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@  High  resolution  video  graphics  system. 

  A  high  resolution  video  graphics  system  for  use  with a 
processor  and  characterized  by  improved  memory  expand- 
ability  particularly  in  connection  with  color  display.  The 
high  resolution  video  graphics  system  incluldes  a  video 
memory  which  is  preferably  comprised  of  a  plurality  of  vi- 
deo  memory  planes  and  video  counter  means  for  providing 
display  timing.  There  are  basically  four  buses  that  are  used 
with  the  system  including  a  control  bus,  a  read  bus,  a  write 
bus,  and  an  address  bus.  A  multiplexer  means  is  provided 
for  receiving  either  video  counter  addresses  or  direct  ad- 
dresses  from  the  processor.  There  is  associated  with  the  vi- 
deo  memory  means  for  converting  to  serial  output  data 
which  the  preferred  embodiment  includes  a  series  of  shift 
registers  corresponding  to  the  number  of  separate  memory 
planes  employed.  In  the  preferred  embodiment  the  system 
has  three  memory  planes,  each  of  16K  by  16  capacity.  The 
shift  register  output  is  coupled  to  a  high  speed  static  palette 
RAM  with  the  shift  register  outputs  being  the  addresses 
thereto.  The  data  outputs  of  the  palette  RAM  couple  to  guns 
on  a  color  monitor  or  to  the  back  plane  in  connection  with 
black  and  white  graphics. 



I n t r o d u c t i o n   to   t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   in  g e n e r a l   to   a  h i g h  
r e s o l u t i o n   v i d e o   g r a p h i c s   s y s t e m .   More  p a r t i c u l a r l y ,   t h e  

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

a d a p t e d   f o r   d i s p l a y   of   e i t h e r   a  b l a c k   and  w h i t e   or  c o l o r   a n d  

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

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

p r o v i d e   a  new  and  u n i q u e   bus  a r c h i t e c t u r e   r e f e r r e d   to   h e r e i n   a s  

a  s p l i t   bus   s y s t e m .   The  s p l i t   bus   s y s t e m   in  p a r t i c u l a r  

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

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

memory  p l a n e s   e m p l o y e d .  

A n o t h e r   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   i s   to   p r o v i d e   a  

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

e x p a n d a b l e   in   b o t h   t h e   number   of   memory  p l a n e s   e m p l o y e d   a n d  

memory  w i a t h .   The  g r e a t e r   t h e   number   of   memory  p l a n e s   e m p l o y e d  

t h e   g r e a t e r   t h e   number   of  c o l o r s   t h a t   can   be  d e r i v e d .   As  f a r  

as  w i d t h   i s   c o n c e r n e d   t h i s   may  be ,   f o r   e x a m p l e   in  w i d t h s   of   8 ,  

16  or  32  B I T S .  

A  f u r t h e r   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   i s   to   p r o v i d e   a  

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

p r o c e s s o r   to   fo rm  a  p a r t   of   an  o v e r a l l   c o m p u t e r   s y s t e m   and  i n  

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

t r a n s p a r e n t   as  f a r   as  t h e   p r o c e s s o r   i s   c o n c e r n e d .  

S t i l l   a n o t h e r   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   i s   to   p r o v i d e  

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

number   of   memory  a d d r e s s e s   d o e s   n o t   c h a n g e   w i t h   t h e   number   o f  

memory  p l a n e s   e m p l o y e d .   The  same  number   of   memory  a d d r e s s e s  



a r e   u s e d   r e g a r d l e s s   of   t h e   n u m b e r   o f   memory  p l a n e s   t h a t   a r e  

e m p l o y e d .  

S t i l l   a n o t h e r   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   i s   to   p r o v i d e  

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

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

n u m b e r   of  c o m p o n e n t   c i r c u i t s .  

To  a c c o m p l i s h   t h e   f o r e g o i n g   and  o t h e r   o b j e c t s   of  t h i s  

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

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

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

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

s y s t e m   e m p l o y s   a  u n i q u e   s p l i t   bus   a r c h i t e c t u r e .   The  s p l i t   b u s  

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

e m p l o y e d   and  a l s o   e n a b l e s   e x p a n d a b i l i t y   of   t h e   s y s t e m  

p a r t i c u l a r l y   w i t h   r e s p e c t   to  t h e   number   of   memory  p l a n e s   t h a t  

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

s c r e e n   u p d a t e s .   The  s p l i t   bus   a r c h i t e c t u r e   means   t h a t   t h e r e  

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

t h e r e   i s   a l s o   a  r e a d   b u s ,   a  c o n t r o l   bus   and  an  a d d r e s s   b u s .  

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

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

bus   c o u p l e s   s u c h   s i g n a l s   as   memory   r e a d   and  w r i t e   s i g n a l s ,  

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

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

t i m i n g .  

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

g r a p h i c s   memory  i s   p r o v i d e d   by  t h e   r e a d   and  w r i t e   b u s e s .   I t   i s  

n o t e d   t h a t   t h e   r e a d   bus  i s   i s o l a t e d   f rom  t h e   w r i t e   bus   so  t h a t  

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

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

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

bus   by  a  b u f f e r   m e a n s .   The  w r i t e   b u s  s p l i t   i n t o   s e p a r a t e   w r i t e  

b u s s e s   t h e n   c o u p l e s   to   t h e   memory  p l a n e s .   The  w r i t e   bus   g o e s  

d i r e c t l y   to   t h e   b l a c k   and  w h i t e   p l a n e   w h i c h   has   b e e n   i d e n t i f i e d  



as  p l a n e   0  and  i s   g a t e d   by  b i d i r e c t i o n a l   b u f f e r s   s p l i t t i n g   t h e  

bus   i n t o   s e c o n d   and  t h i r d   b u s e s   f o r   c o u p l i n g   to  t h e   r e s p e c t i v e  

b u s e s .   The  a d d r e s s   b u s ,   w h i c h   i s   c o u p l e d   f rom  t h e   p r o c e s s o r   i s  

u s e d   to  r e a d   and  w r i t e   g r a p h i c s   d a t a .   The  a d d r e s s e s   f o r   t h e  

d i s p l a y   d a t a   s i n c e   t h e y   a r e   s e q u e n t i a l ,   a r e   g e n e r a t e d   by  a  s c a n  

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

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

t h e   a d d r e s s e s   t h a t   a r e   c o u p l e d   to   t h e   m e m o r y .   I t   s e l e c t s  

b e t w e e n   e i t h e r   s c a n   c o u n t e r   a d d r e s s e s   or  p r o c e s s o r   g e n e r a t e d  

a d d r e s s e s .  

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

e a c h   of  16K  by  16  c a p a c i t y .   The  o u t p u t s   of   t h e   m e m o r i e s   a r e  

f e d   to   16  BIT  s h i f t   r e g i s t e r s   w h e r e   t h e   d a t a   i s   s e r i a l i z e d .  

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

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

p a l e t t e   RAM  as  t h e   a d d r e s s e s   to  t h e   p a l e t t e   RAM.  The  d a t a  

o u t p u t   f rom  t h e   RAM  g o e s   to   t h e   r e s p e c t i v e   guns   on  t h e   c o l o r  

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

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

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

N u m e r o u s   o t h e r   o b j e c t s ,   f e a t u r e s   and  a d v a n t a g e s   of   t h e  

i n v e n t i o n   s h o u l d   now  become  a p p a r e n t   upon  a  r e a d i n g   of   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   t a k e n   in  c o n j u 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 :  

FIG.   1  shows   c i r c u i t   d e t a i l   f o r   a  p o r t i o n   of   t h e   h i g h  

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

FIG.   2  shows   t h e   r e m a i n d e r   of   t h e   d e t a i l e d   c i r c u i t r y   of   t h e  

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

F IG.   3  i s   a  t i m i n g   d i a g r a m   a s s o c i a t e d   w i t h   t h e  c i r c u i t r y   o f  

F IGS.   1  and  2 ;  

F IG .   4  s h o w s   a d d i t i o n a l   c i r c u i t   d e t a i l s   i n c l u d i n g   t h e   v i d e o  

d i s p l a y   c h i p .  



D e t a i l e d   D e s c r i p t i o n  

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

t h e   p r e s e n t   i n v e n t i o n ,   r e f e r e n c e   i s   now  made  to  t h e   d r a w i n g s  

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

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

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

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

d e t a i l .   H o w e v e r ,   c o n n e c t i o n s   a r e   n o t e d   in  t h e   d r a w i n g s  

i l l u s t r a t i n g   w h e r e i n   c o n n e c t i o n s   a r e   made  to   o t h e r   p a r t s   of  t h e  

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

In  a  g e n e r a l   o v e r v i e w ,   t h e   s y s t e m   e m p l o y s   a  s p l i t   b u s  

a r c h i t e c t u r e   to   m i n i m i z e   t h e   t o t a l   number   of   c o m p o n e n t s  

e m p l o y e d   w h i l e   a t   t h e   same  t i m e   p r o v i d i n g   an  e x p a n d a b l e   u p g r a d e  

p a t h .   T h i s   t e c h n i q u e   p e r m i t s   f a s t   s c r e e n   u p d a t e s ,   on  t h e   o r d e r  

of   23  m i l l i o n   p i x e l s   p e r   s e c o n d .   The  s y s t e m   e m p l o y s   f o u r   b u s e s  

i n c l u d i n g   a  c o n t r o l   b u s ,   a  r e a d   b u s ,   a  w r i t e   b u s ,   and  a n  
a d d r e s s   b u s .   A l l   of   t h e s e   b u s e s   i n t e r c o u p l e   w i t h   t h e   c e n t r a l  

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

p r o c e s s o r   w h i c h   may  be  a  t y p e   186  p r o c e s s o r .   T h e s e   c o n t r o l   b u s  

s i g n a l s   may  i n c l u d e   s u c h   s i g n a l s   as  memory  r e a d   and  w r i t e  

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

T h e s e   s i g n a l s   a r e   b u f f e r e d   and  d e c o d e d   to   p r o v i d e   p r o p e r   m e m o r y  

t i m i n g   as   to   be  d e s c r i b e d   in  f u r t h e r   d e t a i l   h e r e i n a f t e r .  

The  r e a d   bus  RD-BUS  and  t h e   w r i t e   bus   WR-BUS  a r e   t h e   d a t a  

l i n e s   to   and  f rom  t h e   g r a p h i c s   m e m o r y .   The  r e a d   bus   RD-BUS  i s  

i s o l a t e d   f r o m   t h e   w r i t e   bus   WR-BUS  so  t h a t   t h e   p r o c e s s o r   m a y  

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

s i m u l t a n e o u s l y .   The  w r i t e   bus   WR-BUS  i s   s p l i t   o f f   f r om  t h e  

r e a d   bus   RD-BUS  by  a  t r i - s t a t e   b u f f e r .   The  w r i t e   bus   WR-BUS 

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

to  t h e   b l a c k   and  w h i t e   p l a n e   ( p l a n e   0 ) ,   and  i s   g a t e d   b y  

b i - d i r e c t i o n a l   b u f f e r s   i n t o   p l a n e s   1  a n d   2.  R e f e r e n c e   i s   m a d e  

h e r e i n a f t e r   to  t h e   a f o r e m e n t i o n e d   b u f f e r s   and  memory  p l a n e s .  

The  a d d r e s s   bus   BUSAOO-BUSA19  i s   c o u p l e d   f rom  t h e  



a f o r e m e n t i o n e d   186  p r o c e s s o r ,   and  i s   u s e d   to   r e a d   and  w r i t e  

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

a r e   s e q u e n t i a l ,   a r e   g e n e r a t e d   by  a  14  b i t   c o u n t e r .   A  v e r y   h i g h  

s p e e d   4 :1   m u l t i p l e x e r   s e l e c t s   b e t w e e n   t h e   a d d r e s s e s ,   w h e r e   t h e y  

go  to  t h e   m e m o r i e s .  

The  s y s t e m   has   t h r e e   memory  p l a n e s ,   e a c h   16K  by  16.  T h e  

o u t p u t s   of   t h e   m e m o r i e s   a r e   f e d   to  16  b i t   s h i f t   r e g i s t e r s ,  

w h e r e   t h e   d a t a   i s   s e r i a l i z e d .   A l l   t h e   s h i f t   r e g i s t e r s   o p e r a t e  
in  p a r a l l e l   f r om  common  c l o c k s .   Ths  s h i f t   r e g i s t e r   o u t p u t s   g o  

to  a  h i g h   s p e e d   s t a t i c   RAM  as  t h e   a d d r e s s   i n p u t s   to  t h e   RAM. 

The  d a t a   o u t p u t s   of   t h e   RAM  go  to  t h e   g u n s   on  a  c o l o r   m o n i t o r  

w h i c h   may  be  a  s t a n d a r d   CM-1  c o l o r   m o n i t o r ,   or  to  t h e   b a c k  

p l a n e   f o r   t h e   b l a c k - w h i t e   g r a p h i c s   on  a  VM-1  m o n i t o r .   F u r t h e r  

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

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

s h i f t   r e g i s t e r s   and  a s s o c i a t e d   RAM. 

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

in  t h e   d r a w i n g s ,   r e f e r e n c e   i s   now  made  to   a  d i s c u s s i o n   on  t h e  

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

o p e r a t i o n .   In  any  c o m p u t e r   g r a p h i c s   s y s t e m ,   t h e r e   a r e  

b a s i c a l l y   t h r e e   o b j e c t i v e s :  

1.  The  s t o r i n g   of   d a t a   f rom  t h e   h o s t   c o m p u t e r   i n t o   t h e  

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

3.  R e t r i e v i n g   s t o r e d   d a t a   in  t h e   g r a p h i c s   memory  f o r  

c o m m u n i c a t i o n   back   to   t h e   h o s t   c o m p u t e r .  

Of  t h e   a b o v e   o b j e c t i v e s ,   g e n e r a l l y   s p e a k i n g ,   t h e   s e c o n d  

o b j e c t i v e   has   t h e   h i g h e s t   p r i o r i t y .   A  u s e r   d o e s   n o t   wan t   t h e  

CRT  m o n i t o r   to  b l i n k   r a p i d l y ,   " h a s h "   or  go  b l a n k   f o r   any  l e n g t h  

of  t i m e .   T h u s ,   t h e   d i s p l a y   o b j e c t i v e   i s   r e l a t i v e l y   c r i t i c a l .  

As  s u c h ,   g r a p h i c   s y s t e m s   h a v e   b e e n   d e s i g n e d   so  t h a t   t h e   h o s t  

c o m p u t e r   can   a c c e s s   ( r e a d   or  w r i t e )   d a t a   to   t h e   g r a p h i c s   m e m o r y  

o n l y   d u r i n g   c e r t a i n   t i m e s ,   so  as  n o t   to  d i s t u r b   t h e   CRT 

m o n i t o r .   The  common  way  to   a c c o m p l i s h   t h i s   i s   to   d e l e g a t e  



a c c e s s e s   so  as  to  a l l o w   them  o n l y   d u r i n g   a  b l a n k   t i m e   of  t h e  

CRT  beam;   i . e .   when  t h e   CRT  beam  is   t u r n e d   o f f .   T h i s   o c c u r s  

d u r i n g   r e t r a c e   t i m e s ,   when  t h e   beam  g o e s   f rom  t h e   r i g h t   s i d e   o f  

t h e   s c r e e n   to   t h e   n e x t   l i n e   down  on  t h e   l e f t   s i d e   ( h o r i z o n t a l  

r e t r a c e ) ,   or  f rom  t h e   l o w e r   r i g h t   c o r n e r   of   t h e   s c r e e n   to   t h e  

u p p e r   l e f t   c o r n e r   of   t h e   s c r e e n   ( v e r t i c a l   r e t r a c e ) .  

A l t h o u g h   t h e   t e c h n i q u e   of   u s i n g   b l a n k   t i m e   i s   e a s y   t o  

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

t h i s   t e c h n i q u e ,   t h e   p r o c e s s o r   can   o n l y   a c c e s s   t h e   m o n i t o r ,  

a p p r o x i m a t e l y   6  ms  o u t   of  a  t o t a l   c y c l e   of  1 6 . 6   ms.  Of  c o u r s e ,  
t h e   f a s t e r   t h e   p r o c e s s o r / g r a p h i c s   memory  i s ,   t h e   more   d a t a   t h a t  

can   be  w r i t t e n   i n  t h e   6  ms  t i m e   i n t e r v a l .   A n o t h e r   way  t o  

a c c e s s   more   d a t a   i s   to  u se   a  w i d e   d a t a   p a t h ;   i . e .   c h a n g e   f r o m  

an  8  b i t   p r o c e s s o r  t o   a  16  b i t   p r o c e s s o r .   H o w e v e r ,   p e r h a p s   t h e  

b e s t   means   of   s p e e d i n g   up  g r a p h i c s   s p e e d   i s   to  u se   a n  

i n t e r l e a v i n g   t e c h n i q u e .   T h i s   i s   t h e   t e c h n i q u e   u s e d   i n  

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

i n v e n t i o n .  

In  c o n n e c t i o n   w i t h   t h e   o b j e c t i v e   of   p r o v i d i n g   a  p r o p e r  

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

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

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

r e g i s t e r s .   T h i s   may  be  r e f e r r e d   to   as  "memory  c o n t e n t i o n " ;  

when  two  d i f f e r e n t   c i r c u i t s   e s s e n t i a l l y   v i e   o v e r   who  h a s  

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

p r o c e s s o r   a c c e s s   c an   h a p p e n   v i r t u a l l y   a t   any  t i m e ,   w h i l e   s h i f t  

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

p r o c e s s o r   t r i e s   to  a c c e s s   memory  when  t h e   s h i f t   r e g i s t e r   i s  

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

( u s u a l l y   a l l   o n e s )   and  t h e   " h a s h "   e f f e c t   a p p e a r s ,   a t   l e a s t   f o r  

a  b r i e f   i n s t a n t   of   t i m e   on  t h e   s c r e e n .  

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

memory  c o n t e n t i o n   i s   e l i m i n a t e d   by  g u a r a n t e e i n g   a c c e s s   when  t h e  

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



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

d a t a   b e i n g   c h a n g e d   on  i t s   i n p u t s ,   one  can   a c c e s s   memory  w h i l e  

t h e   d a t a   i s   b e i n g   s h i f t e d   o u t .  

An  i n t e r l e a v e d   memory  i s   c o n t r o l l e d   by  an  i n t e r l e a v e   c l o c k  

w n i c h   d i v i d e s   t h e   a c c e s s e s   up  b e t w e e n   t h e   p r o c e s s o r   and   t h e  

s h i f t   r e g i s t e r .   In  t h e   p r e f e r r e d   e m b o d i m e n t   as  d e s c r i b e d   i n  

d e t a i l   h e r e i n a f t e r ,   t h e r e   i s   p r o v i d e d   a  50%  d u t y   c y c l e   c l o c k   o f  

714  ns  p e r i o d .   T h i s   c l o c k ,   i d e n t i f i e d   by  t h e   s i g n a l   D I S C Y C * .  

The  i n t e r l e a v e   c l o c k   d i v i d e s   t h e   a c c e s s e s   i n t o   two  e q u a l   t i m e  

s l o t s ,   e a c h   of   357  n s .   T h i s   m e a n s   t h a t   t h e   p r o c e s s o r   has   3 5 7  

ns  to  an  a c c e s s   d a t a   and  t h e   s h i f t   r e g i s t e r s   h a v e   357  ns  t o  

f e t c h   t h e   d a t a   to   be  d i s p l a y e d   n e x t .   T h i s   may  be  r e f e r r e d   t o  

as  a  1 :1   i n t e r l e a v e   s i n c e   t h e   t i m e   s l o t s   a r e   e q u a l .  

The  p r e v i o u s l y   r e f e r r e d   to   two  a c c e s s e s   a r e   c a r r i e d   o u t   a s  
f o l l o w s .   D u r i n g   a  p r o c e s s o r   a c c e s s ,   t h e   186  p r o c e s s o r   a d d r e s s  

is   u s e d   as  t h e   memory  a d d r e s s .   Da ta   i s   e i t h e r   w r i t t e n   i n t o  

memory  or  l a t c h e d   f r o m   memory .   D u r i n g   a  d i s p l a y   a c c e s s ,   t h e  

s c a n   c o u n t e r   a d d r e s s   i s   u s e d   to   l o o k   up  t h e   d a t a   in  a l l   t h r e e  

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

and  t h e n   c o n t r o l   g o e s   back   to  t h e   p r o c e s s o r .  
B e f o r e   c o n s i d e r i n g   t h e   d e t a i l s   of   t h e   d r a w i n g s ,   r e f e r e n c e  

i s   now  made  to   t i m i n g   a s p e c t s   of   t h e   s y s t e m .   In  o r d e r   t o  

p r o v i d e   f a s t   memory  a c c e s s ,   a  f a s t   p r o c e s s o r   i s   u s e d   w i t h   a  

wide   d a t a   p a t h .   In  t h e   d i s c l o s e d   e m b o d i m e n t ,   t h e   p r o c e s s o r   m a y  
be  a  t y p e   186  w h i c h   i s   c o n v e n t i o n a l   r e a d i l y   a v a i l a b l e   p r o c e s s o r  
c i r c u i t .   The  p r o c e s s o r   can  a c c e s s   16  b i t s   of  d a t a   in  500  n s .  

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

RAMS  of  s u f f i c i e n t   s i z e   to  h o l d   a l l   of   t h e   p i x e l s   f o r   a  f u l l  

s c r e e n .   The  g i v e n   s c r e e n   s i z e   i s   640  x  400  w h i c h   p r o v i d e s   a  

t o t a l   of   2 5 6 , 0 0 0   p i x e l s .   W i t h   t h e   use   of   a  16  b i t   p r o c e s s o r ,  
t h i s   t r a n s l a t e s   i n t o   1 6 , 0 0 0   16  b i t   w o r d s .   A  s t a n d a r d   16K  RAM 

a r r a y ,   16  b i t s   w ide   can   t h u s   be  u s e d   to   h o l d   a l l   t h e   d a t a .   I n  

t h e   d i s c l o s e d   e m b o d i m e n t ,   t h e   RAMS  t h a t   a r e   c h o s e n   a r e   16K  x  4 ,  

1 5 0  n s   d y n a m i c   m e m o r i e s .   In  t h i s   r e g a r d ,   r e f e r   to  t h e   c i r c u i t  



d i a g r a m  w h i c h   shows   t h e s e   m e m o r i e s   as   memory  d e v i c e s   U 2 - U 1 3 .  

Each   of   t h e s e   i s   of  t y p e   TMS  4 4 1 6 - 1 5 .   The  c y c l e   t i m e s   of  t h e s e  

m e m o r i e s   i s   u n d e r   t h e   a f o r e m e n t i o n e d   357  ns  p a r a m e t e r .  

The  e q u a t i o n   f o r   t h e   h o r i z o n t a l   s c a n   f r e q u e n c y   of   t h e   v i d e o  

c o n t r o l l e r   i s   g i v e n   by  e q u a t i o n   1 :  

The  s y s t e m   of  t h e   i n v e n t i o n   h a s   400  v i s i b l e  l i n e s .   T h e  

v e r t i c a l   d i s p l a y   t i m e   i s   l e s s   t h a n  1 6 . 6 6   ms,  and  d e p e n d s   on  t h e  

s i z e   of  t h e   CRT  t h a t   i s   b e i n g   u s e d .   For   a  13"  t u b e ,   t h i s   t i m e  

i s   1 5 . 1 5   ms.  T h e r e f o r e ,   t h e   h o r i z o n t a l   s c a n   r a t e   i s   2 6 . 4 0 3   KHz .  

The  n e x t   c a l c u l a t i o n   i s   f o r   t h e   d o t   c l o c k   f r e q u e n c y   f o r   t h e  

v i d e o   s h i f t   r e g i s t e r s :  

The  n u m b e r   of   h o r i z o n t a l   d o t s   i s   g i v e n   as   640.   T h e  

h o r i z o n t a l   d i s p l a y   t i m e   i s   l e s s   t h a n   3 7 . 8 7   us ,   w h i c h   i s   t h e  

h o r i z o n t a l   p e r i o d .   S i n c e   t h e   SMC  9007  v i d e o   d i s p l a y   c h i p   s h o w n  

in  F IG.   4  as  c i r c u i t   U16,  w h i c h   i s   p r o v i d i n g   t h e   m o n i t o r  

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

c l o c k   a r e   b a s e d   on  t h i s   f a c t .   F i r s t ,   t h e   640  d o t s   a r e   c h o s e n  

so  t h a t   80  c h a r a c t e r s   may  be  d i s p l a y e d ,   w i t h   e a c h   c h a r a c t e r  

h a v i n g   an  8  c e l l   w i d t h .   The  CM-1  and  VM-1  m o n i t o r s   r e q u i r e   a t  

l e a s t   2  us  s y n c   p u l s e s ;   t h e   a f o r e m e n t i o n e d   SMC  9007  c h i p   c a n  

p r o v i d e   8  c h a r a c t e r - w i d e   s y n c   p u l s e s .   T h e r e f o r e ,   t h e   3 7 . 8 7   u s  

h o r i z o n t a l   t i m e   may  be  b r o k e n   down  i n t o   80  c h a r a c t e r s  

d i s p l a y e d ,   e i g h t   c h a r a c t e r s   f o r   s y n c ,   and  18  f o r   b l a n k i n g   ( a l s o  

due  to  m o n i t o r   s i z e ) .   T h i s   g i v e s   t h e   a c t i v e   d i s p l a y   t i m e   a s  

2 8 . 5 9   us  and  a  d o t   c l o c k   f r e q u e n c y   of   2 2 . 3 8 5 4   MHz. 

B e c a u s e   of   t h e   u s e   of   a  16  b i t   w i d e   s h i f t   r e g i s t e r ,   t h e  

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



As  i n d i c a t e d   p r e v i o u s l y ,   t h i s   l o a d   i s   714  n s .   A  1 : 1  

i n t e r l e a v e   r e q u i r e s   two  t i m e   s l o t s ,   e a c h   of   357  n s .  
The  d a t a   f rom  t h e   s h i f t   r e g i s t e r s   g o e s   to  a  h i g h   s p e e d  

s t a t i c   RAM  r e f e r r e d   to   h e r e i n   as   a  p a l e t t e   RAM.  T h i s   i s  

i d e n t i f i e d   in  t h e   d r a w i n g   as   RAM  U16  w h i c h   i s   o f   t y p e   7 4 S l 8 9 A .  

The  p a l e t t e   RAM  U16  h o l d s   a  l i s t   of  c o l o r   d a t a   f o r   t he   c o l o r  

m o n i t o r .   The  p a l e t t e   RAM  h a s   i t s   own  i n p u t   a d d r e s s e s   t a k e n  

e i t h e r   f rom  t h e   s h i f t   r e g i s t e r s   or  t h e   p r o c e s s o r   and  a l s o   has   a  

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

U16  i s   a  d a t a   bus   to   t h e   v i d e o   m o n i t o r ,   one  d a t a   b i t   pe r   g u n .  
The  CM-1  m o n i t o r   w h i c h   i s   n o t   shown  in  t h e   d r a w i n g s   h a s   f o u r  

i n p u t s   w h i c h   i n p u t s   a r e   l a b e l e d   in  t h e   d r a w i n g .   T h e s e   i n p u t s  

a r e   RED,  GREEN,  BLUE,  and  INTENSITY.   H e n c e ,   t h e   p a l e t t e   RAM 

U16  has   f o u r   d a t a   o u t p u t s .   The  p r o c e s s o r   can   l o a d   any  of   1 6 ,  

f o u r   b i t   d a t a   v a l u e s   i n t o   t h e   p a l e t t e   RAM,  a l l o w i n g   any   a d d r e s s  

f r o m   t h e   s h i f t   r e g i s t e r s   to   be  any  c o l o r .   R e f e r e n c e   i s   made  t o  

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

t h a t   now  f o l l o w s .  

For   a  d i s c u s s i o n   of   t h e   d e t a i l s   of   t h e   h a r d w a r e ,   r e f e r e n c e  

is   now  made  to  t h e   d r a w i n g s ,   and  in  p a r t i c u l a r   F I G S .   1  and  2 .  

The  d e t a i l e d   c i r c u i t r y   d e s c r i b e d   h e r e i n   b a s i c a l l y   i n t e r f a c e s  

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

h e r e i n ,   and  a  v i d e o   m o n i t o r   a l s o   n o t   a c t u a l l y   shown  h e r e i n .   I t  

is   u n d e r s t o o d   t h a t   t h e   v i d e o   m o n i t o r   i s   of   c o n v e n t i o n a l   d e s i g n  

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

p r e v i o u s l y   as  a  186  p r o c e s s o r   w h i c h   i s   a  16  b i t   m a c h i n e   a n d  

w h i c h   a l s o   i s   of   c o n v e n t i o n a l   d e s i g n .   I n t e r c o n n e c t i o n s   a r e  

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

t h e s e   o t h e r   c o m p o n e n t s   of   t h e   o v e r a l l   s y s t e m .  

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

a r e   d e r i v e d   f rom  a  2 2 . 3 8   MHz  d o t   c l o c k   whose   o u t p u t   i s   b u f f e r e d  

by  means   of   t h e   i n v e r t e r   U18  p i n s   10  and  11.   The  o u t p u t   o f  

t h i s   i n v e r t e r   i s   t h e   s i g n a l   DOT  CLK.  The  s i g n a l   DOT  CLK  i s  

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



c o u n t e r . U l 9 .   The  s i g n a l   DOT  CLK  c o u p l e s   to   t h e   c l o c k   i n p u t   a t  

p i n   11  of   e a c h   of   t h e   s h i f t   r e g i s t e r s   U22,  U24,  U26,  and  U 2 8 .  

S i m i l a r l y ,   t h e   s i g n a l   DOT  CLK  c o u p l e s   to   t h e   c l o c k   i n p u t   a t   p i n  

2  of   t h e   c o u n t e r   or  d i v i d e r   U 1 9 .  

T h u s ,   t h e   c o u n t e r   U19  f o r m s   p a r t   of  a  v i d e o   d i v i d e r   c h a i n .  

The  o u t p u t   a t   p i n   12  f rom  c o u n t e r   U19  p r o v i d e s   a  d i v i d e   by  8 

c o u n t   to  g i v e   t h e   c h a r a c t e r   c l o c k   s i g n a l .   The  o u t p u t   f r o m   p i n  

12  of   c o u n t e r   U19  c o u p l e s   to   i n v e r t e r   U18,  p i n s   8  and  9  w i t h  

t h e   o u t p u t   a t   p i n   8  b e i n g   t h e   c h a r a c t e r   c l o c k   s i g n a l   CCLK. 

T h i s   s i g n a l   c o u p l e s   to  b o t h   d e l a y   l i n e   U31  and  a l s o   to  t h e   g a t e  

U66  a t   p i n   9 .  

The  d e l a y   l i n e   U31  i s   o f   t y p e   DDU4-5200   h a v i n g   t h r e e  

s e p a r a t e   o u t p u t   t a p s   a t   40  n s ,   80  ns  and  120  n s .   The  s i g n a l   a t  

p i n   12  i s   c o u p l e d   by  way  of   i n v e r t e r   U18,  p i n s   5  and  6  t o  

p r o v i d e   t h e   s i g n a l   RAS*.  At  p i n   4  t h e r e   i s   p r o v i d e d   d i r e c t l y  

t h i s   s i g n a l   MUX.  At  p i n   10  t h e   s i g n a l   i s   c o u p l e d   by  way  of   t h e  

i n v e r t e r   U18,  p i n s   1  and  2  to  p r o v i d e   t h e   s i g n a l   CAS*.  T h e  

s i g n a l s   RAS*  and  CAS*  a r e   f o r   row  and  c o l u m n   a d d r e s s   s e l e c t i o n ,  

r e s p e c t i v e l y .  

The  s i g n a l   DOT  CLK  i s   a l s o   d i v i d e d   by  16  to   p r o v i d e   t h e  

s i g n a l   DIS  CYC  and  t h e   n e g a t i o n   s i g n a l   DIS  CYC*  w h i c h   i s   t h e  

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

r e f e r   to  t h e   c o u n t e r   U19  and  i t s   o u t p u t t e d   p i n   11  w h i c h  

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

c o u p l e d   by  way  of  NOR  g a t e   U14  f u n c t i o n i n g   as  an  i n v e r t e r ,   p i n s  

1,  2,  and  3 .  

The  s i g n a l   DOT  CLK  i s   d i f f e r e n t   t h a n   a  c h a r a c t e r   c l o c k  

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

o u t - o f - p h a s e   w i t h   t h i s   CPU  s i g n a l .   B e c a u s e   t h e   SMC  9007  i s  

u s e d   to  g e n e r a t e   t h e   m o n i t o r   t i m i n g   s i g n a l s   ( h o r i z o n t a l   a n d  

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

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

to  a s s u r e   t h a t   t h e s e   t i m i n g   s i g n a l s   a r e   s y n c h r o n i z e d .   A  f i r s t  

c i r c u i t   to  c a r r y   t h i s   o u t   i s   c o m p r i s e d   of   D  f l i p - f l o p   U64A.  I t  



is   n o t e d   t h a t   t h e   Q  o u t p u t   a t   p i n   5  of   t h e   f l i p - f l o p   U64A 

c o n n e c t s   to   t h e   l o a d   i n p u t   a t   p i n   9  of   t h e   c o u n t e r   U19.  T h e  

c l o c k   i n p u t   to  t he   f l i p - f l o p   U64A  i s   t h e   s i g n a l   9007  DSYNC. 

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

MRST-  g o e s   low  f o r   a b o u t   100  ms.  T h i s   f o r c e s   t h e   c o u n t e r   U19  

to  l o a d   a l l   z e r o e s   to   i t s   o u t p u t s .   The  Q  o u t p u t   a t   p i n   5  f r o m  

t h e   f l i p - f l o p   64A  s t a y s   low  u n t i l   t h e   s i g n a l   MRST*  g o e s   a w a y  

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

t h e   v e r t i c a l   s y n c   s i g n a l   s e t s   t h e   f l i p - f l o p   U64A  so  t h a t   t h e   Q 

o u t p u t   g o e s   h i g h ,   t h u s   a l l o w i n g   t h e   c o u n t e r   U19  to   c o u n t .  

B e c a u s e   t h e   v e r t i c a l   s y n c   s i g n a l   i s   a l i g n e d   w i t h   t h e   c h a r a c t e r  

c l o c k   of   t h e   SMC9007,   t h i s   s c h e m e   l i n e s   up  t h e   g r a p h i c s   c l o c k  

w i t h   t h e   c h a r a c t e r   c l o c k ;   t h e   g r a p h i c s   c l o c k   b e i n g   t h e   s i g n a l  

CCLK  t a k e n   by  way  of   i n v e r s i o n   a t   an  o u t p u t   of   t h e   c o u n t e r   U19  

and  p r e v i o u s l y   r e f e r r e d   t o .  

H o w e v e r ,   t h e   o t h e r   s i g n a l s   f rom  t h e   SMC9007  v i d e o   d i s p l a y  

c h i p   d e l a y e d   f rom  t h e   s i g n a l   CCLK  due  to  c i r c u i t r y   on  t h e   m a i n  

p r o c e s s o r   b o a r d   and  due  to   p a r t - t o - p a r t   v a r i a t i o n s   b e t w e e n  

d i f f e r e n t   SMC9007  c h i p s .   T h e r e f o r e ,   t h e   m o n i t o r   s i g n a l s   a r e  

a l s o   l i n e d   up  u s i n g   t h e   f o u r   b i t   l a t c h   U70.  The  l a t c h   U70  i s  

c l o c k e d   by  t h e   s i g n a l   DIS  CYC*.  The  a f o r e m e n t i o n e d   c i r c u i t s  

now  make  a l l   of   t h e   SMC  9007  s i g n a l s   p o w e r   up  in  a  k n o w n  

s y n c h r o n o u s   s t a t e .  

R e f e r e n c e   i s   now  made  to   t h e   t i m i n g   d i a g r a m   p e r t a i n i n g   t o  

memory  t i m i n g   s i g n a l s   and  i l l u s t r a t e d   in  FIG.   3.  R e f e r e n c e   i s  

made  to   t h e   c o u n t e r   U19  p r e v i o u s l y   d i s c u s s e d   w h i c h   g e n e r a t e s ,  

in  a d d t i o n   to   t h e   c h a r a c t e r   c l o c k   and  i n t e r l e a v i n g   c l o c k  

s i g n a l s   t h e   s h i f t   r e g i s t e r   l o a d   p u l s e   s i g n a l   S / L * .   I t   i s   n o t e d  

t h a t   in  t h i s   r e g a r d   t h e   o u t p u t   of   t h e   c o u n t e r   a t   p i n   15  c o u p l e s  

by  way  of   i n v e r t e r   U18  p i n s   12  and  13  to   p r o v i d e   t h e  

a f o r e m e n t i o n e d   s i g n a l   S / L * .   T h i s   s i g n a l   i s   c o u p l e d   to   p i n   2  o f  

e a c h   of   t h e   s h i f t   r e g i s t e r s   U20,  U22,  U24,  U26,  U28  and  U 3 8 .  

T h i s   s i g n a l   c o n t r o l s   t h e   l o a d i n g   of   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 .   Wi th   r e g a r d   to   t h e   t i m i n g   r e f e r e n c e   has   b e e n   h e r e i n  



b e f o r e   to  t h e   d e l a y   l i n e   U31.  The  d e l a y   l i n e   r e c e i v e s   t h e  

c h a r a c t e r   c l o c k   s i g n a l   CCLK.  The  d y n a m i c   RAMS  U2-U13  a r e  
c l o c k e d   by  d e l a y e d   v e r s i o n s   of   t h e   s i g n a l   CCLK  g e n e r a t e d   f r o m  

t h e   d e l a y   l i n e   U31.  The  row  a d d r e s s   s t r o b e   s i g n a l   RAS*  i s   t h e  

s i g n a l   CCLK  i n v e r t e d   and  d e l a y e d   45NS.  The  s i g n a l   MUX,  w h i c h  

s w i t c h e s   t h e   4 :1   a d d r e s s   m u l t i p l e x e r   b e t w e e n   row  and  c o l u m n  

a d d r e s s e s ,   i s   t h e   s i g n a l   RAS*  d e l a y e d   40NS.  The  a d d r e s s  

m u l t i p l e x e r   j u s t   r e f e r r e d   to   i s   c o m p r i s e d   of   m u l t i p l e x e r  

d e v i c e s   U 3 4 - U 3 7 .   The  c o l u m n   a d d r e s s   s t r o b e   s i g n a l   CAS*  i s   t h e  

s i g n a l   MUX  d e l a y e d   4 0 N S .  

In  a c c o r d a n c e   w i t h   t h e   s y s t e m   of   t h i s   i n v e n t i o n ,   in  o r d e r  

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

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

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

a  c o n t i g u o u s   memory  b l o c k .  

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

memory  p l a n e s ,   t h e r e   i s   p r o v i d e d   a  p l a n e   s e l e c t   r e g i s t e r   U56 

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

a c c e s s e d   by  t h e   p r o c e s s o r .   D u r i n g   d i s p l a y   c y c l e s ,   t h i s  

r e g i s t e r   i s   e s s e n t i a l l y   i g n o r e d .   The  r e g i s t e r   U56  a l s o  

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

a r e   e n a b l e d .   In  t h i s   r e g a r d   n o t e   t h e   s i g n a l   GROF*  a t   t h e  

o u t p u t   p i n   10  of   t h e   r e g i s t e r   U56.  The  r e g i s t e r   U56  a l s o  

c o n t r o l s   w h a t   v i d e o   p l a n e   i s   a c c e s s e d   by  t h e   p r o c e s s o r .   I n  

t h i s   r e g a r d ,   n o t e   t h e   s i g n a l   G/A*  a t   o u t p u t   p i n   12  f r o m   t h e  

r e g i s t e r   U56.  The  s i g n a l   GROF*  c o u p l e s   to   p i n   1  of   e a c h   one  o f  

e a c h   one  of   t h e   l a t c h e s   U21,  U23,  U25,  U27  and  U39.  The  s i g n a l  

G/A*  c o u p l e s   to   i n v e r t e r   g a t e   S38  w h i c h   in  t u r n   c o n n e c t s   t o  

g a t e   U67  and  p i n   1 0 .  

When  t h e   s i g n a l   GROF*  i s   l ow,   t h e   s h i f t   r e g i s t e r s   a r e  

c o n t i n u o u s l y   l o a d e d   w i t h   0 ' s .   When  t h e   s i g n a l   G/A*  i s   h i g h ,  

g r a p h i c ' s   d a t a   i s   d i s p l a y e d   on  t h e   c o l o r   m o n i t o r .   On  t h e   o t h e r  

hand   when  t h e   s i g n a l   G/A*  g o e s   low  t h e   a l p h a   n u m e r i c   t e x t   f r o m  

t h e   SMC9007  v i d e o   c h a r a c t e r   d i s p l a y   c h i p   i s   d i s p l a y e d .  



I t   i s   a l s o   n o t e d   t h a t   t h e   s i g n a l   G/A*  c o u p l e s   to   g a t e   FOOA 

a t   p i n   2  and  to  g a t e   FOOB  a t   p i n s   4  and  5.  The  o u t p u t   of   g a t e  

FOOA  a t   p i n   3  c o u p l e s   to   one  i n p u t   of  g a t e   FOOD.  The  o u t p u t   o f  

g a t e   FOOB  a t   p i n   6  c o u p l e s   to  one  i n p u t   p i n   9  of  g a t e   FOOC. 

Ga t e   FOOC  a t   p i n   10  a l s o   r e c e i v e s   an  o u t p u t   f rom  t h e   b l a n k i n g  

d e l a y   r e g i s t e r   U63.  The  r e g i s t e r   U63  i s   of   t y p e   LS164   and  i s  

c l o c k e d   f rom  t h e   s i g n a l   DOTCLK.  The  o u t p u t   of  g a t e   FOOC  a t   p i n  

8  f o r m s   t h e   s e c o n d   i n p u t   to  t h e   g a t e   FOOD.  The  o u t p u t   of   t h e  

g a t e   FOOD  c o n t r o l s   t h e   c o l o r   and   i n t e n s i t y   o u t p u t   g a t e s   U 1 5 A ,  

U15B,  U14A  and  U14B  c o u p l e d   f r o m   t h e   o u t p u t   of   t h e   p a l e t t e   RAM 

U16.  The  p a l e t t e   RAM  i s   of   t y p e   7 4 s 1 8 9 A .  

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

t h e   s y s t e m   of   t h i s   i n v e n t i o n   p r o v i d e s   640  X  400  p i x e l s   on  t h e  

VM-1  and  CM-1  v i d e o   m o n i t o r s .   The  s y s t e m   h a s   96K  BYTES  of   h i g h  

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

c o l o r   p a l e t t e   U16  f o r   c o l o r   a s s i g n m e n t .   The  g r a p h i c s   memory  i s  

o r g a n i z e d   in  a  p l a n a r   f a s h i o n .   I f   two  c o l o r   v i d e o   i s   d e s i r e d ,  
t h e n   p l a i n   0  i s   i n s t a l l e d .   I n s t a l l i n g   p l a n e s   1  and  2  p r o v i d e s  

8  c o l o r   v i d e o .   As  i n d i c a t e d   p r e v i o u s l y ,   a l l   t h r e e   m e m o r y  
p l a n e s   o c c u p y   t h e   same  p h y s i c a l   a d d r e s s   s p a c e .   T h u s ,   t o  

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

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

r e g i s t e r   U56  w h i c h   i s   s e t   up  p r i o r   to  a c c e s s i n g   t h e   g r a p h i c ' s  

RAM. 

Wi th   r e g a r d   to   memory  o r g a n i z a t i o n ,   t h e   memory  s t a r t s   a t  

a d d r e s s   EOOOOH  in  t h e   186  a d d r e s s   s p a c e .   T h i s   a d d r e s s  

c o r r e s p o n d s   t h e   u p p e r   l e f t   of   t h e   v i d e o   s c r e e n .   The  n e x t  

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

a d d r e s s .   The  f u l l   s c r e e n   u s e s   3 2 , 0 0 0   BYTES  or  1 6 , 0 0 0   w o r d s   t o  

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

BYTE  and  word  a c c e s s e s .   Word  a c c e s s e s   a r e  o n   e v e n   a d d r e s s e s  

o n l y .   E i t h e r   t h e   h i g h   BYTE  or  t h e   low  BYTE  may  be  t r a n s f e r r e d  

d u r i n g   BYTE  a c c e s s e s .  

The  g r a p h i c s   memory  may  be  a c c e s s e d   a t   any  t i m e .   The  h i g h  



r e s o l u t i o n   c i r c u i t r y   u s e s   WAIT  s t a t e s   to  s y n c h r o n i z e   t he   d a t a  

t r a n s f e r   b e t w e e n   t h e   CPU  and  t h e   g r a p h i c s   memory .   The  a v e r a g e  

s p e e d   a t   w h i c h   d a t a   i s   t r a n s f e r r e d   i s   16  BITS  pe r   u s .   Each  B I T  

of  t h e   g r a p h i c s   memory  r e p r e s e n t s   a  DOT  ( p i x e l )   on  a  v i d e o  

s c r e e n .   The  MSB  of   t h e   BYTE  or  word  i s   t h e   l e f t   m o s t   p i x e l .  

The  LSB  i s   t h e   l a s t   p i x e l   to  t h e   r i g h t .  

W i t h   r e g a r d   to   t h e   t h r e e   p l a n e s   t h a t   have   b e e n   m e n t i o n e d  

h e r e i n ,   r e f e r e n c e   i s   made  to  t h e   d r a w i n g .   The  v i d e o   RAMS 

U10-U13   a r e   a s s o c i a t e d   w i t h   p l a n e   0.  The  v i d e o   RAMS  U2-U5  a r e  

a s s o c i a t e d   w i t h   t h e   p l a n e   1.  F i n a l l y ,   t h e   v i d e o   RAMS  U6-U9  a r e  

a s s o c i a t e d   w i t h   p l a n e   2.  In  t h i s   r e g a r d   n o t e   t h e   o u t p u t s  

s i g n a l   POVID  a t   p i n   12  f rom  t h e   s h i f t   r e g i s t e r   U28.  A l s o   n o t e  

t h e   o u t p u t   s i g n a l   PIVID  t h e   o u t p u t   p i n   12  f rom  t h e   s h i f t  

r e g i s t e r   U20.  A l s o   n o t e   t h e   o u t p u t   s i g n a l   P2VID  a t   t h e   o u t p u t  

p i n   12  f r o m   t h e   s h i f t   r e g i s t e r   U22.  The  s i g n a l s   POVID,  P I V I D ,  

and   P2VID  c o u p l e   r e s p e c t i v e l y   to   t h e   m u l t i p l e x e r s   U17A,  U17B 

and  U17C.  Each   of   t h e s e   m u l t i p l e x e r s   may  be  of   t y p e   74F257   a s  

n o t e d   in  t h e   d r a w i n g .   The  v i d e o   p l a n e   s i g n a l s   c o u p l e   to   t h e   B 

i n p u t   of   e a c h   of   t h e s e   m u l t i p l e x e r s .   The  A  i n p u t s   r e c e i v e   t h e  

r e s p e c t i v e   s i g n a l s   PA1,  PA2  and  PA3.  The  s i g n a l s   PA1,  PA2  a n d  

PA3  a r e   d i r e c t l y   c o n t r o l l e d   CPU  s i g n a l s   f rom  t h e   i n p u t   a d d r e s s  

b u s .  

The  o u t p u t s   f r o m   t h e   m u l t i f l e x e r s   U17A,  U17B  and  U17C  a t  

t h e   r e s p e c t i v e   o u t p u t   p i n s   4,  12  and  7  c o u p l e   to   i n p u t s   A0,  A l  

and  A2  of   t h e   p a l e t t e   RAM  U16.  The  p a l e t t e   RAM  " l o o k s   up"  a  

c o l o r   by  f o r m i n g   an  a d d r e s s   by  u s i n g   t h e   d a t a   f rom  e a c h  

i n s t a l l e d   p l a n e .   P l a n e   0  i s   p a l e t t e   a d d r e s s   BIT  A0,  p l a n e   1  i s  

p a l e t t e   a d d r e s s   BIT  Al  and  p l a n e   2  i s   p a l e t t e   a d d r e s s   BIT  A 2 .  

P a l e t t e   a d d r e s s  B I T   A3  as  n o t e d   in   t h e   d r a w i n g   i s   t i e d   to   a  

h i g h   v o l t a g e   by  way  of   a  r e s i s t o r   a t   p i n   13  to   t h e   p a l e t t e  

RAM.  T h i s   m a i n t a i n s   t h e   A3  i n p u t   to   t h e   p a l e t t e   RAM  a t   a  h i g h  

or  one  s t a t e .   I f   a  p l a n e   i s   n o t   i n s t a l l e d ,   t h e   p a l e t t e   a d d r e s s  

BIT  i s   a  1.  T h e r e f o r e ,   i f   p l a n e   0  c o n t a i n s   a  1,  p l a n e   1  a  0 

and  p l a n e . 2   a  0  t h e   p a l e t t e   w o u l d   " l o o k   up"  t h e   c o l o r   a t  



a d d r e s s . 1 0 0 1   in  t h e   p a l e t t e   m e m o r y .  
As  i n d i c a t e d   p r e v i o u s l y ,   b e c a u s e   t h e r e   a r e   t h r e e   m e m o r y  

p l a n e s   a t   a  max imum,   t h e r e   can   be  up  to   8  c o l o r s   d i s p l a y e d   a t  

o n c e   on  t h e   s c r e e n .   The  CM-1  c o l o r   m o n i t o r   can   d i s p l a y   1 5  

c o l o r s .   T h e r e f o r e ,   any  of  t h e   a v a i l a b l e   15  c o l o r s   up  to  8  a t   a  

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

In  a c c o r d a n c e   w i t h   one  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   i t  

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

c o l o r   l o o k   up  t a b l e .   The  p a l e t t e   i s   l o c a t e d   in  t h e   1 8 6  

p r o c e s s o r   I /O   s p a c e   and  i s   on  word   ( e v e n   a d d r e s s )   b o u n d a r i e s .  

The  186  p r o c e s s o r   u s e s   PCS3  as  t h e   I / O   p o r t   d e c o d e   f o r  

g r a p h i c s .  

As  f a r   as  t h e   p r o g r a m m i n g   i s   c o n c e r n e d ,   t h e   p a l e t t e   a p p e a r s  
to  t h e   p r o g r a m m e r   as  16  word   a d d r e s s e s ,   s t a r t i n g   a t   I /O   a d d r e s s  

0180H.   The  p a l e t t e   i s   a  w r i t e - o n l y   d e v i c e .   I / O   a d d r e s s   0 1 8 0 H  

is   t h e   f i r s t   p a l e t t e   a d d r e s s ,   0182H  i s   t h e   s e c o n d ,   e t c .   D a t a  

i s   s t o r e d   in  t he   p a l e t t e   by  d a t a   BITS  DO-D3.  In  t h i s   r e g a r d ,  

n o t e   t h e   i n p u t s   to   t h e   p a l e t t e   ram  U16,  s i g n a l s   RDO-RD3  t o  

r e s p e c t i v e   p i n s   4,  6,  10  and  12.   The  c o n t r o l   i s   c a r r i e d   o u t   b y  

means   of  a  s i g n a l   a t   p i n   3  w h i c h   i s   s i g n a l   WR-PMS.  The  u p p e r  
d a t a   BITS  a r e   i g n o r e d .   In  t h i s   r e g a r d   a l s o   r e c a l l   t h a t   t h e s e  

a d d r e s s e s   a r e   n o t   t h e   a d d r e s s e s   f o r m e d   to  " l o o k   up"  a  c o l o r   o r  

a  p a r t i c u l a r   p i x e l .   T h o s e   w e r e   a d d r e s s e s   AO-A3  shown  in  t h e  

d i a g r a m   of   t h e   p a l e t t e   RAM  U16.  The  f o u r   d a t a   o u t p u t s   f r o m   t h e  

p a l e t t e   RAM,  s i g n a l s   D01-D04  a r e   t a k e n   a t   r e s p e c t i v e   p i n s   5,  7 ,  

9  and  1 1 .  

A l t h o u g h  a   p r o g r a m   may  a c c e s s   t h e   p a l e t t e   RAM  U16  a t   a n y  

t i m e ,   i t   i s   p o s s i b l e   to  g e n e r a t e   an  u n d e r s i r a b l e   " t e a r "   o r  

h o r i z o n t a l   ba r   on  t h e   s c r e e n   d u r i n g   a  p a l e t t e   r i g h t   f rom  t h e  

CPU.  To  p r e v e n t   t h e   v i d e o   m o n i t o r   f r o m   d o i n g   t h i s ,   t h e   p a l e t t e  

RAM  i s   w r i t t e n   to   o n l y   d u r i n g   t h e   v e r t i c a l   b l a n k   t i m e .   T h e  

SMC9007  v i d e o   c o n t r o l l e r   h a s   a  s t a t u s   r e g i s t e r   w h i c h   r e f l e c t s  

t h e   s t a t u s   of   t h e   v e r t i c a l   s i n k   s i g n a l .   A l s o ,   t h e   SMC9007  c a n  

p r o v i d e   i n t e r r u p t s   to  t h e   CPU  e a c h   v e r t i c a l   s y n c .   I t   i s   up  t o  



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

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

a g a i n   made  to  t h e   p a l e t t e   RAM  U16.  The  d a t a   in  t h e   p a l e t t e   RAM 

i s   t i e d   to   t h e   v i d e o   g u n s   of   t h e   CN-1  c o l o r   m o n i t o r   i n  

a c c o r d a n c e   w i t h   t h e   t a b l e   b e l o w .   I t   can   be  s e e n   t h a t   t h e   d a t a  

s i g n a l   DO  c o n t r o l s   t h e   b l u e   g u n ,   Dl  c o n t r o l s   t h e   g r e e n   g u n ,   D2 

c o n t r o l s   t h e   r e d   gun ,   and  D3  c o n t r o l s   h a l f   i n t e n s i t y .   A  " 1 "  

f o r   d a t a   D3  i s   f u l l   i n t e n s i t y   and   a  "0"  i s   h a l f   i n t e n s i t y .   T h e  

t a b l e   s h o w s   p o s s i b l e   c o l o r s   v e r s e s   d a t a   B I T S .  

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

o c c u p y   t h e   same  a d d r e s s   b a s e ,   t h e r e   has   to   be  a  way  t o  

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

r e a d   or  w r i t e   t o .   T h i s   i s   d o n e   by  w r i t i n g   t h e   p r o p e r   d a t a   i n t o  

t h e   p l a n e   s e l e c t   r e g i s t e r   U56.  The  p l a n e   s e l e c t   r e g i s t e r   i s  

I / O   m a p p e d   as  a d d r e s s   OlAOH.  I t   i s   w r i t e   o n l y   and  i s   6  B I T S  

wide   u s i n g   d a t a   BITS  DO-D5.  In  t h i s   r e g a r d ,   n o t e   t h e   6  i n p u t s  

RDO-RD5  to   t h e   d a t a   i n p u t s   DO-D5  of  t h e   s e l e c t   r e g i s t e r   U 5 6 .  

The  r e g i s t e r   U56  i s   of   t y p e   L S 1 7 4 .   The  s i g n a l s   RDO-RD5  a r e  

d e r i v e d   f rom  t h e   CPU  d a t a   bus   s i g n a l s   BUS  D00-BUS  D 0 5 .  

The  p l a n e   s e l e c t   r e g i s t e r   U56  has   b a s i c a l l y   t h r e e  



f u n c t i o n s .   F i r s t ,   i t   s e l e c t s   w h i c h   p l a n e   of   memory  t h e   CPU  h a s  

a c c e s s   t o .   Only   one  p l a n e   a t   a  t i m e   i s   s e l e c t e d .   I f   more   t h a n  

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

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

d i s p l a y e d   or  t u r n e d   o f f .   I f   t h e y   a r e   t u r n e d   o f f ,   t h e   a d d r e s s  

i n t o   t h e   p a l e t t e   i s   08H,  i . e .   t h e   p l a n e   d a t a   i s   f o r c e d   to  a  0 .  

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

t h e   p a l e t t e   a d d r e s s   to   08H.  T h i r d ,   t h e   r e g i s t e r   d e t e r m i n e s   i f  

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

or  f rom  t h e   SMC  9007  v i d e o   m e m o r y .  
In  t h e   f o l l o w i n g   t a b l e   i s   p r e s e n t e d   a  c h a r t   f o r   t h e   b i t s  

c o n t a i n e d   in  t h e   p l a n e   s e l e c t   r e g i s t e r   U56  and  t h e i r   a s s o c i a t e d  

f u n c t i o n .  

To  s e l e c t   a  p a r t i c u l a r   p l a n e ,   a  "1"  i s   in  t h e   c o r r e s p o n d i n g  

b i t   w h i l e   t h e   r e m a i n i n g   two  p l a n e   s e l e c t s   a r e   " 0 " .   I f   p l a n e   1  

i s   to   be  s e l e c t e d ,   t h e n   d a t a   b i t s   DO  and  D2  c o n t a i n   a  "0"  w h i l e  

d a t a   b i t   Dl  c o n t a i n s   a  " 1 " .   The  g r a p h i c s   o n / o f f   b i t   w h i c h   i s  

b i t   D4  c o n t a i n s   a  "1"  to   t u r n   on  ( d i s p l a y )   t h e   g r a p h i c s   d a t a   i n  

t h e   i n s t a l l e d   p l a n e s .   A  "0"  f o r c e s   t h e   p a l e t t e   to   i g n o r e   t h e  

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

a d d r e s s   08H  c o r r e s p o n d i n g   to  p r o c e s s o r   186  I / 0  0 1 9 0 H .   T h e  

g r a p h i c s / a l p h a   b i t ,   n a m e l y ,   d a t a   b i t   D5,  d e t e r m i n e s   w h i c h   d a t a  

is   u s e a   as  p a l e t t e   a d d r e s s e s .   I f   t h i s   b i t   i s   a  " 1 " ,   t h e   h i g h  

r e s o l u t i o n   memory  p l a n e s   a r e   u s e d .   I f   t h i s   b i t   i s   a  " 0 " ,   t h e  



d a t a   f rom  t h e   SMC9007  v i d e o   c o n t r o l l e r   i s   u s e d   f o r   d i s p l a y i n g  

t e x t   on  t h e   C M 1  c o l o r   m o n i t o r .  

As  i n d i c a t e d   p r e v i o u s l y ,   c i r c u i t r y   i s   p r o v i d e d   f o r  

s w i t c h i n g   b e t w e e n   t h e   i n t e r n a l   memory  p l a n e s   or  e x t e r n a l   d a t a  

f o r   use   as  p a l e t t e   a d d r e s s e s .   R e f e r   to  t h e   m u l t i p l e x e r s  

U17A-U17C.   The  e x t e r n a l   d a t a   i s   h a r d   w i r e d   on  t h e   bus   as   t h e  

SMC  9007  v i d e o   and  t h e   v i d e o   a t t r i b u t e   b i t   i n t e n s i t y .   I f   t h e  

e x t e r n a l   mode  i s   s e l e c t e d ,   r e f e r r e d   to   as  t h e   a l p h a   m o d e ,   t h e  

v i d e o   d a t a   i s   p a l e t t e   a d d r e s s   AO  and  t h e   a t t r i b u t e   b i t   f o r  

i n t e n s i t y   i s   p a l e t t e   a d d r e s s   b i t   Al .   P a l e t t e   a d d r e s s   b i t s   A2 

and  A3  a r e   t i e d   h i g h .   T n i s   a l l o w s   f o u r   c o l o r   t e x t   to   b e  

d i s p l a y e d   on  t he   CM-1  c o l o r   m o n i t o r .  

In  c o n n e c t i o n   w i t h   t h e   v i d e o   RAMS,  i t   i s   n o t e d   t h a t   a  g a t e d  

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

p l a n e s .   In  t h i s   r e g a r d ,   n o t e   t h e   s i g n a l   CAS  OHR  a s s o c i a t e d  

w i t h   RAMS  U6-U9 ,   t h e   s i g n a l   CAS  1HR  a s s o c i a t e d   w i t h   RAMS  U 2 - U 5 ,  

and  t h e   s i g n a l   CAS  2HR  a s s o c i a t e d   w i t h   t h e   v i d e o   RAMS  U 1 0 - U 1 3 .  

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

RAS*,  a  common  w r i t e   s i g n a l   VWRR*  and   of   c o u r s e   a l s o   r e c e i v e  

memory  a d d r e s s e s .   The  s i g n a l   CAS*  c o u p l e s   to   t h e   m e m o r y  

c o n t r o l   PAL  U55  and  i s   s e l e c t i v e l y   g a t e d   in  to   a c c e s s   m e m o r y .  
P l a n e s   w h i c h   do  n o t   r e c e i v e   t h e   s i g n a l   CAS*  a r e   r e f r e s h e d   b y  

t h e   s i g n a l   R A S * .  

The  t h r e e   p l a n e   s e l e c t   l i n e s   f rom  t h e   r e g i s t e r   U56  

i d e n t i f i e d   as  s i g n a l s   PBO,  PB1  and  PB2,  a l o n g   w i t h   t h e   s i g n a l  

CAS*  go  to   t h e   memory  c o n t r o l   PAL  U55.  A t t a c h e d   h e r e t o   i s   a  

l o g i c   f o r m a t   f o r   t h e   PAL  U55.  The  d e v i c e   U55  i s   a  p r o g r a m m a b l e  

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

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

o u t p u t   o f   t h e   PAL  U55  t h e r e   a r e   s i g n a l s   CAS  OH  a t   p i n   18,   CAS 

1H  a t   p i n   16  and  CAS  2H  a t   p i n   14 .   T h e s e   s i g n a l s   c o u p l e   to   t h e  

p a c k a g e   RP  4  and  g e n e r a t e   c o r r e s p o n d i n g   s i g n a l s   CAS  OHR,  CAS 

1HR  and  CAS  2HR.  I t   i s   t h i s   s e t   of  s i g n a l s   t h a t   c o n t r o l s   t h e  

v i d e o   RAMS  as  n o t e d .  



T h e . 1 8 6   p r o c e s s o r   can   do  e i t h e r   b y t e   or  word  t r a n s f e r s .  

Two  s t a t u s   l i n e s   a r e   p r o v i d e d   f rom  t h e   p r o c e s s o r   w h i c h   t e l l  

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

o c c u r .   T h e s e   s i g n a l s   i n c l u d e   a  bus   h i g h   e n a b l e   s i g n a l   BHE*  a n d  

t h e   a d d r e s s   l i n e   s i g n a l   PAO.  The  f o l l o w i n g   c h a r t   shows   how  t h e  

l i n e s   a r e   d e c o d e d :  

No te   t h e   s i g n a l   BHE*  c o u p l e d   to  p i n   6  of   t h e   PAL  U55  in  t h e  

s i g n a l   PAO  c o u p l e d   to   p i n   7  of  t h e   PAL  U55.  The  s i g n a l   BHE* 

c o u p l e s   f r o m   an  i n p u t   l a t c h   U61  r e l a t i n g   to   t h e   CPU  s i g n a l   BUS 

BHE.  The  p a l   U55  r e c e i v e s   a l l   of   t h e   a f o r e m e n t i o n e d   s i g n a l s  

a l o n g   w i t h   s i g n a l   DIS  CYC*  and  s i g n a l   1 8 6 / S C N *   and  d e t e r m i n e s  

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

t h e   s i g n a l   C A S * .  

T h e r e   a r e   b a s i c a l l y   two  i n s t a n c e s   when  t h e   s i g n a l   CAS*  i s  

s e n t .   The  f i r s t   i s   d u r i n g   a  d i s p l a y   c y c l e ,   when  t h e   s h i f t  

r e g i s t e r s   a r e   l o a d e d .   A l l   t h r e e   p l a n e s   g e t   t h e   s i g n a l   CAS*,  o r  

a  s i g n a l   d e r i v e d   t h e r e f r o m ,   so  t h a t   t h e   d a t a   to   be  d i s p l a y e d  

can   be  f e t c h e d .   No te   t h a t   CAS*  s i g n a l   t h u s   s p l i t   i n t o   u p p e r  
and  l o w e r   b y t e   s i g n a l s   f o r   e a c h   p l a n e .   On  a  word  a c c e s s ,   b o t h  

u p p e r   and  l o w e r   b y t e s   go  low  d u r i n g   t h e   t i m e   t h e   s i g n a l   CAS*  i s  

l ow .   On  a  b y t e   a c c e s s ,   t h e   h i g h   or  low  s i d e   g o e s   l o w ,  

d e p e n d i n g   on  t h e   s t a t u s   of   t h e   s i g n a l s   BHE*  and  PAO. 

In  c o n n e c t i o n   w i t h   t h e   u p p e r   and  l o w e r   b y t e   c a t e g o r i e s ,  

n o t e   f o r   e x a m p l e ,   w i t h   r e s p e c t   to   t h e   v i d e o   RAMS  U2-U5,   t h e  

RAMS  U2  and  U3  r e c e i v e   t h e   s i g n a l   CAS  IHR  r e l a t i n g   to   u p p e r  

b y t e s   and  t h e   v i d e o   RAMS  U4  and  U5  r e c e i v e   t h e   s i g n a l   CAS  I L R  

r e l a t i n g   to  l o w e r   b y t e s .   The  same  a l s o   a p p l i e s   w i t h   r e s p e c t   t o  

t h e   v i d e o   RAMS  U6-U9  and  U 1 0 - U 1 3 .   Note   t h e   s i g n a l s   CAS  OHR; 



CAS  2HR,  and  CAS  OLR;  CAS  2 L R .  

The  s e c o n d   i n s t a n c e   when  a  CAS*  s i g n a l   i s   s e n t   i s   d u r i n g   a  

p r o c e s s o r   a c c e s s   when  t h e   s i g n a l   1 8 6 / S C N *   i s   h i g h .   A g a i n ,   t h e  

PAL  U55  l o o k s   a t   t h e   s t a t u s   of   t h e   s i g n a l s   BHE*  and  PAO,  b u t  

a l s o   c h e c k s   t h e   p l a n e   s e l e c t   r e g i s t e r   and  t h e n   t h e   p r o p e r  

s i g n a l   CAS*  i s   t h e n   g e n e r a t e d .   The  c h e c k i n g   of   t h e   p l a n e  
s e l e c t   r e g i s t e r   o c c u r s   by  v i r t u e   of   t h e   i n p u t s   P0,   Pl  and  P 2  

t h a t   c o u p l e   f rom  r e g i s t e r   U56  to   t h e   PAL  U 5 5 .  

I t   i s   n o t e d   t h a t   in  a d d i t i o n   to  t h e   c o l u m n   a d d r e s s   s e l e c t  

s i g n a l s   a t   t h e   o u t p u t   of  t h e   PAL  U55,  t h e r e   a r e   a l s o   p r o v i d e d  

o u t p u t   e n a b l e s   f o r   p l a n e s   1  a n d   2  r e f e r r e d   to  as  s i g n a l s   OE1* 

and  OE2*.  T h e s e   s i g n a l s   a r e   u s e d   to   e n a b l e   t h e   b i d i r e c t i o n a l  

b u f f e r s   U40,  U41,  U43  and  U44.  Each   of  t h e s e   b u f f e r s   i s   o f  

t y p e   7 4 F 2 4 5 .   T h e s e   b u f f e r s   i s o l a t e   t h e   p l a n e s   f rom  e a c h  

o t h e r .   P l a n e   0  d o e s   n o t   n e e d   s u c h   a  b u f f e r   s i n c e   i t   i s   on  t h e  

b o t t o m   of   t h e   w r i t e   b u s .   T h i s   t o p o l o g y   a l l o w s   any  number   o f  

a d d i t i o n a l   p l a n e s   to  be  e a s i l y   a d d e d .   T h e s e   s i g n a l s   go  l o w  

when  t h e i r   a s s o c i a t e d   p l a n e   i s   b e i n g   a c c e s s e d   by  t h e   1 8 6  

p r o c e s s o r .   In  t h i s   r e g a r d   n o t e   t h e   s i g n a l   OE1*  c o u p l e d   t o  

b u f f e r s   U40  and  U43  and  t h e   s i g n a l   OE2*  c o u p l e d   to   b u f f e r s   U41 

and  U 4 4 .  

The  b u f f e r s   U40  and  U43  a l o n g   w i t h   U41  and  U44  h a v e   t h e i r  

t e r m i n a l s   AO-A7  c o u p l e d   to   t h e   w r i t e   bus   (WR-BUS).   T h i s   i s  

r e f e r r e d   to   h e r e i n   a l s o   as  t h e   s i g n a l   W2BUS.  At  t h e   t e r m i n a l s  

BO-B7  of   t h e s e   b i d i r e c t i o n a l   b u f f e r s ,   a r e   i d e n t i f i e d   t h e  

s i g n a l s   W1D0-W1D15  a s s o c i a t e d   w i t h   b u f f e r s   U40  and  U43  a n d  

s i g n a l s   WUDO-WOD15  a s s o c i a t e d   w i t h   b i d i r e c t i o n a l   b u f f e r s   U41 

and  U44.  I t   i s   a l s o   n o t e d   t h a t   t h e r e   a r e   p r o v i d e d   8  B I T  

l a t c h e s   U42  and  U45.  Each   of   t h e s e   i s   o f   t y p e   7 4 L S 3 7 4 .   T h e  

d a t a   s i d e   of   e a c h   l a t c h   c o r r e s p o n d i n g   to   d a t a   t e r m i n a l s   DO-D7 

c o u p l e s   to  t h e   w r i t e   bus   WR-BUS.  The  Q  o u t p u t   s i d e s   i d e n t i f i e d  

as  o u t p u t s   QO-Q7  c o u p l e d   to   t h e   r e a d   b u s .   Note   t h e   s i g n a l s  

RDO-RD15  c o u p l i n g   to  t h e   s i g n a l   R D - B U S .  

The  g r a p h i c s   memory  s t a r t s   a t   s y s t e m   a d d r e s s   EOOOOH. 



A l t h o u g h   t h e r e   a r e   t h r e e   16K  memory  p l a n e s ,   e a c h   i s   mapped   a t  

a d d r e s s   EUbUOH.  In  t h i s   r e g a r d   r e f e r   to  t h e   c o m p a r a t o r   U51 

w h i c h   i s   a  d e v i c e   of  t y p e   74LS85  h a v i n g   A  i n p u t s   AO-A3  and  B 

i n p u t s   BO-B3.   The  i n p u t   BO  i s   t i e d   to  g r o u n d   and  i n p u t s   B 1 - B 3  

a r e   t i e d   to   a  p o s i t i v e   v o l t a g e .   The  a d d r e s s   l i n e s   P A 1 6 - P A 1 9  

a r e   c o u p l e d   to  t h e   r e s p e c t i v e   AO-A3  i n p u t s   of   t h e   c o m p a r a t o r .  

T h u s ,   t h e   c o m p a r a t o r   51  l o o k s   a t   t h e   a d d r e s s e s   and  i s s u e s   a  
v a l i d   g r a p h i c s   memory  a d d r e s s   when  an  "E"  i s   d e t e c t e d   on  t h e  

u p p e r   a d d r e s s   l i n e s .   A l s o ,   t h e   c o m p a r a t o r   i s   g a t e d   by  t h e  

s i g n a l   EQIN  w h i c h   i s   g e n e r a t e d   by  t h e   l o g i c   a r r a y   U69.  T h e  

a r r a y   U69  may  be  of   t y p e   8 2 5 1 5 3   and  may  be  a  p r o g r a m m a b l e   a r r a y  
l o g i c .   The  c o m p a r a t o r   U51  is   g a t e d   by  t h e   s i g n a l   EQIN  so  t h a t  

t h e   f a l s e   a c c e s s e s   a r e   b l o c k e d   when  t h e   SCM9007  c o n t r o l l e r   i s  

t r a n s f e r r i n g   v i d e o   in  m e m o r y .  
When  a  v a l i d   a d d r e s s   i s   d e t e c t e d ,   t h e   a r r a y   U69  d e t e r m i n e s  

i f   a  r e a d   or  w r i t e   i s   r e q u e s t e d .   D e p e n d i n g   on  t h e   a c c e s s ,   t h e  

s i g n a l   BUFDIR*  s w i t c h e s   t h e   d a t a   bus  b u f f e r s   U57  and  U58  to  t h e  

c o r r e c t   d i r e c t i o n .   No te   t h e   s i g n a l   BUFDIR*  a t   p i n   17  a t   t h e  

a r r a y   U69  c o u p l i n g   to  p i n   1  of   t h e   b i d i r e c t i o n a l   d a t a   b u f f e r s  

U57  and  U58.  A l s o   n o t e   t h e   s i g n a l   BUFEN*  a t   t h e   o u t p u t   p i n   1 8  

of  t h e   l o g i c   a r r a y   U69.  T h i s   s i g n a l   e n a b l e s   t h e   d a t a   bus  f o r  

t h e   a c c e s s .   T h i s   s i g n a l   c o u p l e s   to  t h e   e n a b l e   i n p u t   a t   p i n   1 9  

of  t h e   b u f f e r s   U57  and  U58.  The  l o g i c   a r r a y   U69  t h e n   a s s e r t s  
t h e   s i g n a l   MACC,  s i g n i f y i n g   a  v a l i d   memory  a c c e s s   i s  

r e q u e s t e d .   T h i s   s i g n a l   c o u p l e s   to   t h e   memory  a r b i t r a t o r  

f l i p - f l o p   U48  and  a l s o   c o u p l e s   to  g a t e   U46  a t   p i n s   1  and  2 .  

The  memory  a r b i t r a t i o n   l o g i c   i s   c o m p r i s e d   of   two  f l i p - f l o p s  

U48  and  U64.  The  f l i p - f l o p   U48  i s   a  J -K  f l i p - f l o p   of   t y p e  

LS73.   F l i p - f l o p   U64  i s   a  c l o c k e d   D - t y p e   f l i p - f l o p   o f   t y p e  
F74 .   The  a s s e r t i o n   o u t p u t   of   t h e   f l i p - f l o p   U64  i s   t h e   s i g n a l  

DATA-RDY.  The  d a t a   i n p u t   to  t h e   f l i p - f l o p   U64  a t   p i n   12  i s   t h e  

s i g n a l   PUP  w h i c h   i s   t a k e n   f r o m   t h e   c o u n t e r   U19.  The  f l i p - f l o p  

U64  i s   c l o c k e d   a t   p i n   11  f rom  t h e   o u t p u t   of  t h e   g a t e   U66  a t   p i n  
11.   The  J -K  f l i p - f l o p   U48  h a s   a t   i t s   a s s e r t i o n   o u t p u t   a t   p i n  



12  t h e   s i g n a l   1 8 6 / S C N * .   The  K  i n p u t   to  t h e   f l i p - f l o p   U48  i s  

g r o u n d e d   and  t he   J  i n p u t   i s   t h e   s i g n a l   MACC  p r e v i o u s l y   r e f e r r e d  

t o .   The  f l i p - f l o p   U48  i s   c l o c k e d   f rom  t h e   o u t p u t   of   g a t e   U30 

a t   p i n   8.  The  g a t e   U30,  p i n s   8,  9  and  10  d e t e r m i n e s   when  t h e  

s h i f t   r e g i s t e r s   a r e   l o a d e d .  

The  a s s e r t i o n   o u t p u t   of   t h e   f l i p - f l o p   U48  a l s o   c o n n e c t s   t o  

g a t e   U30  a t   p i n   2  w i t h   t h e   o u t p u t   of  g a t e   U30  a t   p i n   3  b e i n g  

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

f l i p - f l o p   U48  c o u p l e s   to  g a t e   U66  a t   p i n   5.  The  o t h e r   i n p u t   t o  

t h e   g a t e   U66  a t   p i n   4  r e c e i v e s   a  s i g n a l   VMWR*.  The  o u t p u t   f r o m  

t h e   g a t e   U66  a t   p i n   6  i s   t h e   s i g n a l   VWR*.  T h i s   s i g n a l  

c o n t r o l s ,   i n t e r   a l i a ,   t h e   b u f f e r s   U59  and  U60.  The  g a t e   U66  

p i n s   4-6  a s s u m e s   t h a t   t h e   s i g n a l   VWR*  is   a s s e r t e d   o n l y   upon   a  

w r i t e   r e q u e s t .   In  c o n n e c t i o n   w i t h   t h e   memory  a r b i t r a t i o n  

c i r c u i t r y ,   i t   i s   a l s o   n o t e d   t h a t   t h e   g a t e s   U66  p i n s   8 - 1 0   a n d  

U66  p i n s   1 1 - 1 3   d e t e r m i n e   t h e   end  of   a c c e s s   and  i n v o l v e   a  

r e s e t t i n g   of   t h e   f l i p - f l o p   U48.  The  o u t p u t   of   t h e   g a t e   U66  a t  

p i n   11  a l s o   c l o c k s   t h e   f l i p - f l o p   U 7 4 .  

The  s y s t e m   of   t h e   i n v e n t i o n   u s e s   a  " d a t a   r e a d y "   h a n d s h a k e  

s c h e m e   f o r   e x t e r n a l   m e m o r y .   In  t h i s   t e c h n i q u e   t h e   1 8 6  

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

a c c e s s .   I t   i s   t h e n   up  to   t h e   e x t e r n a l   memory  to   a s s e r t   t h e  

s i g n a l   ARDY  when  t h e   a c c e s s   i s   c o m p l e t e d .   The  p r o c e s s o r   t h e n  

g o e s   o u t   of   t h e   WAIT  s t a t e ,   and   t h e   e x t e r n a l   d e v i c e   c l e a r s   t h e  

d a t a - r e a d y   s i g n a l   b e f o r e   t h e   n e x t   p r o c e s s o r   186  memory   c y c l e .  

FIG.   1  a l s o   shows   t h e   AND  g a t e   U30  p i n s   4  and  5  as  i n p u t s  

and  p i n   6  as  an  o u t p u t .   T h i s   g a t e   s e n s e s   w h e t h e r   t h e   s i g n a l  

DISCYC  i s   low  t h u s   s i g n i f y i n g   t h a t   t h e   s h i f t   r e g i s t e r s   h a v e  

b e e n   l o a d e d   and  a  p r o c e s s o r   a c c e s s   can   now  o c c u r .   As  s o o n   a s  

t h e   s i g n a l   DISCYC  g o e s   l ow ,   t h e   f l i p - f l o p   U48  a t   p i n   1  c l o c k s  

t h e   s i g n a l   MACC  w h i c h   a p p e a r s   a t   p i n   14  and  w h i c h   i s   h i g h   t o  

t h e   Q  o u t p u t   of   f l i p - f l o p   U48  a t   p i n   12 .   T h i s   m a k e s   t h e   s i g n a l  

186 /SCN  a t   t h e   o u t p u t   p i n   12  go  h i g h   w h i c h   s w i t c h e s   t h e   a d d r e s s  

m u l t i p l e x e r s   U34-U37  f rom  t h e   s c a n   c o u n t e r   a d d r e s s e s   to   t h e  



p r o c e s s o r   a d d r e s s e s   and  s i m i l a r l y ,   t h e   Q*  o u t p u t   of   t h e  

f l i p - f l o p   U48  a t   p i n   13  g o e s   l o w ,  w h i c h   e n a b l e s   t h e   v i d e o  

w r i t e s   s i g n a l ,   VWR*.  The  g a t e   U66  p i n s   4,  5  and  o u t p u t   p i n   6 

makes   s u r e   t h a t   t h e   s i g n a l   VWR*  i s   a s s e r t e d   o n l y   i f   a  w r i t e   h a s  

b e e n   r e q u e s t e d .   A l s o ,   t h e   Q  o u t p u t   of  p i n   12  f r o m   f l i p - f l o p  

U48  i s   g a t e d   w i t h   t h e   s i g n a l   RAS*  to  fo rm  t h e   r e a d   l a t c h   s i g n a l  

RDLTH  w h i c h   c l o c k s   t h e   two  8  BIT  l a t c h e s   on  t h e   r e a d   b u s ,  

n a m e l y   l a t c h e s   U42  and  U45.  Note   t h e   i n p u t   c l o c k   s i g n a l   a t   p i n  

1  w h i c h   i s   a  s i g n a l   RDLTH  c o u p l i n g   to  b o t h   8  BIT  l a t c h e s   U42 

and  U45.  T h e s e   l a t c h e s   may  be  of   t y p e   7 4 L S 3 7 4 .  

I t   i s   n o t e d   t h a t   t h e   a d d r e s s   m u l t i p l e x e r s   U34-U37  e a c h   h a v e  

A  and  B  i n p u t s .   The  a f o r e m e n t i o n e d   s i g n a l   186 /SCN*  i s   c o u p l e d  

in  common  to  a l l   of   t h e   B  i n p u t s   of   t h e s e   m u l t i p l e x e r s .   W h e n  

t h i s   s i g n a l   i s   h i g h   i t   s w i t c h e s   t h e   m u l t i p l e x e r s   f rom  t h e   s c a n  

c o u n t e r   a d d r e s s e s   to  p r o c e s s o r   g e n e r a t e d   a d d r e s s e s .   The  i n p u t  

A  i n p u t s   a r e   t i e d   in  common  f rom  t h e   s i g n a l   MUX.  In  t h i s  

r e g a r d   t h e   RO-R7  s i g n a l s   and  CO-C5  s i g n a l s   a r e   t h e   s c a n   c o u n t e r  

s i g n a l s   and  t h e   p r o c e s s o r   g e n e r a t e d   a d d r e s s e s   a r e   t h e   P A l - P A 1 4  

a d d r e s s e s .   By  way  of   e x a m p l e ,   w i t h   r e s p e c t   to  t h e   m u l t i p l e x e r  

U35  p i n s   5  and  6  a l o n g   w i t h   p i n s   10  and  11  r e c e i v e   s c a n   c o u n t e r  

a d d r e s s e s   and  p i n s   3  and  4  a l o n g   w i t h   p i n s   12  and  13  r e c e i v e  

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

s i g n a l s   a r e   i a e n t i f i e d   as  s i g n a l   VA4  a t   p i n   9  and  VA5  a t   p i n  

7.  S i m i l a r   a r r a n g e m e n t s   o c c u r   w i t h   r e s p e c t   to   t h e   o t h e r  

m u l t i p l e x e r s   34,   36  and  3 7 .  

The  end  of   an  a c c e s s   i s   b a s i c a l l y   d e t e r m i n e d   by  t h e   g a t e s  

U66,  p i n s   8 - 1 0   and  1 1 - 1 3 .   The  end  of   an  a c c e s s   i s   d e t e r m i n e d  

when  t h e   s i g n a l s   CCLK  and  MUX  a r e   b o t h   low.   When  t h i s   o c c u r s ,  

t h e   f l i p - f l o p   U64  is   c l o c k e d   f r o m   t h e   o u t p u t   of  g a t e   U66  a t   p i n  

11  t h u s   a s s e r t i n g   t h e   d a t a   r e a d y   s i g n a l   DATA-RDY.  T h i s   s i g n a l  

is   d r i v e n   to  t h e   bus  in  an  i n v e r t e d   s t a t e   by  o p e n   c o l l e c t o r  

d r i v e r   U67,  p i n s   1 - 3 .   The  c o n t r o l   t h e n   w a i t s   u n t i l   t h e  

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

low  a f t e r   t h e   a c c e s s ,   w h i c h   c l e a r s   t h e   f l i p - f l o p   U64  by  way  o f  



g a t e s   U46,  p i n s   1 -3   and  U46  p i n s   4 - 6 .   T h i s   t h e n   d r o p s   t h e   d a t a  

r e a d y   s i g n a l   DATA-RDY.  The  c y c l e   i s   now  c o m p l e t e d   and  t h e  

l o g i c   i s   r e a d y   f o r   t h e   n e x t   r e q u e s t .  
A d d i t i o n a l   c i r c u i t r y   d e s c r i b e d   in  t h e   d r a w i n g s   i s   c o n c e r n e d  

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

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

t h a t   t h e   u p p e r   l e f t   c o r n e r   o f   t h e   m o n i t o r   i s   a d d r e s s   EOOOOH, 
w i t h   i n c r e a s i n g   a d d r e s s e s   g o i n g   to  t h e   r i g h t .   To  s y n c h r o n i z e  
t h e   d i s p l a y   p r o p e r l y ,   t h e r e   i s   p r o v i d e d   a  s c a n   c o u n t e r   w h i c h   i s  

c o m p o s e d   of  f o u r   s e p a r a t e   c o u n t e r s   U32,  U33,  U49  and  U50.  E a c h  

of  t h e s e   c o u n t e r s   may  be  of   t y p e   7 4 F l 6 l .   T h e s e   c o u n t e r s   have   a  
c l o c k   i n p u t   a t   p i n   2,  a  l o a d   i n p u t   a t   p i n   9  and  a  c l e a r   i n p u t  
a t   p i n   1.  The  c l o c k   i n p u t   i s   t h e   s i g n a l   SCNCLK  t a k e n   f rom  NAND 

g a t e s   U46  p i n s   8 - 1 0   and  p i n s   1 1 - 1 3 .   The  s i g n a l   SCNCLK  i s  

d e r i v e d   f rom  t h e   s i g n a l   CBLANK*  and  a l s o   f rom  t h e   two  i n p u t s   t o  

t h e   g a t e   U30  a t   p i n s   4  and  5,  n a m e l y ,   t h e   s i g n a l s   MUX  a n d  

DISCYC*.  Tne  o u t p u t   of  g a t e   U30  a t   p i n   6  c o u p l e s   to  p i n   12  o f  

g a t e   U46.  G a t e   U46  a t   p i n s   9  and  10  a r e   t i e d   t o g e t h e r   and  t h i s  

g a t e   f u n c t i o n s   as  an  i n v e r t e r   w i t h   t h e   o u t p u t   a t   p i n   8  b e i n g  

t h e   s i g n a l   SCNCLK  f o r   c l o c k i n g   t h e   s c a n   c o u n t e r .  

The  s c a n   c o u n t e r   i s   r e s e t   e a c h   v e r t i c a l   r e t r a c e   f rom  t h e  

f l i p - f l o p   U48A  a t   i t s   Q  o u t p u t ,   p i n   8.  The  f l i p - f l o p   U48A  i s  

of   t y p e   LS73  and  i s   a  J -K  f l i p - f l o p .   The  J  i n p u t   i s   t i e d   to   a  

p o s i t i v e   v o l t a g e   and  t h e   K  i n p u t   i s   t i e d   to  g r o u n d .   The  c l o c k  

i n p u t   a t   p i n   5  t o   t h e   f l i p - f l o p   U48A  is   t h e   s i g n a l   VSYNC*.  T h e  

o u t p u t   f r o m   t h e   f l i p - f l o p   U48A  a t   p i n   8  t i e s   to   t h e   c l e a r  

i n p u t s   of  e a c h   s t a g e   of  t h e   s c a n   c o u n t e r   a t   p i n   1.  T h u s ,   t h e  

v e r t i c a l   s i n k   s i g n a l   VSYNC*  c l e a r s   t h e   c o u n t e r s   to   s c a n   a d d r e s s  

0  c o r r e s p o n d i n g   to   p r o c e s s o r   a d d r e s s   EOOOOH  u n t i l   t h e   s i g n a l  

CBLANK  g o e s   low  t h e r e b y   c l e a r i n g   t h e   f l i p - f l o p   U48A.  No te   t h e  

s i g n a l   CBLANK  c o u p l i n g   to   t h e   r e s e t   i n p u t   of   t h e   f l i p - f l o p   U 4 8 A .  

The  s i g n a l   CBLANK  i s   t h e   c o m p o s i t e   b l a n k   s i g n a l ,   and  i s   l o w  

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

The  s c a n   c o u n t e r s   U32,  U33,  U49  and  U50  a r e   c l o c k e d   by  t h e  



s i g n a l   DISCYC*  g a t e d   by  t h e   s i g n a l   MUX  and  t h e   s i g n a l   CBLANK*. 

T h i s   c l o c k i n g   s i g n a l   i s   t h e   a f o r e m e n t i o n e d   s i g n a l   SCNCLK.  T h e  

g a t i n g   o c c u r s  b y   way  of  t h e   a f o r e m e n t i o n e d   g a t e   U46  p i n s   8 - 1 0 ,  

g a t e   U46  p i n s   1 1 - 1 3   and  g a t e   U30  p i n s   4 - 6 .   T h i s   c l o c k i n g  

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

The  s c a n   c o u n t e r s   p r o d u c e   8  row  o u t p u t s   R0-R7  c o r r e s p o n d i n g   t o  

t h e   s c a n   c o u n t e r s   U32  and  U33.  The  o u t p u t s   RO-R3  a r e   f rom  t h e  

c o u n t e r   and  t h e   o u t p u t s   R4-R7  a r e   f r o m   t h e   c o u n t e r   U33.  T h e  

s c a n   c o u n t e r   a l s o   p r o d u c e s   s i x   c o l u m n   o u t p u t s   CO-C5.  T h e  

o u t p u t   CO-C3  a r e   t a k e n   f rom  t h e   c o u n t e r   U50  and  t h e  o u t p u t   C4 

and  C5  a r e   t a k e n   f rom  t h e   c o u n t e r   U49.  The  row  o u t p u t s   a r e  
RO-R7  a l o n g   w i t h   t h e   c o l u m n   o u t p u t   CO-C5  c o u p l e d   to  t h e   4 : 1  

m u l t i p l e x e r   w h i c h   i s   c o m p r i s e   of   m u l t i p l e x e r   c i r c u i t s   U 3 4 - U 3 7 .  

As  n o t e d   in  t h e   d r a w i n g ,   t h e   row  o u t p u t s   c o u p l e   a s  

f o l l o w s .   S i g n a l s   RO  and  Rl  to   m u l t i p l e x e r   R37,  s i g n a l s   R2  a n d  

R3  to  m u l t i p l e x e r   R36,   s i g n a l s   R4  and  R5  to  m u l t i p l e x e r   R35  a n d  

s i g n a l s   R6  and  R7  to  m u l t i p l e x e r   U34.  With   r e s p e c t   to   t h e  

c o l u m n   o u t p u t s ,   o u t p u t   C0  c o u p l e s   to  m u l i t p l e x e r   U37,  o u t p u t s  

Cl  and  C2  c o u p l e   to  m u l t i p l e x e r   U36,  o u t p u t s   C3  and  C4  c o u p l e  

to  m u l t i p l e x e r   U35  and  o u t p u t   C5  c o u p l e s   to  m u l t i p l e x e r   U 3 4 .  

The  c o l u m n   and  row  o u t p u t s   a l w a y s   c o u p l e   to  t h e   0  and  1  i n p u t s  

of  t h e s e   m u l t i p l e x e r s   e i t h e r   a t   p i n s   5  and  6  or  a t   p i n s   10  a n d  

11.  T n e s e   a r e   t h e   s c a n   c o u n t e r   i n p u t s   to  t h e   m u l t i p l e x e r s .  

The  p r o c e s s o r   i n p u t s   a r e   a t   p i n s   3,  4,  12  and  13.   T h e s e   c o l u m n  

and  row  o u t p u t s   f rom  t h e   s c a n   c o u n t e r   a d d r e s s   t h e   g r a p h i c s  

memory  d u r i n g   d i s p l a y   c y c l e s .   The  o u t p u t s   f rom  t h e  

m u l t i p l e x e r s   a r e   i d e n t i f i e d   as  s i g n a l s   VAO-VA7.  T h e s e   s i g n a l s  

c o u p l e   to  t he   p a c k a g e   RP3  shown  in  t h e   d r a w i n g   and  t h e   o u t p u t s  

t h e r e f r o m   a r e   c o n v e r t e d   to  s i g n a l s   VAOR-VA7R  c o u p l e   to   t h e  

g r a p h i c s   m e m o r y .  

The  g r a p h i c s   memory  i s   c o m p r i s e d   of   1 2  d y n a m i c   RAMS.  E a c h  

d y n a m i c   RAM  i s   of   t y p e   TMS  4 4 1 6 - 1 5   and  e a c h   i s   a  16K  by  4 

d y n a m i c   RAM.  The  g r a p h i c s   memory  i s   a r r a n g e d   in  t h r e e   p l a n e s .  

The  f i r s t   p l a n e   i s   c o m p r i s e d   of   RAMS  U 1 0 - U 1 3 ,   t h e   s e c o n d   p l a n e  



i s   c o m p r i s e d   of   RAMS  U2-U5  and  t h e   t h i r d   p l a n e   i s   c o m p r i s e d   o f  

RAMS  U6-U9.   The  p l a n e   0  i s   t h e   b l a c k   and  w h i t e   p l a n e   and  a s  

m e n t i o n e d   i s   c o m p r i s e d   of   RAMS  U 1 0 - U 1 3 .   The  o t h e r   m e m o r y  

p l a n e s   a r e   a d d e d   to   u p g r a d e   to   c o l o r .   Each   p l a n e   has   f o u r   RAMS 

and  a l s o   c o m p r i s e s   two  l a t c h e s   of   t y p e   7 4 L S 2 7 3   and  a l s o   t w o  

s h i f t   r e g i s t e r s   of   t y p e   2 5 L S 2 2 .   T h u s ,   t h e   p l a n e   0  has   l a t c h e s  

27  and  29  and  s h i f t   r e g i s t e r s   26  and  28.  The  p l a n e   1  h a s  

l a t c h e s   U21  and  U39  and  s h i f t   r e g i s t e r s   U20  and  U38.  The  p l a n e  

2  h a s   l a t c h e s   U23  and  U25  and   s h i f t   r e g i s t e r s   U22  and  U24.  T h e  

l a t c h e s   of   t y p e   74LS273   h a v e   a  c l o c k   i n p u t   w h i c h   r e c e i v e s   t h e  

s i g n a l   LD-VID.   T h e s e   l a t c h e s   a l s o   r e c e i v e   t h e   s i g n a l   GROF*.  

The  s h i f t   r e g i s t e r s   a r e   l o a d e d   by  m e a n s   of   t h e   s i g n a l   S / L * .  

The  o u t p u t   p l a n e   v i d e o   s i g n a l s   a r e   t a k e n   a t   p i n   12  of   one  o f  

t h e   s h i f t   r e g i s t e r s   of   e a c h   p a i r .   T h u s ,   t h e   s i g n a l   POVID  i s  

t a k e n   a t   p i n   12  of  s h i f t   r e g i s t e r   U28.  The  s i g n a l   PIVID  i s  

t a k e n   a t   t h e   o u t p u t   p i n   12  of   t h e   s h i f t   r e g i s t e r   U20.  T h e  

s i g n a l   P2VID  i s   t a k e n   a t   t h e   o u t p u t   p i n   12  of   t h e   s h i f t  

r e g i s t e r   U22.  T h e s e   s i g n a l s   POVID,  P1VID  and  P2VID  c o u p l e   t o  

t h e   m u l t i p l e x e r s   117A,   117B  and  117C.   T h e s e   m u l t i p l e x e r s   a l s o  

r e c e i v e   p r o c e s s o r   a d d r e s s e s   PAl ,   PA2  and  PA3  r e s p e c t i v e l y .  

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

a l s o   p r o v i d e d   bus  i s o l a t i o n   b u f f e r s   U 4 0 - U 4 4 .   T h e s e   b u f f e r s   a r e  

a s s o c i a t e d   o n l y   w i t h   p l a n e s   1  and  2.  I t   i s   n o t e d   t h a t   t h e  

w r i t e   bus   ( s i g n a l   WR-BUS)  c o u p l e s   d i r e c t l y   to   t h e   l a t c h e s   U27  

and  U29.  H o w e v e r ,   t h e   w r i t e   bus   c o u p l e s   by  way  of   b u s  

i s o l a t i o n   b u f f e r s   U40  and  U43  t o   t h e   bus   Wl -BUS,   and  a l s o  

c o u p l e s   by  way  of  bus   i s o l a t i o n   b u f f e r s   U41  and  U44  to   t h e   b u s  

WO-BUS.  The  bus  i s o l a t i o n   b u f f e r s   U40-U44   a r e   n e c e s s a r y  

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

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

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

a s s o c i a t e d   l a t c h e s .   A l s o ,   t h e   p a r t i c u l a r   t y p e   of   RAM  u s e d   h a s  

common  I / O   p i n s ,   so  d a t a   i n p u t   f r o m   t h e   p r o c e s s o r   c a n n o t   b e  

s e p a r a t e d   f rom  t h e   d a t a   g o i n g   to   t h e   l a t c h e s .  



T h e . m e m o r y   l a t c h e s   s u c h   as  t h e   l a t c h e s   U27  and  U29  of  p l a n e  

0  h o l d   t h e   d a t a   u n t i l   t h e   s h i f t   r e g i s t e r s   a r e   e m p t y .   A f t e r   1 6  

p i x e l s   h a v e   b e e n   s h i f t e d   o u t ,   t h e   s i g n a l   S/L*  g o e s   low  and  t h e  

d a t a   in  t h e   l a t c h e s   a r e   l o a d e d   i n t o   t h e   s h i f t   r e g i s t e r s .   T h e  

o u t p u t   of  t h e   s h i f t   r e g i s t e r s   go  to  a  2 :1   m u l t i l p l e x e r   U17  

c o m p r i s e d   of   s e p a r a t e   m u l t i p l e x e r   c i r c u i t s   U17A,  U17B  a n d  

U17C.  T h e s e   a r e   t h e   a f o r e m e n t i o n e d   s i g n a l s   POVID,  P1VID  a n d  

P2VID  c o u p l i n g   r e s p e c t i v e l y   to  t h e   B  i n p u t s   of  t h e   m u l t i p l e x e r s  

U17A,  U17B  and  U 1 7 C .  

The  m u l t i p l e x e r   s e l e c t s   w h i c h   a d d r e s s   l i n e s   go  to   t h e  

p a l e t t e   RAM  U16.  I t   s e l e c t s   b e t w e e n   p r o c e s s o r   i n f o r m a t i o n  

r e p r e s e n t e d   by  t h e   s i g n a l s   PAl ,   PA2  and  PA3;  and  s h i f t   r e g i s t e r  

d a t a   as  r e p r e s e n t e d   by  t h e   s i g n a l s   POVID,  PIVID  and  P 2 V I D .  

In  c o n n e c t i o n   w i t h   t h e   m u l t i l p l e x e r s   U17A,  U17B  and  U17C  i t  

i s   n o t e d   t h a t   c o n t r o l   i s   p r o v i d e d   f rom  t h e   s i g n a l   WR-PAL* .  

T h i s   s i g n a l   i s   n o r m a l l y   h i g h   and  t h u s   t h e   s h i f t   r e g i s t e r  

o u t p u t s   f o rm  t h e   p a l e t t e   a d d r e s s .   H o w e v e r ,   d u r i n g   p a l e t t e  

w r i t e s ,   when  t h e   186  p r o c e s s o r   a s s i g n s   c o l o r s ,   t h e   s i g n a l  

WR-PAL*  g o e s   l o w ,   s w i t c h i n g   t h e   m u l t l p l e x e r   to  t h e   p r o c e s s o r  
186  a d d r e s s e s .   In  t h i s   r e g a r d   a l s o   n o t e   t h e   s i g n a l   WR-PM* 

w h i c h   c o n t r o l s   t h e   r e a d / w r i t e   o p e r a t i o n   of   t h e   p a l e t t e   RAM  U 1 6 .  

A s s o c i a t e d   w i t h   t h e   m u l t i p l e x e r s   U17A-U17C  i s   a  b u f f e r   t h a t  

p e r m i t s   d i r e c t   c h a r a c t e r   d a t a   f r o m   t h e   9007  v i d e o   c o n t r o l l e r .  

In  t h i s   r e g a r d ,   n o t e   t h e   s i n g a l s   AGVID  and  AINT.  T h e s e   s i g n a l s  

c o u p l e   to  t h e   d r i v e r s   Ul  a t   r e s p e c t i v e   p i n s   5  and  12.   T h e s e  

d r i v e r s   a r e   e n a b l e d   f r o m   a  s i g n a l   a t   t h e   o u t p u t   of   t h e   g a t e   U67 

a t   p i n   8  d e r i v e d   f r o m   t h e   g r a p h i c s / a l p h a   n u m e r i c s   s i g n a l   G / A *  

u n d e r   c o n t r o l   of  t h e   s i g n a l   WR-PAL  w h i c h   i s   t h e   a s s e r t i o n   o f  

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

The  m u l t i p l e x e r   c o m p r i s e d   of   m u l t i p l e x e r   c i r c u i t s   U 1 7 A - U 1 7 C  

has   t r i - s t a t e   o u t p u t s ,   so  t h a t   a  v i d e o   f rom  t h e   c e n t r a l  

p r o c e s s o r   can   be  u s e d   i n s t e a d   of   t h e   g r a p h i c   d a t a .   T h i s   a l l o w s  

f o u r   c o l o r   t e x t   on  t h e   CM-1  m o n i t o r .   The  9007  v i d e o   i n  

a t t r i b u t e   BIT  f o r   i n t e n s i t y   c an   be  r o u t e d   to   t h e   p a l e t t e   RAM 



U16  by  b u f f e r   Ul  w h i c h   i s   c o m p r i s e d   of   f o u r   d r i v e r s ,   p i n s   1 - 3 ,  

p i n s   4 - 6 ,   p i n s   7 - 9 ,   and  p i n s   1 1 - 1 3 .   T h i s   r o u t i n g   of   t h e   9 0 0 7  

v i d e o   to   t h e   p a l e t t e   RAM  i s   c o n t r o l l e d   by  t h e   s t a t u s   of   t h e  

g r a p h i c s / a l p h a   n u m e r i c s   l i n e ,   n a m e l y   s i g n a l   G/A*.   A l s o ,   t h e  

b u f f e r   Ul  can   s e n d   t h e   d a t a   f r o m   p l a n e   0  to   t h e   CPU  i f  

d e s i r e d .   No te   t h e   s i g n a l   POVID  c o u p l i n g   to  t h e   g a t e   U30  a t   p i n  

12  w h i c h   can   c o u p l e   by  way  o f   t h e   b u f f e r   Ul  p i n s   2  and  3  to   t h e  

s i g n a l   l i n e   AGVID. 

The  o u t p u t s   of   t h e   p a l e t t e   RAM  U16  p i n s   5,  7,  9  and  1 1  

c o r r e s p o n d i n g   to   d a t a   o u t p u t s   DOl-D04   c o u p l e   to  v i d e o   l i n e  

d r i v e r s   U14A,  U14B  and  U15A-U15D.   B l a n k i n g   i s   a l s o   p r o v i d e d   a t  

t h e s e   d r i v e r s   U14  and  U15  by  m e a n s   of   NAND  g a t e   c i r c u i t r y  

i n c l u d i n g   g a t e s   FOOA  and  FOOD  and  t h e   b l a n k i n g   d e l a y   d e v i c e  

U63.  The  b l a n k i n g   i s   s e l e c t e d   by  t h e   d i s c r e t e   2 :1   m u l t i p l e x e r  

U47  w h i c h   i s   c o m p r i s e d   of   t h e   a f o r e m e n t i o n e d   g a t e s   FOOA-FOOD. 

The  b l a n k i n g   i s   s e l e c t e d   so  t h a t   e i t h e r   t h e   a l i g n e d   c o m p o s i t e  

b l a n k   f o r   g r a p h i c s   i s   u s e d   or   t h e   o r i g i n a l   b l a n k i n g   d e l a y e d   8 

DOT  c l o c k s   f o r   t e x t   i s   u s e d .   N o t e   t h a t   t h e r e   i s   a s s o c i a t e d  

w i t h   t h e   m u l t i p l e x e r   U47  a  s h i f t   r e g i s t e r   U63  w h i c h   i s   o f   t y p e  

LS164  and  w h i c h   i s   u s e d   to  d e l a y   t h e   o r i g i n a l   b l a n k i n g   s i g n a l  

w h i c h   i s   t h e   s i g n a l   9007  BLANK  shown  on  t h e   d r a w i n g   a n d  

i n p u t t e d   i n t o   t h e   s h i f t   r e g i s t e r   U63.  The  s i g n a l   DOTCLK 

c o n t r o l s   t h e   c l o c k i n g   of  t h e   t h e   b l a n k i n g   s h i f t   r e g i s t e r   U 6 3 .  

H a v i n g   now  d e s c r i b e d   a  p r e f e r r e d   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 ,   i t   s h o u l d   now  be  a p p a r e n t   to  t h o s e   s k i l l e d   in  t h e  

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

w i t h i n   t h e   s c o p e   of   t h i s   i n v e n t i o n   as  now  d e f i n e d   by  t h e  

a p p e n d e d   c l a i m s .  



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

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

w r i t e   b u s ,   and  an  a d d r e s s   b u s ,   s a i d   v i d e o   g r a p h i c s   s y s t e m  

c o m p r i s i n g ;   v i d e o   memory  means   h a v i n g   a d d r e s s   l i n e   and  d a t a  

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

s i g n a l s   f o r   row  and  c o l u m n   s e l e c t i o n ,   m u l t i p l e x e r   m e a n s ,   m e a n s  

c o u p l i n g   t h e   o u t p u t   of   t h e   v i d e o   c o u n t e r   means   to   a  f i r s t   i n p u t  

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

s a i d   p r o c e s s o r   to  a  s e c o n d   i n p u t   of   s a i d   m u l t i p l e x e r   m e a n s ,  

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

v i d e o   memory   means   f o r   p r o v i d i n g   a d d r e s s   i n p u t s   a t   s a i d   a d d r e s s  

l i n e s   of   s a i d   v i d e o   memory  m e a n s ,   and  means   c o u p l e d   f rom  s a i d  

d a t a   l i n e s   o f   s a i d   v i d e o   memory  means   to  c o n v e r t   to   a  s e r i a l  

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

2.  A  v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in  c l a i m   1  w h e r e i n  

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

t h e   a d d r e s s   i n p u t s   t h e r e t o   t i e d   in  common  to  e a c h   memory  p l a n e .  

3.  A  v i d e o   g r a p h i c s   s y s t e m   as   s e t   f o r t h   in  c l a i m   2  w h e r e i n  

s a i d   v i d e o   memory  means   c o m p r i s e s   a  v i d e o   r a n d o m   a c c e s s   m e m o r y  

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

4.  A  v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in  c l a i m   3  w h e r e i n  

s a i d   w r i t e   bus   i s   s e p a r a t e d   i n t o   s e p a r a t e   w r i t e   b u s e s  

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

5.  A  v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in  c l a i m   1  

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

b u s .  

6.  A  v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in  c l a i m   5  w h e r e i n  

s a i d   w r i t e   bus   i s   s e p a r a t e d   f r o m   t h e   r e a d   bus  by  t r i - s t a t e  

b u f f e r s .  



7 . . A   v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in  c l a i m   1  

i n c l u d i n g   means   f o r   r e c e i v i n g   t h e   w r i t e   bus   and  means   f o r  

s e p a r a t i n g   t h e   w r i t e   bus   i n t o   a  n u m b e r   of   s e p a r a t e   w r i t e   b u s e s  

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

8.  A  v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in  c l a i m   7  w h e r e i n  

s a i d   means   f o r   s e p a r a t i n g   t h e   w r i t e   bus   c o m p r i s e s   t r i - s t a t e  

b u f f e r   m e a n s .  

9.  A  v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in  c l a i m   1  w h e r e i n  

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

m u l t i p l e   b i t   row  o u t p u t s   and  m u l t i p l e   b i t   c o l u m n   o u t p u t s .  

10.   A  v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in   c l a i m   9 

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

m u l t i p l e x e r   m e a n s   c o m p r i s e s   c o n d u c t o r   m e a n s .  

l l .   A  v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in  c l a i m   1 0  

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

s e p a r a t e   m u l t i p l e x e r   c i r c u i t s .  

12.   A  v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in  c l a i m   1 1  

w h e r e i n   s a i d   s c a n   c o u n t e r   i s   c o n t r o l l e d   f rom  a  v e r t i c a l  

s y n c h r o n i z a t i o n   s i g n a l .  

13.   A  v i d e o   g r a p h i c s  s y s t e m   as  s e t   f o r t h   in  c l a i m   1  

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

s h i f t   r e g i s t e r   m e a n s .  

14 .   A  v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in  c l a i m   1  

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

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

of  s h i f t   r e g i s t e r   means   f o r   p r o v i d i n g   m u l t i p l e   s e r i a l   o u t p u t s .  



1 5 . .   A  v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in  c l a i m   1 4  

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

s a i d   s h i f t   r e g i s t e r   means   and  r e c e i v i n g   a  s e c o n d   i n p u t   t h e r e t o  

f rom  t h e   a d d r e s s   b u s .  

16.  A  v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in  c l a i m   1 5  

f u r t h e r   i n c l u d i n g   a  p a l e t t e   RAM  m e a n s   and  means   c o u p l i n g   t h e  

o u t p u t   of  s a i d   m u l t i p l e x e r   c i r c u i t   to   s a i d   p a l e t t e   RAM  m e a n s  
a d d r e s s   i n p u t s .  

17.  A  v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in  c l a i m   1 6  

w h e r e i n   s a i d   m u l t i p l e x e r   c i r c u i t   i s   c o n t r o l l e d   so  as  to  c o u p l e  

to  t h e   p a l e t t e   RAM  means   e i t h e r   p r o c e s s o r   a d d r e s s e s   or  s h i f t  

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

18.  A  v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in  c l a i m   1 7  

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

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

and  f u r t h e r   i n c l u d i n g   o u t p u t   d r i v e r   means   f o r   c o u p l i n g   t h e s e  

s i g n a l s   to  a  c o l o r   v i d e o   m o n i t o r .  

19.   A  v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in  c l a i m   1  

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

b e i n g   e x p a n d a b l e   so  as  to  p r o v i d e   any  number   of  s e p a r a t e   m e m o r y  
p l a n e s .  

20.  A  v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in  c l a i m   1 

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

memory  p l a n e s   h a v i n g   t h e   same  number   of   a d d r e s s e s   c o u p l e d  

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



2 1 .   A  v i d e o   g r a p h i c s   s y s t e m   as  s e t   f o r t h   in  c l a i m   1  

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

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

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