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@  Image  display  memory  unit. 

An  image  display  memory  unit  having  a  plurality  of 
display  memories  (6,  7,  8)  connected  to  a  plurality  of  data 
lines  of  data  bus  (3)  one  for  each  display  memory  chip  and 
addressable  for  each  bit  of  the  data  bus  comprises  a  display 
memory  chip  selection  circuit  (13)  for  selecting  the  display 
memory  chip  for  each  data  bit  on  the  same  address,  and  a 
write  control  circuit  (16,  17,  18)  for  controlling  writing  for 
each  display  memory.  The  dot-by-dot  coloring  is  attained 
only  by  a  software  processing  of  controlling  write  informa- 
tion  for  each  display  memory  and  selecting  the  display 
memory  chip. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   an  i m a g e   d i s p l a y  

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

s o l u t i o n .  

As  an  a p p a r a t u s   f o r   r e a d i n g   o u t   d a t a   w r i t t e n  

in  a  d i s p l a y   memory   of   a  p e r s o n a l   c o m p u t e r ,   f o r   e x a m p l e ,  

and  g r a p h i c a l l y   d i s p l a y i n g   t h e   d a t a   on  a  d i s p l a y   s c r e e n  

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

c o l o r   d i s p l a y   i s   r e q u i r e d   and   i t   i s   n e c e s s a r y   to   c o l o r  

p i c t u r e   c e l l s   d o t   by  d o t .  

F i g .   1  s h o w s   a  d i s p l a y   s c r e e n   o f   s u c h   a  d o t -  

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

d i s p l a y e d   on  t h e   d i s p l a y   s c r e e n .   F i g .   2  d i a g r a m a t i c a l l y  

shows   c o n t e n t s   o f   d a t a   w r i t t e n   in   t h r e e   R.  G  and  B  d i s p l a y  

m e m o r i e s   f o r   t h r e e   p r i n c i p a l   c o l o r s   when  t h e   g r a p h i c  

p a t t e r n   shown  in  F i g .   1  i s   d i s p l a y e d   on  t h e   d i s p l a y   s c r e e n  

w i t h   d o t - b y - d o t   c o l o r i n g .   The  d o t - b y - d o t   c o l o r i n g   g r a p h i c  

d i s p l a y   i s   now  e x p l a i n e d   w i t h   r e f e r e n c e   to   F i g s .   1  and   2 .  

The  g r a p h i c   p a t t e r n   shown  in  F i g .   1  i l l u s t r a t e s  

s t r a i g h t   l i n e s   shown  by  s o l i d   l i n e s   A 1 -  A 4  a n d   c r o s s i n g  

s t r a i g h t   l i n e s   shown  by  b r o k e n   l i n e s   B 1  -   B4,  and  t h e  

r e s p e c t i v e   l i n e s   a r e   c o l o r e d   as  shown  in  F i g .   2 .  

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

i t   i s   n e c e s s a r y   to   w r i t e   d a t a   r e p r e s e n t i n g   t h e   a g g r e g a -  

t i o n   of   d o t s   shown  by  h a t c h e d   a r e a s   i n t o   t h e   R,  G  and   B 

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



In  o r d e r   to   w r i t e   p a t t e r n   i n f o r m a t i o n   of   t h e  

l i n e   A1  shown  in   F i g .   1  in   t h e   d i s p l a y   m e m o r i e s ,   o n l y  

i n t e n s i t y   i n f o r m a t i o n   f o r   r e d   n e e d   be  w r i t t e n   in   t h e   c o r -  

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

of   t h e   l i n e   A1  i s   r e d .   In   o r d e r   to   w r i t e   p a t t e r n   i n f o r m -  

a t i o n   of   t h e   l i n e   B1  shown  in   F i g .   1  in   t h e   d i s p l a y  

m e m o r i e s ,   i t   i s   n e c e s s a r y   to   w r i t e   b o t h   i n t e n s i t y   i n f o r m -  

a t i o n  f o r   r e d   and  i n t e n s i t y   i n f o r m a t i o n   f o r   g r e e n   i n t o  

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

d e s i g n a t i o n   of   t h e   l i n e   B1  i s   y e l l o w .   When  t h e   i n t e n s i t y  

i n f o r m a t i o n   o f   t h e   l i n e   B1  i s   w r i t t e n   i n t o   t h e   r e d   d i s p l a y  

m e m o r y ,   t h e   i n t e n s i t y   i n f o r m a t i o n   of   t h e   l i n e   A1  h a s  

a l r e a d y   b e e n   s t o r e d   t h e r e i n .   T h u s ,   i f   t h e   l i n e   A1  a n d  

t h e   l i n e   B1  a r e   to   be  d i s p l a y e d   in  s u p e r i m p o s i t i o n ,   i t   i s  

n e c e s s a r y   to   o v e r w r i t e   t h e   i n t e n s i t y   i n f o r m a t i o n   o f   t h e  

l i n e   B1  w i t h o u t   e r a s i n g   t h e   s t o r e d   i n t e n s i t y   i n f o r m a t i o n  

of   t h e   l i n e   A11 

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

a r e   a s s i g n e d   n  b y t e s   (n  x  8  b i t s )   in   h o r i z o n t a l   l i n e   o f  

t h e   d i s p l a y   s c r e e n   shown  in   F i g .   1  and   t h e   a d d r e s s e s   a r e  

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

a t   r i g h t   b o t t o m   (0,  1,  - - - -   n - 1 ,   n,  n+1 ,   - - - - )   as  s h o w n  

in  F i g .   2.  In   o r d e r   to   a t t a i n   t h e   d o t - b y - d o t   c o l o r i n g ,  

any  d i f f e r e n t   c o l o r i n g   of   8 - b i t   b r i g h t n e s s   i n f o r m a t i o n  

of  t h e   same  a d d r e s s   in   t h e   d i s p l a y   memory   i s   r e q u i r e d   a s  

shown  in   F i g .   2  ( f o r   e x a m p l e ,   a t   a d d r e s s   0  in   F i g .   2 ) .  

In  s u c h   a  c a s e ,   in  o r d e r   to   o v e r w r i t e   t h e   i n -  

t e n s i t y   i n f o r m a t i o n   of   t h e   l i n e   B1  on  t h e   i n t e n s i t y  



i n f o r m a t i o n   of   t h e   l i n e   A1  a t   t h e   same  8 - b i t   a d d r e s s ,   i t  

i s   n e c e s s a r y   to   l o g i c a l l y   OR  t h e   i n t e n s i t y   i n f o r m a t i o n  

of  t h e   l i n e   A1  a l r e a d y   s t o r e d   and  t h e   i n t e n s i t y   i n f o r m -  

a t i o n   of   t h e   l i n e   B1  to   be  n e w l y   w r i t t e n   and   w r i t e   t h e  

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

F i g .   3  shows   a  b l o c k   d i a g r a m   of   a  d i s p l a y  

memory   u n i t   h a v i n g   t h r e e   R,  G  and   B  d i s p l a y   m e m o r i e s   f o r  

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

d e n o t e s   a  CPU,  n u m e r a l   2  d e n o t e s   an  a d d r e s s   b u s ,   n u m e r a l  

3  d e n o t e s   a  d a t a   b u s ,   n u m e r a l   4  d e n o t e s   a  r e a d / w r i t e  

s e l e c t i o n   s i g n a l l i n e ,   n u m e r a l   5  d e n o t e s   an  a d d r e s s   d e -  

c o d e r ,   n u m e r a l s   6,  7  and   8  d e n o t e   d i s p l a y   m e m o r i e s   f o r  

t h r e e   p r i n c i p a l   c o l o r s   (R,  G  and  B ) ,   n u m e r a l   9  d e n o t e s  

a  b i l a t e r a l   b u f f e r ,   and  n u m e r a l s   10,   11  and   12  d e n o t e  

s e l e c t i o n   s i g n a l   l i n e s   by  w h i c h   t h e   CPU  1  a c c e s s e s   t h e  

d i s p l a y   m e m o r i e s   6,  7  and  8,  r e s p e c t i v e l y .   F i g .   4  s h o w s  

a  d e t a i l e d   c i r c u i t   d i a g r a m   of   t h e   d i s p l a y   memory   6  s h o w n  

in   F i g .   3.  The  d i s p l a y   m e m o r i e s   7  and   8  a r e   s i m i l a r   t o  

t h a t   shown  in   F i g .   4.  In  F i g .   4,  t h e   d i s p l a y   memory   6 

h a s   t h e   same  n u m b e r   o f   memory   p o s i t i o n s   as  t h e   n u m b e r  

of   b i t s   of   t h e   d a t a   b u s ,   t h a t   i s ,   e i g h t   in   t h e   i l l u s t r a t e d  

e x a m p l e ,   w h i c h   a r e   c o n n e c t e d   to   t h e   d a t a   bus   3  t h r o u g h  

t h e   b i l a t e r a l   b u f f e r   9.  The  w r i t i n g   o f   t h e   i n t e n s i t y  

i n f o r m a t i o n   i n t o   t h e   d i s p l a y   m e m o r i e s   in   F i g s .   3  and  4 

i s   now  e x p l a i n e d .  

When  t h e   CPU  1  d e t e r m i n e s   t h a t   g r a p h i c   f i g u r e s  

w r i t t e n   i n t o   t h e   d i s p l a y   memory   6  a r e   c o l o r i n g   d e s i g n a -  

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



a d d r e s s e s   t h e   d i s p l a y   memory   6  to   w r i t e   t h e   i n t e n s i t y  

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

memory  6  and   s e n d s   a  w r i t e   a d d r e s s   to   t h e   a d d r e s s   bus   2 .  

The  a d d r e s s   i s  d e c o d e d   by  t h e   a d d r e s s   d e c o d e r   5  so  t h a t  

o n l y  t h e   d i s p l a y   memory   6  i s   s e l e c t e d   and  e n a b l e d   f o r  

w r i t i n g   by  t h e   s e l e c t i o n   s i g n a l   10.   S i n c e   t h e   r e a d / w r i t e  

s e l e c t i o n   s i g n a l   l i n e   4  f r o m   t h e   CPU  1  c o n t r o l s   t h e   b i -  

l a t e r a l   b u f f e r   9  s u c h   t h a t   t h e   d a t a   i s   s u p p l i e d   f r o m   t h e  

CPU  1  t o   t h e   d i s p l a y   m e m o r y ,   t h e   d a t a   i s   w r i t t e n   i n t o  

o n l y   t h e   d i s p l a y   memory   6  a d d r e s s e d   by  t h e   CPU  1  a l t h o u g h  

t h e   w r i t e   d a t a   i s   s u p p l i e d   to   t h e   d i s p l a y   m e m o r i e s   6,  7 

and  8.  As  shown  in  F i g .   2,  t h e   e i g h t   b i t s   on  t h e   d a t a  

b u s  3  a r e   w r i t t e n   as  t h e y   a r e .   S i m i l a r l y ,   t h e   g r e e n   a n d  

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

a n d   b l u e   d i s p l a y   m e m o r i e s   7  and  8,  r e s p e c t i v e l y ,   w h e n  

t h e y   a r e   a d d r e s s e d .  

In  t h e   a p p a r a t u s   w h i c h   o v e r w r i t e s   t h e   new  i n -  

t e n s i t y   i n f o r m a t i o n   on  t h e   s t o r e d   i n t e n s i t y   i n f o r m a t i o n  

a t   t h e   same  a d d r e s s ,   s o f t w a r e   p r o c e s s i n g   as  shown  i n  

F i g .   5  i s   n e c e s s a r y .   T h i s   p r o c e s s i n g   i s   c a r r i e d   o u t   f o r  

e a c h ' a d d r e s s   of   t h e   d i s p l a y   m e m o r y .   In   t h e   p r i o r   a r t  

d o t - b y - d o t   c o l o r i n g   d i s p l a y   memory  u n i t   shown  in  F i g s .   3 

and  4,  one  d o t   of   e a c h   of   t h e   t h r e e   R,  G  and  B  d i s p l a y  

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

When  t h e   g r a p h i c   p a t t e r n   i s   to   be  o v e r w r i t t e n ,   t h e   O R e d  

d a t a   to   be  n e w l y   w r i t t e n   a r e   d i f f e r e n t   among  t h e   R,  G 

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

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



t h e   a d d r e s s   on  t h e   d i s p l a y   s c r e e n   a r e   d i f f e r e n t   d e p e n d i n g  

on  t h e   c o l o r   d e s i g n a t i o n .   As  a  r e s u l t ,   t h e   t h r e e   R,  G 

and  B  d i s p l a y   m e m o r i e s   a r e   a r r a n g e d   in   d i f f e r e n t   a d d r e s s  

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

f o r   w r i t i n g   i n t o   t h e   d i s p l a y   memory   as  shown  in  F i g .   5 

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

g r a p h i c   d a t a .   A c c o r d i n g l y ,   when  t h e   g r a p h i c   p a t t e r n   i s  

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

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

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

p r o v i d e   a  d i s p l a y   memory   u n i t   c a p a b l e   o f   d o t - b y - d o t  

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

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

In  o r d e r   to   a c h i e v e   t h e   a b o v e   o b j e c t ,   in   a c -  

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

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

to   d a t a   l i n e s   o f   a  d a t a   bus   one   f o r   e a c h   d i s p l a y   m e m o r y  

c h i p   and  a d d r e s s a b l e   f o r   e a c h   b i t   o f   t h e   d a t a   bus   i s  

p r o v i d e d ,   and  t h e   d i s p l a y   memory   u n i t   i n c l u d e s   d i s p l a y  

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

m e m o r y   c h i p   f o r   e a c h   d a t a   b i t   on  t h e   same  a d d r e s s ,   a n d  

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

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

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

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

t h e   d i s p l a y   memory   c h i p .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  a p p a r e n t   f r o m   t h e  

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



t h e  a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h :  

F i g .   1  shows   a  f r o n t   v i e w   of   a  d o t - b y - d o t  

c o l o r i n g   d i s p l a y   s c r e e n   in   an  i m a g e   d i s p l a y   d e v i c e ;  

F i g .   2  shows   a  v i r t u a l   a r r a n g e m e n t   i l l u s t r a t i n g  

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

d i s p l a y   s c r e e n   shown  in  F i g .   1 ;  

F i g .   3  shows   a  b l o c k   d i a g r a m   of   a  p r i o r   a r t  

d o t - b y - d o t   c o l o r i n g   d i s p l a y   memory   u n i t ;  

F i g .   4  s h o w s   a  c i r c u i t   d i a g r a m   of   a  p e r i p h e r a l  

c i r c u i t   of   t h e   d i s p l a y   memory   6  shown  in  F i g .   3 ;  

F i g .   5  shows   a  f l o w   c h a r t   of   a  w r i t e   s o f t w a r e  

i n   t h e   p r i o r   a r t   d i s p l a y   memory   u n i t ;  

F i g .   6  s h o w s   a  b l o c k   d i a g r a m   of   one   e m b o d i m e n t  

of   a  d i s p l a y   memory   u n i t   of   t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   7  s h o w s   a  c i r c u i t   d i a g r a m   of   t h e   d i s p l a y  

memory   6  shown  in   F i g .   6  and  a  p e r i p h e r a l   c i r c u i t   t h e r e o f ;  

F i g .   8  s h o w s   a  f l o w   c h a r t   o f   a  w r i t e   s o f t w a r e  

in  t h e   d i s p l a y   memory   u n i t   of   F i g .   6;  a n d  

F i g .   9  shows   a  b l o c k   d i a g r a m   of   a n o t h e r   e m b o d i -  

m e n t   of   t h e   p r e s e n t   i n v e n t i o n .  

The  p r e f e r r e d   e m b o d i m e n t s   of   t h e - p r e s e n t   i n -  

v e n t i o n   a r e   now  e x p l a i n e d   w i t h   r e f e r e n c e   t o   F i g s .   6  to   9 .  

F i g .  6   s h o w s   a  b l o c k   d i a g r a m   of   one   e m b o d i m e n t   o f   t h e  

d i s p l a y   memory   u n i t   of   t h e   p r e s e n t   i n v e n t i o n .   The  l i k e  

e l e m e n t s   to   t h o s e   of   t h e   p r i o r   a r t   u n i t   shown  in   F i g .   3 

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

t h e r e o f   i s   o m i t t e d .   In   F i g .   6,  n u m e r a l   13  d e n o t e s   a  d a t a  

g a t e   c i r c u i t   w h i c h   g a t e s   t h e   d a t a   on  t h e   d a t a   bus   3  b y  



t h e   d i s p l a y   memory   s e l e c t   s i g n a l   14  f r o m   t h e   o u t p u t   o f  

t h e   a d d r e s s   d e c o d e r   5.  N u m e r a l   15  d e n o t e s   a  d a t a   b i t  

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

t h e   d i s p l a y   m e m o r i e s   6,  7  and   8  by  t h e   o u t p u t   of   t h e   d a t a  

g a t e   c i r c u i t   13.  N u m e r a l s   16,  17  and   18  d e n o t e   c o l o r  

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

d i s p l a y   m e m o r i e s   6,  7  and   8,  r e s p e c t i v e l y .   The  o u t p u t  

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

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

In  t h e   d i s p l a y   memory   u n i t   shown  in  F i g .   6 ,  

t h e   d a t a   g a t e   c i r c u i t   13  s e l e c t s   t h e   d i s p l a y   memory   f o r  

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

6,  7  and  8.  I t   g a t e s   t h e   d a t a   on  t h e   d a t a   bus   3  by  t h e  

d i s p l a y   memory   s e l e c t i o n   s i g n a l   14  and   s u p p l i e s   t h e   o u t p u t  

s i g n a l   to   t h e   d i s p l a y   m e m o r i e s   6,  7  and   8  as  t h e   b i t  

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

c o l o r   r e g i s t e r s   16,   17  and   18  s t o r e   c o l o r   i n f o r m a t i o n  

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

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

m e m o r i e s   6,  7  and  8  or   n o t .  

F i g .   7  s h o w s   a  c i r c u i t   d i a g r a m   to   i l l u s t r a t e  

t h e   c o n n e c t i o n   o f   t h e   d i s p l a y   memory   6,  t h e   d a t a   g a t e  

c i r c u i t   13  and  t h e   c o l o r   r e g i s t e r   16  shown  in   F i g .   6 .  

The  p e r i p h e r a l   c i r c u i t s   of   t h e   d i s p l a y   m e m o r i e s   7  a n d  

8  a r e   a l s o   c o n n e c t e d   in   t h e   same  m a n n e r .   In  F i g .   7,  t h e  

d a t a   g a t e   c i r c u i t   13  c o m p r i s e s   e i g h t   AND  c i r c u i t s   and  i t  

s u p p l i e s   t h e   d a t a   on  t h e   d a t a   bus   3  t o   t h e   memory   c h i p s  

of   t h e   d i s p l a y   m e m o r i e s   6,  7  and  8  a s  t h e   s e l e c t i o n  



s i g n a l   15,   by  t h e   d i s p l a y   memory   s e l e c t i o n   s i g n a l   14  f r o m  

t h e   o u t p u t   o f  t h e   a d d r e s s   d e c o d e r   5.  The  c o l o r   r e g i s t e r  

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

s u p p l i e d   to   t h e   d i s p l a y   memory   6  as  t h e   d a t a   e n t r y  

s i g n a l   to   t h e   d i s p l a y   memory   6 .  

The  w r i t i n g   o f   t h e   d a t a   i n t o   t h e   d i s p l a y   m e m o -  

r i e s   in   t h e   d i s p l a y   memory   u n i t   shown  in  F i g s .   6  and   7 

i s   n o w  e x p l a i n e d .   The  CPU  1  d e s i g n a t e s   t h e   c o l o r s   of   t h e  

g r a p h i c   p a t t e r n   to   be  d i s p l a y e d   by  t h r e e   b i t s ,   one   f o r  

e a c h   of   R,  G  a n d   B,  and  t h e   c o l o r   i n f o r m a t i o n   i s   s o t r e d  

in   t h e   c o l o r   r e g i s t e r s   16,   17  and  1 8 .  

The  i n t e n s i t y   i n f o r m a t i o n   of   t h e   g r a p h i c   p a t t e r n  

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

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

d i s p l a y   s c r e e n .   The  a d d r e s s   of   t h e   d i s p l a y   memory   i s  

o n  t h e   a d d r e s s   bus   2  and  t h e   a d d r e s s   d e c o d e r   5  p r o d u c e s  

t h e   d i s p l a y   memory   s e l e c t i o n   s i g n a l   14  so  t h a t   t h e   d a t a  

g a t e   c i r c u i t   13  i s   o p e n e d .   On  t h e   o t h e r   h a n d ,   t h e  

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

memory   i s   on  t h e   d a t a   bus   3,  and  t h i s   d a t a   i s   s u p p l i e d  

to   t h e   d i s p l a y   m e m o r i e s   6,  7  and  8  t h r o u g h   t h e   d a t a  

g a t e   c i r c u i t   13  as  t h e   memory   c h i p   s e l e c t i o n   s i g n a l   1 5 .  

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

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

memory   to   w h i c h   t h e   "1"  i n t e n s i t y   i n f o r m a t i o n   d a t a   i s  

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

f o r   t h e   b i t   of  t h e   d i s p l a y   memory   t o   w h i c h   t h e   "0"  d a t a  

i s   s u p p l i e d .   A c c o r d i n g l y ,   as  e x p l a i n e d   a b o v e   in   c o n n e c t i o n  



w i t h   F i g .   2,  when  t h e   new  d a t a   i s   o v e r w r i t t e n   on  t h e  

r e c o r d e d   d a t a   a t   t h e   same  a d d r e s s   o f   t h e   d i s p l a y   m e m o r y ,  

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

r e c o r d e d   d a t a   and  t h e   new  d a t a   as  i s   d o n e   in   t h e   p r i o r  

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

w r i t t e n   n e e d   be  w r i t t e n   i n t o   t h e   d i s p l a y   m e m o r y .   T h e  

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

t h a t   i s ,   t h e   b i t s   to   w h i c h   "1"  i n f o r m a t i o n   a r e   s u p p l i e d ,  

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

b e e n   r e c o r d e d .  

F i g .   8  s h o w s   a  f l o w   c h a r t   o f   a  d a t a   w r i t e   s o f t -  

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

As  s h o w n ,   t h e   new  d a t a   c an   be  w r i t t e n   i n t o   t h e   t h r e e   R,  G 

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

o n l y   by  w r i t i n g   t h e   c o l o r   i n f o r m a t i o n   i n t o   t h e   c o l o r  

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

m e m o r i e s .  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   e m b o d i m e n t ,   t h e  

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

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

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

t h r e e   R,  G  and  B  d i s p l a y   m e m o r i e s .   I f   t h e   c o l o r   i n f o r m -  

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

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

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

t h e   c o l o r   r e g i s t e r s ,   b u t   i t   may  be  w r i t t e n   o n l y   when  t h e  

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

t i m e   c a n   be  f u r t h e r   r e d u c e d .   As  to   t h e   h a r d w a r e ,   s e v e r a l  



l o g i c   c i r c u i t s   f o r   t h e   c o l o r   r e g i s t e r s   and  t h e   d a t a   g a t e  

a r e   a d d i t i o n a l l y   r e q u i r e d   to   c o m p a r e   w i t h   t h e   p r i o r  

a r t   u n i t   b u t   t h e   b i l a t e r a l   b u f f e r   9  i s   n o t   n e c e s s a r y   b e -  

c a u s e   t h e   c o n t e n t s   of   t h e   d i s p l a y   m e m o r i e s   6,  7  and   8 

n e e d   n o t   be  r e a d   o u t   in   t h e   p r e s e n t   e m b o d i m e n t   as  o p p o s e d  

to   t h e   p r i o r   a r t   u n i t   shown  in   F i g s .   3  and  4.  A c c o r d i n g l y ,  

t h e   h a r d w a r e   s c a l e   i s   a b o u t   t h e   s a m e .  

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

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

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

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

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

i n t o   t h e   c o l o r   r e g i s t e r s   and   t h e   c o l l e c t i v e   w r i t i n g   o f  

t h e   i n t e n s i t y   i n f o r m a t i o n   i n t o   t h e   t h r e e   R,  G  and   B 

d i s p l a y   m e m o r i e s   i s   r e q u i r e d .   As  a  r e s u l t ,   t h e   s o f t w a r e  

p r o c e s s i n g   i s   r e d u c e d .   In  a d d i t i o n ,   t h e   s o f t w a r e   p r o c e s -  

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

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

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

b u t   t h e   p a t t e r n   i s   c o l o r e d   b y t e   by  b y t e   (8  b i t s )   by  a  

p a t t e r n   memory   f o r   s t o r i n g   p a t t e r n   i n f o r m a t i o n   and  a  

c o l o r   memory   f o r   s t o r i n g   c o l o r   i n f o r m a t i o n ,   c an   be  d i r e c t -  

ly   a p p l i e d   to   t h e   p r e s e n t   e m b o d i m e n t .   T h i s   i s   a  g r e a t  

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

F i g .   9  shows   a  c i r c u i t   d i a g r a m   of   a n o t h e r   e m -  

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

r e g i s t e r   16  shown  in   F i g .   7  i s   r e p l a c e d   by  an  8 - b i t   l a t c h  

19.  In  t h e   p r e s e n t   e m b o d i m e n t ,   t h e   c o l o r   c an   b e  



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

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

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

w i t h   d i f f e r e n t   c o l o r s   s u c h   as  r e d   and  b l u e   c an   be  s i m u l -  

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

In  t h e   a b o v e   e m b o d i m e n t s ,   t h r e e   d i s p l a y   m e m o -  

r i e s   f o r   R,  G  and  B  h a v e   b e e n   s h o w n .   I t   s h o u l d   b e  

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

u s e d   in   t h e   p r e s e n t   i n v e n t i o n   and  t h e   same  a d v a n t a g e   i s  

e q u a l l y   o b t a i n e d .  

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

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

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

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

c o l o r   p i c t u r e   c e l l   by  p i c t u r e   c e l l   i s   n o t   n e c e s s a r y   b u t  

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

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

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

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

c h i p   i n d i v i d u a l l y   i s   n e e d e d .   T h e r e f o r e ,   t h e   p r o c e s s i n g  

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

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

ly   i n c r e a s e .  



1.  A n  i m a g e   d i s p l a y   memory   u n i t   h a v i n g   a  CPU  ( 1 )  

a n d  a   p l u r a l i t y  o f   d i s p l a y  m e m o r i e s   (6,  7 ,  8 )   c o n n e c t e d  

t o  a   p l u r a l i t y   of   d a t a   l i n e s   (3)  of   s a i d   CPU  one  f o r  

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

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

d i s p l a y   memory   c h i p   s e l e c t i o n   m e a n s   (13)  f o r  

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

t o  t h e   d a t a   l i n e s   of   s a i d   CPU;  a n d  

d i s p l a y   memory   w r i t e   c o n t r o l   m e a n s   (16 ,   17,   1 8 )  

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

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

C l a i m   1  w h e r e i n   s a i d   d i s p l a y   memory   w r i t e   c o n t r o l   m e a n s  

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

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

C l a i m   1  w h e r e i n   s a i d   d i s p l a y   memory   w r i t e   m e a n s   c o n t r o l s  

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