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©  Video  control  circuitry  for  controlling  the  video  format 
presented  to  the  cathode  ray  tube  to  provide  a  combination 
of  character  generation  and  cell  generation  along  with 
selective  character  inversion  on  a  character-by-character 
basis.  The  video  controller  may  comprise  a  video  memory 
means  for  storing  video  character  codes,  character  genera- 
tor  means  and  cell  generator  means  both  being  coupled 
from  the  output  of  the  video  memory  means  in  a  common 
to  a  shift  register.  The  shift  register  has  associated  there- 
with  controls  for  the  loading  thereof  and  for  the  shifting  of 
signals  therefrom.  Control  signal  means  are  provided 
having  a  video  inverting  and  a  video  non-inverting  state.  At 
the  output  of  the  shift  register,  there  is  preferably  provided 
output  gating  means.  The  aforementioned  control  signals 
couple  to  the  output  gating  means  for  providing  either  inver- 
sion  or  non-inversion  of  the  signal  to  the  output  gating 
means  from  the  shift  register.  Depending  upon  the  state  of 
the  control  signal,  the  character  information  is  either  in- 
verted  or  not  inverted. 
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Background   of  the  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   to  a  v i d e o   c o n t r o l l e r  

p r e f e r a b l y   for   use  in  a  m i c r o c o m p u t e r   s y s t e m .   The  v i d e o  

c o n t r o l l e r   c o n t r o l s   the  v i d e o   d i s p l a y   and  is   c a p a b l e   of  b o t h  

c h a r a c t e r   g e n e r a t i o n   c o n t r o l   and  c e l l   g e n e r a t i o n   c o n t r o l .  

I t   is  an  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   to  p r o v i d e   a n  
improved   v i d e o   c o n t r o l l e r   c i r c u i t ,   p r e f e r a b l y   fo r   use  in  a  

m i c r o c o m p u t e r   s y s t e m   and  which  e n a b l e s   c h a r a c t e r   i n v e r s i o n .  

A n o t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  p r o v i d e   a n  
improved   v i d e o   c o n t r o l l e r   as  in  a c c o r d a n c e   wi th   the  p r e c e d i n g  
o b j e c t   and  which  p e r m i t s   v i d e o   i n v e r s i o n   under   such  c o n t r o l   t o  

p r o v i d e   i n v e r s i o n   on  a  c h a r a c t e r - b y - c h a r a c t e r   b a s i s .  
S t i l l   a  f u r t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  t o  

p r o v i d e   an  improved   v ideo   c o n t r o l l e r   which  employs   as  the   h e a r t  

of  the  c o n t r o l l e r ,   a  c a t h o d e   ray  tube   c o n t r o l l e r   for   c o u p l i n g  
s i g n a l s   to  a  v i d e o   RAM  of  the  v i d e o   c o n t r o l l e r .  

A  f u r t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  to  p r o v i d e   a n  

improved   v i d e o   c o n t r o l l e r   in  a c c o r d a n c e   wi th   the  p r e c e d i n g  

o b j e c t s   and  which   has  means  for   c o n t r o l l i n g   the  o u t p u t   v i d e o  

s i g n a l   to  p r o v i d e   g r a p h i c   o v e r l a y .  
A n o t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  to  p r o v i d e   a n  

improved   v i d e o   c o n t r o l l e r   in  a c c o r d a n c e   wi th   the  p r e c e d i n g  

o b j e c t s   and  which  has  c o n t r o l   for   e n a b l i n g ,   in  a d d i t i o n   t o  
c h a r a c t e r   g e n e r a t i o n   and  c e l l   g e n e r a t i o n ,   a l t e r n a t e   s e t   c o n t r o l  

p r e f e r a b l y   by  way  of  the  s y s t e m   c h a r a c t e r   g e n e r a t o r   ROM. 

Summary  o f   the  I n v e n t i o n  
To  a c c o m p l i s h   the  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   is   p r o v i d e d   a  v i d e o   c o n t r o l l e r ,   p r e f e r a b l y   f o r  

use  in  a  m i c r o c o m p u t e r   s y s t e m .   Th i s   v i d e o   c o n t r o l l e r   b a s i c a l l y  
r e c e i v e s   d a t a   from  a  s y s t e m   memory  such  as  a  random  a c c e s s  

memory.  A d d r e s s   d a t a   is  p r e s e n t e d   to  a  v i d e o   memory  m e a n s  
which   is  a d a p t e d   to  s t o r e   v i d e o   c h a r a c t e r   c o d e s .   The  v i d e o  

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

c o u p l i n g   the   o u t p u t   of  t he   v i d e o   memory  means  to  the   c h a r a c t e r  

g e n e r a t o r   means .   The  c h a r a c t e r   g e n e r a t o r   means  is   a d a p t e d   t o  

p r o v i d e   d a t a   s i g n a l s   for   d i s p l a y   of  c h a r a c t e r s .   For  e x a m p l e ,  
t he   i n p u t   d a t a   to  the   c h a r a c t e r   g e n e r a t o r   may  be  in  ASCII  f o r m  

and  the   o u t p u t s   from  the  c h a r a c t e r   g e n e r a t o r   a re   in  the   form  o f  

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

a t   a  t i m e .   A  s h i f t   r e g i s t e r   c o u p l e s   from  the   o u t p u t   of  t h e  

c n a r a c t e r   g e n e r a t o r   and  means  a re   p r o v i d e d   for   l o a d i n g   the  d a t a  

s i g n a l s   i n t o   the   s h i f t   r e g i s t e r   in  p a r a l l e l   and  for   s h i f t i n g  
the   s i g n a l s   t h e r e f r o m   in  s e r i a l .   In  a c c o r d a n c e   w i th   t h e  
i n v e n t i o n ,   o u t p u t   g a t i n g  m e a n s   a re   p r o v i d e d   and  means  a re   a l s o  

p r o v i d e a   for   c o u p l i n g   the   o u t p u t   of  the   s h i f t   r e g i s t e r   to  t h e  

o u t p u t   g a t i n g   means .   In  o r d e r   to  p r o v i d e   s i g n a l   i n v e r s i o n ,  
t h e r e   is  p r o v i d e d   s i g n a l   c o n t r o l   means  hav ing   v i d e o   i n v e r t i n g  
and  v i d e o   n o n - i n v e r t i n g   s t a t e s .   Means  c o u p l e   the   c o n t r o l  

s i g n a l   means  to  the   o u t p u t   g a t i n g   means  to  p r o v i d e   one  o f  
i n v e r s i o n   or  n o n - i n v e r s i o n   of  the   s i g n a l   to  the   o u t p u t   g a t i n g  

means ,   which   s i g n a l   has  been  c o u p l e d   from  the  s h i f t   r e g i s t e r .  
The  a f o r e m e n t i o n e d   c o n t r o l   s i g n a l   means  p r e f e r a b l y   i n c l u d e s  

c i r c u i t   means  h a v i n g   one  s t a t e   i n d i c a t i n g   i n v e r s i o n   and  a n o t h e r  

s t a t e   i n d i c a t i n g   n o n - i n v e r s i o n   of  the   c h a r a c t e r .   Th i s   c o n t r o l  

is  p r o v i d e d   s e l e c t i v e l y   on  at   l e a s t   a  c h a r a c t e r - b y - c h a r a c t e r  
b a s i s .   The  a f o r e m e n t i o n e d   o u t p u t   g a t i n g   means  p r e f e r a b l y  
i n c l u d e s   a  l o g i c   g a t e   h a v i n g   a  s i g n a l   i n p u t   for  r e c e i v i n g   t h e  
s e r i a l   s h i f t   r e g i s t e r   s i g n a l   and  a l s o   h a v i n g   a  c o n t r o l   i n p u t  
for  r e c e i v i n g   the  c o n t r o l   s i g n a l   from  the   c o n t r o l   s i g n a l  
c i r c u i t   means .   The  l o g i c   g a t e   t h a t   is  p r o v i d e d   h e r e i n   i s  
d i s c l o s e d   as  an  e x c l u s i v e   OR  g a t e   t h a t   e n a b l e s   the  c h a r a c t e r  



i n v e r s i o n .   The  means  t h a t   c o u p l e   the  o u t p u t   of  the   s h i f t  

r e g i s t e r   to  t h i s   o u t p u t   g a t e   p r e f e r a b l y   c o m p r i s e s   an  AND  g a t e  
means  h a v i n g   one  i n p u t   for   r e c e i v i n g   the  s h i f t   r e g i s t e r   s e r i a l  

o u t p u t .   With  r e g a r d   to  t h i s   AND  g a t e ,   t h e r e   is  a l s o   p r o v i d e d  
a s s o c i a t e d   t h e r e w i t h   a  b l a n k i n g   s i g n a l   which  is  c o u p l e d   to  t h e  

o t h e r   i n p u t   of  the   AND  g a t e .   This   b l a n k i n g   s i g n a l   e n a b l e s  

b l a n k i n g   of  the   s c r e e n   b e t w e e n   c h a r a c t e r   r o w s .  
The  v i d e o   RAM  c o u p l e s   to  the  c h a r a c t e r   g e n e r a t o r ,  

p r e f e r a b l y   by  way  of  an  o u t p u t   d a t a   l a t c h .   The  d a t a   l i n e s  

be tween   the  d a t a   l a t c h   and  the   c h a r a c t e r   g e n e r a t o r   do  not   a l l  

c o n n e c t   d i r e c t l y ,   but   i n s t e a d   t h e r e   is  a l s o   p r o v i d e d   l o g i c  
c o n t r o l   r e f e r r e d   to  h e r e i n   as  a l t e r n a t e   s e t   l o g i c   means  f o r  

c o n t r o l l i n g   d a t a   f low  c o n t e n t   from  the  d a t a   l a t c h   to  t h e  

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

g a t e   means  r e s p o n s e   to  an  a l t e r n a t e   s e t   e n a b l i n g   s i g n a l   and  a t  

l e a s t   one  d a t a   b i t   from  the  d a t a   l a t c h   means .   This   g a t e   m e a n s  
p r e f e r a b l y   i n c l u d e s   an  OR  g a t e   r e s p o n s i v e   to  the  a l t e r n a t e   s e t  

e n a b l i n g   s i g n a l   or  a  f i r s t   d a t a   b i t .   The  g a t e   means  a l s o  
i n c l u d e s   p r e f e r a b l y   an  AND  g a t e   means  h a v i n g   one  i n p u t  
c o n n e c t e d   to  the  OR  g a t e   means ,   a  s econd   i n p u t   from  a  s e c o n d  
d a t a   b i t ,   and  the  o u t p u t   c o u p l i n g   to  the  c h a r a c t e r   g e n e r a t o r   a t  

a  p o s i t i o n   c o r r e s p o n d i n g   to  the   s econd   d a t a   b i t .  

In  a c c o r d a n c e   wi th   the  i n v e n t i o n   t h e r e   is  a l s o   p r o v i d e d   i n  

the  d i s c l o s e a   e m o o a i m e n t ,   a  c e l l   g e n e r a t o r   means  and  m e a n s  
c o u p l i n g   t h i s   c e l l   g e n e r a t o r   means  in  p a r a l l e l   w i t h   t h e  

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

common  at   i t s   o u t p u t   w i th   the   c h a r a c t e r   g e n e r a t o r   and  b o t h  

d e v i c e s   are   c o u p l e d   to  the  p a r a l l e l   i n p u t s   of  the  s h i f t  

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

m u l t i p l e x e r   and  a  v i d e o   d a t a   o u t p u t   b u f f e r .   Now,  a s s o c i a t e d  
wi th   the  c h a r a c t e r   g e n e r a t o r   and  c e l l   g e n e r a t o r   is  l o g i c   m e a n s  
i n c l u d i n g   a  f i r s t   l o g i c   g a t e   r e s p o n s i v e   to  a  f i r s t   d a t a   b i t  

s i g n a l   from  the  v i d e o   memory  means  fo r   p r o v i d i n g   a  s i g n a l ,   t h e  

s t a t e   of  which  is  r e p r e s e n t a t i v e   of  e i t h e r   g r a p h i c   g e n e r a t i o n  



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

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

h a v i n g   a l t e r n a t e   s t a t e s   i n c l u d i n g   one  s t a t e   e n a b l i n g   on ly   t h e  

c h a r a c t e r   g e n e r a t o r   means  and  a n o t h e r   s t a t e   for   e n a b l i n g   o n l y  
the   c e l l   g e n e r a t o r   means .   Th is   f i r s t   l o g i c   g a t e   p r e f e r a b l y  

c o m p r i s e s   an  AND  g a t e .   The  a f o r e m e n t i o n e d   c o n t r o l   s i g n a l   m e a n s  

r e s p o n s i b l e   for   c h a r a c t e r   i n v e r s i o n   may  be  c o n s i d e r e d   a s  

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

an  i n v e r s e   v i d e o   e n a b l e   s i g n a l   and  a  s econd   i n p u t   fo r   r e c e i v i n g  

a  d a t a   b i t .  

In  the   d i s c l o s e d   e m b o d i m e n t ,   as  the   h e a r t   of  the   s y s t e m ,  
t h e r e   is   p r o v i d e d   a  c a t h o d e   ray  t ube   c o n t r o l l e r   which   r e c e i v e s  

d a t a   i n p u t s   from  a  s y s t e m   d a t a b u s .   The  o u t p u t   of  the   c a t h o d e  

ray  t ube   c o n t r o l l e r   c o u p l e s   to  the   v i d e o   memory.  The  c a t h o d e  

ray  tube   c o n t r o l l e r   is  c o u p l e d   to  the   v i d e o   memory  by  means  o f  

m u l t i p l e x e r s   which   have  two  s e t s   of  d i f f e r e n t   i n p u t s .   In  t h e  

d i s c l o s e d   e m b o d i m e n t ,   t n e r e   a re   t h r e e   quad  i n p u t   m u l t i p l e x e r s .  
These  m u l t i p l e x e r s   eacn  have  a  f i r s t   s e t   of  i n p u t s ,   c o u p l e d  
from  a  c a t h o d e   ray  tube   c o n t r o l l e r ,   and  a  s econd   s e t   of  i n p u t s  

c o u p l e d   from  the   c e n t r a l   p r o c e s s i n g   u n i t   a d d r e s s   b u s .  

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

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

FIG.  1  shows  one  p o r t i o n   of  the   m i c r o c o m p u t e r   s y s t e m  

i n c l u d i n g   the  b a s i c   Z80  p r o c e s s o r ;   a n d  

FIG.  2  shows  a  p o r t i o n   of  the   m i c r o c o m p u t e r   s y s t e m  

i n c l u d i n g   p r o g r a m m a b l e   a r r a y   l o g i c   (PAL)  c i r c u i t s   and  d e c o d e r s  

used  in  g e n e r a t i n g   t i m i n g   s i g n a l s   used  in  the  s y s t e m ;   a n d  
FIG.  3  shows  v i d e o   c i r c u i t r y   a l ong   wi th   the  s y s t e m   r a n d o m  

a c c e s s   memory  and  c a t h o d e   ray  t ube   c o n t r o l l e r ;   a n d  



FIG.  4  shows  a d d i t i o n a l   t i m i n g   for   the   s y s t e m   i n c l u d i n g  

k e y b o a r d   c i r c u i t r y ;   a n d  

FIG.  5  shows  a  p o r t i o n   of  the   m i c r o c o m p u t e r   s y s t e m  
i n c l u d i n g   c a s s e t t e   p o r t i n g ;  

FIG.  6  shows  a  p o r t i o n   of  the  m i c r o c o m p u t e r   s y s t e m  
i n c l u d i n g   v i d e o   RAM  and  random  a c c e s s   memory  t i m i n g   c i r c u i t r y ;  
a n d  

FIGS.  7-9  show  t i m i n g   d i a g r a m s   a s s o c i a t e d   w i th   t h e  

m i c r o c o m p u t e r   s y s t e m   shown  in  FIGS.  1 - 6 .  

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

The  v ideo   c o n t r o l l e r   of  the   p r e s e n t   i n v e n t i o n  i s   p r e f e r a b l y  

a d a p t e d   for   use  in  a  m i c r o c o m p u t e r   which  may  be  of  t h e  

s e l f - c o n t a i n e d   d e s k - t o p   m i c r o c o m p u t e r   t y p e .   The  m i c r o c o m p u t e r  

sy s t em  i n c l u d e s   a  m i c r o p r o c e s s o r   such  as  the  c o n v e n t i o n a l   Z - 8 0  

m i c r o p r o c e s s o r   shown  in  FIG.  1  w h i c h  i n   the  m i c r o c o m p u t e r  

sy s t em  of  the  p r e s e n t   i n v e n t i o n   is   c a p a b l e   of  r u n n i n g   at  e i t h e r  

of  two  d i f f e r e n t   c l o c k   r a t e s .   I t   a l s o   i n c l u d e d   p r e f e r a b l y   two  
p r o g r a m m a b l e   a r r a y   l o g i c   (PAL)  c i r c u i t s   used   for   f r e q u e n c y  
d i v i s i o n   and  r o u t i n g   of  a p p r o p r i a t e   t i m i n g   s i g n a l s .  

The  c o m p u t e r   s y s t e m   is  p r o v i d e d   w i th   main  CPU  t i m i n g   from  a  
20-MHz.  c l o c k .   Of  the  a f o r e m e n t i o n e d   PALS,  a  f i r s t   PAL  U3 
d i v i d e s   the  main  c l o c k   s i g n a l   by  f i v e   to  p r o v i d e   4  MHz.  CPU 

o p e r a t i o n .   The  main  c l o c k   is  a l s o   d i v i d e d   by  t en   to  p r o v i d e   a  
2  MHz.  r a t e .   The  l o g i c   a l s o   w a i t s   the   CPU  a t  4   MHz.  c l o c k   r a t e  

for   the  Ml  c y c l e .   This   f i r s t   PAL  U3  a l s o   d i v i d e s   the  m a s t e r  
c l o c k   by  fou r   to  o b t a i n   a  5  MHz.  c l o c k   to  be  s e n t   to  the  R S - 2 3 2  

o p t i o n   c o n n e c t o r   as  a  r e f e r e n c e   for   the  band  r a t e   g e n e r a t o r .  
The  s econd   PAL  U4  s e l e c t s   an  a p p r o p r i a t e   10  MHz.  or  12  MHz. 

c l o c k   v ideo   s h i f t   c l o c k ,   and  by  means  of  a  d i v i d e r   U5,  p r o v i d e s  
a d d i t i o n a l   t i m i n g   s i g n a l s   to  the  v i d e o   d i s p l a y   c i r c u i t r y   to  b e  
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 .  

Low  l e v e l   s i g n a l s   from  and  to  the   CPU  need  to  be  b u f f e r e d  

or  c u r r e n t   a m p l i f i e d   in  o r d e r   to  d r i v e   many  o t h e r   c i r c u i t s .  



The  16  a d d r e s s   l i n e s   a re   b u f f e r e d   by  d e v i c e s   U55  and  U66  shown 
in  FIG.  1,  which   a re   u n i - d i r e c t i o n a l   b u f f e r s   t h a t   a r e  
p e r m a n e n t l y   e n a b l e d .   The  e i g h t   d a t a   l i n e s   a re   b u f f e r e d   b y  
d e v i c e   U71.  S i n c e   d a t a   must   f low  bo th   to  and  from  the   CPU,  t h e  
d e v i c e   U71  is  a  b i - d i r e c t i o n a l   b u f f e r   which  can  go  to  a  t h r e e  

s t a t e   c o n d i t i o n   when  not   in  u s e .   Both  d i r e c t i o n   and  e n a b l e  
c o n t r o l s   come  from  the   a d d r e s s   d e c o d i n g   s e c t i o n .  

In  FIG.  1,  t he   c l o c k   s i g n a l   to  the   CPU  is   b u f f e r e d   by  t h e  
a c t i v e   p u l l - u p   c i r c u i t   Q3.  The  RESET  and  WAIT  i n p u t s   to  t h e  

CPU  are   b u f f e r e d   by  g a t e s   U17  and  U46.  C o n t r o l   o u t p u t s   f r o m  

the   Z80  p r o c e s s o r   i n c l u d e   the   s i g n a l s   Ml-,   RD-,  WR-,  MREQ-  a n d  

IORQ-.  These   s i g n a l s   a re   s e n t   to  the   PAL  U58  shown  in  FIG.  2 

which   combine   t h e s e   i n t o   o t h e r   a p p r o p r i a t e   c o n t r o l   s i g n a l s .  
O the r   t han   the   s i g n a l   MREQ-  which   is   b u f f e r e d   by  d e v i c e   U38 ,  

tne   raw  c o n t r o l   s i g n a l s   go  to  no  o t h e r   c o m p o n e n t s   and  h e n c e  

r e q u i r e   no  a d d i t i o n a l   b u f f e r i n g .  
The  a d d r e s s   d e c o d i n g   s e c t i o n   is  d i v i d e d   i n t o   two  

s u b - s e c t i o n s ,   namely   p o r t   a d d r e s s   d e c o d i n g   and  memory  a d d r e s s  
d e c o d i n g .   In  p o r t   a d d r e s s   d e c o d i n g ,   lower   o r d e r   a d d r e s s   l i n e s  

are   s e n t   to  the   a d d r e s s   and  e n a b l e   i n p u t s   of  d e c o d e r s   U48,  U49 

and  U50.  Tne  d e c o d e r   U48  is   a l s o   e n a b l e d   by  the   s i g n a l   I N - ,  
which   means  t h a t   i t   d e c o d e s   p o r t   i n p u t   s i g n a l s ,   w h i l e   d e c o d e r  
U49  d e c o d e s   p o r t   o u t p u t   s i g n a l s .   Memory  mapping  i s  

a c c o m p l i s h e d   by  the   PAL  U59  shown  in  FIG.  2  in  the   b a s i c   16K  o r  
64K  s y s t e m .   In  a  120  K  s y s t e m ,   the   PAL  U72  a long   w i th   t h e  

s e l e c t   and  memory  b i t   of  the   o p t i o n   r e g i s t e r ,   a l s o   e n t e r   i n t o  
the   memory  mapping  f u n c t i o n .  

A n o t h e r   componen t   of  the   m i c r o c o m p u t e r   s y s t e m   is  t h e  

r e a d - o n l y   memory  (ROM)  shown  in  FIG.  1.  In  the   m i c r o c o m p u t e r  

s y s t e m ,   the   ROM  is   p r e f e r a b l y   of  14K  c a p a c i t y   d i v i d e d   i n t o   a n  
8K  ROM,  a  4K  ROM  and  a  2K  ROM.  The  ROMS  t h a t   a re   u s e d  

p r e f e r a b l y   have  t h r e e - s t a t e   o u t p u t s   which  a re   d i s a b l e d   i f   t h e  
ROMS  a re   d e s e l e c t e d .   ROM  d a t a   o u t p u t s   a re   c o n n e c t e d   d i r e c t l y  
to  the  CPU  d a t a b u s .   The  ROMS  c o n t a i n   a  b a s i c   o p e r a t i n g   s y s t e m ,  



as  w e l l   as  a  f l o p p y   d i s k   boot   r o u t i n e .  

In  the   o v e r a l l   m i c r o c o m p u t e r   s y s t e m ,   the  random  a c c e s s  
memor ies   are   a v a i l a b l e   as  o p t i o n s   in  t h r e e   d i f f e r e n t   c a p a c i t i e s  

i n c l u d i n g   16K,  64K  or  128K  of  RAM.  The  16K  o p t i o n   uses   memory 
type   4116.  The  64K  and  128K  o p t i o n s   which  a re   d e s c r i b e d   i n  

d e t a i l   h e r e i n   use  memory  type   6665.  Th is   type   is  of  64K  by  1 

c a p a c i t y   r e q u i r i n g   on ly   a  s i n g l e   s u p p l y   v o l t a g e .  

Now,  wi th   r e g a r d   to  the  d r a w i n g ,   t h e r e   is  shown  in  FIG.  3 
random  a c c e s s   memory  10  which  is   c o m p r i s e s   of  e i g h t   memory 
u n i t s   10-0 ,   10 -1 ,   10 -2 ,   10-3 ,   10 -4 ,   10-5 ,   10-6  and  10-7 .   E a c h  
of  t h e s e   memory  u n i t s   as  m e n t i o n e d   p r e v i o u s l y   is  of  t ype   6 6 6 5  

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

12,  a d d r e s s   l i n e s   14  and  o u t p u t   d a t a   l i n e s   16.  The  d a t a  

o u t p u t s   from  the  RAM  10  c o u p l e   to  t h e  d a t a b u s   18.  The  d a t a b u s  

is  i d e n t i f i e d   by  the  s i g n a l s   DO-D7. 

A  dynamic   RAM  as  used  h e r e i n   r e q u i r e s   m u l t i p l e x e d   i n c o m i n g  
a d d r e s s   l i n e s .   This   is  a c c o m p l i s h e d   by  means  of  c i r c u i t s   20 

and  22.  These   c i r c u i t s   a re   each  of  type   74157  r e f e r r e d   to  a s  
q u a d - m u l t i p l e x e r s .   The  four   o u t p u t   l i n e s   from  the   m u l t i p l e x e r s  

20  and  22  c o n n e c t   by  way  of  a  r e s i s t o r   a r r a y   24  to  the   a d d r e s s  

i n p u t s   of  the   RAM.  The  i n p u t s   to  the  m u l t i p l e x e r s   20  and  22 

are   t a k e n   from  the  a d d r e s s   bus  24.  The  a d d r e s s   bus  24  i s  

d e s i g n a t e d   by  a d d r e s s   l i n e s   A0-A15  as  n o t e d .  

The  random  a c c e s s   memory  10  is  of  c o n v e n t i o n a l   d e s i g n   in  a  

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

such  as  memory  r e a d - w r i t e   s i g n a l s   and  memory  r e q u e s t   s i g n a l s .  
R e f e r e n c e   has  been  made  h e r e i n b e f o r e   to  c o n t r o l   l i n e s   1 2 .  

Tnese  i n c l u d e   a  memory  r e a d - w r i t e   s i g n a l   (MWR)  and  a  r ow 
a d d r e s s   s t r o b e   s i g n a l   (RAS).  There   is  a l s o   p r o v i d e d   as  s h o w n  

at   the  b o t t o m   of  the  RAM  10  a  column  a d d r e s s   s e l e c t   (CAS) .  
The  d a t a   l i n e s   16  from  the   RAM  10  a re   c o u p l e d   to  the  RAM 

d a t a   b u f f e r   26.  Th is   b u f f e r   may  be  of  type   74LS244  r e f e r r e d   t o  

t y p i c a l l y   as  a  o c t a l   b u f f e r .   The  o u t p u t   of  the   RAM  d a t a   b u f f e r  
26  c o u p l e s   to  the  d a t a b u s   and  c a t h o d e   ray  tube   c o n t r o l l e r   3 0 .  



For  the  128K  RAM  o p t i o n ,   t h e r e   a re   two  rows  of  the   64K  by  1  RAM 
c i r c u i t s   t ype   6665.   The  p r o p e r   row  is   s e l e c t e d   by  the   s i g n a l  
CAS-  shown  in  the   d r a w i n g   and  g e n e r a t e d   from  a  p r o g r a m m a b l e  

a r r a y   l o g i c   (PAL)  c i r c u i t   U72.  The  o u t p u t   d a t a   l i n e s   27  f r o m  
the  RAM  d a t a   b u f f e r   26  c o u p l e   as  d a t a   s i g n a l s   DO-D7  to  t h e  
c a t h o d e   ray  t ube   c o n t r o l l e r   (CRTC)  30.  The  c o n t r o l l e r   30  is  i n  

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

c o n t r o l l e r   is  of  type   MC6835.  The  c o n t r o l l e r   30  a l l o w s   t w o  

s c r e e n   f o r m a t s ;   64  by  16  and  80  by  24.  S ince   the  80  by  24 

s c r e e n   r e q u i r e s   1 ,920   s c r e e n   memory  l o c a t i o n s ,   a  2K  by  8  s t a t i c  
RAM  is   used  for   the   v i d e o   RAM.  The  64  by  16  mode  has  a  

t w o - p a g e   s c r e e n   d i s p l a y   and  a  b y t e   in  the   o p t i o n s   r e g i s t e r   f o r  

d e t e r m i n i n g   which  page  is   a c t i v e   for   the   CPU.  One  o f f s e t s   t h e  
s t a r t   a d d r e s s   of  the   c o n t r o l l e r   30  to  g a i n   a c c e s s   to  the  s e c o n d  

page  64  by  16  mode.  In  t h i s   c o n n e c t i o n ,   no t e   the   i n p u t   c o n t r o l  
s i g n a l   on  l i n e   32  which  i s   a  mode  c o n t r o l   s i g n a l   c o n t r o l l i n g  
e i t h e r   64  by  16  or  80  by  24  o p e r a t i o n .  

The  c o n t r o l l e r   3U  as  m e n t i o n e d   p r e v i o u s l y   is  a  c o n v e n t i o n a l  
c i r c u i t   t h a t   g e n e r a t e s   a l l   of  the   n e c e s s a r y   t i m i n g   and  c o n t r o l  

s i g n a l s   a s s o c i a t e d   w i th   v i d e o   c o n t r o l   i n c l u d i n g   a d d r e s s e s   f o r  
the   v i d e o   RAM  34.  The  v i d e o   RAM  34  is   of  type   4016  and  is  a  
200  n a n o s e c o n d s   RAM  of  c a p a c i t y   2K  by  8.  Th is   is  a  s t a t i c  

RAM.  I t   is  n o t e a   t h a t   the   a d d r e s s   l i n e s   from  the  c o n t r o l l e r   30 

a re   c o u p l e d   in  g r o u p s   to  t h r e e   a d d r e s s   m u l t i p l e x e r s   36,  38  a n d  

40.  These   m u l t i p l e x e r s   a r e   c o n t r o l l e d   by  the   CRT  c l o c k   s i g n a l  
(CRTCLK).  Thus ,   a d d r e s s e s   to  the   v i d e o   RAM  34  a re   p r o v i d e d  
from  the   c o n t r o l l e r   30  when  the   s c r e e n   is   be ing   r e f r e s h e d   a n d  

are   p r o v i d e d   d i r e c t l y   from  the  CPU  by  way  of  the   a d d r e s s   bus  24 
when  u p d a t i n g   the  s c r e e n   d a t a .   This   a l t e r n a t e   c o n t r o l   i s  
c o n t r o l l e d   by  the   s i g n a l   CRTCLK  which  is   a  b i - l e v e l   s i g n a l   t h a t  
c o n t r o l s   the   o p e r a t i o n .   Th is   s i g n a l   CRTCLK  is  c o u p l e d   to  pin  1 
of  e a c h  o f   t h e s e   m u l t i p l e x e r s .   Each  of  the  m u l t i p l e x e r s   36,  38 
and  40  is   r e f e r r e d   to  as  a  quad  m u l t i p l e x e r   of  type   7 4 L S 1 5 7 .  
The  d a t a   l i n e s   of  the   v i d e o   RAM  34  may  be  r e f e r r e d   to  as  a  



v ideo   d a t a b u s   42.  This   v i d e o   d a t a b u s   i n t e r c o u p l e s   the  v i d e o  

RAM  wi th   a  v ideo   d a t a   read  l a t c h   44,  a  v ideo   d a t a   w r i t e   b u f f e r  

46,  and  a  v i d e o   o u t p u t   l a t c h   48.  The  v i d e o   d a t a   r e ad   l a t c h   44 

is  an  o c t a l   l a t c h   of  type  74LS373.   The  v i d e o   d a t a   w r i t e   b u f f e r  
46  is  a  o c t a l   b u f f e r   of  type   74LS244.   The  v i d e o   o u t p u t   l a t c h  

48  is  an  o c t a l   f l i p - f l o p   c i r c u i t   of  type   74LS273.   The  d a t a  
t r a n s f e r   b e t w e e n   the  CPU  and  the   v i d e o   RAM  34  is  l a t c h e d   by  t h e  

v ideo   d a t a   read   l a t c h   44  whose  o u t p u t   c o n n e c t s   to  the  d a t a b u s  
18.  I n p u t   d a t a   p a s s e s   to  the  v i d e o   d a t a   w r i t e   b u f f e r   46  f r o m  

the   d a t a b u s   18  to  the  v ideo   RAM. 

Dur ing   a  s c r e e n   r e f r e s h ,   the  d a t a   o u t p u t s   of  the   v i d e o   RAM 

34  a re   l a t c h e d   by  tne  v i d e o   o u t p u t   l a t c h   48.  The  o u t p u t s   f r o m  

the  v i d e o   RAM  34  are   ASCII  c h a r a c t e r   c o d e s .   These  d a t a   o u t p u t s  
become  the  a d d r e s s e s   for  the  c h a r a c t e r   g e n e r a t o r   ROM  50.  The  
c h a r a c t e r   g e n e r a t o r   ROM  50  may  be  of  type   MCM68A316E.  I n  

a c c o r d a n c e   wi th   the  s y s t e m   d e s c r i b e d   h e r e i n ,   t h e r e   is  a l s o  

p r o v i d e d   an  a l t e r n a t e   d i s p l a y   in  t he   form  of  low  r e s o l u t i o n  

g r a p h i c s .   A c c o r d i n g l y ,   t h e r e   is  p r o v i d e d   a  d a t a   s e l e c t o r   52 

and  a s s o c i a t e d   v ideo   d a t a   o u t p u t   b u f f e r   54.  The  s e l e c t o r   52 

may  be  in  the  form  of  a  dua l   m u l t i p l e x e r   of  type   74LS153.   The  
v i d e o   d a t a   o u t p u t   b u f f e r   54  may  be  a  o c t a l   b u f f e r   of  t y p e  
74LS244.  The  m u l t i p l e x e r   or  s e l e c t o r   52  r e c e i v e s   the  d a t a  

s i g n a l s   from  the  v ideo   o u t p u t   l a t c h   and  p r o v i d e s   two  c o n t r o l  

s i g n a l s   which  are   c o u p l e d   in  common  s e p a r a t e l y   to  the  v i d e o  
da t a   o u t p u t   b u f f e r   5 4 .  

The  o u t p u t   of  the  c h a r a c t e r   g e n e r a t o r   ROM  50  and  the  v i d e o  

d a t a   o u t p u t   b u f f e r   54  c o u p l e   in  common  to  the  s h i f t   r e g i s t e r   56 

which  may  be  of  type   74LS166.  Tnere   a re   c o n t r o l   i n p u t s  
a s s o c i a t e d   wi th   the  s h i f t   r e g i s t e r   56  for   l o a d i n g   d a t a   i n t o   t h e  

s h i f t   r e g i s t e r ,   and  s h i f t i n g   d a t a   on  a  c l o c k e d   b a s i s   out   of  t h e  
s h i f t   r e g i s t e r .   The  l i n e   58  is  the   b a s i c   v i d e o   o u t p u t   from  t h e  

s h i f t   r e g i s t e r   5 6 .  
The  i n p u t s   to  the  s h i f t   r e g i s t e r   56  are   the  l a t c h e d   d a t a  

o u t p u t s   from  e i t h e r   the  c h a r a c t e r   g e n e r a t o r   ROM  50  or  the  c e l l  



g e n e r a t o r   a t   the   v i d e o   d a t a   o u t p u t   b u f f e r   54.  The  s h i f t   c l o c k  

i n p u t   on  l i n e   57  is  a  t i m i n g   s i g n a l   g e n e r a t e d   from  PAL  U4  a n d  
is  at   a  f r e q u e n c y   of  1 0 . 1 3 7 6   MHz.  for   the   64  by  16  mode  and  a t  

a  f r e q u e n c y   of  1 2 . 6 7 2   MHz.  for   the   80  by  24  mode  of  o p e r a t i o n .  
The  s e r i a l   o u t p u t   from  the   s h i f t   r e g i s t e r   on  l i n e   58  a f t e r  

s i g n a l   p r o c e s s i n g   to  be  d e s c r i b e d   h e r e i n a f t e r ,   becomes  t h e  
a c t u a l   v i d e o   do t   i n f o r m a t i o n   shown  a t   the   v i d e o   o u t p u t   l i n e  

5 9 .  

S p e c i a l   t i m i n g   c o n s i d e r a t i o n s   in  the   v i d e o   c i r c u i t r y   a r e  
h a n d l e d   by  means  of  the   l a t c h   60.  The  l a t c h   60  may  be  a  q u a d  

f l i p - f l o p   of  type   74LS175.   In  t h i s   r e g a r d ,   i t   is  no t ed   t h a t  

t h e r e   a re   f o u r   i n p u t   d a t a   l i n e s   and  fou r   p a i r s   of  o u t p u t   l i n e s  

i n c l u d i n g   a s s e r t i o n   and  n e g a t i o n   o u t p u t s .   Th is   t i m i n g   o r  
s y n c h r o n i z a t i o n   p r o v i d e d   by  the   l a t c h   60  i n c l u d e s   a  b l a n k i n g  
c o n t r o l   o r i g i n a t i n g   from  the   c o n t r o l l e r   30  and  s h i f t   r e g i s t e r  
c l o c k i n g   o r i g i n a t i n g   from  a  PAL  of  the   m i c r o c o m p u t e r   s y s t e m .  
In  a c c o r d a n c e   wi th   the  p r e s e n t   i n v e n t i o n ,   a d d i t i o n a l   v i d e o  

c o n t r o l   and  t i m i n g   f u n c t i o n s ,   such  as  sync  b u f f e r i n g ,   i n v e r s i o n  

s e l e c t i o n ,   do t   c l o c k   c h o p p i n g ,   and  g r a p h i c s   d i s a b l e   of  a  n o r m a l  

v i d e o ,   a re   h a n d l e d   by  l o g i c   g a t i n g   shown  on  the   d r a w i n g   and  t o  
be  soon  d e s c r i b e d .  

In  the   d r a w i n g ,   t h e r e   a re   two  s e t s   of  l o g i c   i n c l u d i n g   s e t  
62  and  s e t   64.  Logic   s e t   62  c o n t r o l s ,   i n t e r   a l i a ,   t h e  

f o r e m e n t i o n e d   v i d e o   i n v e r s i o n .   In  t h i s   r e g a r d ,   no te   the  s i g n a l  
INVVIDE  ( i n v e r s e   v i d e o )   on  l i n e   66  which  c o u p l e s   to  NAND  g a t e  
68  and  a l s o   i n v e r t e r   70.  The  o u t p u t   of  the  i n v e r t e r   70  c o u p l e d  
to  an  AND  g a t e   72.  The  o u t p u t   of  the   AND  g a t e   72  in  t u r n  

c o u p l e d   to  a  NAND  g a t e   74.  The  l o g i c   s e t   62  a l s o   i n c l u d e s   NAND 

g a t e   75  and  AND  g a t e   7 6 .  

When  the  mode  of  o p e r a t i o n   is  not   in  i n v e r s e   v i d e o ,   t h e n  

the   l i n e   66  is  low  and  an  e n a b l i n g   s i g n a l   is   c o u p l e d   by  way  o f  

the  i n v e r t e r   70  to  the  AND  g a t e   72.  The  o t h e r   i n p u t   to  t h e  

g a t e   72  is  the   d a t a l i n e   D7.  I t   is   n o t e d   t h a t   t h i s   a l s o   c o u p l e s  
to  one  i n p u t   of  the   NAND  g a t e   68.  The  l o g i c   s e t   62  a l s o  



r e c e i v e s   the  d a t a l i n e   s i g n a l   D6  which  i t   is  no ted   is  c o u p l e d   by  

way  of  i n v e r t e r   75  to  one  i n p u t   of  the  NAND  g a t e   74.  The 

o u t p u t   of  the  g a t e   74  by  way  of  l i n e   71  c o u p l e s   to  a  c o n t r o l  

f l i p - f l o p   78.  The  f l i p - f l o p   78  has  i t s   a s s e r t i o n   o u t p u t  
c o u p l e d   by  way  of  l i n e   79  to  the  b u f f e r   54  and  has  i t s   n e g a t i o n  

o u t p u t   c o u p l e d   by  way  of  l i n e   80  to  the   c h a r a c t e r   g e n e r a t o r   ROM 
50.  These   o u t p u t s   of  the  f l i p - f l o p   c o u p l e   to  e n a b l e   i n p u t s   o f  

the  b u f f e r   and  ROM.  A  load   t i m i n g   s i g n a l   is   c o u p l e d   to  t h e  
c l o c k   i n p u t   of  the   f l i p - f l o p   78.  Th is   s i g n a l   is  c o u p l e d   on  

)  l i ne   81.  When  the   s i g n a l   on  l i n e   71  is  h i g h ,   the   f l i p - f l o p   78 

is  s e t   and  the  low  o u t p u t   on  l i n e   80  e n a b l e s   the  c h a r a c t e r  

g e n e r a t o r .   A l t e r n a t i v e l y ,   when  the   s i g n a l   on  l i n e   71  is  l o w ,  
t h i s   c a u s e s   a  r e s e t t i n g   of  the   f l i p - f l o p   78  upon  o c c u r r e n c e   o f  

the  c l o c k i n g   t h e r e o f   and  t h i s   c a u s e s   a  low  s i g n a l   on  the  l i n e  

79  for   e n a b l i n g   the  c e l l   g e n e r a t o r   s e c t i o n   by  d i r e c t l y   e n a b l i n g  
the  v i d e o   d a t a   o u t p u t   b u f f e r   5 4 .  

In  a c c o r d a n c e   wi th   the  p r e s e n t   i n v e n t i o n ,   t h e r e   is  p r o v i d e d  
for   an  i n v e r s i o n   of  the  v i d e o   ( b l a c k - t o - w h i t e   a n d  

w h i t e - t o - b l a c k ) .   In  t h i s   c o n n e c t i o n ,   r e f e r   to  the  i n v e r s e  

v ideo   s i g n a l   on  l i n e   66.  When  the  s y s t e m   is  not   in  the  i n v e r s e  
mode  of  o p e r a t i o n ,   the   s i g n a l   on  l i n e   66  is  low.  This   s i g n a l  
is  i n v e r t e d   by  i n v e r t e r   70  and  c o u p l e s   to  the  AND  g a t e   72  t o  

e n a b l e   the  g a t e   72.  Assuming   t h a t   the   d a t a l i n e   D7  is  a l s o   a t  

i t s   h igh   s t a t e ,   t hen   the  o u t p u t   of  the   AND  g a t e   72  is   a l s o  

h i g h .   The  o u t p u t   from  the  g a t e   72  c o u p l e s   to  two  d i f f e r e n t  

l o c a t i o n s .   This   s i g n a l   c o u p l e s   d i r e c t l y   to  the  v i d e o   o u t p u t  
l a t c h   48  so  as  to  p r o v i d e ,   in  n o r m a l ,   n o n - i n v e r t e d   o p e r a t i o n ,  

a l l   e i g h t   d a t a   b y t e s   from  the   v i d e o   o u t p u t   l a t c h   48  to  t h e  

c h a r a c t e r   g e n e r a t o r   50.  The  s i g n a l   from  the  g a t e   72  a l s o  

c o u p l e s   to  the  NAND  g a t e   74.  Now,  the  d a t a   l i n e   D6  w h i c h  

c o u p l e s   to  the  i n v e r t e r   75  has  i t s   s t a t e   e s t a b l i s h   w h e t h e r   o n e  
is  g e n e r a t i n g   g r a p h i c s   or  c h a r a c t e r s .   For  g r a p h i c s   t he   d a t a  
b i t   D6  is  low  and  for   c h a r a c t e r s   the  d a t a   b i t   D6  is  h i g h .  

Assuming  t h a t   the  d a t a   b i t   D6  is   low  for   g r a p h i c s ,   t hen   t h e  



i n v e r t e r   75  c a u s e s   two  h igh   i n p u t s   to  occu r   at   the   g a t e   74  t h u s  

c a u s i n g   a  low  o u t p u t   t h e r e f r o m .   The  o u t p u t   from  the   g a t e   74  
c o u p l e s   to   two  d i f f e r e n t   p l a c e s .   The  o u t p u t   of  t h i s   g a t e  
c o u p l e s   by  way  of  the   a f o r e m e n t i o n e d   l i n e   71  to  the   f l i p - f l o p  
78  and  t h i s   o u t p u t   from  g a t e   74  a l s o   c o u p l e s   to  NAND  g a t e   7 5 .  

Tn i s   low  l e v e l   s i g n a l   a t   the   o u t p u t   of  g a t e   74  p r o v i d e s   a  h i g h  
s i g n a l   a t   t he   o u t p u t   of  g a t e   75  and  a l s o   a  h igh   a t   the   o u t p u t  
of  g a t e   76.  The  o u t p u t   of  g a t e   76  at   l i n e   73  is   shown  c o u p l i n g  
to  the   l a t c h   60.  The  l a t c h   60  forms  a  s y n c h r o n i z e r   p r o v i d i n g  

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

a re   s y n c h r o n i z e d   a t   the   o u t p u t   v i d e o .   The  s i g n a l   on  l i n e   73  

e n t e r i n g   the   l a t c h   60  is   d e l a y e d   a t   the   o u t p u t   l i n e   82.  T h i s  

s i g n a l   c o u p l e s   to  the  AND  g a t e   83.  The  AND  g a t e   83  a l s o  

r e c e i v e s   on  i t s   l i n e   58  the   d i r e c t   c h a r a c t e r   code  b i t s   from  t h e  
s h i f t   r e g i s t e r   5 6 .  

Now,  as  m e n t i o n e d   p r e v i o u s l y ,   the   o u t p u t   of  g a t e   76  is  h i g h  
and  t h i s   h igh   l e v e l   s i g n a l ,   d e l a y e d   by  the   l a t c h   60  is   c o u p l e d  
to  the   g a t e   83.  Th i s   forms  an  e n a b l i n g   s i g n a l   so  t h a t   t h e  
c h a r a c t e r   code  b i t s   on  l i n e   58  p a s s   d i r e c t l y   t h r o u g h   the  g a t e  
83  to  the  e x c l u s i v e   OR  g a t e   84.  The  c h a r a c t e r   code  b i t s   a r e  
c a p a b l e   of  p a s s i n g   by  way  of  the  g a t e   84,  by  way  of  NAND  g a t e  
85  and  i n v e r t e r   86  to  the  o u t p u t   v i d e o   l i n e   59.  The  g a t e   85 
has  i n v e r t e d   s e n s i n g   i n p u t s .   The  g a t e   86  is  shown  as  a n  
e x c l u s i v e   OR  g a t e   but   is   l o g i c a l l y   an  i n v e r t e r   hav ing   one  o f  
i t s   i n p u t s   p e r m a n e n t l y   c o n n e c t e d   to  a  v o l t a g e   h i g h .   The  o u t p u t  
on  the   v i d e o   l i n e   59  is  the   dot   p a t t e r n   for   g e n e r a t i n g   g r a p h i c s  
and  c h a r a c t e r s   on  a  l i n e - b y - l i n e   b a s i s   on  the  s c r e e n   at   a  

t y p i c a l   r a s t e r   scan   r a t e .  
The  low  o u t p u t   from  the  g a t e   74  a l s o   c o u p l e s   by  way  of  l i n e  

71  to  the  f l i p - f l o p   78  and  upon  c l o c k i n g   of  the  f l i p - f l o p ,   i t  

is   r e s e t   so  t h a t   the   o u t p u t   on  the   l i n e   79  goes  low  t h u s  

e n a b l i n g   the  v i d e o   d a t a   o u t p u t   b u f f e r   54  for   e n a b l i n g   d a t a  
t r a n s f e r   from  the  c e l l   g e n e r a t o r   r a t h e r   than   the  c h a r a c t e r  

g e n e r a t o r .   The  h igh   s i g n a l   on  l i n e   80  from  the  f l i p - f l o p   78  



c a u s e s   a  d i s a b l i n g   of  the  c h a r a c t e r   g e n e r a t o r   ROM  5 0 .  

Now,  a s s u m i n g   t h a t   the  d a t a   b i t   D6  is  h igh   which  is  t o  
i n d i c a t e   c h a r a c t e r   g e n e r a t i o n   r a t h e r   t han   g r a p h i c s   or  c e l l  

g e n e r a t i o n ,   t h i s   s i g n a l   is  i n v e r t e d   by  the  i n v e r t e r   75 

p r o v i d i n g   a  low  i n p u t   to  the  g a t e   74  which  in  t u r n   is  i n v e r t e d  

by  the  g a t e   74  to  p r o v i d e   a  h igh   o u t p u t .   This   h igh   o u t p u t  
s i g n a l   from  g a t e   74  c o u p l e s   by  way  of  l i n e   71  to  the  f l i p - f l o p  
78  so  t h a t   upon  o c c u r r e n c e   of  the   n e x t   c l o c k   p u l s e   at  l i n e   8 1 ,  
the  f l i p - f l o p   78  is  s e t ,   a s s u m i n g   t h a t   i t   had  been  p r e v i o u s l y  
r e s e t .   The  s e t t i n g   of  the   f l i p - f l o p   71  c a u s e s   a  low  s i g n a l   o n  
l i n e   80  for   e n a b l i n g   the  c h a r a c t e r   g e n e r a t o r   ROM  50.  The 

s i g n a l   on  l i n e   79  from  the  f l i p - f l o p   78  is  h igh   and  d i s a b l e s  

the  c e l l   g e n e r a t i o n   p o r t i o n   of  the  c i r c u i t   or  in  p a r t i c u l a r   i t  

d i s a b l e s   tne  v i d e o   d a t a   o u t p u t   b u f f e r   5 4 .  

The  h igh   o u t p u t   from  the   g a t e   74  a l s o   c o u p l e s   to  the  g a t e  
75.  The  o t n e r   i n p u t   to  g a t e   75  is  tne   s i g n a l   RA3  which  is  a  

row  s e l e c t   s i g n a l   from  the  c a t h o d e   ray  tube   c o n t r o l l e r   3 0 .  
This   g a t e   75  is  used  for   b l a n k i n g   to  p r o v i d e   a  b l a n k i n g   s i g n a l  
be tween   c h a r a c t e r   rows.   Thus,   when  b l a n k i n g   is  to  o c c u r ,   t h e  

s i g n a l   RA3  is  h igh   and  the  o u t p u t   of  g a t e   7.5  low.  This   l ow  
l e v e l   s i g n a l   is  p a s s e d   by  way  of  l i n e   73  to  the  l a t c h   60.  The 

d e l a y e d   s i g n a l   is  c o u p l e d   by  way  of  l i n e   82  to  the  g a t e   8 3 .  

This   low  l e v e l   s i g n a l   i n h i b i t s   the  g a t e   83.  Thus,   t h e  

c h a r a c t e r   code  b i t s   on  l i n e   58  c o u p l e d   to  g a t e   83  a re   b l a n k e d  

by  v i r t u e   of  t h i s   i n h i b i t   s i g n a l   d e l a y e d   so  as  to  be  p r o p e r l y  

s y n c h r o n i z e d   by  means  of  the   s y n c h r o n i z i n g   l a t c h   60.  In  t h i s  

c o n n e c t i o n ,   w i t h   r e g a r d   to  the   l a t c h   60,  i t   is  n o t e d   t h a t   a  
l i n e   i n t e r c o u p l e s   the  o u t p u t   of  the  f i r s t   f l i p - f l o p   at  o u t p u t  
Ql  to  the  d a t a   i n p u t   2D  of  the   s econd   f l i p - f l o p .   I t   is  t h e  

o u t p u t   Q2  from  the  s econd   f l i p - f l o p   of  the   l a t c h   t h a t   c o u p l e s  
by  way  of  the  l i n e   82  to  the  AND  g a t e   8 3 .  

When  the  s i g n a l   RA3  is  not   h i g h ,   which  is  d u r i n g   a  
c h a r a c t e r   space   and  not  b e t w e e n   c h a r a c t e r s ,   t hen   the  o u t p u t   o f  

g a t e   75  is  low  and  t h e r e   is  a  low  l e v e l   s i g n a l   c o u p l e d   on  l i n e  



73  by  way  of  the  f i r s t   two  s t a g e s   of  the   l a t c h   60  so  t h a t   t h e  

s i g n a l   on  l i n e   82,  p r o p e r l y   s y n c h r o n i z e d ,   is   a  h igh   l e v e l  

s i g n a l   which   e n a b l e s   tne  g a t e   83  and  p e r m i t   p a s s a g e   of  t h e  
c h a r a c t e r   code  b i t s   from  l i n e   58  by  way  of  g a t e   83  to  t h e  
e x c l u s i v e   OR  g a t e   8 4 .  

In  t h i s   mode  of  o p e r a t i o n   j u s t   d i s c u s s e d ,   i t   has  b e e n  

assumed  t h a t   the   s i g n a l   on  l i n e   66  is   low  b e c a u s e   t h e r e   is  n o t  

v i d e o   i n v e r s i o n .   I t   is  n o t e d   t h a t   t h i s   low  l e v e l   s i g n a l  

c o u p l e d   to  the   g a t e   68  m a i n t a i n s   the  o u t p u t   of  the   g a t e   68  a t  
i t s   h igh   s t a t e .   Th i s   s i g n a l   c o u p l e s   by  way  of  l i n e   69  to  o n e  
i n p u t   of  the   OR  g a t e   86.  The  i n p u t s   to  the   OR  g a t e   a r e  
i n v e r s i o n   i n p u t s .   A s s o c i a t e d   w i t h   the   g a t e   86  is  a l s o   a n  
i n v e r t e r   87  and  a  NAND  g a t e   88.  I t   is  n o t e d   t h a t   the   o u t p u t   o f  

the   NAND  g a t e   88  c o u p l e s   by  way  of  l i n e   89  to  the  two  l a t t e r  

s t a g e s   of  the   l a t c h   60.  Line  89  c o u p l e s   to  the  3D  i n p u t   of  t h e  
l a t c h .   I t   is  n o t e d   t h a t   the   Q3-  o u t p u t   from  the  l a t c h   c o u p l e s  
back  i n t o   the   f o u r t h   d a t e   i n p u t   4D  and  the   o u t p u t   a t   Q4  c o u p l e s  

by  way  of  l i n e   90  to  g a t e   9 2 .  
The  i n p u t s   to  g a t e   86,  look  for   low  l e v e l   s i g n a l s .   T h u s ,  

when  the   s i g n a l   on  l i n e   69  is  a t   i t s   h igh   l e v e l   and  when  one  i s  

not   e n a b l i n g   e x t e r n a l   g r a p h i c s ,   then   the  o u t p u t   of  the   g a t e   86 

is   low.  This   low  l e v e l   s i g n a l   is  i n v e r t e d   by  the  g a t e   88  to  a  

h igh   l e v e l   s i g n a l   on  l i n e   89.  A  f u r t h e r   i n v e r s i o n   o c c u r s   i n  

the   l a t c h   60  and  t h u s   the  s i g n a l   on  l i n e   90  is  low,  t h u s  

d i s a b l i n g   bo th   s e c t i o n s   of  the   c o m b i n a t i o n   AND  and  NOR  g a t e   9 2 .  

Thus,   when  the  o u t p u t   of  g a t e   68  is  h igh   b e c a u s e   we  are   n o t  
in  i n v e r s e   v i d e o ,   tne   s i g n a l   on  the  l i n e   69  is  e s s e n t i a l l y   a n  

i n h i b i t i n g   s i g n a l .   However ,   for   v i d e o   i n v e r s i o n ,   the   s i g n a l   on  
l i n e   66  goes   to  i t s   h igh   s t a t e .   F i r s t ,   t h i s   s i g n a l   c o u p l e s   by  

way  of  g a t e   70  to  AND  g a t e   72  to  i n h i b i t   the  g a t e   72  so  t h a t   i t  

has  a  low  o u t p u t .   Th i s   low  o u t p u t   is  c o u p l e d   to  the  v i d e o  

o u t p u t   l a t c h   48  so  t h a t   the   d a t a   b i t   D7  is  a lways   a t   a  l o w  

s t a t e .   Th i s   low  l e v e l   s i g n a l   a l s o   c o u p l e s   to  g a t e   74  so  as  t o  

p r o v i d e   a  h igh   o u t p u t   from  g a t e   74.  This   h igh   o u t p u t   s i g n a l  



from  g a t e   74  c o u p l e s   on  l i n e   71  to  c a u s e   a  s e t t i n g   of  t h e  

f l i p - f l o p   78.  In  t h i s   s t a t e ,   the   l i n e   80  is  low  and  thus   t h e  
c h a r a c t e r   g e n e r a t o r   is  e n a b l e d .   The  h igh   l e v e l   s i g n a l   f r o m  

NAND  g a t e   74  a l s o   c o u p l e s   to  the  NAND  g a t e   75  and  p r o v i d e s  
o p e r a t i o n   as  p r e v i o u s l y   m e n t i o n e d   for   p r o v i d i n g   b l a n k i n g  
be tween   c h a r a c t e r   rows.   As  i n d i c a t e d   p r e v i o u s l y ,   t h i s   is  u n d e r  
c o n t r o l   of  the  s i g n a l   RA3  from  the   c a t h o d e   ray  tube   c o n t r o l l e r  

3 0 .  

The  i n v e r s e   v i d e o   s i g n a l   on  l i n e  6 6 ,   when  at   i t s   h i g h  

s t a t e ,   a l s o   c o u p l e s   to  g a t e   68  and  a s s u m i n g   t h a t   the   o t h e r  

i n p u t   to  the  g a t e   68  is  a l s o   h i g h ,   then   the  o u t p u t   from  68  g o e s  
low.  This   low  go ing   s i g n a l   on  l i n e   69  is  i n d i c a t i v e   o f  

c h a r a c t e r   i n v e r s i o n .   This   s i g n a l   is  c o u p l e d   to  g a t e   86  f o r  

c a u s i n g   a  h igh   o u t p u t   t h e r e f r o m   w h i c h  i s   i n v e r t e d   by  g a t e   88  a s  

long  as  the  d i s p l a y   e n a b l e   s i g n a l   is  p r e s e n t   at   the   o t h e r   i n p u t  
of  the  g a t e .   This   p r o v i d e s   a  low  o u t p u t   s i g n a l   from  the   g a t e  
88  which  c o u p l e s   to  the  3D  i n p u t   of  the   l a t c h   60.  I t   is  n o t e d  

t h a t   the   i n t e r c o n n e c t i o n   from  the  t h i r d   to  the  f o u r t h   s t a g e   i s  
t a k e n   at  the  n e g a t i o n   o u t p u t   Q3-  and  t h u s   the  o u t p u t   at  l i n e   90 

is  a  h igh   l e v e l   s i g n a l   c o u p l i n g   to  the  g a t e   92.  for   c a u s i n g  

e n a b l i n g   t h e r e o f .   However ,   i t   is  on ly   the  lower  g a t e   92A  t h a t  

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

the  g r a p h i c s   is  not   e n a b l e d   and  t hus   the  o u t p u t   from  g a t e   87  i s  

h i g h .   The  e n a b l i n g   of  g a t e   72  p r o v i d e s   a  low  o u t p u t   t h e r e f r o m  

which  c o u p l e s   to  one  i n p u t   of  the   e x c l u s i v e   OR  g a t e   84.  T h u s ,  
in  the  v i d e o   i n v e r s i o n   mode  of  o p e r a t i o n ,   the   s i g n a l   on  l i n e   93 

is  low  w h e r e a s   for   n o n - i n v e r s i o n ,   t h i s   s i g n a l   is  h i g h .   T h i s  

has  the  e f f e c t   of  i n v e r t i n g   the  c h a r a c t e r   code  b i t s   at  t h e  

o u t p u t   of  g a t e   83.  Under  n o n - i n v e r s i o n   c o n d i t i o n s ,   the  l i n e   93 

is  h igh   and  for   i n v e r s i o n   the  l i n e   93  goes  l o w .  

The  l a t c h   60,  as  m e n t i o n e d   p r e v i o u s l y ,   is  used  p r i m a r i l y  
for   s y n c h r o n i z a t i o n   and  i t   is  n o t e d   t h a t   t h e r e   is  a  d e l a y  

p r o v i d e d   b e t w e e n   the   o u t p u t   of  the   g a t e   88  and  the   s i g n a l   on  
l i n e   90  c o u p l e d   to  the  g a t e   92.  This   a l l o w s   fo r   the  p r o p e r  



s y n c h r o n i z a t i o n   b e t w e e n   the   d a t a   p r e s e n t e d   to  the   s h i f t  

r e g i s t e r   and  the   o c c u r r e n c e   of  the   i n v e r s i o n   s i g n a l .  
In  the   d r a w i n g   t h e r e   is   a l s o   shown  the   s i g n a l   ENGRAF  o n  

l i n e   94.  Th i s   s i g n a l   c o u p l e s   d i r e c t l y   to  the   g a t e   92B  and  a l s o  

by  way  of  the   i n v e r t e r   87  to  the   g a t e   92A.  When  e x t e r n a l  

g r a p h i c s   is  b e i n g   e n a b l e d   the   c h a r a c t e r   code  b i t   from  g a t e   83 

a re   e s s e n t i a l l y   o v e r l a y e d   by  means  of  an  i n p u t   g r a p h i c   c o n t r o l  

s i g n a l   r e f e r r e d   to  as  the   s i g n a l   ENGRAF.  When  t h i s   is  p r e s e n t ,  
the  g a t e   92B  is   e n a b l e d   i n s t e a d   of  the   g a t e   92A  and  as  long  a s  

the   s i g n a l   GRAFVID  is   p r e s e n t ,   t hen   t h e r e   may  be  a  low  s i g n a l  

on  l i n e   93  for   p r o v i d i n g   i n v e r s i o n .   Th is   type   of  c o n t r o l   i s  

p o s s i b l e   on  a  c h a r a c t e r - b y - c h a r a c t e r   b a s i s   or  b i t - b y - b i t  
( c e l l - b y - c e l l )   b a s i s .  

There   a re   a l s o   p r o v i d e d ,   two  o t h e r   g a t e s   i d e n t i f i e d   as  OR 

g a t e   96  h a v i n g   i n v e r t e d   i n p u t s   and  AND  g a t e   98.  One  i n p u t   t o  

the   g a t e   96  is  the   d a t a   l i n e   D7.  The  o t h e r   i n p u t   to  the  g a t e  
96  is   the   s i g n a l   ENALTSET  on  l i n e   99.  When  t h i s   s i g n a l   on  l i n e  

99  is  p r e s e n t ,   t h i s   s i g n a l s   the   g e n e r a t i o n   of  an  a l t e r n a t e  
c h a r a c t e r   s e t   from  the  c h a r a c t e r   g e n e r a t o r   ROM.  The  a l t e r n a t e  

c h a r a c t e r   s e t   p r o v i d e s   a d d i t i o n a l   c h a r a c t e r s   above  the  n o r m a l  
c h a r a c t e r s   t h a t   a re   u sed .   In  t h i s   c o n n e c t i o n ,   when  the   i n v e r s e  

v i d e o   s i g n a l   is  h i g h ,   b i t s   0-127  r e p r e s e n t   normal   c h a r a c t e r s ,  
and  b i t s   1 2 8 - 2 5 5   r e p r e s e n t   i n v e r s e   v i d e o   c h a r a c t e r s .   If  t h e  

i n v e r s e   v i d e o   s i g n a l   is   low  and  the  a l t e r n a t e   s e t   s i g n a l   i s  

low,  t hen   b i t s   0-127  are   no rmal   c h a r a c t e r s ,   b i t s   128-191   a r e  
g r a p h i c s   and  b i t s   192 -255   r e p r e s e n t   a  kana  c h a r a c t e r   s e t .   I f  

the  i n v e r s e   v i d e o   s i g n a l   is   low  and  the  a l t e r n a t e   c h a r a c t e r   s e t  

s i g n a l   is  h i g h ,   t hen   b i t s   0-127  are   normal   c h a r a c t e r s ,   b i t s  

128-191   are   g r a p h i c s   and  b i t s   192 -255   are   a l t e r n a t e   s e t  

c h a r a c t e r s .  
When  the  s i g n a l   on  l i n e   99  is   a b s e n t ,   b e c a u s e   an  a l t e r n a t e  

s e t   is  not   be ing   e n a b l e d ,   t hen   the   o u t p u t   of  g a t e   96  is  h i g h  
and  t h i s   e n a b l e s   the   g a t e   98.  The  g a t e   98  is  e n a b l e d  

r e g a r d l e s s   of  the   s t a t e   of  the   s i g n a l   on  the  l i n e   97  which  i s  



the  d a t e   l i n e   D7.  Thus,   for   normal   c h a r a c t e r   g e n e r a t i o n ,   t h e  

d a t a   b i t   D6  s i m p l y   p a s s e s   w i t h o u t   i n v e r s i o n   t h r o u g h   the  g a t e   98 

to  the  c o r r e s p o n d i n g   U6  i n p u t   of  the   c h a r a c t e r   g e n e r a t o r   ROM  5 0 .  

When  the  s i g n a l   on  l i n e   99  goes  h igh   to  i n d i c a t e   a n  
a l t e r n a t e   s e t ,   then   the  c o n t r o l   of  the  g a t e   96  is  p r i m a r i l y  
from  the  l i n e   97.  I f   the  d a t e   l i n e   D7  is  h i g h ,   then   the  o u t p u t  
of  g a t e   98  is  low  and  t hus   the  d a t a   b i t   D6  to  the  c h a r a c t e r  

g e n e r a t o r   is  low.  On  the  o t h e r   hand,   i f   the  d a t e   b i t   D7  i s  

low,  then   the  d a t a   b i t   D6  from  the   o u t p u t   v i d e o   l a t c h   s i m p l y  

goes  d i r e c t l y   by  way  of  the  g a t e   98  to  the  D6  i n p u t   of  t h e  

c h a r a c t e r   g e n e r a t o r   ROM  50.  Thus ,   for   a l t e r n a t e   s e t   o p e r a t i o n ,  
the  outcome  is  t h a t   the   h i g h e r   o r d e r   d a t a   b i t s   a re   p r e s e n t e d   t o  

the  c h a r a c t e r   g e n e r a t o r   ROM  50  for   d i s p l a y   of  what  may  b e  

t e rmed   s p e c i a l   c h a r a c t e r s .  
R e f e r e n c e   is  now  made  to  FIG.  6  which  shows  the  g e n e r a t i o n  

of  t i m i n g   s i g n a l s   in  c o n n e c t i o n   w i t h   t i m i n g   for   memory  a c c e s s  
in  c o n n e c t i o n   wi th   the  m i c r o c o m p u t e r   s y s t e m .   The  t i m i n g  
c o n t r o l   shown  in  FIG.  16  i n c l u d e s   the  g e n e r a t i o n   of  t i m i n g  

s i g n a l s   for   the  random  a c c e s s   memory  of  FIG.  3  as  w e l l   a s  

t i m i n g   s i g n a l s   for   the  v i d e o   RAM.  In  t h i s   c o n n e c t i o n ,  

r e f e r e n c e   is  made  to  FIG.  3  which  shows  the  main  memory  10  a n d  

the  v i d e o   ram  3 4 .  

In  FIG.  6  the  s i g n a l s   t h a t   have  to  do  wi th   the   t i m i n g   f o r  

the  random  a c c e s s   memory  i n c l u d e   the  s i g n a l s   SMUX-,  RAS-,  a n d  

ICAS-.  The  t i m i n g   s i g n a l s   t h a t   r e l a t e   to  the  v i d e o   RAM  i n c l u d e  

the  s i g n a l s   PWAIT-,  OE-,  WID-,  VBON-,  and  LATCH  DAT-.  

FIG.  6  a l s o   shows  the  number  of  i n p u t   s i g n a l s ,   many  o f  

which  o r i g i n a t e   from  the  c e n t r a l   p r o c e s s i n g   u n i t ,   which   in  t h e  

p r e f e r r e d   e m b o d i m e n t ,   is  a  type   Z80  p r o c e s s o r .   Also  shown  i n  

FIG.  6  is  p a r t   of  the   c i r c u i t r y   of  FIG.  3  shown  in  b l o c k   f o r m .  

This   p a r t   i n c l u d e s   the  m u l t i p l e x e r   36  and  the  v i d e o   RAM  34.  I t  

is  the   s i g n a l   i d e n t i f i e d   in  FIG.  6  as  the  s i g n a l   WID-  t h a t   i s  

c o u p l e d   to  p in   11  of  the  m u l t i p l e x e r   36.  This   is  a  w i n d o w  

s i g n a l   for   p r o v i d i n g   a  window  for   w r i t i n g   to  the  the   v i d e o   RAM. 



Read  and  w r i t e   s i g n a l s   a re   c o u p l e d   d i r e c t l y   from  the   Z80 

p r o c e s s o r   and  a re   i d e n t i f i e d   in  FIG.  6  as  s i g n a l s   ZWR-  a n d  
ZRD-.  These   two  s i g n a l s   c o u p l e   to  the   g a t e   110.  The  o u t p u t   o f  

the   g a t e   110  c o u p l e s   to  the   d a t a   i n p u t   of  the  f l i p - f l o p   1 1 4 .  
The  c l o c k i n g   of  the   f l i p - f l o p   114  is   from  the   s i g n a l   XADR7-. 

Th i s   s i g n a l   is   b a s i c a l l y   an  i n v e r s i o n   of  the  s i g n a l   CRT  CLK 
shown  and  d i s c u s s e d   in  c o n n e c t i o n   w i th   FIG.  3.  The  c l e a r i n g   o f  

f l i p - f l o p   114  is  from  the  s i g n a l   VIDEO-  by  way  of  the   i n v e r t e r  

g a t e   116.  The  s i g n a l   VIDEO-  a l s o   c o u p l e s   to  one  i n p u t   of  t h e  

g a t e   118  to  a s s e r t   RWAIT-.  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   114  c o u p l e s   to  the   o t h e r   i n p u t   of  tne   g a t e   118.  The  

s e t t i n g   of  the   f l i p - f l o p   114  i n d i c a t e s   v i d e o   a c c e s s   i n  

p r o g r e s s .   S i n c e   i t   is   known  t h a t   the   v i d e o   a c c e s s   is   now  i n  

p r o g r e s s ,   tne   s i g n a l   PWAIT-  is   r e l e a s e d .   The  o u t p u t   o f  

f l i p - f l o p   114  a l s o   e n a b l e s   g a t e   124  and  by  way  of  g a t e   1 2 2  

s t a r t s   the   t i m i n g   of  the  d e l a y   l i n e   120.  The  s e t t i n g   o f  

f l i p - f l o p   114  o c c u r s   upon  e i t h e r   a  r ead   or  w r i t e   s i g n a l   f r o m  
the  c e n t r a l   p r o c e s s i n g   u n i t   p a s s i n g   by  way  of  the  g a t e   110  w i t h  

a  h igh   l e v e l   s i g n a l   a t   the   o u t p u t   t h e r e o f   for   p r e s e n t a t i o n   t o  
the   f l i p - f l o p   1 1 4 .  

The  o u t p u t   s i g n a l   from  g a t e   118  is  the   s i g n a l   PWAIT-  w h i c h  

c o u p l e s   back  to  the   c e n t r a l   p r o c e s s i n g   u n i t .   This   s i g n a l  
f u n c t i o n s   as  a  w a i t   l i n e   for   the  Z80  p r o c e s s o r .   Th is   a c t i o n   i s  

u t i l i z e d   by  the  Z80  p r o c e s s o r   to  s y n c h r o n i z e   to  a s y n c h r o n o u s  
s i g n a l s .  

FIG.  6  a l s o   shows  a  d e l a y   l i n e   120  which  has  an  i n p u t   f r o m  

the  NOR  g a t e   122.  One  i n p u t   to  the   g a t e   122  is   the   o u t p u t   o f  

f l i p - f l o p   114  and  the  o t h e r s   to  the   g a t e   122  is  the   s i g n a l  
MCYCEN  which  is  a  memory  c y c l e   e n a b l e   s i g n a l .   Th is   i s  

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

for   e n a b l i n g   the   memory  c y c l e .   The  d e l a y   l i n e   120  has  a  s e r i e s  

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

d i f f e r e n t   p r e d e t e r m i n e d   d e l a y s   used  to  c a r r y   out   c o n t r o l s   o f  

the   s i g n a l s   p a r t i c u l a r l y   for   c o n t r o l   of  the  random  a c c e s s  



memory  10  and  the  v i d e o   RAM  34  shown  in  FIG.  3 .  
The  g a t e   118  which  g e n e r a t e s   the  s i g n a l   PWAIT-  is  c o n n e c t e d  

so  t h a t   the  s i g n a l   is  p r e s e n t   when  the  s i g n a l   VIDEO-  o c c u r s   b u t  

t e r m i n a t e s   upon  the  s e t t i n g   of  the   f l i p - f l o p   114.  I t   is  n o t e d  
t h a t   the  o u t p u t   of  the  f l i p - f l o p   114  a l s o   c o n n e c t s   to  the   g a t e  
124.  The  g a t e   124  is  i n s t r u m e n t a l   in  c o n t r o l   of  the   v i d e o  
window.  While   the  o u t p u t   of  g a t e   124  is  h i g h ,   the   o u t p u t   a t  

i n v e r t e r   126  is  low  and  t h i s   p r o v i d e s   one  i n p u t   e n a b l e   to  t h e  

g a t e   128.  The  o t h e r   i n p u t   to  the   g a t e   128  is   the   s i g n a l   MWR-. 

If  the   s y s t e m   is  in  a  w r i t e   c y c l e ,   t hen   the  g a t e   128  is  e n a b l e d  

and  has  a  low  o u t p u t .   This   in  t u r n   e n a b l e s   g a t e   130.  This   i s  

the  s i g n a l   t h a t   is  c o u p l e d   to  the   m u l t i p l e x e r   3 6 .  
The  a c c e s s   in  p r o g r e s s   s i g n a l   on  l i n e   115,  as  m e n t i o n e d  

p r e v i o u s l y ,   has  a  l i n e   t h a t   c o u p l e s   t o  t h e   NOR  g a t e   122.  The  

o u t p u t   of  the   NOR  g a t e   122  c o u p l e s   to  the  d e l a y   l i n e   120.  T h i s  

a c c e s s   in  p r o g r e s s   s i g n a l   on  l i n e   115  e s s e n t i a l l y   s t a r t s   t h e  

d e l a y   l i n e   120  and  upon  r e c e i p t   of  a  low  go ing   s i g n a l   at   t h e  

pin   12  of  the  d e l a y   120,  the   g a t e   130  is  e n a b l e d .   The  

a i s p e r s e d   o u t p u t   of  the  d e l a y   l i n e   120  is  a  30  n a n o s e c o n d   t a p .  
Thus,   tne  f i r s t   tap   of  the   d e l a y   l i n e   e s s e n t i a l l y   s t a r t s   t h e  
v ideo   window  at   the  g a t e   130.  Th is   s i g n a l   i d e n t i f i e d   as  t h e  

s i g n a l   SMUX-  a l s o   c o u p l e s   to  g a t e   136  and  p r o v i d e s   the   v i d e o  
b u f f e r   on  s i g n a l   i d e n t i f i e d   as  s i g n a l   VBON-.  This   is  f o r  

e n a b l i n g   the  v i d e o   b u f f e r   46,  as  n o t e d   in  FIG.  3.  This   o c c u r s  
when  the  s i g n a l   WE-  is  l o w .  

The  s e c o n d   s i g n a l   from  the  d e l a y   l i n e   at  tap   60  is  a  s i g n a l  
ICAS-.  The  d e l a y e d   p u l s e   t r a v e l s   down  the   d e l a y   l i n e   to  t h e  

t h i r d   t ap   which  is  t ap   150  which  c o u p l e s   to  a  s econd   i n p u t   o f  

the  AND  g a t e   124.  When  the  s i g n a l   at   p in   10  goes  low  t h i s  

e s s e n t i a l l y   ends  the  v i d e o   window.  This   low  s i g n a l   p r o v i d e s   a  
high  o u t p u t   to  p in   4  of  g a t e   130,  t h u s   t e r m i n a t i n g   the  w i n d o w  

s i g n a l   wi th   the  s i g n a l   WID-  g o i n g   h i g h .   Th is   b r i n g s   the  s i g n a l  
WE-  h igh   and  c o n c l u d e s   the  r i g h t   c y c l e   to  the  v i d e o   ram.  T h i s  

a l s o   d i s a b l e s   the  s i g n a l   VBON-  which  in  t u r n   t u r n s   o f f   t h e  



v ideo   b u f f e r   4 6 .  

With  c o n c l u s i o n   of  the   w r i t e   c y c l e   t h e r e   is  s t i l l   a  p u l s e  
p r o g r e s s i n g   down  the  d e l a y   l i n e   120.  One  can  now  assume  t h a t  

t h e r e   is   a  r ead   s e q u e n c e .   At  the   commencement   t h e r e o f   t h e  

s i g n a l   OE-  is   s t i l l   low  and  t h u s   the   v i d e o   RAM  34  is   n o t  
e n a b l e d .   At  the  240  t ap   a t   p in   6  of  the   d e l a y   l i n e   t h e r e   i s  
t hen   p r o v i d e d   the   s i g n a l   LATCH  DAT-.  This   low  s i g n a l   a s  
i n d i c a t e d   in  FIG.  3  c o u p l e s   to  the   l i n e   45  t h e r e b y   l a t c h i n g  
d a t a   from  the  v i d e o   d a t a   bus  42  to  the   d a t a   bus  18.  This   i s  

fo r   r e a d i n g   d a t a   from  the  v i d e o   d a t a   RAM  to  the  CPU.  The  d a t a  
is  h e l d   in  the   l a t c h   44  u n t i l   the   s i g n a l   VIDEO-  t e r m i n a t e s .   I t  
is   n o t e d   t h a t   t h i s   a c t i o n   by  way  of  the  i n v e r t e r   116  c l e a r s   t h e  

f l i p - f l o p   114  and  in  t u r n   r e s e t s   the   c i r c u i t   for   f u r t h e r  

o p e r a t i o n .  
In  FIG.  6  the  s i g n a l   MWR-  as  m e n t i o n e d   p r e v i o u s l y   i s  

i n s t r u m e n t a l   in  not   on ly   c o n t r o l   of  the   g a t e   128  but   a l s o   i n  

g e n e r a t i n g   of  tne   s i g n a l   OE-  which   is   the   o u t p u t   e n a b l e   s i g n a l  
for   the   v i d e o   RAM  34.  In  t h i s   c o n n e c t i o n   the   g a t e   s e t   134  a l s o  
r e c e i v e s   the  s i g n a l   CRT  CLK  and  the  o u t p u t   t h e r e f r o m   is  t h e  

a f o r e m e n t i o n e d   s i g n a l   OE-.  The  s i g n a l   CRT  CLK  is  a n  

a l t e r n a t i n g   s i g n a l   and  d e p e n d i n g   upon  the  s t a t e   t h e r e o f ,   t h e r e  

is  e s s e n t i a l l y   an  i n t e r l a c i n g   b e t w e e n   c o n t r o l   from  the  c a t h o d e  

ray  tube   c o n t r o l l e r   (CRTC)  30  or  the   a d d r e s s   l i n e s   from  t h e  

c e n t r a l   p r o c e s s i n g   u n i t   (CPU).  When  the   s i g n a l   CRT  CLK  i s  

h i g h ,   then   t h e  m u l t i p l e x e r s   36,  38,  and  40  p r o v i d e   c o n t r o l   f r o m  

the  CRTC  30.  The  a d d r e s s   l i n e s   a re   p r e s e n t e d   from  the  c a t h o d e  

ray  tube   c o n t r o l l e r   30  and  the   w r i t e   e n a b l e   i n p u t   to  the  v i d e o  

RAM  is  he ld   e n a b l e d .   The  s i g n a l   OE-  is  a l s o   at   a  s t a t e   t h a t  

p r o v i d e s   an  o u t p u t   e n a b l i n g   of  the   v i d e o   RAM.  In  f a c t ,   t h e  

o u t p u t   of  the   g a t e   s e t   134  has  on ly   one  c o n d i t i o n   t h a t   b r i n g s  
i t s   o u t p u t   h igh   and  t h a t   is   when  the  s i g n a l   CRT  CLK  is  low  a n d  

d u r i n g   a  w r i t e   c y c l e   as  c o n t r o l l e d   by  the  s i g n a l   MWR-.  T h u s ,  
d u r i n g   a  CPU  w r i t e   c y c l e ,   a  window  is  e s t a b l i s h e d   by  the  s i g n a l  
WID-  and  d a t a   is   w r i t t e n   by  way  of  the   v i d e o   d a t a   w r i t e   b u f f e r  



46  i n t o   the  v i d e o   RAM  3 4 .  

FIG.  6  a l s o   shows  a d d i t i o n a l   l o g i c   c o n t r o l   such  as  the  g a t e  
136  which  is  used  for   g e n e r a t i n g   the  s i g n a l   VBON-.  As 

i n d i c a t e d   p r e v i o u s l y ,   t h i s   s i g n a l   is  used  in  the  c o n t r o l   of  t h e  

v ideo   d a t a   w r i t e   b u f f e r   46.  There   is  a l s o   p r o v i d e d   a  s e c o n d  

g a t e   s e t   138  t h a t   g e n e r a t e s   at   i t s   o u t p u t   the  s i g n a l   RAS- .  
This   s i g n a l   is  used  in  c o n n e c t i o n   w i t h   c o n t r o l   of  the  r a n d o m  

a c c e s s   memory  shown  in  FIG.  1.  The  i n p u t s   to  the  g a t e   s e t   138  

are   from  the  tap   300  d e l a y   l i n e   120  and  a l s o   from  the  s i g n a l  

PRECHG  c o u p l e d   by  way  of  the   i n v e r t e r   139.  The  o t h e r   i n p u t  

s i g n a l   to  t h i s   g a t e   s e t   is  the   Z80  s i g n a l   for   a  memory  r e q u e s t ,  

namely  s i g n a l   MREQ.  I t   is  n o t e d   t h a t   tne  d e l a y   l i n e   120  a l s o  

g e n e r a t e s   on  a  p r o p e r l y   t imed  b a s i s ,   the  s i g n a l   ICAS-  and  t h e  

s i g n a l   SMUX-  for   the  dynamic   RAM  t i m i n g .  
FIG.  6  a l s o   shows  the  g e n e r a t i o n   of  the   s i g n a l   WAIT-  f r o m  

the  f l i p - f l o p   140.  This   s i g n a l   is  c o u p l e d   to  the  c e n t r a l  

p r o c e s s i n g   u n i t   and  is  a n o t h e r   one  of  the  WAIT  f u n c t i o n s   f o r  
the  c o n t r o l   of  the  Z80  p r o c e s s o r .  

With  r e g a r d   to  the  c o n t r o l   in  a c c o r d a n c e   w i th   the  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   is  made  to  FIG.  3  and  the  v i d e o   RAM  34  a n d  
a l s o   to  the  c a t h o d e   ray  tube   c o n t r o l l e r   30.  The  c e n t r a l  

p r o c e s s i n g   u n i t   a d d r e s s   l i n e s   c o u p l e   to  the  t h r e e   m u l t i p l e x e r s  
36,  38,  and  40.  The  c o n t r o l   i n p u t   to  each  of  t h e s e  

m u l t i p l e x e r s   is  at   the   i n p u t   p in   1.  Tnis   c o n t r o l   is  the  s i g n a l  
CRT  CLK.  This   is  an  a l t e r n a t i n g   s i g n a l   wh ich ,   i t   is  n o t e d ,   i s  

a l s o   c o u p l e d   to  the  c a t h o d e   ray  tube   c o n t r o l l e r   30.  Th is   i s  

the  b a s i c   c l o c k   for   the  c o n t r o l l e r   30  for   s c r e e n   r e f r e s h   b u t  

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

v ideo   RAM  under   CPU  c o n t r o l .  

Thus ,   when  the  s i g n a l   CRT  CLK  is  h i g h ,   t h i s   c o n d i t i o n s   t h e  

m u l t i p l e x e r s   36,  38,  and  40  to  b r i n g   a d d r e s s e s   d i r e c t l y   f r o m  

the  c a t h o d e   ray  tube   c o n t r o l l e r   30.  These  are   shown  in  FIG.  3 

as  the  Bl-B4  a d d r e s s e s   which  c o u p l e   to  the  o u t p u t   l i n e   Y l - Y 4 .  

This   c o n t r o l   is  for   r e f r e s h i n g   of  the   d i s p l a y .   Thus ,   d u r i n g  



t h i s   s t a t e   of  the   s i g n a l   CRT  CLK,  the  v i d e o   RAM  d a t a   is  r e a d  

out   i n t o   the   v i d e o   o u t p u t   l a t c h   48  and  to  the  c h a r a c t e r  
g e n e r a t o r   ROM  50.  The  l a t c h   48  l a t c h e s   t h i s   d a t a   on  i t s  
p o r t i o n   of  the   CRT  CLK  s i g n a l   or  in  o t h e r   words  when  t h i s  
s i g n a l   is   h i g h .   Th is   p r o v i d e s   for   a  r e f r e s h i n g   of  the   s c r e e n  
and  y e t ,   as  d e s c r i b e d   h e r e i n a f t e r ,   d a t a   t r a n s f e r   is   c a p a b l e   o f  
o c c u r r i n g   b e t w e e n   the  CPU  and  the   v i d e o   RAM  in  an  i n t e r l a c e d  

manner  on  the   a l t e r a t e   c y c l e   of  the   CRT  CLK  s i g n a l   so  as  t o  
e n a b l e   u p d a t i n g .  

Now,  when  the  s i g n a l   CRT  CLK  goes   to  i t s   low  s t a t e ,   i t   i s  

d u r i n g   t h i s   low  c o n d i t i o n   t h a t   d a t a   can  be  r ead   from  the   v i d e o  
RAM  to  the   CPU  and  d a t a   can  a l s o   be  w r i t t e n   i n t o   the   v i d e o   RAM 
from  the  CPU.  In  t h i s   r e g a r d ,   the   v i d e o   d a t a   r e ad   l a t c h   44  a n d  
the   v i d e o   d a t a   w r i t e   b u f f e r   46  a re   used  in  t h i s   c o n t r o l .   When 
the   s i g n a l   CRT  CLK  goes   low  t h e n   the   c o n t r o l   of  t h e  

m u l t i p l e x e r s   36,  38,  and  40  c h a n g e s   so  t h a t   the   a d d r e s s e s   A l - A 4  
c o u p l e   to  the   o u t p u t s   Y1-Y4.  These  a d d r e s s e s   c o u p l e   d i r e c t l y  
from  the   CPU  a d d r e s s   bus  w i th   the   e x c e p t i o n   of  one  o f  t h e  
i n p u t s   which   is   the   s i g n a l   WID-  which  c o n n e c t s   by  way  of  t h e  

m u l t i p l e x e r   36  to  the  i n p u t   WE-  of  the   v i d e o   RAM.  Dur ing   t h i s  
phase   of  o p e r a t i o n   t h i s   is   where   the   s i g n a l s   VBON-  and  LATCH 
DAT-  p r e v i o u s l y   r e f e r r e d   to  in  c o n n e c t i o n   wi th   FIG.  6  a r e  
i n s t r u m e n t a l   in  p r o v i d i n g   d a t a   t r a n s f e r   e i t h e r   on  a  READ 

s e q u e n c e   or  a  WRITE  s e q u e n c e .  
I f   one  f i r s t   a s s u m e s   t h a t   the   c o n t r o l   is  such  t h a t   i t   is  a  

w r i t e   c y c l e ,   t hen   the   s i g n a l   VBON-  e n a b l e s   the  v i d e o   d a t a   w r i t e  
b u f f e r   and  d a t a   is  w r i t t e n   i n t o   the  v i d e o   RAM.  Under  t h i s  

c o n d i t i o n ,   the   s i g n a l   OE-  is   h igh   and  t h u s   the  o u t p u t   of  t h e  
v i d e o   RAM  is  d i s a b l e d   b e c a u s e   i t   is  be ing   w r i t t e n   i n t o .   T h i s  
c o n t r o l   is  p r o v i d e d   by  way  of  the   g a t e   s e t   134  of  FIG.  6 .  

In  the   s e q u e n c e   of  o p e r a t i o n ,   one  can  then   assume  t h a t   t h e  

s i g n a l   CRT  CLK  then   r e v e r t s   to  i t s   h igh   l e v e l   and  the   a d d r e s s e s  
to  the   v i d e o   RAM  then   s w i t c h   a g a i n   to  the  c a t h o d e   ray  t u b e  
c o n t r o l l e r   30.  There   is  t h u s   a  c o n t i n u o u s   r e f r e s h i n g   of  t h e  



v ideo   RAM  d a t a   under   c o n t r o l   of  the  CRT  CLK.  When  the  s i g n a l  

then   r e v e r t s   a g a i n   to  i t s   low  s t a t e ,   d u r i n g   a  s u b s e q u e n t   r e a d  

c y c l e ,   the   v i d e o   d a t a   w r i t e   b u f f e r   46  is  d i s a b l e d   and  the  v i d e o  

d a t a   read   l a t c h   44  is  e n a b l e d .   Data  may  then  be  r ead   from  t h e  
v ideo   d a t a   bus  42  by  way  of  the   v i d e o   r ead   l a t c h   44  to  the  CPU 

d a t a   b u s .  

Thus ,   t h e r e   is  p r o v i d e d   for   a  r ead   and  w r i t e   s e q u e n c e   w i t h  

r e g a r d   to  the  v i d e o   RAM,  not   d u r i n g   any  b l a n k i n g   s e q u e n c e ,   b u t  

a c t u a l l y   i n t e r l e a v e d   wi th   the  v i d e o   RAM  r e f r e s h i n g   c y c l e .  
There   is  a l s o   d e s c r i b e d   h e r e i n   t a b l e s   showing  the  d e s i g n  

for   a  number  of  PAL's  used  in  the   mic ro   c o m p u t e r   s y s t e m   a l o n g  
wi th   mapping  e q u a t i o n s .  





































1.  In  a  m i c r o c o m p u t e r   s y s t e m ,   a  v i d e o   c o n t r o l l e r  

c o m p r i s i n g ;  
a  v i d e o   memory  means  for   s t o r i n g   v i d e o   c h a r a c t e r   c o d e s ,  
c h a r a c t e r   g e n e r a t o r   m e a n s ,  
means  c o u p l i n g   the  o u t p u t   of  the   v i d e o   memory  mans  to  t h  

c h a r a c t e r   g e n e r a t o r   m e a n s ,  
s a i d   c h a r a c t e r   g e n e r a t o r   means  p r o v i d i n g   dot   d a t a   s i g n a l s ,  

a  s h i f t   r e g i s t e r   m e a n s ,  
means  for   l o a d i n g   the  dot   d a t a   s i g n a l s   i n t o   the  s h i f t  

r e g i s t e r   means  and  for   s h i f t i n g   the   s i g n a l s   t h e r e f r o m ,  

o u t p u t   g a t i n g   m e a n s ,  
means  c o u p l i n g   the  o u t p u t   of  the   s h i f t   r e g i s t e r   means  t o  

the  o u t p u t   g a t i n g   m e a n s ,  
c o n t r o l   s i g n a l   means  h a v i n g   v i d e o   i n v e r t i n g   and  v i d e o  

n o n - i n v e r t i n g   s t a t e s ,  
and  means  c o u p l i n g   the   c o n t r o l   s i g n a l   means  to  the  o u t p u t  

g a t i n g   means  to  p r o v i d e   one  of  i n v e r s i o n   and  n o n - i n v e r s i o n   o f  

the  s i g n a l   to  the   o u t p u t   g a t i n g   means  from  the   s h i f t   r e g i s t e r  
m e a n s .  

2.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   i n  c l a i m   1  w h e r e i n   s a i d  

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

i n d i c a t i n g   i n v e r s i o n   and  one  n o n - i n v e r s i o n   of  the  c h a r a c t e r  

s e l e c t i v e l y   on  at  l e a s t   a  c h a r a c t e r - b y - c h a r a c t e r   b a s i s .  

3.  A  v i d e o   c o n t r o l l e r   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  

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

i n p u t   fo r   r e c e i v i n g   the  s e r i a l   s h i f t   r e g i s t e r   means  s i g n a l ,   a n d  

a  c o n t r o l   i n p u t   for   r e c e i v i n g   the  c o n t r o l   s i g n a l   from  t h e  

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

4.  A   v i d e o   c o n t r o l l e r   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  

l o g i c   g a t e   means  i n c l u d e s   an  e x c l u s i v e   OR  g a t e   t h a t   e n a b l e s   t h e  
c h a r a c t e r   i n v e r s i o n .  



5.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m  4   w h e r e i n   s a i d  

means  c o u p l i n g   the   o u t p u t   of  the   s h i f t   r e g i s t e r   means  to  t h e  

o u t p u t   g a t i n g   means  c o m p r i s e s   an  AND  g a t e   means  h a v i n g   o n e  
i n p u t   fo r   r e c e i v i n g   the   s h i f t   r e g i s t e r   means  s e r i a l   s i g n a l .  

6.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   5  i n c l u d i n g  

means  e s t a b l i s h i n g   a  b l a n k i n g   s i g n a l   and  means  c o u p l i n g   t h e  

b l a n k i n g   s i g n a l   to  the   o t h e r   i n p u t   of  the   AND  g a t e   m e a n s .  

7.  A  v i d e o   c o n t r o l l e r   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  c o u p l i n g   the  o u t p u t   of  the   v i d e o   memory  means  to  t h e  

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

8.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   7  i n c l u d i n g  
a l t e r n a t e   s e t   l o g i c   means  for   c o n t r o l l i n g   d a t e   f low  c o n t e n t  
from  s a i d   d a t a   l a t c h   means  to  the   c h a r a c t e r   g e n e r a t o r   m e a n s .  

9.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   8  w h e r e i n   s a i d  

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

10.  A  v i d e o   c o n t r o l l e r   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   g a t e   means  i n c l u d e s   an  OR  g a t e   means  r e s p o n s i v e   to  s a i d  

a l t e r n a t e   s e t   e n a b l i n g   s i g n a l   or  a  f i r s t   d a t a   b i t .  

l l .   A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   10  w h e r e i n  

s a i d   g a t e   means  a l s o   i n c l u d e s   an  AND  g a t e   mens  h a v i n g   one  i n p u t  

c o n n e c t e d   frm  the  OR  g a t e   means ,   a  s e c o n d   i n o u t   from  a  s e c o n d  

d a t e   b i t   and  an  o u t p u t   c o u p l i n g   to  the   c h a r a c t e r   g e n e r a t o r  
means  a t   a  p o s i t i o n   c o r r e s p o n d i n g   to  the   s econd   d a t a   b i t .  



12.  A  v i d e o   c o n t r o l l e r   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  

c e l l   g e n e r a t o r   means  and  means  c o u p l i n g   the   c e l l   g e n e r a t o r  
means  in  p a r a l l e l   w i t h   the   c h a r a c t e r   g e n e r a t o r   means  w i t h   t h e  

c e l l   g e n e r a t o r   means  c o u p l e d   in  common  wi th   the  c h a r a c t e r  

g e n e r a t o r   means  a t   the  p a r a l l e l   i n p u t s   of  th  s h i f t   r e g i s t e r  

m e a n s .  

13.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   12  w h e r e i n  

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

d a t a   o u t p u t   b u f f e r .  

14.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   13  i n c l u d i n g  
f i r s t   l o g i c   g a t e   means  r e s p o n s i v e   to  a  f i r s t   d a t a   b i t  s i g n a l  

from  s a i d   v i d e o   memory  means  for   p r o v i d i n g   a  s i g n a l   the  s t a t e  

of  which  is  r e p r e s e n t a t i v e   of  e i t h e r   g r a p h i c   g e n e r a t i o n   o r  
c h a r a c t e r   g e n e r a t i o n .  

15.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   14  i n c l u d i n g  

a  f l i p - f l o p   c o u p l e d   from  s a i d   f i r s t   l o g i c   g a t e   means  and  h a v i n g  

a l t e r n a t e   s t a t e s   i n c l u d i n g   one  s t a t e   for   e n a b l i n g   on ly   t h e  

c h a r a c t e r   g e n e r a t o r   means  and  a n o t h e r   s t a t e  f o r   e n a b l i n g   o n l y  

the  c e l l   g e n e r a t o r   m e a n s .  

16.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   15  w h e r e i n  

s a i d   f i r s t   l o g i c   g a t e   means  i n c l u d e s   an  AND  g a t e   m e a n s .  

17.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   16  w h e r e i n  

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

one  i n p u t   for   r e c e i v i n g   an  i n v e r s e   v i d e o   e n a b l e   s i g n a l   and  a  

d a t a   b i t   s i g n a l .  

1 8 .   A  v i d e o   c o n t r o l l e r   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   a  

c a t h o d e   ray  tube   c o n t r o l l e r   h a v i n g   an  i n p u t   c o u p l e d   to  a  s y s t e m  
d a t a   b u s .  



19.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   18  i n c l u d i n g  

means  c o u p l i n g   the   o u t p u t   of  the   c a t h o d e   ray  t ube   c o n t r o l l e r   t o  

the   v i d e o   memory  m e a n s .  

20.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   19  w h e r e i n  

s a i d   means  c o u p l i n g   the  o u t p u t   of  the   c a t h o d e   ray  t u b e  

c o n t r o l l e r   to  the   v i d e o   memory  means  c o m p r i s e s   m u l t i p l e x e r  

means  h a v i n g   a  f i r s t   s e t   of  i n p u t s   c o u p l e d   from  the   c a t h o d e   r a y  
tube   c o n t r o l l e r ,   and  a  s e c o n d   s e t   of  i n p u t s   c o u p l e d   from  t h e  

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

21.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   20  c o m p r i s i n g  

m u l t i p l e   m u l t i p l e x e r   c i r c u i t s .  

22.  A  v i d e o   c o n t r o l l e r   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  d e f i n i n g   a  d a t a   b u s .  

23.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   22  w h e r e i n  

s a i d   v i d e o   memory  means  has  an  o u t p u t   d a t a   bus  i n c l u d i n g   a n  

o u t p u t   v i d e o   l a t c h .  

24.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   23  i n c l u d i n g  
v i d e o   d a t a   r e ad   means  c o u p l i n g   from  the   d a t a   bus  to  the  v i d e o  

memory  m e a n s .  

25.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   24  i n c l u d i n g  

v i d e o   d a t a   w r i t e   means  c o u p l i n g   from  the   d a t a   bus  to  the   v i d e o  

memory  m e a n s .  



26.  A  v i d e o   c o n t r o l l e r   c o m p r i s i n g   a  means  for   p r o v i d i n g  
s e r i a l   dot   d a t a   s i g n a l s   r e p r e s e n t a t i v e   of  a  c h a r a c t e r   l i n e ,  
c i r c u i t   means  c o u p l e d   from  s a i d   s e r i a l   means ,   c o n t r o l   s i g n a l  

means  h a v i n g   v i d e o   i n v e r t i n g   and  v i d e o   n o n - i n v e r t i n g   s t a t e s ,  
and  means  c o u p l i n g   the  c o n t r o l   s i g n a l   means  to  s a i d   c i r c u i t  

means  to  p r o v i d e   one  of  i n v e r s i o n   and  n o n - i n v e r s i o n   of  t h e  

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

27.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   26  w h e r e i n  

s a i d   c o n t r o l   s i g n a l   means  i n c l u d e s   c i r c u i t   means  h a v i n g   o n e  
s t a t e   i n d i c a t i n g   i n v e r s i o n   and  one  n o n - i n v e r s i o n   of  t h e  

c h a r a c t e r   s e l e c t i v e l y   on  at  l e a s t   a  c h a r a c t e r - b y - c h a r a c t e r  
b a s i s .  

28.  A  v i d e o   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   27  w h e r e i n  

s a i d   c i r c u i t   means  i n c l u d e s   l o g i c   g a t e s   means  h a v i n g   a  s i g n a l  
i n p u t   for   r e c e i v n g   the  s e r i a l   s i g n a l   and  a  c o n t r o l   i n p u t   f o r  
r e c e i v i n g   the  c o n t r o l   s i g n a l   from  the  c o n t r o l   s i g n a l   c i r c u i t  

m e a n s .  

29.  A  v ideo   c o n t r o l l e r   as  s e t   f o r t h   in  c l a i m   28  w h e r e i n  
s a i d   l o g i c   g a t e   means  i n c l u d e s   an  e x c l u s i v e   OR  g a t e   t h a t  
e n a b l e s   the  c h a r a c t e r   i n v e r s i o n .  

30.  A  method  of  c o n t r o l l i n g   a  s e r i a l   v i d e o   s i g n a l  

c o m p r i s i n g   the  s t e p s   o f ,   g e n e r a t i n g   the  s e r i a l   v ideo   s i g n a l   on  
a  c h a r a c t e r   l i n e   by  c h a r a c t e r   l i n e   b a s i s   and  composed  of  o n e  
and  zero   code  b i t s ,   and  p r o v i d i n g   means  for  s t e e r i n g   s a i d  

s i g n a l   to  p r o v i d e   an  o u t p u t   v i d e o   s i g n a l   w h e r e i n   s a i d   s t e e r i n g  
is  c o n t r o l l e d   by  a  c o n t r o l   s i g n a l   h a v i n g   v ideo   i n v e r t i n g   a n d  

v ideo   n o n - i n v e r t i n g   s t a t e s   whe reby   in  the  v ideo   n o n - i n v e r t i n g  

s t a t e ,   the  o u t p u t   v ideo   has  a  f i r s t   p r e d e t e r m i n e d   c o m p o s i t i o n  
and  in  the  v i d e o   i n v e r t i n g   s t a t e ,   has  the  i n v e r t e d   c o n d i t i o n .  
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