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(54)  Display  system  with  multiple  scrolling  regions. 
©  A  data  display  and  management  system  includes  a 
microprocessor  (10)  whose  functions  are  implemented  by 
instructions  in  data  from  a  directly  connected  main  memory 
(48).  A  mass  data  storage  memory  (52)  is  connected  to  the 
main  memory  (48)  and  has  permanently  stored  instructions 
set  therein  for  the  microprocessor  (10).  A  display  control 
system  which  operates  asynchronously  with  the  micro- 
processor  includes  a  display  controller  (16),  display  memory 
(96,  104),  character  memory  means,  and  a  visual  character 
attribute  generator  (94).  By  linking  one  or  more  row  attribute 
bytes,  or  pointers,  to  each  row  of  characters  stored  in  the 
display  memory  (96)  the  display  controller  (16)  performs 
character  and  row  manipulation  on  a  display  device  without 
transferring  whole  blocks  of  data  in  the  display  memory  (96). 
Multi-region  display  segmentation  into  horizontal  and  vertic- 
al  split  regions,  smooth  or  discrete  scrolling  of  individual 
regions,  and  various  editing  functions  are  achieved  by 
modifying  the  associated  display  memory  pointers. 
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BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to   d a t a   d i s p l a y   a n d  

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

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

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

u s i n g   l a r g e   s c a l e   c o m p u t e r s .   In  such   c a s e s ,   d a t a   to  be  p l a c e d  

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

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

d e v i c e   as  a  new  d i s p l a y   f r a m e .   H e r e t o f o r e ,   d a t a   in   d i s p l a y  

s y s t e m s   w e r e   n o t   o r g a n i z e d   f o r   d i s p l a y   in  t e r m s   of  r e g i o n s   o r  

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

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

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

d e v i c e .   P r i o r   s y s t e m s   c o u l d   n o t   p r o v i d e   s m o o t h   or  p i x e l  

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

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

SUNIMARY  OF  THE  INVENTION 

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

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

t he   l i s t   of  i n s t r u c t i o n s   s t o r e d   in  a  r andom  a c c e s s   ma in   m e m o r y .  
The  main   memory  s t o r e s   a  p o r t i o n   of  t h e   l i s t   o f   i n s t r u c t i o n s ,  

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

d a t a   s t o r a g e   m e m o r y   in   t h e   f o r m   of   one   or   m o r e   GROMs.   A n  

a d d i t i o n a l   ROM  c o n t a i n s   a  l i s t   of  i n s t r u c t i o n s   f o r   i n i t i a l i z i n g  

the   s y s t e m   and  a  n o n v o l a t i l e   memory  in  t h e   f o r m   o f  a   CMOS  RAM 

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

in  the   e v e n t   of  a  p o w e r   l o s s .  

. A  d i s p l a y   d e v i c e   s u c h   as  a  CRT  i s   c o n t r o l l e d   by  a  

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

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

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

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

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

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

t he   p r o c e s s i n g   t i m e   and  i n c r e a s i n g   t h e   p r o c e s s o r   t h r o u g h p u t .  

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

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

e i t h e r   d i s c r e t e l y   or   s m o o t h l y ,   i s   p r o v i d e d   by  t h e   l i n k i n g   o f  

one  or  more  row  a t t r i b u t e   b y t e s   or  " p o i n t e r s "   to  e a c h   c h a r a c t e r  



and  c h a r a c t e r   a t t r i b u t e   row  s t o r e d   in  t h e   d i s p l a y   m e m o r y .   I n  

t h i s   m a n n e r ,   d a t a   c a n   be  m a n i p u l a t e d   on  t h e   d i s p l a y  s c r e e n  

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

memory .   T h a t   i s ,   o n l y   t h e   p o i n t e r s   a s s o c i a t e d   w i t h   e a c h   b l o c k  

of  d a t a   ( c o r r e s p o n d i n g   to  a  d i s p l a y e d   row)  n e e d s   to   be  m o d i f i e d  

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

b e c a u s e   w h o l e   b l o c k s   o f   d a t a   n e e d   n o t   be  t r a n s f e r r e d   in  t h e  

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

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

F o r   n e t w o r k   a p p l i c a t i o n s ,   i n p u t / o u t p u t   m e a n s   a r e  

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

c o m p u t e r .   F o r   l o c a l   c o n t r o l   of  t h e   s y s t e m ,   i n p u t   m e a n s   in  t h e  

f o r m   of   a  k e y b o a r d   a r e   p r o v i d e d .   In  o n e   e m b o d i m e n t ,   t h e  

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

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

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

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

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

c o n t r a s t   is  a c h i e v e d   by  a  c o n t r a s t   r e g i s t e r   in  c o n j u n c t i o n   w i t h  

t h e   a t t r i b u t e   g e n e r a t o r .  

I t   i s   an  o b j e c t   o f   t h i s   i n v e n t i o n   t o   p r o v i d e   a  

d i s p l a y  

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

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

r e g i o n s .  

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

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

s y s t e m   CPU.  

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

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

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

s c r o l l   f u n c t i o n s .  

Y e t   a n o t h e r   o b j e c t   i s   t o   p r o v i d e   a  d i s p l a y   c o n t r o l  

s y s t e m   w h i c h   may  be  f o r m a t t e d   e i t h e r   l o c a l l y   or   f r o m   a  r e m o t e  

h o s t   c o m p u t e r .  

A n o t h e r   o b j e c t   i s   t o   p r o v i d e   t h e   s y s t e m  

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

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

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

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



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

O t h e r   o b j e c t s   and  many  of  t h e   a t t e n d a n t   a d v a n t a g e s   o f  

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

b e c o m e s   b e t t e r   u n d e r s t o o d   by  r e f e r e n c e   t o   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   w i t h   t h e   a p p e n d e d   c l a i m s ,   when  c o n s i d e r e d  

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

F i g u r e   l a - l c   f o r m   a  b l o c k   d i a g r a m   of   an  e l e c t r o n i c  

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

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

F i g u r e   2  i s   a  s y s t e m   memory  m a p ;  

F i g u r e   3  i s   a  d i a g r a m   o f   t h e   b i t   s t r u c t u r e   o f   a n  

a d d r e s s   b y t e   u s e d   to   a c c e s s   t he   s y s t e m   mass   r e a d - o n l y   p r o g r a m  

s t o r a g e   m e m o r y ;  

F i g u r e s   4  a n d   5  a r e   b l o c k   d i a g r a m s   o f   t h e   GROM 

i n t e r f a c e   u n i t ;  

F i g u r e   6  i s   a  p i c t o r i a l   r e p r e s e n t a t i o n   s h o w i n g   t h e  

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

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

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

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

p l u r a l i t y   of  r e g i o n s ;  

F i g u r e   8 a - 8 c   f o r m   a  b l o c k   d i a g r a m   of   t h e   d i s p l a y  

c o n t r o l l e r ;  

F i g u r e   9  i s   a  s c h e m a t i c   d i a g r a m   of  t h e   s e l f - c o n t a i n e d  

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

F i g u r e   10  i s   a  s c h e m a t i c   d i a g r a m   of   t h e   k e y b o a r d  

i n t e r f a c e   u n i t ;  

F i g u r e   1 0 a   i s   a  t i m i n g   d i a g r a m   s h o w i n g   t h e  

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



DETAILED  DESCRIPTION  OF  INVENTION 

SYSTEM  ARCHITECTURE 

R e f e r r i n g   now  t o   F i g u r e s   l a - l c   t h e r e   i s   s h o w n   a  

b l o c k   d i a g r a m   of  an  e l e c t r o n i c   i n p u t / o u t p u t   t e r m i n a l   a c c o r d i n g  

to  t h e   p r e s e n t   i n v e n t i o n .   A  s y s t e m   m i c r o p r o c e s s o r   CPU  10  i s  

c o u p l e d   to  a  s y s t e m   c o n t r o l   bus  12  and  a  s y s t e m   a d d r e s s   bus  1 4 .  

C o n t r o l   b u s   l 2   a n d   a d d r e s s   b u s   14  b o t h   e x t e n d   t o   a  CRT 

c o n t r o l l e r   CRTC  16,   a  ( c o u n t e r - t i m e r   c i r c u i t )   C T C 1 8 ,   a  ( d u a l  

a s y n c h r o n o u s )   ( t r a n s m i t t e r / r e c e i v e r )   DART  20 ,   a  ( s e r i a l  

i n p u t / o u t p u t   d e v i c e )   SIO  22,   a  d y n a m i c   r a n d o m - a c c e s s   m e m o r y  

(DRAM)  t i m e r   24 ,   and   a  Memory   I / O   D e c o d e r   26.   S y s t e m   a d d r e s s  

14  a l s o   e x t e n d s   to   a  s y s t e m   r e a d - o n l y   m e m o r y   (ROM)  27 ,   a  DRAM 

a d d r e s s   m u l t i p l e x e r   2 8 ,   a  t e s t   ROM  29 ,   a  CMOS  RAM  30,  and  a  

c o n t r o l   I / O   d e v i c e   32.   A  b a t t e r y   31  i s   c o u p l e d   to   CMOS  RAM  3 0  

to  p r o v i d e   b a c k u p   d u r i n g   p o w e r   o f f   c o n d i t i o n s .   CPU  10  i s  

c o n n e c t e d   t h r o u g h   a  t w o - w a y   b u f f e r   f o r   t r a n s c e i v e r   (XCVR)  34  t o  

a  s y s t e m   d a t a   b u s   3 6 .   D a t a   b u s   36  e x t e n d s   t o   a  c o n t r a s t  

r e g i s t e r   38,  and  to   CRTC  16,   CTC  18,   DART  20,  and  SIO  22.  D a t a  

bus   36  i s   c o n n e c t e d   t h r o u g h   a  t r a n s c e i v e r   40  t o  a   memory  d a t a  

bus  42  w h i c h   in  t u r n   e x t e n d s   to   s y s t e m   ROM  27  and   a  s e r i e s   o f  

DRAMs  4 8 a - 4 8 c .   E a c h   DRAM  i s   a l s o   c o n n e c t e d   to  DRAM  t i m e r   24  

and  to   a  DRAM  a d d r e s s   bus   50  w h i c h   i s   c o n n e c t e d   t o   a  DRAM 

m u l t i p l e x e r   28 .   D a t a   b u s   36  i s   a l s o   c o n n e c t e d   t h r o u g h   a  XCVR 

44  to  an  I /O   d a t a   bus   46  w h i c h   in  t u r n   e x t e n d s   to  t e s t   ROM  2 9 ,  

CMOS  RAM  30,   and  c o n t r o l   I /O  3 2 .  

P r o g r a m   s t o r a g e   i s   p r o v i d e d   by  l a r g e   s c a l e   m a s s  

r e a d - o n l y   memory  in   t h e   fo rm  of  GROMs  5 2 - 1   to   5 2 - 8 .   The  GROMs 

a r e   c o n n e c t e d   t o   a  c o m m o n   G R O M  b u s   54  w h i c h   i s   i n   t u r n  

c o n n e c t e d   to   I /O   d a t a   bus   46  t h r o u g h   a  GROM  I / F   5 6 .  

An  o p e r a t o r   i n t e r f a c e s   w i t h   t h e   p r e s e n t   s y s t e m   b y  

means   of  a  k e y b o a r d   58  w h i c h   is  c o n n e c t e d   to   a  k e y b o a r d   I / F   6 0  

t h r o u g h   a  t e l e p h o n e   t y p e   m u l t i c o n d u c t o r   c a b l e   62.  K e y b o a d   58  

c o n t a i n s   i t s   own  c o m p u t e r   64  w h i c h   p e r m i t s   k e y b o a r d   58  t o  

p r o c e s s   i n s t r u c t i o n s   w i t h   a  min imum  c o m p u t i n g   l o a d   on  CPU  1 0 .  

A  s e r i e s   of  t e s t   m u l t i p l e x e r s   66 ,   68 ,   and   70,   a r e  

c o n n e c t e d   r e s p e c t i v e l y   to   DART  20,   and  c h a n n e l s   B  and  A  of  S I O  

22,  to   p r o v i d e   l o o p   b a c k   t e s t i n g   of   t h e   t e r m i n a l   in   a  l o c a l  

o p e r a t i n g   m o d e .   A  s e t   o f   c o m m u n i c a t i o n   b u s e s   72,   74,  and  7 6 ,  



a r e   c o n n e c t e d   to   c o n t r o l   I / O   32  a n d ,   r e s p e c t i v e l y ,   t o   t e s t  

m u l t i p l e x e r s   66 ,   68 ,   and   70 .   C o m m u n i c a t i o n   t o   p e r i p h e r a l  
d e v i c e s   s u c h   as  p r i n t e r s   is  p r o v i d e d   f rom  c o m m u n i c a t i o n   b u s e s  

72  and  74  t h r o u g h   EIA  d r i v e r - r e c e i v e r s   78  and   80 ,   w h i c h   a r e  

c o n n e c t e d   r e s p e c t i v e l y   to   a u x i l i a r y   p o r t s   AUX  2  and   AUX  1 .  

C o m m u n i c a t i o n   w i t h . a   h o s t   c o m p u t e r   is   p r o v i d e d   by  c o m m u n i c a t i o n  

bus   76  w h i c h   is  c o n n e c t e d   t h r o u g h   a  PM  i n t e r f a c e   82  and  an  E I A  

d r i v e r - r e c e i v e r   84  to  an  i n p u t / o u t p u t   p o r t   l a b e l e d   HOST  in   t h e  

d r a w i n g .   L o n g e r   d i s t a n c e   c o m m u n i c a t i o n   is   p r o v i d e d   by  means   o f  

an  i n t e r n a l   m o d u l a t o r - d e m o d u l a t o r   (MODEM)  85  w h i c h   i s   a l s o  

c o n n e c t e d   to   c o m m u n i c a t i o n   bus   76.  PM  I / F   82  may  be  c o n n e c t e d  

to   a  " p e r s o n a l i t y   m o d u l e "   ( n o t   s h o w n )   w h i c h   p e r m i t s   t h e  

t e r m i n a l   c o m m u n i c a t i o n s   to   be  c o m p a t i b l e   w i t h   v a r i o u s   HOST 

c o m p u t e r s .   A  b a u d   r a t e   m u l t i p l e x e r   86  i s   c o n n e c t e d   t o  

c o m m u n i c a t i o n   b u s   76  a n d   t o   c o n t r o l   I / O   32  t o   p r o v i d e  

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

c o m p u t e r .   The   t i m i n g   of   b a u d   m u l t i p l e x e r   86  i s   p r o v i d e d   b y  

t i m e r   18-0   of   CTC  18.   Baud  r a t e   t i m i n g   f o r   t h e   AUX  2  and  AUX  1 

p o r t s   is  p r o v i d e d   by  t i m e r s   1 8 - 2   and  1 8 - 1   o f  C T C   18.   T i m e r   1 8 - 3  

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

A  c o m m u n i c a t i o n s   o p t i o n   u n i t   87 ,   s h o w n   by  d a s h e d  

l i n e s   in  F i g u r e   l c ,   is  c o n n e c t e d   to   t h e   HOST  p o r t ,   t h e   s y s t e m  
a d d r e s s   b u s   14  a n d   t h r o u g h   an  o p t i o n   I / F   88  to   c o m m u n i c a t i o n  

b u s   76 .   U n i t   87  i s   u s e d   to   p r o v i d e   l o c a l   a n d   c u r r e n t - l o o p  

c o m m u n i c a t i o n s   by  m e t h o d s   known   in  t h e   a r t . ,   and  n e e d   no t   b e  

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

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

v i d e o   d i s p l a y   m e a n s   s u c h   as  a  CRT  ( n o t   s h o w n )   w h i c h   i s   d r i v e n  

by  a  c o n t r o l l e r   CTRC  1 6 .   The   g e n e r a t i o n   of  c h a r a c t e r s   w i t h  

v a r i o u s   c h a r a c t e r   a t t r i b u t e s   w i l l   be  d e s c r i b e d   in  m o r e   d e t a i l  

b e l o w .   B r i e f l y ,   h o w e v e r ,   a  s e t   of   c h a r a c t e r s   i s   s t o r e d   in  a  
c h a r a c t e r   ROM  90  c o n n e c t e d   t o   CRTC  16  by  a  c h a r a c t e r   b u s   9 2 .  

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

g e n e r a t e d   by  a  v i d e o   a t t r i b u t e   g e n e r a t o r   VAG  94  a r e   s t o r e d   i n  

RAM  d i s p l a y   memory   96,   w h i c h   i s   c o n n e c t e d   to  CRTC  16  t h r o u g h   a  

r e g i s t e r / b u f f e r   98.   In  t h e   p r e s e n t   t e r m i n a l   an  " a t t r i b u t e "   i s  

d e f i n e d   to   mean   any  of  t h e   f o l l o w i n g   in  r e l a t i o n   to  i n d i v i d u a l  

c h a r a c t e r s :  

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



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

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

c h a r a c t e r s .   VAG  9 4  

is   c o n n e c t e d   t o   CRTC  16  a n d   t o   d i s p l a y   m e m o r y   96  by  a n  

a t t r i b u t e   bus  100 ,   and  to  CRTC  16  o n l y   t h r o u g h   a  c o n t r o l   b u s  

1 0 2 .   The   d i s p l a y   m e m o r y   96  i s   e x p a n d a b l e   by  a d d i t i o n a l   RAMS 

104  c o n e c t e d   a s  s h o w n   i n . F i g u r e   1.  A d d i t i o n a l   c h a r a c t e r s   m a y  
be  g e n e r a t e d   by  i n c l u d i n g   a  c h a r a c t e r   g e n e r a t o r   RAM  1 0 6  

c o n n e c t e d   to  c h a r a c t e r   bus   92  and  t o   VAG  94  t h r o u g h   a  d o t   b u s  

107 .   The  CRT  i n t e n s i t y   i s   c o n t r o l l e d   by  p r o g r a m m a b l e   c o n t r a s t  

r e g i s t e r   38  t h r o u g h   a  v i d e o   a m p l i f i e r   1 0 8 ,   w h i c h   i s   a l s o  

c o n n e c t e d   to  VAG  9 4 .  

SYSTEM  MEMORY  MAP  AND  ARCHITECTURE 

R e f e r r i n g   now  t o   F i g u r e   2,  t h e r e   i s   s h o w n   a  m e m o r y  

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

t h e   v a r i o u s   m e m o r y   d e v i c e s   in   h e x i d e c i m a l   f o r m .   In   t h e   b a s i  

8 - b i t   b y t e s   in  memory   l o c a t i o n s   0 0 0 0 - 7 F F F ,   and  is   e x p a n d a b l e   t o  

64K  b y t e s   i n   m e m o r y   l o c a t i o n s   8 0 0 0 - F F F F   by  t h e   a d d i t i o n   o f  

DRAMs  48b  and  4 8 c .  

Memory   l o c a t i o n s   0 0 0 0 - l F F F   a r e   a s s i g n e d   to  s y s t e m   ROM 

27,   w h i c h   c o n t a i n s   2K  b y t e s   ( e x p a n d a b l e   t o   8K)  o f   p r o g r a m  

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

d i a g n o s t i c s   on  p o w e r   up ,   as   w e l l   as   i n s t r u c t i o n s   f o r   l o a d i n g  

DRAM  48a  f r o m   t h e   p r o g r a m   s t o r a g e   memory  r e s i d e n t   in   t h e   GROMs. 

DRAM  48a  i s   u s e d   by  CPU  10  f o r   e x e c u t i o n   o f   i n s t r u c t i o n s   t o  

c o n t r o l   t h e   t e r m i n a l .  

L o c a t i o n s   2 , 0 0 0  -   3 , 0 0 0   a r e   a s s i g n e d   to  t e s t   ROM  29  

(4K  b y t e   maximum)  w h i c h   i s   u s e d   p r i m a r i l y   d u r i n g   m a n u f a c t u r e  

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

A d d r e s s   3 , 0 0 0   i s   a  w r i t e - o n l y   m e m o r y   l o c a t i o n   t h a t  

s t o r e s   d a t a   in  c o n t r a s t   r e g i s t e r   38  t o   c o n t r o l   t h e   i n t e n s i t y  

l e v e l   o f  t h e   CRT  as  s e t   by  t h e   o p e r a t o r .   The  a t t r i b u t e s   v i d e o  

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

c o n t r o l l e d   by  r e g i s t e r   3 8 .  

A  r e a d   a t   m e m o r y   l o c a t i o n   3A00  i n p u t s   t h e   d a t a   s e n t  

by  k e y b o a r d   58  and  r e s e t s   i t s   a s s o c i a t e d   i n t e r r u p t .   A  w r i t e   t o  

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

Read  and  w r i t e   c o m m a n d s   to   memory  l o c a t i o n s   3 A 8 0 - 3 A 8 7  

c o m m u n i c a t e   t h e   t e r m i n a l   c o n f i g u r a t i o n   f rom  c o n t r o l   I /O   32  t o  



CPU  10,   t h a t   i s ,   w h i c h   of  t h e   b a s i c   and  e x p a n d a b l e   d e v i c e s   a r e  

i n s t a l l e d ,   as  w e l l   as  c o n f i g u r i n g   t h e   o p e r a t i o n a l   mode   of   t h e  

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

L o c a t i o n   3B00  i s   r e s e r v e d   f o r   c o m m u n i c a t i o n   o p t i o n   u n i t   8 7 ,  

w h i c h   f u n c t i o n s   as  d e s c r i b e d   a b o v e .  

L o c a t i o n s   3 E 0 0 - 3 E F F   a r e   a s s i g n e d   to   t h e   256  b y t e  

CMOS  RAM  30,  w h i c h   is   p o w e r e d   by  a  b a t t e r y   31  t o   p r e s e r v e   i t s  

c o n t e n t s   d u r i n g   p o w e r   o f f   c o n d i t i o n s .   CMOS  RAM  30  s t o r e s  

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

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

HOST  c o m p u t e r   when  p o w e r   is   r e s t o r e d .  

D i s p l a y   m e m o r y   9 6 ,   w h i c h   s t o r e s   c h a r a c t e r s   a n d  

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

a c c e s s e d   t h r o u g h   CRT  c o n t r o l l e r   16  as  an  I / O   d e v i c e .   D i s p l a y  

memory  9 6 - c o n t a i n s   2K  1 6 - b i t   b y t e s   and  i s   e x p a n d a b l e   to   8K  i n  

2K  i n c r e m e n t s .  

The  GROM  s t o r a g e   memory  is  a c c e s s e d   by  a d d r e s s i n g   t h e  

GROM  I / F   56  a t   m e m o r y   l o c a t i o n   3B80.   A  r e a d   f r o m   t h i s   l o c a t i o n  

i n p u t s   4  b i t s   o f   d a t a   f r o m   t h e   s e l e c t e d   GROM,  and  a  w r i t e   t o  

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

f o r   a c c e s s i n g   t h e   GROM.  In  the   b a s i c   t e r m i n a l   c o n f i g u r a t i o n   3 

16K  b y t e   GROMs,  5 2 - 1 ,   5 2 - 2 ,   and  5 2 - 3 ,   f o r m   a  48K  b y t e   p r o g r a m  

s t o r a g e   m e m o r y .   T h i s   is  e x p a n d a b l e   to   a  t o t a l   of   128K  b y t e s   i n  

16K  i n c r e m e n t s   by  t h e   a d d i t i o n   of  GROMs  5 2 - 4   t o   5 2 - 8 .   D a s h e d  

l i n e   110  in   F i g u r e   l a   d e n o t e s  t h e   e x p a n d e d   p o r t i o n s   of  t h e  

o p e r a t i n g   and  p r o g r a m   s t o r a g e   memory .   B a s i c a l l y ,   a  GROM  is   a  

PMOS,  m e t a l   g a t e   r e a d - o n l y   memory  t h a t   p r o v i d e s   low  c o s t   m a s s  

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

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

memory  as  n e e d e d   f o r   e x e c u t i o n   by  CPU  10 .   In  t h i s   m a n n e r ,   a  

16K  DRAM  c a n   be   u s e d   f o r   e x e c u t i o n   o f   48K  o f   p r o g r a m  

i n s t r u c t i o n .   A  s i m i l a r   m e t h o d   o f   o v e r l a y i n g   p r o g r a m  
i n s t r u c t i o n s   i n t o   t h e   DRAM  i s   d e s c r i b e d   in  a  c o - p e n d i n g   p a t e n t  

a p p l i c a t i o n   S e r i a l   N o .  1 9 1 , 8 9 2   by  S k e l t o n ,   e t   a l   e n t i t l e d  

" V i r t u a l   Memory  M i c r o c o m p u t e r   A r c h i t e c t u r e . "  

R e f e r r i n g   now  to  F i g u r e s   3 - 5 ,   t h e   GROM  a c c e s s i n g  

p r o c e d u r e   i s   s h o w n   in  g r e a t e r   d e t a i l .   F i g u r e   3  shows   t h e   b i t  

s t r u c t u r e   of  a  2 0 - b i t   b y t e   used   to  a c c e s s   t h e   GROM.  The  b y t e  
is   l o a d e d   i n t o   G R O M  I / F   56  in  4 - b i t   b l o c k s   or  " n i b b l e s "   N l - N 5 .  



B i t s   0 - 1 3   a r e   u s e d   to  s e l e c t   any  one  of  16K  b y t e   a d d r e s s e s   in  a  
p a r t i c u l a r   GROM,  w h i l e   b i t s   1 4 - 1 7   a r e   u s e d   to  s e l e c t   one   of  u p  
to  8  GROMS.  One  e m b o d i m e n t   of  t h e   GROM  I / F   is   shown  in  F i g u r e  
4  and  5,  i l l u s t r a t i n g   h a r d w a r e   f o r   a c c e s s i n g   a  16K  b y t e   GROM 

t h r o u g h   a  4  b i t   d a t a / a d d r e s s   l i n e   D O - D 3 .  

DISPLAY  CONTROL  SYSTEM 

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

f o r m e d   of   CRT  c o n t r o l l e r   16 ,   v i d e o   a t t r i b u t e   g e n e r a t o r   9 4 ,  

d i s p l a y   m e m o r y   9 6 ,   c h a r a c t e r   ROM  90,   c o n t r a s t   r e g i s t e r   38  a n d  

t h e   a s s o c i a t e d   c i r c u i t r y   and  e x p a n d a b l e   m e m o r i e s   1 0 4   and  1 0 6 .  

B r i e f l y ,   CRTC  1 6  p r o v i d e s   h o r i z o n t a l   and  v e r t i c a l   t i m i n g   f o r  

the   CRT,  a d d r e s s e s   d i s p l a y   memory  96  f o r   CRT  r e f r e s h ,   p r o v i d e s  
t h e   s c a n   l i n e   a d d r e s s e s   f o r   c h a r a c t e r   ROM  90  and  c h a r a c t e r  

g e n e r a t o r   1 0 6 ,   c o n t r o l s  t h e   c u r s o r   on  t h e   CRT,  c o n t r o l s   d a t a  

t r a n s f e r s   b e t w e e n   CPU  10  and   d i s p l a y   m e m o r y   96  or  c h a r a c t e r  

g e n e r a t o r   1 0 6 ,   and  c o n t r o l s   v i d e o   a t t r i b u t e   g e n e r a t o r   VAG  9 4 .  

VAG  94  c o n v e r t s   p a r a l l e l   d o t   d a t a   i n t o   s e r i a l   v i d e o   d a t a ,  

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

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

p r o v i d e s   a  d a t a   p a t h   f o r   c h a r a c t e r   g e n e r a t o r   a c c e s s .   The  CRT 

is   c o n f i g u r e d   to   d i s p l a y   i n f o r m a t i o n   in  a  25  row  by  80  or  1 3 2  

c o l u m n   f o r m a t ,   w i t h   t he   2 5 t h   l i n e   r e s e r v e d   f o r   t e r m i n a l   s t a t u s  

m e s s a g e s .   E a c h   c h a r a c t e r   c e l l   d e f i n e d   by  a  r o w / c o l u m n   a d d r e s s  

i s   9  x  11  d o t s   o r   p i x e l s ,   w i t h   a  c h a r a c t e r   s i z e   o f   7  x  9 

p i x e l s .  

The   p r e s e n t   t e r m i n a l ,   as   c o n f i g u r e d   by  e i t h e r   t h e  

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

m e m o r y   i n t o   p a r t i t i o n s .   Each   p a r t i t i o n   is  c a l l e d   an  e d i t i n g  

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

d i s p l a y ,   f o r   e a c h   row  i s   80  o r   1 3 2   c o l u m n s   o f   d i s p l a y  

i n f o r m a t i o n .   A d d i t i o n a l l y ,   t he   e d i t i n g   b o u n d a r y   may  be  d e f i n e d  

to   be  an  u n f o r m a t t e d   d i s p l a y   c o n t a i n i n g   no  f i e l d s ,   b u t  

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

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

O n l y   one   e d i t i n g   b o u n d a r y   i s   d i s p l a y e d   a t   a  t i m e .   I f  

more   t h a n   one  e d i t i n g   b o u n d a r y   i s   r e s i d e n t   in  t he   t e r m i n a l ,   t h e  

l e n g t h   of   e a c h   e d i t i n g   b o u n d a r y   m u s t   be  e q u a l   t o   or  g r e a t e r  



t h a n   24  r o w s   of   d i s p l a y   i n f o r m a t i o n .   T h a t   i s ,   i f   12  rows  o f  

d o u b l e   h i g h / w i d e   d a t a   a r e   u s e d ,   t h e n   t h e   12  r o w s   of  d o u b l e  

h i g h / w i d e   a r e   24  rows  of  d i s p l a y   i n f o r m a t i o n .  

A  f o r m a t t e d   e d i t i n g   b o u n d a r y   c o n s i s t s   of   " r e g i o n s . "  

A  r e g i o n   i s   d e f i n e d   as  a  c o n s e c u t i v e   n u m b e r   of   d i s p l a y   r o w s  

v i e w e d   by  t h e   o p e r a t o r .   The  maximum  n u m b e r   of  c o n s e c u t i v e   r o w s  

p o s s i b l e   f o r   a  r e g i o n   i s   24  and  the   minimum  i s   1.  H o w e v e r ,   t h e  

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

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

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

p a r t i t i o n ,   or   r i g h t   p a r t i t i o n .   A  f u l l   p a r t i t i o n   r e g i o n   is  a  

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

the   CRT  d i s p l a y .   A  l e f t   p a r t i t i o n   r e g i o n   is   a  r e g i o n   d i s p l a y e d  

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

s p l i t   d e f i n e d   by  t h e   FORM.  A  r i g h t   p a r t i t i o n   i s   a  r e g i o n  

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

t h e   " v e r t i c a l   s p l i t "   to   t h e   r i g h t   d e f i n e d   by  the   FORM.  I f   a  

r e g i o n   is  d e f i n e d   as  d i s p l a y   o n l y ,   w i t h   no  o p e r a t o r   a c c e s s   t o  

t h e   r e g i o n ,   an  e n t i r e   r e g i o n   may  be  d e f i n e d   a  as  " p r o t e c t e d  

r e g i o n . "   A  p r o t e c t e d   r e g i o n   i s   a l w a y s   g u a r d e d   f o r  

t r a n s m i s s i o n .   A  v e r t i c a l   s p l i t   may   e x i s t   f o r   any  FORM, 

h o w e v e r ,   o n l y   one  v e r t i c a l   s p l i t   may  e x i s t   f o r   a n y . o n e   f o r m .   A 

v e r t i c a l   s p l i t   is   a  s e l e c t e d   c o l u m n   1 - 8 0   or  1 - 1 3 2   w h i c h   d e f i n e s  

the   s t a r t i n g   c o l u m n   of  any  r i g h t   p a r t i t i o n   r e g i o n .  

E a c h   r e g i o n   is  a  " w i n d o w . "   A  w indow  wh ich   shows  a l l  

the   d a t a   in  t h e   d i s p l a y   at   o n c e   is  c a l l e d   a  f i x e d   r e g i o n   or  a  

n o n - s c r o l l a b l e   r e g i o n .   A  w i n d o w   t h a t   shows   o n l y   a  p a r t   or  a  

s e g m e n t   of  t he   d a t a  a s s i g n e d   to   t h e   w indow  is  c a l l e d   a  s c r o l l e d  

r e g i o n .   E v e r y   e d i t i n g   b o u n d a r y   m a i n t a i n s   a t  l e a s t   o n e  w i n d o w .  

The  w indow  may  c o n s i s t   of  a l l   of  t h e   e d i t i n g   b o u n d a r y   w h i c h   i n  

t u r n   may  c o n s i s t   of  a l l   t e r m i n a l   m e m o r y ,   b u t   t h e   window  s t i l l  

e x i s t s .   E a c h   r e g i o n   c a n   be  i n d i v i d u a l l y   s c r o l l e d   e i t h e r  

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

f u n c t i o n   as  an  i n d e p e n d e n t   d i s p l a y .  

T h e s e   and   o t h e r   f e a t u r e s   a r e   o b t a i n e d   by  means   of  a  

" d a t a - l i n k i n g "   p r o c e d u r e   w h e r e b y   two  " l i n e   a t t r i b u t e s "   a r e  

g e n e r a t e d   a n d   s t o r e d   in  d i s p l a y   m e m o r y   96  f o r   e a c h   row  o f  

c h a r a c t e r s   and  c h a r a c t e r   a t t r i b u t e s   on  t h e   CRT  s c r e e n .   A  l i n e  

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



t e l l i n g   CRT  c o n t r o l l e r   16  a t   w h i c h   d i s p l a y   memory  l o c a t i o n   t h e  
f i r s t   c h a r a c t e r   in  t he   n e x t   row  of  c h a r a c t e r s   a p p e a r s .   In  t h e  

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

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

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

a t t r i b u t e   (RA)  and  a  l e f t   a t t r i b u t e   (LA).   The  LA  p o i n t s   to  t h e  

d i s p l a y   memory  l o c a t i o n   of   t h e   f i r s t   c h a r a c t e r   in  t he   f i r s t   r o w  

in  t h e   l e f t   p a r t i t i o n ,   and  t h e   RA  p o i n t s   to   t he   memory  l o c a t i o n  

of  t h e   f i r s t   c h a r a c t e r   in  t h e   f i r s t   row  of  t h e   r i g h t   p a r t i t i o n .  

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

i n s e r t i n g / d e l e t i n g   l i n e s   and  s c r o l l i n g   a r e   a c h i e v e d   by  m e r e l y  

m o d i f y i n g   t h e   p o i n t e r s   RA  a n d   LA  t o   i n d i c a t e   t h e   m e m o r y  
l o c a t i o n   of  the   n e x t   d e s i r e d   row  of  c h a r a c t e r s .   T h i s   g r e a t l y  

i n c r e a s e s   t h e   p r o c e s s i n g   t h r o u g h p u t   of  CPU  10  b e c a u s e   o n l y   t h e  

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

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

By  way  of   e x a m p l e ,   and  to   a i d   in  the   u n d e r s t a n d i n g   o f  

t h e   f o r m   and  r e g i o n   c o n c e p t   d e s c r i b e d   a b o v e ,   r e f e r e n c e   is  m a d e  

to   F i g u r e   6  w h e r e i n   t h e   d i s p l a y   s c r e e n   as   s e e n   b y .  a n   o p e r a t o r  

i s   p a r t i t i o n e d   i n t o   f o u r   r e g i o n s .   I t   i s   a s s u m e d   f o r   t h i s  

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

c o m p u t e r   to   d e f i n e   two  e d i t i n g   b o u n d a r i e s   or  f o r m s .   The  f o r m  

d e s c r i p t o r s   as  w e l l   as  r e g i o n   d a t a   t a b l e s   (RDT)  a r e   l o a d e d   i n t o  

t h e   t e r m i n a l   m e m o r y   or   DRAM.  F o r m   d e s c r i p t o r   2  c o n t a i n s   t h e  

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

d r a w i n g ,   t h a t   i s ,   t h e r e   is   a  v e r t i c a l   s p l i t   a t   c o l u m n   40  of  t h e  

d i s p l a y   s c r e e n   and  t h e   fo rm  s t a r t s   a t   d i s p l a y   m e m o r y   l o c a t i o n  

10  and   e n d s   a t   d i s p l a y   m e m o r y   l o c a t i o n   5 0 .   As  shown  in  t h e  

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

r e g i o n ,   t h a t   i s ,   t h e   n u m b e r   of  rows   in  e a c h   r e g i o n   e x c e e d s   t h e  

a v a i l a b l e   " w i n d o w "   f o r   d i s p l a y .   S i n c e   t h e   t e r m i n a l   in   t h i s  

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

a r e   48  l i n e s   o f   i n f o r m a t i o n   a v a i l a b l e   f o r   t h e   r e g i o n  

d e f i n i t i o n s ,   a l t h o u g h   o n l y   24  l i n e s   may  be  d i s p l a y e d   a t   o n e  

t i m e .   Form  2  has   f o u r   a s s o c i a t e d   r e g i o n   d a t a   t a b l e s   ( R D T ) ,  

one  f o r   e a c h   r e g i o n   on  t h e   d i s p l a y   s c r e e n .   Each   RDT  c o n t a i n s   8 

b y t e s   of   i n f o r m a t i o n .   B y t e   0  i s   a  p r e d e t e r m i n e d   r e g i o n   n u m b e r ,  

f o r   e x a m p l e ,   t o   i n d i c a t e   w h e t h e r   a  l e f t   or  a  r i g h t   p a r t i t i o n  



r e g i o n   w i l l   be  d i s p l a y e d   on  t he   s c r e e n .   B y t e   1  i n d i c a t e s   t h e  

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

B y t e   2  is  the   c u r r e n t   memory  d i s p l a y   s t a r t i n g   row,   t h a t   i s ,   t h e  

d i s p l a y   memory  a d d r e s s   of  t he   c u r r e n t l y   d i s p l a y e d   r o w .   B y t e   3 

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

b y t e   4  is   t h e   d i s p l a y   e n d i n g   row.   B y t e   5  i s   the   c u r r e n t   m e m o r y  

d i s p l a y   e n d i n g   r o w ,   b y t e   6  i s   t h e   r e g i o n   m e m o r y   e n d i n g   r o w  

number   in  d i s p l a y   m e m o r y ,   and  b y t e   7  i s   t h e   max imum  r e l a t i v e  

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

e x a m p l e ,   r e f e r r i n g   to  t he   RDT  f o r   r e i g o n   1  in  F i g u r e   6,  r e g i o n  

1  c h a r a c t e r   and  c h a r a c t e r   a t t r i b u t e   d a t a   a r e   s t o r e d   in  d i s p l a y  

memory  l o c a t i o n s   1 0 - 2 4 .   The  c u r r e n t l y   d i s p l a y e d   i n f o r m a t i o n  

f r o m   r e g i o n   1  on  t h e   d i s p l a y   s c r e e n ,   h o w e v e r ,   i s   f o r m e d   of  8 

l i n e s   t h a t   a re   s t o r e d   in  d i s p l a y   m e m o r y   l o c a t i o n s   1 2 - 1 9 ,   a n d  

a p p e a r   on  t h e   d i s p l a y   s c r e e n  r o w s   0 - 7 .   T h a t   i s ,   m e m o r y  
l o c a t i o n s   1 2 - 1 9   c o m p r i s e   t h e   " w i n d o w "   o f  r e g i o n   1  t h a t   i s  

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

r e g i o n   o c c u p y i n g   t he   same  d i s p l a y   s c r e e n   rows  as  r e g i o n   1,  t h e  

d i s p l a y   w i n d o w   f o r   r e g i o n   2  i s   t he   s a m e  s i z e   as  t he   window  f o r  

r e g i o n   1.  I t   s h o u l d   be  n o t e d   t h a t   48  r o w s   of  d i s p l a y   m e m o r y  

have   been   used   f o r   form  2,  a l t h o u g h   o n l y   24  rows  of  i n f o r m a t i o n  

a p p e a r   on  t he   d i s p l a y   s c r e e n   a t   a  t i m e .   R e g i o n s   3  and  4  a r e  

s i m i l a r l y   d e f i n e d   by  t h e i r   a s s o c i a t e d   R D T s .  



A l t h o u g h   in   F i g u r e   6  t h e   r o w s   of   i n f o r m a t i o n   i n  

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

a r e   s h o w n   in  s e q u e n t i a l   o r d e r ,   t h e y   may  in  f a c t   be  l o c a t e d   a t  

any  d i s p l a y   memory  l o c a t i o n .   The  RA  and  LA  p o i n t e r s   a s s o c i a t e d  

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

map  t h e   l o c a t i o n   of  t h e   n e x t   c h a r a c t e r s   in  d i s p l a y   memory  to  b e  

d i s p l a y e d   on  the   s c r e e n .  

R e f e r r i n g   now  to   F i g u r e   7,  t h e   use   of  t h e s e   p o i n t e r s  
in  s c r o l l i n g   and  i n d i v i d u a l   r e g i o n   on  t h e   d i s p l a y   s c r e e n   w i l l  

now  be  d e s c r i b e d   by  way  of   e x a m p l e .   The   d i s p l a y   s c r e e n   i s  

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

r e g i o n   i n d i c a t i n g   t h e   f i r s t   and  l a s t   rows  of  c h a r a c t e r s   in  t h a t  

p a r t i c u l a r   r e g i o n ,   f o r   e x a m p l e ,   l i n e   B  in  r e g i o n   1  i s   the   f i r s t  

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

c h a r a c t e r s   in  r e g i o n   1.  S i m i l a r l y ,   l i n e   J  r e p r e s e n t s   t h e   f i r s t  

row  of   c h a r a c t e r s   in  r e g i o n   3  w h i l e   l i n e   K  r e p r e s e n t s   the   l a s t  

row  of  c h a r a c t e r s .   The  " a f t e r "   v i e w   of   t h e   d i s p l a y   s c r e e n   s h o w  

r e g i o n   3  s c r o l l e d   up  one  row  of  c h a r a c t e r s ,   t h a t   i s ,   row  K  i s  

now  t he   f i r s t   d i s p l a y e d   row  of  c h a r a c t e r s   and  r o w  L   is   t h e   l a s t  

d i s p l a y e d   r o w .   A l s o   s h o w n   in  FIGURE  7  i s   a  map  of  the   RA  a n d  

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

a f t e r   t he   s c r o l l   f u n c t i o n   has   been   c o m p l e t e d .   B e f o r e   s c r o l l i n g  

i s   i n i t i a t e d   p o i n t e r   LA  of   t he   s t a t u s   l i n e   p o i n t s   to   row  B  i n  

r e g i o n   1  and  p o i n t e r   LA  of  row  B . p o i n t s   to  row  C.  S i n c e   r e g i o n  

2  i s   a  l e f t   p a r t i t i o n   s p l i t   r e g i o n ,   p o i n t e r   LA  of  row  C  p o i n t s  

to   row  F  in   r e g i o n   2,  w h i l e   p o i n t e r   RA  of  row  C  p o i n t s   to  r o w  

J  in  r i g h t   p a r t i t i o n   r e g i o n   3.  P o i n t e r   LA  of  row  G  in  r e g i o n   2 

p o i n t s   t o   r o w   N  i n   r e g i o n   4 .   B e c a u s e   r e g i o n   3  i s   a  r i g h t  

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

i n d i c a t e   t h e   n e x t   s u c c e s s i v e   row  in  t h a t   r e g i o n .   R e g i o n   3  i s  

s c r o l l e d   up  by  one  row  m e r e l y   by  c h a n g i n g   p o i n t e r   RA  in  row  C 

of  r e g i o n   1  so  t h a t   i t   p o i n t s   to  row  C  o f   r e g i o n   1  so  t h a t   i t  

p o i n t s   to  row  K  in  r e g i o n   3  i n s t e a d   of   row  J .   T h u s ,   s c r o l l i n g  

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

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

d i s p l a y   m e m o r y   as   was   d o n e   in  p r i o r   a r t   s y s t e m s .   F u r t h e r ,   t h e  

use   of  c o n t r o l l e r   16  and  i t s   a s s o c i a t e d   c i r c u i t r y   to  a s s i g n   a n d  

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

r e q u i r e d   to   p e r f o r m   t h e s e   f u n c t i o n s   a n d ,   s i n c e   CRTC  16  o p e r a t e s  



a s y n c h r o n o u s l y   w i t h   CPU  1 0 ,   t h e   p r o c e s s i n g   l o a d   on  CPU  10  i s  

r e d u c e d .  

S m o o t h   s c r o l l i n g ,   i . e . ,   t he   s c r o l l i n g   of  a  l i n e   o n e  

p i x e l   or  s c a n   l i n e   at   a  t i m e ,   may  be  p e r f o r m e d   i n d e p e n d e n t l y   i n  

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

c o n t r o l   of   CRTC  16 ,   w h i c h   w i l l   now  be  d e s c r i b e d   in   g r e a t e r  

d e t a i l .  





DISPLAY  CONTROLLER 

In  one  e m b o d i m e n t ,   d i s p l a y   c o n t r o l l e r   CRTC  16  is   a  

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

s i g n a l s   f o r   a  s t a n d a r d   or  a  n o n s t a n d a r d   r a s t e r - s c a n   CRT  m o n i t o r  

i n c o r p o r a t i n g   a  n o n - i n t e r l a c e d   f o r m a t .   CRTC  16  c o n t r o l s   t h e  

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

d i s p l a y   r e f r e s h   memory   96 ,   and   t h e   c u r s o r   a d d r e s s .   I n t e r n a l  

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

c h a r a c t e r   d a t a   a l l o w i n g   c o n t r o l l e d   t r a n s f e r s   b e t w e e n   CPU  10  a n d  

d i s p l a y   m e m o r y   96  o r   v i d e o   a t t r i b u t e   g e n e r a t o r   9 4 .   A s  

d e s c r i b e d   a b o v e ,   c o n t r o l l e r   16  and  i t s   a s s o c i a t e d   c i r c u i t r y  

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

as  d e t e r m i n i n g   the   n u m b e r   of  c h a r a c t e r s   per   row,  t h e   n u m b e r   o f  

s c a n   l i n e s   p e r   r o w ,   and   t h e   number   of  rows  pe r   d i s p l a y   f r a m e .  

In  c o n j u n c t i o n   w i t h   VAG  94 ,   t h e   v a r i o u s   c h a r a c t e r   a t t r i b u t e  

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

R e f e r r i n g   now  t o   F i g u r e   8 a - 8 c ,   CRTC  16  i s   shown  i n  

b l o c k   d i a g r a m   f o r m .   C o n t r o l l e r   16  i n t e r f a c e s   w i t h   CPU  1 0  

t h r o u g h   s y s t e m   a d d r e s s   bus   14  ( s e l e c t   l i n e s   AO-A2) ,   s y s t e m   d a t a  

bus  36  ( d a t a   l i n e s   D O - D 7 ) ,   and  s y s t e m   c o n t r o l   bus  12  (RD/,   W R / ,  

and  C E / ) .   L i n e s   AO-A2  a r e   c o n n e c t e d   to  an  a d d r e s s   d e c o d e   l o g i c  

c i r c u i t   1 1 2 .   L i n e s   DO-D7  a r e   c o n n e c t e d   to  a  d a t a   b u f f e r   1 1 3  

w h i c h  i s   in  t u r n   c o n n e c t e d   to   an  i n t e r n a l   d a t a   bus  114 .   T h e  

s i g n a l   l i n e s   f r o m   c o n t r o l   b u s   12  a r e   c o n n e c t e d   t o   an  I / O  

c o n t r o l   l o g i c   c i r c u i t   1 1 6 .   A d d r e s s   d e c o d e r   112  c o n t r o l s   t h e  

v a r i o u s   i n t e r n a l   r e g i s t e r s   c o n n e c t e d   t o   d a t a   b u s   114  b y  

d e c o d i n g   the   t h r e e   a d d r e s s   i n p u t s   t o g e t h e r   w i t h   t he   I /O   c o n t r o l  

l o g i c   116  o u t p u t s .   T a b l e s   1  and   2  b e l o w   l i s t   t h e   w r i t e   a n d  

r e a d   a s s i g n m e n t s   f o r   t h e   t h r e e   s e l e c t   l i n e s ,   A O - A 2 .   I / O  

c o n t r o l   116  g a t e s   t h e   c o n t r o l   s i g n a l s   f rom  CPU. 

10  and  c o n t r o l s   d a t a   b u f f e r   113  and  the   bus  p r e c h a r g e .  

A  c o n t r o l   r e g i s t e r   118  c o n n e c t e d   to  d a t a   bus  114  is   a  

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

T a b l e   3.  B i t   0  (DFMS)   s e l e c t s   e i t h e r   a  s t a n d a r d   or   a n  

a l t e r n a t e   d i s p l a y   f o r m a t .   The  l o g i c a l   v a l u e   of  b i t   0  is   o u t p u t  

as  the   ADF  s i g n a l   shown  in  F i g u r e   8.  B i t   1  (CURON)  e n a b l e s   t h e  

c u r s o r   o u t p u t .   S e t t i n g   c o n t r o l   b i t   1  to   z e r o   i n h i b i t s   t h e  

c u r s o r   o u t p u t   u n c o n d i t i o n a l l y .   B i t   2  (CBLINK)  s e l e c t s   e i t h e r   a  

b l i n k i n g   or  n o n b l i n k i n g   c u r s o r .   B i t   3  (ENLA)  s e t s   t he   mode  o f  



o p e r a t i o n   f o r   c o n t r o l l e r   16 .   E n a b l i n g   t h e   l i n e   a t t r i b u t e s  

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

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

a s s u m e d   to  be  c o n v e n t i o n a l ,   t h a t   i s ,   e a c h   row  i s   s e q u e n t i a l l y  

f o l l o w e d   by  t h e   n e x t   d i s p l a y e d   row  w i t h   no  row  a t t r i b u t e s  

p r e s e n t .   The  l o g i c a l   v a l u e   of  c o n t r o l   b i t   4  (COUT)  a p p e a r s   a s  

s i g n a l   (COUT/)   d u r . i n g   a  r e a d   or  w r i t e   to   d i s p l a y   memory  9 6 .  

D u r i n g   a c t i v e   d i s p l a y   t h i s   s i g n a l   i s   i n a c t i v e   (High)   and  d u r i n g  

r e t r a c e   t h e   s i g n a l   i s   a c t i v e   ( L o w ) .   S e t t i n g   c o n t r o l   b i t   5 

(TSTMD)  r e d u c e s   t h e   d i s p l a y   f o r m a t   to   16  c h a r a c t e r s   p e r   row  a n d  

2  s c a n   l i n e s   p e r   c h a r a c t e r   r o w .   R e s e t t i n g   t h i s   b i t   e n a b l e s  

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

and  i n s p e c t i o n   p u r p o s e s .  
A  c o m m a n d   r e g i s t e r   120  c o n n e c t e d   to  d a t a   bus  114  i s  

an  e i g h t - b i t   w r i t e - o n l y   r e g i s t e r   w h i c h   a l l o w s   CPU  10  t o   i s s u e  

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

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

T a b l e   5  w h e r e i n   an  "x"  i n d i c a t e s   a  " d o n ' t   c a r e "   v a l u e .  

A  c h a r a c t e r   r e g i s t e r   122  c o n n e c t e d   to  d a t a   bus  114  i s  

an  e i g h t - b i t   r e a d / w r i t e   r e g i s t e r   u s e d   by  CPU  10  f o r  

t r a n s f e r r i n g   d a t a   t o   and   f r o m   d i s p l a y   m e m o r y   96 .   The  l o w e r  

s e v e n   b i t s   f r o m   r e g i s t e r   122  a p p e a r   on  an  i n t e r n a a l   d a t a   b u s  

1 2 2 a .   Bus  1 2 2 a   i s   c o n n e c t e d   to   a  c h a r a c t e r   d a t a   b u f f e r   1 2 3  

w h i c h  i s   in   t u r n   c o n n e c t e d   t o   c h a r a c t e r   d a t a   bus   92 .   An  

a t t r i b u t e   r e g i s t e r   124  i s   a  e i g h t - b i t   r e a d / w r i t e   r e g i s t e r  

s i m i l a r   to   c h a r a c t e r   r e g i s t e r   122 .   R e g i s t e r   124  i s   c o n n e c t e d  

to   an  i n t e r n a l   a t t r i b u t e   d a t a   b u s   1 2 4 a   w h i c h   i s   i n   t u r n  

c o n n e c t e d   to  an  a t t r i b u t e   d a t a   b u f f e r   125 .   The  e i g h t   a t t r i b u t e  

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

e x t e r n a l   a t t r i b u t e   b u s   100  as  s h o w n   in  F i g u r e s   l a   and  l b .   A 

c u r s o r   a d d r e s s   r e g i s t e r   126  c o n n e c t e d   to   d a t a   b u s   114  i s   a  

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

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

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

t r a n s f e r s .  

A  s t a t u s   r e g i s t e r   128  c o n n e c t e d   to   d a t a   bus  114  i s   a  

6 - b i t   r e a d - o n l y   r e g i s t e r   w i t h   a  b i t   a s s i g n m e n t   as   s h o w n   i n  

T a b l e   4.  B i t   0  (SVBLK)  i n d i c a t e s   t h e   s t a r t   of   t h e   v e r t i c a l  

b l a n k i n g   i n t e r v a l ,   i . e . ,   t h e   b e g i n n i n g   of  t he   s t a t u s   r o w .   B i t  





1  (RWCOM)  i n d i c a t e s   t h a t   a  r e a d   or  w r i t e   o p e r a t i o n   to  d i s p l a y  

memory  96  has   been   c o m p l e t e d .   B i t   2  (SCRCOM)  i n d i c a t e s   t h a t   a  
s m o o t h   s c r o l l   o p e r a t i o n   has   b e e n   c o m p l e t e d .   T h i s   w i l l   o c c u r   a t  

t h e   b e g i n n i n g   o f   t h e   s t a t u s   row  on  t h e   l a s t   f r a m e   of   t h e  

s c r o l l .   B i t   3  (INTP)  i n d i c a t e s   t h a t   an  i n t e r r u p t   c o n d i t i o n   h a s  

o c c u r r e d .   T h i s   b i t   i s   r e s e t   or  e n a b l e d   by  means   of   t he   c o m m a n d  

r e g i s t e r   1 2 0 .   B i t   4  (RWBSY)  i s   s e t   f o l l o w i n g   a  r e a d   or  a  
w r i t e   c o m m a n d   f r o m   CPU  1 0 ,   i n d i c a t i n g   t h a t   t h e   d e s i r e d  

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

r e a d / w r i t e ,   t h i s   b i t   i s   r e s e t .   B i t   5  ( S C R B S Y )   i s   s e t  

f o l l o w i n g   a  s m o o t h   s c r o l l   command  f rom  CPU  10  and  is  r e s e t   u p o n  

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

A  v e r t i c a l   s p l i t   r e g i s t e r   130 ,   c o n n e c t e d   to  d a t a   b u s  

1 1 4 ,   an  8 - b i t   w r i t e - o n l y   r e g i s t e r   c o n t a i n i n g   t h e   c o l u m n  

p o s i t i o n   of  a  v e r t i c a l   s p l i t   and   i s   z e r o   b a s e d .   T h a t   i s ,   i f  

r e g i s t e r   1 3 0  i s   l o a d e d   w i t h   z e r o ,   on  a  s p l i t   r e g i o n   t h e   l e f t  

p a r t i t i o n   w o u l d   c o n t a i n   one   c h a r a c t e r   and  t he   r i g h t   p a r t i t i o n  

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

d i s p l a y a b l e .  

The  o v e r a l l   d i s p l a y   f o r m a t   is   c o n t r o l l e d   by  a  s e r i e s  

of  c a s c a d e d   f r e e - r u n n i n g   c o u n t e r s .   Two  i n d e p e n d e n t   f o r m a t s   a r e  

m a s k e d   p r o g r a m m a b l e ,   e a c h   h a v i n g   two   m a s k e d   p r o g r a m m a b l e  

f o r m a t s   f o r   p r o v i d i n g   s e p a r a t e   r e f r e s h   r a t e s .   A  h o r i z o n t a l  

s y n c   r e g i s t e r   132  i s   a  8 - b i t   c o u n t e r   t h a t   c o n t r o l s   h o r i z o n t a l  

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

CCLK  s i g n a l   f r o m   v i d e o   a t t r i b u t e   g e n e r a t o r   94.   A  p r o g r a m m a b l e  

l o g i c   a r r a y   (PLA)  d e c o d e s   t h e   c u r r e n t   r e g i s t e r   v a l u e   a n d  

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

c h a r a c t e r s ,   t he   s t a r t   of  h o r i z o n t a l   s y n c ,   t he   end  of  h o r i z o n t a l  

s y n c   and   t h e   e n d   o f   h o r i z o n t a l   r e t r a c e   w h i c h   c l e a r s   t h e  

r e g i s t e r .   The  o p e r a t i o n   of   P L A ' s   a r e   known  in  t h e   a r t   and  n e e d  

n o t   be  d e s c r i b e d   i n   d e t a i l .   A  s c a n   l i n e / v e r t i c a l   a d j u s t  

c o u n t e r   134  i s   a  4 - b i t   c o u n t e r   t h a t   i s   i n c r e m e n t e d   a t   t h e   e n d  

of  h o r i z o n t a l   r e t r a c e ,   t h u s   c o u n t i n g   t h e   number   of  s c a n   l i n e s  

pe r   c h a r a c t e r   row.   I t s   c o u n t   is   d e c o d e d   by  m e a n s   of   a  PLA  a n d  

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

and  t he   c o u n t e r   in  a  v e r t i c a l   s y n c   r e g i s t e r   136  i s   i n c r e m e n t e d .  

.  When  t h e   r e g i s t e r   136   c o u n t e r   r e a c h e s   i t s   t o t a l   n u m b e r   o f  

c h a r a c t e r   rows  c o u n t ,   r e g i s t e r   134  g o e s   i n t o   a  v e r t i c a l   a d j u s t  



mode  a l l o w i n g   t h e   r e s o l u t i o n   of  t he   r e f r e s h   r a t e   to  w i t h i n   o n e  

s c a n   l i n e .   Upon  c o m p l e t i o n   of  v e r t i c a l   a d j u s t ,   r e g i s t e r   134  i s  

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

c h a r a c t e r   r o w .  

V e r t i c a l   s y n c   r e g i s t e r   136  as  d e s c r i b e d   a b o v e   c o u n t s  

c h a r a c t e r   rows  and  i s   c l o c k e d   by  r e g i s t e r   134 .   R e g i s t e r   136  i s  

a  7 - b i t  c o u n t e r   w h i c h   i s   PLA  d e c o d e d   f o r   t o t a l   d i s p l a y e d  

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

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

v e r t i c a l   s y n c   p u l s e   i s   s e t   at   v e r t i c a l   s y n c   p o s i t i o n   and   r e s e t  

on  the   t o t a l   c h a r a c t e r   rows  c o u n t .  

An  a d d r e s s   c o u n t e r   138  is  a  4 - b i t   c o u n t e r   t h a t   c o u n t s  

c h a r a c t e r   s c a n   l i n e s  a s   d o e s   r e g i s t e r   1 3 6 .   R e g i s t e r   136  i s  

u s e d   f o r   n o r m a l   c h a r a c t e r s   w h i l e   a d d r e s s   c o u n t e r   138  i s   u s e d  

f o r   d o u b l e   h i g h   and   s m o o t h   s c r o l l   c h a r a c t e r s .   C o u n t e r   1 3 8  

t r a c k s   r e g i s t e r   1 3 6   u n t i l   o n e   o f   t h e s e   s p e c i a l   c h a r a c t e r  

r e g i o n s   a re   d e t e c t e d .   For   d o u b l e   h i g h   c h a r a c t e r s   c o u n t e r   1 3 8  

t o g g l e s   b e t w e e n   i n c r e m e n t   and  i n h i b i t   i n c r e m e n t   s t a t e s .   F o r  

t h e   s c r o l l i n g   f u n c t i o n ,   c o u n t e r   138  i s   p r e s e t   w i t h   an  o f f s e t  

s i g n a l   f r o m   an  o f f s e t   c o u n t e r   140  and   t h e n   i s   i n c r e m e n t e d   a s  

b e f o r e .   O f f s e t   c o u n t e r   140  i s   a  f o u r - b i t   c o u n t e r   w h i c h   i s  

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

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

one  p i x e l   (or   s c a n   l i n e   pe r   r e g i o n )   p e r   d i s p l a y   f r a m e .   O f f s e t  

c o u n t e r   140  i s   i n i t i a l i z e d   when  a  s m o o t h   s c r o l l   c o m m a n d   i s  

r e c e i v e d   f r o m   CPU  10  by  m e a n s   of   c o m m a n d   r e g i s t e r   120 .   T h i s  

e i t h e r   p r e s e t s  o r   c l e a r s   c o u n t e r   140  b a s e d   u p o n   t h e   d i r e c t i o n  

of  t h e   s c r o l l .   A  b l i n k   r a t e   r e g i s t e r   142  i s   a  t h r e e   s t a g e  

r i p p l e   c o u n t e r   t h a t   i s   c l o c k e d   by  t he   c a r r y   o u t p u t  o f   t h e   m o s t  

s i g n i f i c a n t   s t a g e   o f   o f f s e t   c o u n t e r   1 4 0 .   I t   i s   u s e d   t o  

e s t a b l i s h   t he   c u r s o r   b l i n k   r a t e   and  t h e   b l i n k   r a t e   o u t p u t .  
The   d i s p l a y   m e m o r y   96  i s   a d d r e s s e d   by  t h e   t h i r t e e n  

b i t   d i s p l a y   memory   a d d r e s s   (DMA)  o u t p u t s   ( D M A O - D M A 1 2 ) ,   f r o m   a  

b u f f e r   143  c o n n e c t e d   to   an  i n t e r n a l   DMA  bus  1 4 3 a .   A s s o c i a t e d  

c o n t r o l   s i g n a l s   i n c l u d e   w r i t e   c o n t r o l   (DMWR/),  s e l e c t   memory  o r  

c h a r a c t e r   g e n e r a t o r   (CGA) ,   and  bank   s e l e c t   c o n t r o l  ( C O U T ) .   A 

d i s p l a y   m e m o r y   a d d r e s s   c o u n t e r   144   g e n e r a t e s   t h e   DMA  f o r  

a c t i v e ,   or  v i s i b l e ,   d i s p l a y .   C o u n t e r   144  i s   c o n n e c t e d   to  b u s  

143a  and  c o n t a i n s   t h r e e   r e g i s t e r s :   a  r e g i o n   1  r e g i s t e r   1 4 6 ,   a  



r e g i o n   2  r e g i s t e r   1 4 8 ,   and  a  s p l i t  r e g i s t e r   150 .   R e g i s t e r   1 4 6  

c o n t a i n s   t he   s t a r t i n g   a d d r e s s   of  a  c h a r a c t e r   row  and  i s   l o a d e d  

i n t o   t h e   m e m o r y   a d d r e s s   c o u n t e r   144  a t   t h e   b e g i n n i n g   of  e v e r y  
s c a n   l i n e   of   t h a t   p a r t i c u l a r   row.   A f t e r   t h e   l a s t   s c a n   l i n e   of  a  
row  h a s   b e e n   d i s p l a y e d ,   r e g i s t e r   146  g e t s   u p d a t e d   w i t h   t h e  

s t a r t i n g   a d d r e s s   of   t h e   n e x t   row.  T h i s   may  be  d o n e   e i t h e r   b y :  

l o a d i n g   memory   a d d r e s s   c o u n t e r   144  c o n t e n t s   p l u s   1  i n t o   r e g i s t e r  

146  when  s c a n   l i n e   a t t r i b u t e s   a r e   d i s a b l e d ;   l o a d i n g   t h e   a d d r e s s  

f o l l o w i n g   t h e   r ow   a t t r i b u t e   in   r e g i s t e r   146  w h e n   t h e   l i n k  

a d d r e s s   is  n o t   v a l i d   and  row  a t t r i b u t e s   a r e   e n a b l e d ;   o r ,   l o a d i n g  

t h e   t h i r t e e n   b i t   a d d r e s s   s t o r e d   in   m e m o r y   96  a t   t h e   r o w  

a t t r i b u t e   l o c a t i o n   i n t o   r e g i s t e r   146 ,   w h e n   t h e   L i n k   a d d r e s s   i s  

v a l i d   and  row  a t t r i b u t e s   a r e   e n a b l e d .  

R e g i o n   2  r e g i s t e r   48  i s   t he   e q u i v a l e n t   of  r e g i s t e r   1 4 6  

f o r   a  s p l i t   r e g i o n .   T h a t   i s ,   r e g i s t e r   146  c o n t a i n s   t he   s t a r t i n g  

a d d r e s s   f o r   t h e   l e f t  r e g i o n ,   w h i l e   r e g i s t e r   148  c o n t a i n s   t h e  

s t a r t i n g   a d d r e s s   f o r   t h e   r i g h t   r e g i o n .   R e g i s t e r   148  i s   l o a d e d  

f r o m   e i t h e r   t h e   m e m o r y   a d d r e s s   c o u n t e r   144  or   f r o m   d i s p l a y  

m e m o r y   96  t h r o u g h   t h e ' i n t e r n a l   a t t r i b u t e   and   c h a r a c t e r   d a t a  

b u s e s   124a  and  1 2 2 a .  

S p l i t   r e g i s t e r   150   i s   l o a d e d   f r o m   m e m o r y   a d d r e s s  

c o u n t e r   144  on  a  s p l i t   row  w i t h   t h e   d i s p l a y   m e m o r y   a d d r e s s   o f  

t h e   row  a t t r i b u t e   of  t h e   l e f t   r e g i o n .   D u r i n g   t h e   r e t r a c e   s t a t e  

t i m e s ,   r e g i s t e r   150  i s   l o a d e d   i n t o   t h e   d i s p l a y   a d d r e s s   c o u n t e r  

144  to   f e t c h   d a t a   a t   t h a t   l o c a t i o n .   W h e n   n o t   on  t h e   l a s t   s c a n  

l i n e   of  a  s p l i t   r o w ,   r e g i s t e r   150  c o n t a i n s   a  r e f r e s h   a d d r e s s  

t h a t   i s   l o a d e d   i n t o   m e m o r y   a d d r e s s   c o u n t e r   1 4 4   f o l l o w i n g   t h e  

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

r e f r e s h i n g   d y n a m i c   memory   d e v i c e s .   When  a  r e a d   or  a  w r i t e   t o  

d i s p l a y  m e m o r y   c o m m a n d   i s   g i v e n   t o   t h e   c o n t r o l l e r   16 ,   i t   i s  

s y n c h r o n i z e d   in   c o m m a n d   r e g i s t e r   120  and  d e c o d e d .   D u r i n g   t h e  

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

t i m e   of   r e t r a c e ,   t h e   c o n t e n t s   of   c u r s o r   a d d r e s s   r e g i s t e r   1 2 6  

a r e   p l a c e d   o n t o   d i s p l a y   memory  a d d r e s s   bus   1 4 3 a .   I f   t he   c u r s o r  

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

a d d r e s s   r e g i s t e r   c o m p a r a t o r   152  a l w a y s   c o m p a r e s   t h e   c o n t e n t s  

of  r e g i s t e r   126  w i t h   w h a t   is  on  t he   DMA  bus   1 2 3 a .   In  t h i s   c a s e  

i t   is  c o m p a r i n g   t h e   r e g i s t e r   126  c o n t e n t s   w i t h   i t s e l f .  



The  c h a r a c t e r   s c a n   l i n e   o u t p u t s   CSLO-3   f r o m   a  s c a n  

l i n e   c o n t r o l   l o g i c   c i r c u i t   154  may  a l s o   be  c o n s i d e r e d   to  be  a  

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

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

c o r r e s p o n d s   t o .   The   f o u r   b i t s   may  be  e i t h e r   f rom  c o u n t e r   1 3 8 ,  

c o u n t e r   134  or  t h e   f o u r   l e a s t   s i g n i f i c a n t   b i t s   of   t h e   c u r s o r  
a d d r e s s   r e g i s t e r   1 2 6 .   The   s e l e c t i o n   b e t w e e n   t h e s e   c o u n t e r s  

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

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

a c c e s s i n g   t h e   e x t e r n a l   c h a r a c t e r   g e n e r a t o r   RAM  1 0 6 .   A  PLA 

f o l l o w s   a  m u l t i p l e x e r   in   c i r c u i t   154   f o r   t h e   p u r p o s e   o f  

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

s t a n d a r d   or  an  a l t e r n a t e   d i s p l a y   f o r m a t .  

A   s t a t e   t i m i n g   l o g i c   c i r c u i t   156  is   a  s e v e n   b i t   s h i f t  

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

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

s e r i a l l y   p r o p a g a t e s   t h r o u g h   a l l   s t a g e s .   The  o u t p u t s   of  t h e  

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

r e g i s t e r   c o n t r o l   l o g i c   c i r c u i t   1 5 8 .   A l l   row  a t t r i b u t e   f e t c h e s  

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

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

command   o r i e n t e d   m e m o r y   a c c e s s e s .   The  r e g i s t e r  c o n t r o l   l o g i c  

e m b o d i e s   c o n t r o l   o f   t h e   c h a r a c t e r   122   a n d   a t t r i b u t e   1 2 4  

r e g i s t e r s   w i t h   r e s p e c t   t o   t h e   c h a r a c t e r   92  and  a t t r i b u t e   1 0 0  

e x t e r n a l   d a t a   b u s e s .   A l s o   c o n t r o l l e d   by  l o g i c   c i r c u i t   158  a r e  
t h e   r e g i s t e r   t r a n s f e r   o f   m e m o r y   a d d r e s s   c o u n t e r   1 4 4 ,   t h e  

c o m m a n d   r e g i s t e r   120  s y c h r o n i z a t i o n   and   c o n t r o l   l o g i c ,   t h e  

p r e c h a r g i n g   of   c h a r a c t e r   bus  122a   and  a t t r i b u t e   bus   124a ,   a n d  

t h e   c o n t r o l   o f   b u f f e r s   123   a n d   1 2 5 .   F o l l o w i n g   t h e   l a s t  

d i s p l a y e d   c h a r a c t e r   row  u n t i l   t he   b e g i n n i n g   of  v e r t i c a l   a d j u s t ,  

the   s t a t e   t i m e r   r e c i r c u l a t e s   s h i f t i n g   t h e   " o n e "   f r o m   t h e   l a s t  

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

t he   p r o c e s s o r   (CPU  10)  a c c e s s   to   d i s p l a y   memory  9 6 .  

A  row  a t t r i b u t e   l o g i c   c i r c u i t   160  p r o v i d e s   an  i n p u t  

to  t he   r e g i s t e r   c o n t r o l   l o g i c   158  b a s e d   upon  the   row  c u r r e n t l y  

b e i n g   d i s p l a y e d   and  t he   row  to   be  d i s p l a y   n e x t .   The  o u t p u t s   o f  

t h e   r o w   a t t r i b u t e   l o g i c   160   p r o v i d e   f o r   t h e   f o l l o w i n g :  



c o n t r o l l i n g   c o u n t e r   1 3 8   by  p r e s e t t i n g   i t   w i t h   t h e   o f f s e t  

c o u n t e r   1 4 0 ,   by  c l e a r i n g   i t ,   or  by  e n a b l i n g   i t   to  c o u n t   d o u b l e  

h i g h ;   t e l l i n g   t h e   r e g i s t e r   c o n t r o l   l o g i c   158  when  a  l e f t   a n d / o r  

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

when  r e g i s t e r   146  or   r e g i s t e r   148  s h o u l d   be  l o a d e d   f rom  t h e  

c h a r a c t e r   and   a t t r i b u t e   b u s e s   1 2 2 a ,   1 2 4 a .   A  s e t   o f   m e m o r y  

c o n t r o l   b u f f e r s   162  i s   c o n n e c t e d   to  row  a t t r i b u t e   l o g i c   160  a n d  

to  r e g i s t e r   c o n t r o l   l o g i c   158  in  o r d e r   to   b u f f e r   t h e   i n p u t s  

and  o u t p u t s   to   d i s p l a y   memory  96  and  VAG  9 4 .  

T a b l e   6  b e l o w   s u m m a r i z e s   t he   v a r i o u s   s i g n a l s   and  I / O  

p o r t s   on  c o n t r o l l e r   1 6 .   The  r e g i s t e r s ,   P L A ' s   and   c o u n t e r s  

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

c i r c u i t r y   of   e a c h   need   no t   be  d e s c r i b e d   in  d e t a i l .  







KEYBOARD  AND  KEYBOARD  INTERFACE  UNIT 

K e y b o a r d   u n i t   58  i s   s e l f - c o n t a i n e d ,   w i t h   i t s   o w n  

m i c r o c o m p u t e r   64,  fo r   s c a n n i n g   and  d e c o d i n g   t h e   k e y s ,   a s s i g n i n g  

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

and  i n s t r u c t i o n s   s e r i a l l y   v i a   I / F   60  t o   CPU  10 .   V a r i o u s  

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

as  s t o r e d   in   c h a r a c t e r   RAM  1 0 6 .   The   a d v a n t a g e s   of  h a v i n g  

s e p a r a t e   k e y b o a r d   u n i t   i n c l u d e   a  r e d u c e d   p r o c e s s i n g   l o a d   on  CPU 

10  and  t h u s   a  f a s t e r   t h r o u g h p u t .  

R e f e r r i n g   now  to   F i g u r e   9,  k e y b o a r d   u n i t   58  i n c l u d e s  

an  a r r a y   or   m a t r i x   166  o f   m o m e n t a r i l y - c l o s e d   s i n g l e   a c t i o n  

s w i t c h e s   a r r a n g e d   in  r o w s   and  c o l u m n s .   M i c r o c o m p u t e r   64,  f o r  

.  e x a m p l e ,   a  m o d e l   3870   a v a i l a b l e   f r o m   MOSTEK  C o r p o r a t i o n   a n d  

f r o m   M o t o r o l a ,   I n c . ,   i n c l u d e s   i n t e r n a l   ROM  a n d   RAM. 

I n p u t / o u t p u t   p o r t s ,   PO  and  P4  a r e   c o n n e c t e d   to  a  s e r i e s   of  o p e n  
c o l l e c t o r   b u f f e r s   U 2 - U 4 ,   u s e d   f o r   s t r o b i n g   m a t r i x   1 6 6 .   A 

f e e d b a c k   r e t u r n   is  p r o d u c e d   v i a   a  row  p a t h   i n t o   p o r t   P5  of  U l .  

F o u r   c o n t r o l   k e y s ,   shown  in  t he   l e f t   hand   p o r t i o n   of  F i g u r e   9 ,  

a re   c o n n e c t e d   to   Ul  t h r o u g h   i n p u t   p o r t   P l .   B i t s   5  and  6  o f  

p o r t   PO  a r e   c o n n e c t e d   to   a  b i d i r e c t i o n a l   d a t a   l i n e   E3  and  a  

c l o c k   l i n e   E4  w h i c h   a r e   c o n n e c t e d   in   t u r n   to   k e y b o a r d   I / F   6 0  

f o r   s e r i a l   t r a n s m i s s i o n   of  s i g n a l s   t h e r e t o   and   t h e r e f r o m .  

L i n e s   El  and   E2  p r o v i d e   p o w e r   a n d   g r o u n d   c o n n e c t i o n   f o r  

k e y b o a r d   u n i t   58.   The  f o r   l o g i c   g a t e s   d e n o t e d   as  U5  in  F i g u r e  

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

m i c r o c o m p u t e r   64  u p o n   c o m m a n d s   f r o m   CPU  10  and  f rom  i n t e r n a l  

e r r o r   c o d e s .  

R e f e r r i n g   now  t o   F i g u r e   10,  I / F   60  t a k e s   s e r i a l i z e d  

d a t a   f rom  k e y b o a r d   d a t a   58  and  c o n v e r t s   the   d a t a   to   a  p a r a l l e l  

f o r m   in  a  t r i - s t a t e   o u t p u t   s h i f t   r e g i s t e r   168  f o r   o u t p u t   o n t o  

I / O   d a t a   b u s   46 .   A  s e r i e s   o f   f l i p - f l o p   c i r c u i t s   F F 1 - F F 4  

c o n t r o l   t h e   d i r e c t i o n   of  d a t a   t o   s h i f t   r e g i s t e r   1 6 8 .   F F 1  

d e t e r m i n e s   w h e t h e r   I / F   60  i s   in  a  r e a d   or  a  w r i t e   mode  a n d  

c o n t r o l s   t h e   d a t a   p a t h .   FF2  s i g n a l s   m i c r o c o m p u t e r   64  t h a t   CPU 

10  is   s t i l l   p r o c e s s i n g   d a t a   and  is  n o t   r e a d y   to  r e a d   y e t .   F F 3  

s e n d s   an  i n t e r r u p t   s i g n a l   to   CPU  10  t o ' i n d i c a t e   t h a t   the   d a t a  

i n   r e g i s t e r   168  i s   a v a i l a b l e   f o r   r e a d i n g ,   and   FF4  e s t a b l i s h e s  

a  t i m e - d e l a y   to   s t a b i l i z e   t he   d a t a   t r a n s f e r   i n t o   r e g i s t e r   1 6 8  

f rom  t h e   I /O   d a t a   bus  46.  The  s i g n a l s   t h a t   a p p e a r   on  t h e   l e f t  



h a n d   p o r t i o n   of   F i g u r e   10  a r e   f r o m   CPU  10 .   As  s t a t e d   a b o v e ,  

t h i s   a r r a n g e m e n t   p r o v i d e s   a  r e d u c e d   l o a d   on  s y s t e m   p r o c e s s o r  
CPU  10,   w h i l e   e x p a n d i n g   t he   v e r s a t i l i t y   of   k e y b o a r d   u n i t   5 8 .  

F i g u r e   1 0 a   i s   a  t i m i n g   d i a g r a m   s h o w i n g   t h e  

r e l a t i o n s h i p   of   v a r i o u s   s i g n a l s   in   I / F   60  to   the   c l o c k   and  d a t a  

s i g n a l s .   The  c l o c k   s i g n a l   i s   g e n e r a t e d   by  m i c r o c o m p u t e r   6 4 ,  

a n d   t h e   s e r i a l   d a t a   in   t h e   r e a d   a n d   t h e   w r i t e   m o d e s   i s  

b i - d i r e c t i o n a l .  



PREFERRED  MODE  OF  OPERATION 

A p p e n d i x   A  f o r m s   a  map ,   in  h e x a d e c i m a l   c o d e ,   of  t h e  

c o n t e n t s   of  the   GROM  p r o g r a m   s t o r a g e   memory  52.  T h e s e   c o n t e n t s  

a r e   i n s t r u c t i o n s   t h a t   c a u s e   the   p r e s e n t   s y s t e m   to  o p e r a t e   in  a  

p r e s c r i b e d   way .   The  i n s t r u c t i o n s   i n c l u d e   d e v i c e   s e r v i c e  

s y s t e m s ,   a p p l i c a t i o n   p r o g r a m s ,   p r o t o c o l s ,   command  p r o c e s s o r s  

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

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

i n s t r u c t i o n s   a r e   s e n t   t o   t h e   DRAM  m e m o r y   48  v i a   s y s t e m  

m i c r o p r o c e s s o r   CPU  10  shown  in  F i g u r e   1.  S i m i l a r l y ,   A p p e n d i x   B 

f o r m s   a  map  o f   t h e   c o n t e n t s   o f   CMOS  RAM  30  w h i c h ,   w h e n  

c o n n e c t e d   to   b a t t e r y   3 1 ,  p r o v i d e s   n o n v o l a t i l e   t e r m i n a l  

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

power   o f f   c o n d i t i o n .   A p p e n d i x   C  f o r m s   a  map  of  t h e   c o n t e n t s   o f  

s y s t e m   ROM  27 ,   w h i c h   c o n t a i n s   t h e   s y s t e m   i n i t i a l i z a t i o n  

i n s t r u c t i o n s .  

The  p r o g r a m   i n s t r u c t i o n s   s t o r e d   in  m e m o r i e s   27,  3 0 ,  

and  52  were   w r i t t e n   s p e c i f i c a l l y   fo r   a  Z i l o g   C o r p o r a t i o n   M o d e l  

Z-80  m i c r o p r o c e s s o r   (CPU  1 0 ) .   H o w e v e r ,   s i m i l a r   m i c r o p r o c e s s o r s  

w i l l   work  e q u a l l y   as  w e l l   in   t h e   d i s c l o s e d   s y s t e m .   CTC  1 8 ,  

DART  20  a n d   S I O   22  a r e   a l s o   a v a i l a b l e   f r o m   t h e   Z i l o g  

C o r p o r a t i o n   and  a r e   c o m p a t i b l e   w i t h   t h e   p r e s e n t   s y s t e m .   U p o n  

p o w e r   up ,   CPU  10  f i r s t   i n i t i a t e s   s e l f - t e s t s   on  each   of  t he   ROM 

m e m o r i e s .   T h e n   t h e   o p e r a t i n g   s y s t e m   DRAM  48  i s   l o a d e d   in  a  

p r e d e t e r m i n e d   s e q u e n c e   f r o m   t h e   GROM  52.  The  s y s t e m   is   t h e n  

r e a d y   fo r   e i t h e r   to  a c c e p t   a  m e s s a g e   f rom  the   h o s t   c o m p u t e r   o r  

to   p e r f o r m   a  t a s k   u n d e r   l o c a l   o p e r a t o r   c o n t r o l .  

T h u s ,   t h e r e   i s   p r o v i d e d   by  t h e   p r e s e n t   i n v e n t i o n   a n  

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

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

and  h o r i z o n t a l l y   s p l i t   r e g i o n s .   Smooth   or  d i s c r e t e   s c r o l l i n g  

o p e r a t i o n s   may  be  p e r f o r m e d   in   any   s e l e c t e d   h o r i z o n t a l   o r  

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

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

a c c e s s   to  the   d i s p l a y   memory   c h a r a c t e r   ROM  and  c h a r a c t e r   RAM  a s  

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

memory  by  means   of  l i n e   a t t r i b u t e s   or  p o i n t e r s   a s s o c i a t e d   w i t h  

e a c h   row  of  c h a r a c t e r s   t h e r e i n .   T h i s   s y s t e m   p e r m i t s   d a t a   to  b e  



r e a r r a n g e d   in  d i s p l a y   m e m o r y   and   on  t h e   d i s p l a y   s c r e e n   on  a n  
i n d i v i d u a l   r e g i o n   b a s i s   w i t h o u t   t h e   t r a n s f e r   of  w h o l e   b l o c k s   o f  

d a t a ,   w h i c h   i s   r e q u i r e d   in   s y s t e m s   u s i n g   s o f t w a r e   fo r   d i s p l a y  

c o n t r o l .  

O t h e r   e m b o d i m e n t s   and   m o d i f i c a t i o n s   of  t h e   p r e s e n t  

i n v e n t i o n   w i l l   r e a d i l y   come  to   t h o s e   of   o r d i n a r y   s k i l l   in  t h e  

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

f o r e g o i n g   d e s c r i p t i o n   and   d r a w i n g s .   I t   i s   t h e r e f o r e   to   b e  

u n d e r s t o o d   t h a t   t h i s   i n v e n t i o n   is   n o t   to  be  l i m i t e d   t h e r e t o   a n d  

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

i n c l u d e d   w i t h i n   t h e   s c o p e   of   t h e   a p p e n d e d   c l a i m s .  



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

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

p l a y   d e v i c e   c o m p r i s i n g :  

d a t a   p r o c e s s o r   m e a n s ;  

ma in   memory  means   c o n n e c t e d   to   s a i d   d a t a   p r o -  

c e s s o r   m e a n s ;  

i n p u t   means   c o n n e c t e d   to   s a i d   d a t a   p r o c e s s o r  

means   and  to  s a i d   ma in   memory  m e a n s ;  

d i s p l a y   c o n t r o l l e r   means   c o n n e c t e d   to   s a i d   d a t a  

p r o c e s s o r   m e a n s ;  

d i s p l a y   memory  means   c o n n e c t e d   to   s a i d   d i s p l a y  

c o n t r o l l e r   means   w h e r e i n   e a c h   row  of  c h a r a c t e r s   to   b e  

d i s p l a y e d   on  s a i d   d i s p l a y   d e v i c e   i s   a s s i g n e d   one  or   m o r e  

m e m o r y  l o c a t i o n   i d e n t i f i e r s   as  d e f i n e d   by  s a i d   d i s p l a y  

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

of  a  s u b s e q u e n t   row  of  c h a r a c t e r s   to  be  d i s p l a y e d   a n d  

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

or  rows  d i s p l a y e d   on  s a i d   d i s p l a y   d e v i c e   by  m o d i f y i n g   t h e  

memory  l o c a t i o n   i d e n t i f i e r s   of   t h e   s e l e c t e d   rows  of  c h a r -  

a c t e r s .  

2.  The  s y s t e m   of   C l a i m   1,  f u r t h e r   c o m p r i s i n g  :  

c h a r a c t e r   memory  means   c o n n e c t e d   to   s a i d   d i s -  

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

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

to  a  s e l e c t e d   c h a r a c t e r   i s   l o a d e d   i n t o   s a i d   d i s p l a y   mem- 

ory   means   in   r e s p o n s e   to   a  command  f rom  s a i d   d i s p l a y   c o n -  

t r o l l e r   m e a n s .  

3.  The  s y s t e m   of  C l a i m   2,  f u r t h e r   c o m p r i s i n g  :  

g e n e r a t o r   means   c o n n e c t e d   to   s a i d   d i s p l a y   c o n -  

t r o l l e r   m e a n s ,   to   s a i d   c h a r a c t e r   memory  means   and  to   s a i d  

d i s p l a y   memory  means   f o r   o u t p u t t i n g   c o n t r o l   s i g n a l s   t o  



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

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

m e a n s ;   a n d  

c h a r a c t e r   r a n d o m   a c c e s s   memory  means   c o n n e c t e d  

to   s a i d   d i s p l a y   c o n t r o l l e r   means   and  to   s a i d   g e n e r a t o r  

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

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

f rom  t h r o u g h   s a i d   g e n e r a t o r   means   i n t o   s a i d   d i s p l a y   mem-  

o r y   means   in   r e s p o n s e   to   a  command  f rom  s a i d   d i s p l a y   c o n -  

t r o l l e r   m e a n s .  

4.  The  s y s t e m   of   C l a i m   3  w h e r e i n   s a i d   d i s p l a y   d e -  

v i c e   c o m p r i s e s   a  c h a t h o d e - r a y   t u b e ,   f u r t h e r   c o m p r i s i n g :  

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

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

5.  The  s y s t e m   of   C l a i m   4,  w h e r e i n   s a i d   d a t a   p r o -  

c e s s o r   means   c o m p r i s e s   a  m i c r o p r o c e s s o r .  

6.  The  s y s t e m   of   C l a i m   5,  w h e r e i n   s a i d   m a i n   m e m o r y  

means   c o m p r i s e s   a  r a n d o m   a c c e s s   m e m o r y .  

7.  T h e  s y s t e m   of   C l a i m   6,  w h e r e i n   s a i d   i n p u t   m e a n s  

c o m p r i s e s :  

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

s e c o n d   d a t a   p r o c e s s o r   means   f o r   s c a n n i n g   s a i d  

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

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

c o r r e s p o n d i n g   to   w h i c h   of   s a i d   s w i t c h   means   a r e   e n a b l e d .  

8 .   A  d i s p l a y   c o n t r o l   s y s t e m   c o m p r i s i n g :  

c h a r a c t e r   memory  m e a n s ;  

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

t e r   memory  m e a n s ;  

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



s a i d   d i s p l a y   memory  means   and  s a i d   c h a r a c t e r   memory  m e a n s ;  

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

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

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

c h a r a c t e r   memory  means   and  s a i d   a t t r i b u t e   d a t a   i s   g e n e r -  
a t e d   by  s a i d   v i s u a l   a t t r i b u t e   g e n e r a t o r   m e a n s ,   and  w h e r e -  

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

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

of  c h a r a c t e r s   as  s e e n   on  t h e   d i s p l a y   d e v i c e ;  

means   f o r   a s s i g n i n g   one  or   more   memory  l o c a t i o n  

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

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

memory  a d d r e s s   of  t h e   f i r s t   c h a r a c t e r   in  t h e   s u b s e q u e n t  

row  of  c h a r a c t e r s   to   be  d i s p l a y e d   on  t h e   d i s p l a y   d e v i c e ;  

means   f o r   s t o r i n g   a  d a t a   b y t e   c o r r e s p o n d i n g   t o  

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

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

s e c o n d   means   f o r   s t o r i n g   a  d a t a   b y t e  c o r r e s p o n d -  

i n g   to  t h e   s t a r t i n g   a d d r e s s   of   a  c h a r a c t e r   r o w ;  

t h i r d   means   f o r   s t o r i n g   a  d a t a   b y t e   c o r r e s p o n d -  

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

g i o n ;   a n d  

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

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

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

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

9.  The  d i s p l a y   c o n t r o l l e r   d e v i c e   of   C l a i m   8,  f u r -  

t h e r   i n c l u d i n g :  

means   f o r   a s s i g n i n g   w i t h i n   s a i d   memory  l o c a t i o n  

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

f o r m a t i o n :   a n d  

means   f o r   p r e s e n t i n g   t h e   n e x t   row  of  c h a r a c t e r s  

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

to   s a i d   s e l e c t e d   v i s u a l   a t t r i b u t e s .  



10.  The  d i s p l a y   c o n t r o l l e r   d e v i c e   of   C l a i m   9  w h e r e -  

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

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

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

v i c e   b e f o r e   t h e   n e x t   c h a r a c t e r   row  s c a n   l i n e   i s   a c c e s s e d  

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

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

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

r e g i o n s   c o m p r i s i n g   t h e   s t e p s   o f :  

g e n e r a t i n g   and  a s s i g n i n g   u n i q u e   row  i d e n t i f i e r  

c o d e s   to   e a c h   row  of   d a t a   in   e a c h   of   s a i d   r e g i o n s ,   w h e r e -  

in  e a c h   of   s a i d   row  i d e n t i f i e r   c o d e s   i n d i c a t e s   a  l o c a t i o n  

in  a  d i s p l a y   m e m o r y ;  

i n t e r p r e t i n g   s a i d   r e g i o n   row  i d e n t i f i e r   c o d e s ;  

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

by  a  p a r t i c u l a r   row  i d e n t i f i e r   c o d e ;  

p r e s e n t i n g   t h e   n e x t   row  of   d a t a   on  s a i d   d i s p l a y  

d e v i c e   a n d  

r e p e a t i n g   s a i d   s t e p s   of   i n t e r p r e t i n g ,   a c c e s s i n g  

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

d i s p l a y   d e v i c e .  

12.   The  m e t h o d   of   C l a i m   11  w h e r e i n   s a i d   r e g i o n   r o w  

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

f o r m a t i o n   f o r   e a c h   row  of   d a t a ,   f u r t h e r   i n c l u d i n g   t h e  

s t e p s   o f :  

i n t e r p r e t i n g   s a i d   v i s u a l   row  a t t r i b u t e   i n f o r m a -  

t i o n   i n c l u d e d   in   s a i d   row  i d e n t i f i e r   c o d e s   b e f o r e   a c c e s -  

s i n g   s a i d   d i s p l a y   m e m o r y ;   a n d  

p r e s e n t i n g   t h e   n e x t   row  of   d a t a   in   t h e   m a n n e r  

i n d i c a t e d   by  p r e s e l e c t e d   row  a t t r i b u t e s .  

13.  The  m e t h o d   of   C l a i m   12  w h e r e i n   e a c h   row  of   d a t a  

i s   f o r m e d   of   a  p r e d e t e r m i n e d   n u m b e r   o f   s c a n   l i n e s   on  s a i d  

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



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

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

by  one  s c a n   l i n e   f o r   e a c h   f r a m e   of  d a t a   p r e s e n t e d   on  s a i d  

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

14.  The  m e t h o d   of   C l a i m   13  w h e r e i n   a  d o u b l e   h i g h  

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

row,   f u r t h e r   c o m p r i s i n g   t h e   s t e p   o f :  

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

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

d e v i c e   b e f o r e   a c c e s s i n g   t h e   n e x t   r e g i o n   c h a r a c t e r   row  s c a n  

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






























	bibliography
	description
	claims
	drawings

