e   b u f f e r   a d d r e s s   to   t h e   p r e s e n t   c u r s o r  a d d r e s s   and  s e t s   t h e  

s i g n a l s   CURSOR  and  UCURSOR  a c c o r d i n g l y .   A s  p r e v i o u s l y   d e s c r i b e d ,  

t h e   CURSOR  s i g n a l   i s   u s e d   t o   c o n t r o l   b l i n k i n g   o f   s e l e c t e d   p i x e l s  

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



F i g u r e   19  i l l u s t r a t e s   c i r c u i t r y   e m b o d y i n g   t h e   image   d a t a  

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

image   RAM  223  f o r   s t o r i n g   image   d a t a   p r o d u c e d   by  c o n v e r t i n g   A S C I I  

c o d e d   d a t a   t h r o u g h   a c c e s s e s   to  t h e   f o n t   d a t a   s t o r e d   in  t h e   f o n t  

d a t a   RAM  225.   The  n e x t   l i n e   a d d r e s s   l a t c h   553 ,   555  r e c e i v e s   t h e  

memory  a d d r e s s   MEMBO-15  f rom  t h e   memory  bus   and  t r a n s f e r s   t h e  

a d d r e s s   to  t he   l a t c h e s   549 ,   551  as  l o o p   back   d a t a   LBDO-15  f o r  

t e s t   p u r p o s e s .   The  o u t p u t s   of   t h e   l a t c h e s   a r e   a l s o   s u p p l i e d   t o  

i n c r e m e n t e r s   1 9 0 1 - 1 9 0 7   w h e r e   t h e   v a l u e   of   MEMBO-15  is   i n c r e m e n t e d  

by  +1.   The  i n c r e m e n t e d   a d d r e s s   i s   s u p p l i e d   to   t r a n s c e i v e r s   1 9 0 9 ,  

1 9 1 1 .  

A  s e c o n d   p a i r   of   t r a n s c e i v e r s   1 9 1 3 ,   1915  r e c e i v e s   t h e   i m a g e  

s t a r t   a d d r e s s   f rom  t h e  r e g i s t e r s   R24,   R25.   The  c o n t e n t s   of   t h e  

t r a n s c e i v e r s   1 9 0 9 ,   1911  or  of   t h e   t r a n s c e i v e r s   1 9 1 3 ,   1915  a r e  

s e l e c t i v e l y   s u p p l i e d   to   an  image   p l a n e   b a s e   a d d r e s s   c o u n t e r  

c o m p r i s i n g   t h e   c o u n t e r s   1 9 1 7  -   1 9 2 3 .   The  c o u n t e r s   1 9 1 7  -   1 9 2 3  

a r e   i n c r e m e n t e d   by  +1  e v e r y   t i m e   a l l   of   t h e   p i x e l s   w i t h i n   a  

c h a r a c t e r   c e l l   h a v e   b e e n   c o n v e r t e d   f r o m   ASCII   c o d e   d a t a   to   s c r e e n  

i m a g e   d a t a .   T h u s ,   t h e   c o u n t e r s   1 9 1 7  -   1923  s t o r e   a n  a d d r e s s  

c o r r e s p o n d i n g   to   t h e   t o p   row  of   p i x e l s   in  a  c h a r a c t e r   c e l l .   T h e  

c o u n t e r s   1 9 1 7  -   1923  a r e   s e t   to  t h e   v a l u e  s t o r e d   in  t h e  

t r a n s c e i v e r   1 9 1 3 ,   1915  w h e n e v e r   t h e   l a s t   c h a r a c t e r   in  t h e   l a s t  

row  of   t h e   ASCII   c o d e   RAM  221  h a s   b e e n   p r o c e s s e d .  



F i g u r e   20  i l l u s t r a t e s   t h e   c i r c u i t r y   f o r   g e n e r a t i n g   a d d r e s s e s  

w i t h i n   t he   s c r e e n   i m a g e   RAM  223  w h i c h   c o r r e s p o n d   t o   t h e   b e g i n n i n g  

o f   a  l i n e   of   c h a r a c t e r s   to   be  d i s p l a y e d   on  t h e   LCD  2 0 9 .  

T r a n s c e i v e r s   2 0 0 1 ,   2003  s t o r e   v a l u e s   w h i c h   c o r r e s p o n d   to   t h e  

n u m b e r   of   c h a r a c t e r s   in  a  d i s p l a y   l i n e   of   t h e   LCD  209  in  h i g h   a n d  

low  r e s o l u t i o n   m o d e s .   T h i s   v a l u e   i s   p r e s e t   by  t h e   r e g i s t e r   R l .  

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

H D I S P O - 7 ,   w h i c h   i s   s t o r e d   in  t h e   t r a n s c e i v e r   2 0 0 1 ,   i s   t r a n s f e r r e d  

to   t h e   row  o f f s e t   l a t c h   2 0 0 5 .   I f   low  r e s o l u t i o n   mode  i s   i n d i c a t e d  

by  t he   s i g n a l   UHIRES,   t h e n   H D I S P I - H D I S P 7 ,   i . e . ,   a  v a l u e   e q u a l   t o  

one  h a l f   of  t h e   v a l u e   of  H D I S P O - 7 ,   w h i c h   i s   s t o r e d   in   t h e  

t r a n s c e i v e r   2 0 0 3 ,   i s   s u p p l i e d   to   t h e   row  o f f s e t   l a t c h   2 0 0 5 .  

The  row  o f f s e t   l a t c h   c o m p r i s e s   a d d e r s   2 0 0 7  -   2011   and  l a t c h e s  

2 0 1 3  -   2017  w h i c h   g e n e r a t e   t h e   image   o f f s e t   s i g n a l s   I M O F F O - 1 1  

c o r r e s p o n d i n g   to   N  t i m e s   the   v a l u e   i n i t i a l l y   r e c e i v e d   as   i n p u t s  

by  t h e   a d d e r s   2 0 0 7 ,   2 0 0 9 .   The  v a l u e   N  i s   e q u a l   to   t h e   l i n e   n u m b e r  

c u r r e n t l y   b e i n g   s t o r e d   in  t h e   s c r e e n   i m a g e   RAM  2 2 3 .   T h u s ,   I M O F F O -  

11  i s   a  v a l u e   w h i c h   a l w a y s   c o r r e s p o n d s   to   t h e   b e g i n n i n g   o f   a  l i n e  

to   be  d i s p l a y e d   on  t h e   LCD  2 0 9 .  

The  e f f e c t i v e   a d d r e s s ,   i . e . ,   t h e   p h y s i c a l   a d d r e s s   I M P A O - 1 5 ,  

w i t h i n   t he   s c r e e n   i m a g e   RAM  223  f o r   s t o r i n g   t h e   s c r e e n   i m a g e   d a t a  

c u r r e n t l y   b e i n g   p r o c e s s e d   i s   g e n e r a t e d   by  a d d e r s   2 0 1 9  -   2 0 2 5 .  



The  a d d e r s   2019  - 2 0 2 5   add  t h e   l i n e   a d d r e s s   r e p r e s e n t e d   by  t h e  

s i g n a l s   IMOFFO-11  to  t he   c h a r a c t e r   a d d r e s s   I M A O - 1 5 .  

F i g u r e   21  i l l u s t r a t e s   c i r c u i t r y   2101  e m b o d y i n g   a  s c a n  

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

UCBRENB,  w h i c h   c o n t r o l s   w h e t h e r   an  a d d r e s s   in  t h e   ASCII   c o d e   RAM 

221  or  in  t he   s c r e e n   image   RAM  223  i s   b e i n g   p r o c e s s e d .   A  f o n t  

s e l e c t o r   c i r c u i t   2103  is   p r o v i d e d   to  g e n e r a t e   b i t s   MEMB10  a n d  

MEMB11  of  a  memory  a d d r e s s   MEMBO-15  o u t p u t t e d   by  a  p a i r   o f  

t r a n s c e i v e r s   2 1 0 5 ,   2 1 0 7 .   In  t h i s   m a n n e r ,   one   of   two  s e t s   of  f o n t  

d a t a   s t o r e d   in  t he   f o n t   d a t a   RAM  225  c an   be  s e l e c t i v e l y  

a d d r e s s e d .  

F i g u r e   22  i l l u s t r a t e s   a  s c a n   i n t e r v a l   s e l e c t o r   c i r c u i t   2 2 0 1  

w h i c h   i n c l u d e s   a  c o m p a r a t o r   2203  h a v i n g   a  f i r s t   s e t   of   i n p u t s  

r e c e i v i n g   t h e   s i g n a l s   SCNIVO-7  s t o r e d   in  t h e   s c a n   i n t e r v a l  

r e g i s t e r   R19  and  a  s e c o n d   s e t   of   i n p u t s   r e c e i v i n g   t h e   o u t p u t s   o f  

a  p a i r   of   c o u n t e r s   2 2 0 5 ,   2 2 0 7 .   The  s i g n a l   UCHIST  i s   g e n e r a t e d  

f rom  t h e   o u t p u t   of   t h e   c o m p a r a t o r   203  to  i n i t i a t e   a  s c a n   of   t h e  

memory  213  and  t h e   c o n v e r s i o n   of   ASCII   c o d e   d a t a   to  s c r e e n   i m a g e  

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

t h e   r e g i s t e r   R19.  An  a d v a n t a g e   c a n   be  o b t a i n e d   in  r e d u c t i o n   o f  

p o w e r   c o n s u m p t i o n   by  i n i t i a t i n g   a  r e f r e s h   o f   t h e   memory  a t   t h e  

l o n g e s t   a c c e p t a b l e   i n t e r v a l s .  



A  c l o c k   d i v i d e r   c i r c u i t   2209  g e n e r a t e s   t h e   c l o c k   s i g n a l s  

RATEO-7  h a v i n g   d i f f e r e n t   f r e q u e n c i e s .   T h i s   e n a b l e s   a  b l i n k  

i n t e r v a l   s e l e c t o r   c i r c u i t   2211   t o   g e n e r a t e   t h e   p r e v i o u s l y - d i s c u s s e d  

b l i n k   c o n t r o l   s i g n a l s   CHARBLK,  CSRBLK,  and  DIMBLK  w i t h   d i f f e r e n t  

f r e q u e n c i e s .  

F i g u r e   23  and  24  i l l u s t r a t e   an  e m b o d i m e n t   of   t h e   memory   2 1 3  

and  c i r c u i t r y   f o r   memory   and  i n p u t - o u t p u t   d e c o d i n g .   The  m a n n e r  

of   o p e r a t i o n   of  t h e   memory  213  and  t h e   v a r i o u s   c i r c u i t r y   shown  i n  

F i g u r e s   23  and  24  w i l l   be  a p p a r e n t   to   one   of   o r d i n a r y   s k i l l   i n  

t h e   a r t   f rom  t h e   d e s c r i p t i o n   of   t h e   L C D - c o n t r o l - 2   217  s e t   f o r t h  

h e r e i n   a n d ,   t h e r e f o r e ,   a d d i t i o n a l   d e s c r i p t i o n   of   F i g u r e s   23  a n d  

24  i s   no t   n e c e s s a r y .  

W h i l e   t h e   s a l i e n t   f e a t u r e s   of   t h e   i n v e n t i o n   h a v e   b e e n  

d e s c r i b e d   w i t h   r e f e r e n c e   to   t h e   d r a w i n g s ,   i t   s h o u l d   be  u n d e r s t o o d  

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

s u b s t i t u t i o n   w i t h o u t   d e p a r t i n g   f rom  t h e   s c o p e   of   t h e  

f o l l o w i n g   c l a i m s .  



1.  A  method  of  o p e r a t i n g   a  l i q u i d   c r y s t a l   d i s p l a y   to  provide   a t  

l e a s t   one  i n t e r m e d i a t e   tone,   c h a r a c t e r i s e d   in  tha t   the  d i s p l a y   i s  

b l inked   at  a  r a t e   too  high  to  be  v i s u a l l y   p e r c e p t i b l e .  

2.  A  c o n t r o l   system  for  a  l i q u i d   c r y s t a l   d i s p l a y   device   ( 2 0 9 )  

capable   of  p r e s e n t i n g   f i r s t  a n d   second  v i s u a l   t ones ,   c o m p r i s i n g  

means  (517,  519)  for  r e c e i v i n g   data  to  be  d i s p l a y e d ,   the  data  h a v i n g  

f i r s t   and  second  va lues   for  caus ing   the  d i s p l a y   device   to  d i s p l a y  

the  f i r s t   and  second  tones  r e s p e c t i v e l y ,   and  means  (525,  527,  223,  

219)  for  supp ly ing   s i g n a l s   to  the  d i s p l a y   device   in  accordance   w i t h  

the  da ta ,   c h a r a c t e r i s e d   by  switch  means  (1609)  between  the  r e c e i v i n g  

means  (517,  519)  and  the  s i g n a l   supp ly ing  means   (525,  527,  223,  219)  

for  s e l e c t i n g   between  the  said  data  and  the  said  second  va lue ,   and 

means  (1611,  DIMBLK)  for  o p e r a t i n g   the  switch  means  (1609)  at  a  r a t e  

s u f f i c i e n t   to  cause  data  with  the  f i r s t   value  to  be  d i s p l a y e d   w i t h  

the  appea rance   of  a  cons t an t   tone  i n t e r m e d i a t e   the  f i r s t   and  s econd  

t o n e s .  

3.  A  c o n t r o l   system  acco rd ing   to  claim  2,  wherein  the  d i s p l a y  

device   (209)  has  an  a r ray   of  d i s p l a y   p i x e l s   which  are  i n d i v i d u a l l y  

turned  on  and  off  to  d i s p l a y   the  f i r s t   and  second  tones  r e s p e c t i v e l y  

in  response   to  the  f i r s t   and  second  data  values   r e s p e c t i v e l y ,  

c h a r a c t e r i s e d   in  that   the  swi tch   means  comprise  an  AND  gate  (1609)  

having  a  f i r s t   input   connected  to  the  r e c e i v i n g   means  (517,  519 ,  

1601,  1603),  and  an  output   connected  to  the  supply ing   means  ( 5 2 5 ,  

527,  223,  219),   and  in  that   the  o p e r a t i n g   means  comprise  a  s o u r c e  

(2209,  2211)  of  clock  pulses   (DIMBLK)  at  the  said  r a t e ,   and  a  g a t i n g  

c i r c u i t   (1611)  for  s e l e c t i v e l y   app ly ing   these  pu l ses   to  a  s econd  

input   of  the  AND  gate  ( 1 6 0 9 ) .  

4.  A  c o n t r o l   system  accord ing   to  claim  3,  c h a r a c t e r i s e d   in  t h a t  

the  ga t ing   c i r c u i t   (1609)  is  a  second  AND  gate  having  inpu t s   t o  

which  are  app l i ed   the  clock  pu l ses   (DIMBLK)  and  a  c o n t r o l   s i g n a l  

(DIMEN)  for  enab l ing   and  d i s a b l i n g   the  i n t e r m e d i a t e   tone  d i s p l a y .  



5.  A  c o n t r o l   system  accord ing   to  claim  2,  3  or  4,  c h a r a c t e r i s e d   by  

means  (511,  513)  for  r e c e i v i n g   c h a r a c t e r   codes  accompanied  by 
a t t r i b u t e   codes,   means  (225)  for  g e n e r a t i n g   the  said  data  from  t h e  

c h a r a c t e r   codes,   and  means  (523)  r e s p o n s i v e   to  the  a t t i b u t e   codes  t o  
de t e rmine   on  a  c h a r a c t e r   by  c h a r a c t e r   b a s i s   whether  a  c h a r a c t e r s   i s  

to  be  d i s p l a y e d   with  the  f i r s t   and  second  tones  or  with  the  f i r s t  

and  i n t e r m e d i a t e   tones ,   and  to  provide   a  c o n t r o l   s i g n a l   (DIMEN) 

a c c o r d i n g l y ,   which  c o n t r o l   s igna l   de t e rmines   whether  the  o p e r a t i n g  

means  (1611,  DIMBLK)  f u n c t i o n   or  n o t .  

6.  A  system  for  g e n e r a t i n g   data  to  be  d i s p l a y e d   by  a  d i s p l a y  

dev ice   (209)  with  an  a r ray   of  rows  and  columns  of  d i s p l a y   p i x e l s ,  

c h a r a c t e r i s e d   by  the  combina t ion   of  a  code  memory  (221)  for  s t o r i n g  

data  words  i d e n t i f y i n g   c h a r a c t e r s   to  be  d i s p l a y e d   by  the  d i s p l a y  

device   (209) ,   a  font   t r a n s l a t i o n   memory  (225) ,   a d d r e s s a b l e   w i t h  

a d d r e s s e s   formed  from  said  data  words,  for  o u t p u t t i n g   p ixe l   d a t a  

c o r r e s p o n d i n g   to  the  data  words,  a  d i s p l a y   image  memory  (223)  f o r  

s t o r i n g   the  p ixe l   da ta ,   means  (219)  r e s p o n s i v e   to  the  s to red   p i x e l  

data  for  d r i v i n g   the  a r ray   of  d i s p l a y   p i x e l s   to  d i s p l a y   t h e  

c h a r a c t e r s ,   and  a  c o n t r o l   c i r c u i t   (217)  for  a c c e s s i n g   the  data  words  

s to r ed   in  the  code  memory  (221) ,   for  forming  the  said  a d d r e s s e s   and 

a c c e s s i n g   the  c o r r e s p o n d i n g   p ixe l   data  in  said  font  t r a n s l a t i o n  

memory  (225) ,   and  for  s t o r i n g   the  output   p ixe l   data  in  the  d i s p l a y  

image  memory  ( 2 2 3 ) .  

7.  A  system  acco rd ing   to  claim  6,  c h a r a c t e r i s e d   in  tha t   each  o f  

the  data  words  s t o r ed   in  the  code  memory  (221)  has  an  a s s o c i a t e d  

a t t r i b u t e   word  s t o r ed   t h e r e w i t h ,   by  a  p l u r a l i t y   of  r e g i s t e r s   (R1-  

R31)  for  c o n t r o l l i n g   the  c o n t r o l   c i r c u i t   in  accordance   with  t h e  

va lues   of  the  a t t r i b u t e   words  a s s o c i a t e d   with  the  data  w o r d s .  

8.  A  system  acco rd ing   to  claim  7,  c h a r a c t e r i s e d   by  a  r e g i s t e r  

i n i t i a t i o n   c i r c u i t   (503)  for  s e l e c t i v e l y   supp ly ing   c o n t r o l   data  t o  

the  c o n t r o l   r e g i s t e r s   (R1-R31) .  

9.  A  system  accord ing   to  claim  7  or  8,  c h a r a c t e r i s e d   by  an  a d d r e s s  

g e n e r a t i o n   c i r c u i t   (1801,  1803,  1805,  1807)  for  g e n e r a t i n g   a d d r e s s e s  



in  the  code  memory  (221)  of  the  s to red   data  words  and  a s s o c i a t e d  

a t t r i b u t e   words,  the  c o n t r o l   c i r c u i t   (217)  i n c l u d i n g   a  code  memory 
read  l a t c h   (511,  513)  for  r e c e i v i n g   the  data  words  and  a s s o c i a t e d  

a t t r i b u t e   words  s to red   in  the  code  memory  (221)  at  the  a d d r e s s e s  

gene ra t ed   by  the  address   g e n e r a t o r .  

10.  A  system  acco rd ing   to  claim  9,  c h a r a c t e r i s e d   in  tha t   t h e  

c o n t r o l   r e g i s t e r s   (R1-R31)  inc lude   a  font  s e l e c t e d   r e g i s t e r   (R22) 

for  supp ly ing   s e l e c t e d   b i t s   of  an  address   in  the  f o n t  

t r a n s l a t i o n   memory  (225)  and  in  tha t   the  c o n t r o l   c i r c u i t   ( 2 1 7 )  

i n c l u d e s   a  font   address   c i r c u i t   (515)  for  g e n e r a t i n g   the  a d d r e s s e s  

in  the  font  t r a n s l a t i o n   memory  by  combining  the  s e l e c t e d   b i t s   from  t h e  

font   s e l e c t   r e g i s t e r   with  the  da t a  words   r ece ived   by  the  code  memory 
read  l a t c h   (511).   - 

11.  A  system  accord ing   to  claim  9  or  10,  c h a r a c t e r i s e d   by  a  f o n t  

data  l a t c h   (517,  519)  for  r e c e i v i n g   the  p ixe l   data  output   by  t h e  

font   t r a n s l a t i o n   memory  (225) ,   and  an  a t t r i b u t e   p r o c e s s i n g   p a t h  

(521)  for  s e l e c t i v e l y   a l t e r i n g   the  values   of  the  p ixe l   data  i n  

accordance   with  the  a t t r i b u t e   words  a s s o c i a t e d   with  the  data  words  

c o r r e s p o n d i n g   to  the  p ixe l   d a t a .  

12.  A  system  accord ing   to  claim  11,  c h a r a c t e r i s e d   in  that   t h e  

a t t r i b u t e   p r o c e s s i n g   path  (521)  i n c l u d e s   a  f i r s t   p ixe l   da ta   o u t p u t  

l a t c h   (525,  527)  for  o u t p u t t i n g   c h a r a c t e r s   to  be  d i s p l a y e d   with  a 

f i r s t   width  c o r r e s p o n d i n g   to  a  f i r s t   number  of  p i x e l s ,   and  a  s econd  

p ixe l   data  output   l a t ch   (529,  531)  for  o u t p u t t i n g   c h a r a c t e r s   to  be 

d i s p l a y e d   with  a  second  width  c o r r e s p o n d i n g   to  a  second  number  o f  

p i x e l s   g r e a t e r   than  the  f i r s t   number  of  p i x e l s .  

13.  A  system  acco rd ing   to  any  of  claims  6  to  12,  c h a r a c t e r i s e d   i n  

tha t   the  font   t r a n s l a t i o n   memory  (225)  i n c l u d e s   a  p l u r a l i t y   o f  

s e c t i o n s   for  o u t p u t t i n g   d i f f e r e n t   p ixe l   data  c o r r e s p o n d i n g   to  t h e  

data  words,  for  d i s p l a y i n g   c h a r a c t e r s   having  d i f f e r e n t   v i s u a l  

a p p e a r a n c e s .  

14.  A  system  accord ing   to  any  of  claims  6  to  13,  c h a r a c t e r i s e d   i n  



that   code  memory  (221),   the  font  t r a n s l a t i o n   memory  (225)  and  t h e  

d i s p l a y   image  memory  (223)  comprise  s e p a r a t e   segments  of  a  random 

access   memory  ( 2 1 3 ) .  

15.  A  system  accord ing   to  claim  9,  c h a r a c t e r i s e d   by  an  image  d a t a  

path  for  t r a n s f e r r i n g   the  data  words  r e c e i v e d   by  the  code  memory 

read  l a t c h   (511)  d i r e c t l y   to  the  d i s p l a y   image  memory  ( 2 2 3 ) .  

16.  A  system  for  c o n t r o l l i n g   a  monochrome  d i s p l a y   to  emulate  a 

co lour   d i s p l a y ,   compr is ing   means  (517,  519,  513)  for  r e c e i v i n g  

d i s p l a y   s i g n a l s   i n c l u d i n g   a  data  p o r t i o n   for  d i s p l a y   and  a n  

a s s o c i a t e d   c o n t r o l   p o r t i o n   i n d i c a t i n g   fo reground   and  b a c k g r o u n d  

co lours   with  which  the  data  p o r t i o n   is  to  be  d i s p l a y e d   on  a  c o l o u r  

d i s p l a y ;   a  colour   emula t ion   c i r c u i t   (1501)  r e s p o n s i v e   to  the  c o n t r o l  

p o r t i o n   of  the  d i s p l a y   s i g n a l s   for  t r a n s l a t i n g   each  combina t ion   o f  

fo reg round   and  background  co lou r s   to  s e l e c t e d   monochromatic  d i s p l a y  

c o n t r o l   s i g n a l s   (BGDARK),  and  a  data  conve r s ion   c i r c u i t   (1621,  1623)  

for  s e t t i n g   the  value  of  the  data  p o r t i o n   of  the  d i s p l a y   s i g n a l s   i n  

accordance   with  the  c o r r e s p o n d i n g   c o n t r o l   s i g n a l s   from  the  c o l o u r  

emula t ion   c i r c u i t   ( 1 5 0 1 ) .  

17.  A  system  accord ing   to  claim  16,  in  combina t ion   with  a  

monochrome  l i q u i d   c r y s t a l   d i s p l a y   (209)  having  an  a r r ay   of  d i s p l a y  

p i x e l s   capable   of  f i r s t   and  second  v i s u a l   s t a t e s ,   and  wherein   t h e  

data  p o r t i o n   of  the  d i s p l a y   s i g n a l s   has  f i r s t   and  second  va lues   t o  

cause  d i s p l a y   p i x e l s   to  be  in  the  f i r s t   and  second  v i s u a l   s t a t e s  

r e s p e c t i v e l y .  

18.  A  system  accord ing   to  claim  17,  c h a r a c t e r i s e d   in  tha t   t h e  

colour   emula t ion   c i r c u i t   comprises   a  background  co lour   d e c o d e r  

(1501)  for  o u t p u t t i n g   a  second  s t a t e   c o n t r o l   s i g n a l   (BGDARK) 

r e s p o n s i v e   to  a  s e l e c t e d   combina t ion   of  the  background  c o l o u r s  

i n d i c a t e d   by  the  c o n t r o l   p o r t i o n   of  the  d i s p l a y   s i g n a l s ;   and  a  

fo reground   colour   decoder   (1511)  for  o u t p u t t i n g   a  r e v e r s e   v i d e o  

s i g n a l   (RVVID)  in  response   to  a  s e l e c t e d   combina t ion   of  t h e  

fo reground   and  background  co lours   i n d i c a t e d   by  the  c o n t r o l   p o r t i o n  

of  the  d i s p l a y   s i g n a l s .  



19.  A  system  accord ing   to  claim  18,  c h a r a c t e r i s e d   in  that   the  d a t a  

c o n v e r s i o n   c i r c u i t   comprises   a  NOR  gate  c i r c u i t   (1621)  having  a  

f i r s t   input   for  r e c e i v i n g   the  data  p o r t i o n   of  the  d i s p l a y   s i g n a l s ,   a 

second  i n p u t ,   and  an  ou tpu t ;   and  an  OR  gate  c i r c u i t   (1623)  having  a 

f i r s t   input   for  r e c e i v i n g   the  r eve r se   video  s i g n a l   (RVVID),  a  s e c o n d  

input   for  r e c e i v i n g   the  second  s t a t e   c o n t r o l   s i gna l   (BGDARK)  and  an  

output   connected  to  the  second  input   of  the  NOR  gate  c i r c u i t   ( 1 6 2 1 ) ,  

the  NOR  gate  c i r c u i t   o u t p u t t i n g   the  data  po r t i on   having  a  value  t o  

cause  d i s p l a y   p ixe l s   in  the  d i sp l ay   to  assume  the  second  v i s u a l   s t a t e  

in  response   to  the  occu r r ence   of  the  second  s t a t e   c o n t r o l   s i g n a l  

(BGDARK)  and  to  assume  an  i n v e r s e   value  with  r e s p e c t   to  the  v a l u e  

t h e r e o f   supp l i ed   to  the  f i r s t   input   t e rmina l   of  the  NOR  gate  c i r c u i t  

in  r esponse   to  the  o c c u r r e n c e   of  the  r eve r se   video  s i gna l   (RVVID). 

20.  A  system  accord ing   to  any  of  claims  16  to  19,  c h a r a c t e r i s e d   by 

means  (R23,  (919))  for  s e l e c t i n g   between  a  p l u r a l i t y   of  d i f f e r e n t  

t r a n s l a t i o n   modes  of  the  colour   emula t ion   c i r c u i t   ( 1 5 0 1 ) .  

21.  A  system  for  c o n t r o l l i n g   a  l i q u i d   c r y s t a l   d i s p l a y   device   (209)  

capable   of  d i s p l a y i n g   f i r s t   and  second  v i sua l   tones  to  emulate  t h e  

colour   d i s p l a y   of  a  cathode  ray  tube ,   compr is ing   means  for  r e c e i v i n g  

d i s p l a y   s i g n a l s   (517,  519,  513)  which  would  con t ro l   the  cathode  r a y  

tube  to  produce  a  colour   d i s p l a y ,   the  d i s p l a y   s i g n a l s   i n c l u d i n g   a  

data  p o r t i o n   for  d i s p l a y   and  an  a s s o c i a t e d   c o n t r o l   p o r t i o n  

i n d i c a t i n g   foreground  and  background  co lours   with  which  

the  a s s o c i a t e d   data  p o r t i o n   would  be  d i s p l a y e d   on  the  cathode  r a y  

tube;   a  colour   decoder  c i r c u i t   (1501,  1511)  for  g e n e r a t i n g   d i s p l a y  

c o n t r o l   s i g n a l s   r e s p o n s i v e   to  the  foreground  and  background  c o l o u r s  

i n d i c a t e d   in  the  c o n t r o l   p o r t i o n ;   and  a  d i s p l a y   data  t r a n s l a t i o n  

c i r c u i t   (1621,  1623)  for  s e l e c t i v e l y   changing  the  value  of  t h e  

d i s p l a y   p o r t i o n   in  accordance   with  the  d i s p l a y   c o n t r o l   s i g n a l s ,  

whereby  the  value  of  the  d i s p l a y   p o r t i o n   is  a r i t h m e t i c a l l y  

complemented,   is  set  to  a  value  that   c o n t r o l s   the  d i s p l a y   to  d i s p l a y  

the  second  v i s u a l   tone,  or  is  not  changed  whereby  the  l i q u i d   c r y s t a l  

d i s p l a y   assumes  s e l e c t e d   d i s p l a y   s t a t e s   in  response   to  t h e  

i n d i c a t i o n   of  co lours   to  be  d i s p l a y e d   on  the  cathode  ray  t u b e .  



22.  A  system  for  c o n t r o l l i n g   a  l i q u i d   c r y s t a l   d i s p l a y ,   c o m p r i s i n g   a  

d i s p l a y   memory  for  a d d r e s s a b l y   s t o r i n g   at  a s s o c i a t e d   a d d r e s s e s   d a t a  

to  be  d i s p l a y e d   by  the  d i sp l ay ;   means  for  supply ing   a d d r e s s e s   o f  

data  in  the  memory  and  for  a c c e s s i n g   the  data  in  accordance   w i t h  

said  add res ses ;   means  for  c o n v e r t i n g   said  add re s se s   i n t o  

c o r r e s p o n d i n g   d i s p l a y   p o s i t i o n   s i g n a l s   for  the  d i sp l ay ;   and  means  

for  t r a n s f e r r i n g   to  the  d i s p l a y   said  d i s p l a y   p o s i t i o n   s i g n a l s   and  

the  a s s o c i a t e d   d i s p l a y   data ,   whereby  the  d i sp l ay   data  is  d i s p l a y e d  

at  d i s p l a y   p o s i t i o n s   of  the  d i s p l a y   c o r r e s p o n d i n g   to  the  a s s o c i a t e d  

d i s p l a y   p o s i t i o n   s i g n a l s .  

23.  A  system  acco rd ing   to  claim  22,  c h a r a c t e r i s e d   in  tha t   t h e  

d i s p l a y   i nc ludes   a  numbered  sequence  of  d i s p l a y   p i x e l s   a r r anged   in  a 

ma t r ix   of  rows  and  columns  for   d i s p l a y i n g   t h e  d i s p l a y   data   and  

wherein  the  c o n v e r t i n g   means  compr i ses   an  o f f s e t   coun te r   f o r  

g e n e r a t i n g   p ixe l   o f f s e t   va lues   i n d i c a t i n g   the  d i s p l a y   p i x e l s   in  t h e  

sequence  of  d i s p l a y   p i x e l s   wherein   the  t r a n s f e r r e d   d i s p l a y   data  i s  

to  be  d i s p l a y e d .  

24.  A  system  acco rd ing   to  claim  23,  c h a r a c t e r i s e d   by  a  p ixe l   co lumn 

counte r ,   i n c r e m e n t e d   in  response   to  each  t r a n s f e r   of  d i s p l a y   d a t a ,  

for  g e n e r a t i n g   a  row  over f low  s igna l   when  the  count  s to red   t h e r e i n  

is  equal  to  the  maximum  number  of  p i x e l s   in  a  row  of  the  m a t r i x   and  

for  being  r e s e t   r e s p o n s i v e   to  the  g e n e r a t i o n   of  the  row  o v e r f l o w  

s igna l ;   and  a  p ixe l   row  coun te r ,   i n c r e m e n t e d   in  response   to  t h e  

g e n e r a t i o n   of  the  row  over f low  s i g n a l ,   for  g e n e r a t i n g   a  r e s e t   s i g n a l  

when  the  count  s to red   t h e r e i n   is  equal  to  the  maximum  number  of  rows  

of  p ixe l s   of  the  ma t r ix   and  for  being  r e s e t   r e s p o n s i v e   to  t h e  

g e n e r a t i o n   of  the  r e s e t   s i g n a l .  

25.  A  system  accord ing   to  claim  24,  c h a r a c t e r i s e d   in  tha t   t h e  

o f f s e t   counter   compr i ses   a  p ixe l   counter   i n c r e m e n t e d   in  r esponse   t o  

each  t r a n s f e r   of  d i s p l a y   data  to  the  d i sp l ay ;   an  o f f s e t   a d d e r  

i nc remen ted   by  a  value  equal  to  the  number  of  p i x e l s   in  a  row  of  t h e  

mat r ix   in  response   to  the  row  over f low  s igna l ;   and  a  r e g i s t e r   f o r  

t r a n s f e r r i n g   the  con ten t s   of  the  o f f s e t   adder  to  the  p i x e l   c o u n t e r  

in  response   to  the  row  over f low  s i g n a l ,   the  p ixel   coun te r   and  o f f s e t  



adder  being  r e s e t   to  zero  in  response   to  the  r e se t   s i g n a l .  

26.  A  system  for  c o n t r o l l i n g   a  l i q u i d   c r y s t a l   d i sp l ay   wh ich  

i nc ludes   a  p l u r a l i t y   of  d i s p l a y   segments  compr i s ing   a  d i s p l a y   memory 
for  s t o r i n g   data  to  be  d i sp layed   by  the  d i s p l a y ,   the  memory 

i n c l u d i n g   a  p l u r a l i t y   of  s to rage   l o c a t i o n s   for  s t o r i n g   the  d i s p l a y  

data  with  each  of  the  s to rage   l o c a t i o n s   having  an  a s s o c i a t e d  

address ;   means  for  supply ing   addres ses   of  the  s to rage   l o c a t i o n s   i n  

the  memory  and  for  a c c e s s i n g ,   in  response   to  each  supp l ied   a d d r e s s ,  

data  to  be  d i s p l a y e d   in  each  of  the  d i s p l a y   segments;   means  f o r  

c o n v e r t i n g   each  of  the  supp l i ed   add re s se s   into  a  c o r r e s p o n d i n g  

d i s p l a y   p o s i t i o n   s igna l   w i th in   each  of  the  segments  of  the  d i s p l a y ;  

and  means  for  t r a n s f e r r i n g   in  p a r a l l e l   the  accessed  data  to  be 

d i s p l a y e d   in  each  segment  of  the  d i s p l a y   and  the  d i s p l a y   p o s i t i o n  

s i gna l   whereby  data  is  s i m u l t a n e o u s l y   d i s p l a y e d   at  s e l e c t e d   d i s p l a y  

p o s i t i o n s   of  each  segment  of  the  d i s p l a y   r e s p o n s i v e   to  the  s u p p l y i n g  

of  a  s i ng l e   address   in  the  d i sp l ay   memory. 

27.  A  system  accord ing   to  c la im  26,  c h a r a c t e r i s e d   in  that   t h e  

d i s p l a y   i n c l u d e s   four  d i s p l a y   segments  and  the  t r a n s f e r r i n g   means 

compr ises   four  m u l t i p l e x e r s ,   each  of  the  m u l t i p l e x e r s   having  a n  

output   connected  to  a  d i f f e r e n t   one  of  the  d i sp lay   segments  and  an  

input   connected  to  the  d i s p l a y   memory  for  r e c e i v i n g   the  d i s p l a y   d a t a  

t h e r e f r o m .  

28.  A  system  accord ing   to  claim  27,  c h a r a c t e r i s e d   in  that   t h e  

s to rage   l o c a t i o n s   of  the  d i s p l a y   memory  are  d iv ided   into  four  memory 

segments ,   each  of  the  memory  segments  being  a s s o c i a t e d   with  a  

d i f f e r e n t   one  of  the  m u l t i p l e x e r s   and  d i s p l a y   s e g m e n t s .  

29.  A  system  accord ing   to  claim  28,  c h a r a c t e r i s e d   in  that   t h e  

d i s p l a y   i nc ludes   a  numbered  sequence  of  d i s p l a y   p ixe l s   a r ranged   in  a 

ma t r ix   of  rows  and  columns  and  in  that   each  of  the  segments  of  t h e  

d i s p l a y   i nc ludes   an  i n i t i a l   d i s p l a y   p ixe l   a s s o c i a t e d   with  a  s e g m e n t  

o f f s e t   i n d i c a t i n g   the  p o s i t i o n   of  the  i n i t i a l   d i sp l ay   p ixe l   w i t h i n  

the  numbered  sequence  of  d i s p l a y   p i x e l s   and  in  that   the  c o n v e r t i n g  

means  compr i ses   an  o f f s e t   counter   for  g e n e r a t i n g   in  a s s o c i a t i o n   w i t h  



each  t r a n s f e r   of  d i s p l a y   data  a  p ixe l   o f f s e t   value  i n d i c a t i n g   t h e  

d i s p l a y   p ixe l   in  the  sequence  of  d i s p l a y   p ixe l s   where in   t h e  

a s s o c i a t e d   t r a n s f e r r e d   d i s p l a y   data   is  to  be  d i s p l a y e d .  

30.  A  system  accord ing   to  claim  29,  c h a r a c t e r i s e d   by  a  p i x e l  

coun te r ,   i n c r e m e n t e d   in  r e sponse   to  each  t r a n s f e r   of  d i s p l a y   d a t a ,  

for  g e n e r a t i n g   a  row  ove r f low  s igna l   when  the  count  s to red   t h e r e i n  

is  equal  to  the  maximum  number  of  p ixe l s   in  a  row  of  the  m a t r i x   and  

for  being  r e s e t   r e s p o n s i v e   to  the  g e n e r a t i o n   of  the  row  o v e r f l o w  

s igna l ;   and  a  p ixe l   row  coun te r ,   i n c r e m e n t e d   in  r esponse   to  t h e  

g e n e r a t i o n   of  the  row  over f low  s i g n a l ,   for  g e n e r a t i n g   a  r e s e t   s i g n a l  

when  the  count  s to red   t h e r e i n   is  equal   to  the  maximum  number  of  rows  

of  p ixe l s   of  the  ma t r ix   and  for  being  r e s e t   r e s p o n s i v e   to  t h e  

g e n e r a t i o n   of  the  r e se t   s i g n a l .  

31.  A  system  accord ing   to  claim  30,  c h a r a c t e r i s e d   in  tha t   t h e  

o f f s e t   counter   compr i ses   a  p ixe l   counter   i n c r e m e n t e d   in  r esponse   t o  

each  t r a n s f e r   of  d i s p l a y   data   to  the  d i sp lay ;   an  o f f s e t   a d d e r  

i nc remen ted   by  a  value  equal  to  the  number  of  p i x e l s   in  a  row  of  t h e  

ma t r ix   in  response   to  the  row  over f low  s ignal ;   a  r e g i s t e r   f o r  

t r a n s f e r r i n g   the  con ten t s   of  the  o f f s e t   adder  to  said  p ixe l   c o u n t e r  

in  response   to  the  row  ove r f low  s i g n a l ,   the  p ixe l   coun te r   and  o f f s e t  

adder  being  r e s e t   to  zero  in  response   to  the  r e se t   s i g n a l ;   and  a  

segment  o f f s e t   adder  for  adding  the  con ten t s   of  the  p ixe l   c o u n t e r  

and  the  segment  o f f s e t   a s s o c i a t e d   with  a  s e l e c t e d   one  of  the  d i s p l a y  

segments  to  gene ra t e   the  p ixe l   p o s i t i o n   a s s o c i a t e d   wi th   d i s p l a y   d a t a  

being  t r a n s f e r r e d   to  the  s e l e c t e d   segment  of  the  d i s p l a y .  
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