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©  Raster  scan  video  display  terminal  and  method  of  operation. 
For  each  row  of  characters  to  be  displayed  the  characters 

and  associated  attribute  information  (underline,  flashing, 
etc.)  are  transferred  to  buffers  161-164  on  bus  191  from  the 
terminal  memory.  The  characters  are  then  converted  by  a 
character  generator  253  and  shift  registers  271  to  a  VIDEO 
signal  for  a  monitor  180  during  the  raster  lines  pertaining  to 
the  row,  counted  off  by  a  raster  counter  254.  The  characters 
are  stored  as  strings  in  the  memory  in  correct  character  order 
but  arbitrary  row  order.  Associated  row  designators  include 
the  address  of  the  first  character  to  be  displayed  in  the  row,  a 
pointer  address  to  the  next  designator  the  number  of  the  first 
raster  line  of  the  row  to  be  displayed  and  the  number  of  lines 
to  be  displayed.  At  the  end  of  the  last  line  of  each  row  the 
newly  pointed  to  row  designator  is  transferred  to  registers 
which  address  the  first  character  to  be  transferred  to  the 
buffers  161-164.  Horizontal  scrolling  is  effected  simply  by 
changing  the  first  character  addresses  in  the  designators. 
Smooth  vertical  scrolling  is  effected  by  progressively  in- 
crementing  first  raster  line  number  and  decrementing  the 
number  of  lines  to  be  displayed  (or  vice  versa). 





The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  r a s t e r   scan  video  d i s p l a y  

t e r m i n a l ,   as  set   f o r t h   in  the  i n t r o d u c t o r y   p a r t   of  claim  1. 

The  image  on  a  CRT  is  g e n e r a t e d   by  us ing  an  e l e c t r o n   beam  t o  

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

i n s i d e   of  the  CRT  s c r e e n .   The  scann ing   of  the  CRT  face  is  accom- 

p l i s h e d   by  d e f l e c t i n g   the  e l e c t r o n   beam  r e l a t i v e l y   r a p i d l y   in  one 

d i r e c t i o n ,   u s u a l l y   h o r i z o n t a l ,   and  r e l a t i v e l y   s lowly  in  a  s e c o n d  

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

s c r een   is  c o n t i n u o u s ,   bu t   the  screen   can  be  c o n s i d e r e d   to  c o n s i s t   o f  

a  l a r g e   number  of  g e n e r a l l y   h o r i z o n t a l ,   p a r a l l e l   " r a s t e r . l i n e s "   o r  

l i n e s   of  d i s p l a y e d   i n f o r m a t i o n .   As  the  beam  scans  along  a  r a s t e r  

l i n e ,   the  i n f o r m a t i o n   about   the  l e v e l   of  s t i m u l a t i o n   to  be  given  a  

p a r t i c u l a r   area  on  the  r a s t e r   l i n e   is  upda ted   at  f i xed   i n t e r v a l s  

in  acco rdance   with  a  c lock  pu l se   or  "dot   c l o c k " .   T h e r e f o r e ,   e a c h  

r a s t e r   l i ne   can  be  f u r t h e r   c o n s i d e r e d   to  be  a  s e r i e s   of  d i s c r e t e  

segments   or  "dots"   which  are  i n d i v i d u a l l y   s t i m u l a t a b l e   by  the  e l e c t r o n  

beam.  

The  e l e c t r o n   beam  no rma l ly   pe r fo rms   50  or  60  "f rames"  o r  

comple te   scans  of  the  CRT  sc reen   per  second,   depending  on  t h e  

e x t e r n a l   e l e c t r i c a l   power  a v a i l a b l e .   From  the  v i e w p o i n t  o f   an 

o b s e r v e r   f ac ing   the  sc reen   the  beam  beg ins   a  frame  at  the  l e f t  



s ide   of  the  top  r a s t e r   l i n e   of  the  CRT  and  moves  s u b s t a n t i a l l y  

h o r i z o n t a l l y   along  the  l i n e   to  the  r i g h t   s ide  of  the  s c r e e n  

s t i m u l a t i n g   each  dot  to  the  a p p r o p r i a t e   l eve l   to  c r e a t e   t h e  

d e s i r e d   image.  The  beam  then  per forms  a  h o r i z o n t a l   r e t r a c e   t o  

the  l e f t   s ide  of  the  next  lower  r a s t e r   l i ne   and  again  b e g i n s   t o  

scan  h o r i z o n t a l l y   to  the  r i g h t .   This  c o n t i n u e s   u n t i l   the  beam 

reaches   the  r i g h t   s ide   of  the  lowes t   r a s t e r   l i n e ,   at  which  t i m e  

a  v e r t i c a l   r e t r a c e   is  pe r fo rmed   dur ing  which  the  beam  moves  back  .  

to  the  b e g i n n i n g   of  the  top  r a s t e r   l i n e   to  begin   the  n e x t  

frame.  No  i n f o r m a t i o n   is  d i s p l a y e d   during  e i t h e r   h o r i z o n t a l   o r  

v e r t i c a l   r e t r a c e .  

C h a r a c t e r s   d i s p l a y e d   on  the  sc reen   are  formed  by  an  

a r r a n g e m e n t   of  do t s .   A  c h a r a c t e r   area  7  dots  wide  and  9  d o t s  

( i . e .   9  scan  l i n e s )   high  is  a d e q u a t e   to  allow  d i s p l a y   of  a l l  

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

is  c r e a t e d   by  s t i m u l a t i n g   the  a p p r o p r i a t e   p a t t e r n   of  do ts   w i t h i n  

the  7x9  dot  c h a r a c t e r   a r e a .   To  ensure   adequa te   h o r i z o n t a l  

spac ing   between  a d j a c e n t   c h a r a c t e r s   in  a  l ine   or  "row"  of  t e x t  

and  v e r t i c a l   spac ing   between  the  rows,  the  c h a r a c t e r   area   i s  

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

10  dots   wide  by  12  scan  l i n e s   h igh .   The  s ize   of  the  c h a r a c t e r  

f i e l d   and  the  c h a r a c t e r i s t i c s   of  the  t e r m i n a l   d e t e r m i n e   t h e  

amount  of  i n f o r m a t i o n   t h a t   can  be  d i s p l a y e d   on  the  m o n i t o r .   I f  

the  t e r m i n a l ,   for  example ,   d i s p l a y s   1000  d i s c r e t e   do ts   per  s c a n  

l i n e ,   t hen ,   at   10  d o t s  p e r   c h a r a c t e r ,   up  to  100  c h a r a c t e r s   c a n  

be  shown  on  a  h o r i z o n t a l   row.  S i m i l a r l y ,   if   the  t e r m i n a l  

p e r f o r m s ,   for  example,   240  h o r i z o n t a l   scans  dur ing   each  v e r t i c a l  

scan,   then ,   at  12  scan  l i n e s   per  c h a r a c t e r   row,  20  rows  o f  

c h a r a c t e r   i n f o r m a t i o n   can  be  shown.  

Some  p r i o r   a r t   t e r m i n a l s   are  capab le   of  d i s p l a y i n g   more  t h a n  



one  dot  d e n s i t y ,   but  in  these   t e r m i n a l s   only  one  d e n s i t y   may  be  

used  dur ing   any  one  frame.  That  i s ,   dur ing   a  g iven   f rame,   e v e r y  

r a s t e r   l i n e   of  the  ' d i sp lay   w i l l   have  e x a c t l y   the  same  number  o f  

dots   and  t h e r e f o r e   the  same  number  of  c h a r a c t e r   f i e l d s   per  
! 

l i n e .   This  s u b s t a n t i a l l y   l i m i t s   the  a b i l i t y   of  the  CRT  user   t o  

d i s p l a y   h is   t e x t   on  the  s c r e e n .  

Another   problem  in  the  p r i o r   a r t   is  the  e x t r e m e l y   high  work 

load  of  the  CPU  which  can  r e s u l t   from  user   changes   to  t h e  

d i s p l a y .   In  the  p r i o r   a r t ,   data  to  be  d i s p l a y e d   is  commonly  ; 

s t o r e d   in  s e q u e n t i a l   memory  l o c a t i o n s   in  t e r m i n a l   memory.  T h e  

f i r s t   c h a r a c t e r   to  be  d i s p l a y e d   ( i . e .   the  l e f t m o s t   c h a r a c t e r   o f  

the  top  row)  is  not  n e c e s s a r i l y   l o c a t e d   in  the  f i r s t   memory 

l o c a t i o n   and  is  t y p i c a l l y   i n d i c a t e d   by  a  " top   of  page"  p o i n t e r .  

The  l e f t m o s t   c h a r a c t e r   of  d i s p l a y e d   row  2  is  s t o r e d   in  t h e  

memory  l o c a t i o n   immedia te ly   f o l l o w i n g   the  r i g h t m o s t   c h a r a c t e r   o f  

row  1,  and  so  on,  with  the  r i g h t m o s t   c h a r a c t e r   of  the  l a s t   row 

being  the  end  of  the  " s t r i n g " .   I f ,   for  example ,   a  c h a r a c t e r   i s  

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

" s t r i n g "   of  c h a r a c t e r s   s e q u e n t i a l l y   s t o r e d   in  memory,  t h e  

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

-  changed  to  r e f l e c t   t h e i r   new  p o s i t i o n   in  the  s t r i n g .   If  t h e  

i n s e r t i o n   occu r s   near  the  top  of  the  s c r e e n ,   a  s u b s t a n t i a l  

amount  o f  p r o c e s s o r   work  must  be  per formed  to  change  the  memory 

l o c a t i o n s   of  a l l   fo l lowing   c h a r a c t e r s .   To  c o m p l e t e   t h e  

o p e r a t i o n   du r ing   v e r t i c a l   r e t r a c e   r e q u i r e s   the  t e r m i n a l   to  h a v e  

a  v e r y - f a s t   CPU  and  memory.  To  allow  the  o p e r a t i o n   to  c o n t i n u e  

over  m u l t i p l e   frames  p r e s e n t s   the  t e r m i n a l   use r   wi th   a  v i s i b l e  

" r i p p l e "   e f f e c t   as  the  memory  is  u p d a t e d .  

A  r e l a t e d   p r i o r   a r t   problem  is  the  high  p r o c e s s o r   w o r k l o a d  

r e s u l t i n g   from  the  method  of  pe r fo rming   v e r t i c a l   or  h o r i z o n t a l  



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

t e r m i n a l s   which  p rov ide   s c r o l l i n g   c a p a b i l i t y   must  use  a  p r o c e s s o r  

capab le   of  pe r fo rming   the  data  movements  r e q u i r e d   under  the  p r i o r   a r t  

m e t h o d . ,  

Yet  ano the r   p r i o r   a r t   problem  is  the  r e q u i r e m e n t   to  g e n e r a t e  

the  dot  i n f o r m a t i o n   for  a  c h a r a c t e r   f i e l d   t ha t   i s ,   t y p i c a l l y ,   10  d o t s  

wide.  "S tandard"   ROM's  (read  only  memories)  are  u n a v a i l a b l e   with  10 

o u t p u t s   and,  while  the  a c tua l   c h a r a c t e r   w i l l   occupy  only  a  subse t   o f  

the  f i e l d ,   t y p i c a l l y   7  dots ,   the  r ema in ing   dots  cannot   always  b e  

b l anked   because   of  o the r   t e r m i n a l   r e q u i r e m e n t s   such  as  the  o c c a s i o n a l  

need  to  d i s p l a y   a  s o l i d   h o r i z o n t a l   l i n e   across   p a r t   or  a l l   of  t h e  

s c r e e n .   P r i o r   a r t   t e r m i n a l s ,   t h e r e f o r e ,   have  g e n e r a l l y   been  r e q u i r e d  

t o  u s e   e i t h e r   a  "custom"  1 0 - b i t   ROM  or  an  8 - b i t   ROM  in  c o n j u n c t i o n  

with  a  4 - b i t   ROM.  E i t h e r   a l t e r n a t i v e   adds  to  the  cos t   of  t h e  

t e r m i n a l .  

The  p r e s e n t   i n v e n t i o n   is  c o n c e r n e d   f i r s t   and  fo remos t   w i t h  

r e d u c i n g   the  workload  on  the  CPU  and  is  de f ined   in  the  c h a r a c t e r i s i n g  

p a r t   of  c la im  1  b e l o w .  

The  d i s p l a y   i n f o r m a t i o n   for   a  row  need  only  be  s t o r e d   if   t h e  

c o n t e n t   of  the  d i sp l ay   i n f o r m a t i o n   for  t h a t   row  is  changed.   T h i s  

a p p l i e s   e q u a l l y   to  the  row  d e s c r i p t i o n   i n f o r m a t i o n .   Updating  can 

take  p l a c e   dur ing  v e r t i c a l   r e t r a c e .  

The  d i s p l a y   i n f o r m a t i o n   can  be  r e t r i e v e d   by  r e p e a t i n g   f o r  

each  row  the  s t eps   of  r e ad ing   from  the  d e s c r i p t i o n   i n f o r m a t i o n   in  t h e  

memory  the  memory  address   of  the  i n f o r m a t i o n   to  be  d i s p l a y e d   on  t h e  

row,  r e a d i n g   from  memory  the  i n f o r m a t i o n   to  be  d i s p l a y e d   on  the  row,  
and  r e a d i n g   from  the  memory  the  p o i n t e r   address   of  the  d e s c r i p t i o n  

i n f o r m a t i o n   p e r t a i n i n g   to  the  nex t   row.  

The  me-thod  of  r e t r i e v a l   and  d i s p l a y   of  i n f o r m a t i o n   c a n  

i n v o l v e -  r e p e a t i n g   for  each  row  the  s t e p s   of  t r a n s f e r r i n g   t h e  

i n f o r m a t i o n   to  be  d i s p l a y e d   to  b u f f e r s   whi le   s i m u l t a n e o u s l y   d i s p l a y i n g  

the  f i r s t   r a s t e r   l i n e  o f   the  row,  d i s p l a y i n g   the  remain ing   r a s t e r  

The  row  d e s c r i p t i o n   i n f o r m a t i o n   for  each  row  can  i n c l u d e   t h e  

i n f o r m a t i o n   r e l a t e d   to  the  add re s s   of  the  f i r s t   c h a r a c t e r   to  be  d i s -  

p l ayed   on  the  row;  the  f i r s t   r a s t e r   l i n e   to  be  d i s p l a y e d   w i th in   t h e  

row;  the  number  of  r a s t e r   l i n e s   to  be  d i s p l a y e d   with  the  row; 

c o n t r o l ' i n f o r m a t i o n   r e l a t e d   to  v e r t i c a l   s y n c h r o n i z a t i o n ,   end  of  f rame 

i n d e n t i f i c a t i o n   and  b l ank ing   of  the  d i s p l a y   dur ing  v e r t i c a l   r e t r a c e ;  



and  the  p o i n t e r   a d d r e s s   of  the  row  d e s c r i p t i o n   i n f o r m a t i o n   for  t h e  

next  row  to  be  d i s p l a y e d .  

Such  row  d e s c r i p t i o n   i n f o r m a t i o n   a l lows  smooth  v e r t i c a l  

s c r o l l i n g   by  chang ing   the  f i r s t   r a s t e r   l i n e   and  number  of  r a s t e r  

l i n e s   to  be  d i s p l a y e d .   Moreover,  the  row  d e s c r i p t i o n   i n f o r m a t i o n  

allows  h o r i z o n t a l   s c r o l l i n g   w i t h o u t   r e q u i r i n g   changes  to  s t o r e d  

c h a r a c t e r   i n f o r m a t i o n ,   supply  by  changing   the  f i r s t   c h a r a c t e r  

add re s sed   in  the  row  d e s c r i p t i o n   i n f o r m a t i o n s .  

The  row  d e s c r i p t i o n   i n f o r m a t i o n   a l so   al lows  for  c o n t r o l   o f  

v e r t i c a l   s y n c h r o n i z a t i o n ,   d i sp l ay   d e n s i t y ,   d i s p l a y   b l a n k i n g  

i d e n t i f i c a t i o n   of  the  end  of  the  f r a m e .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in  more  d e t a i l ,   by  way 

of  example,  with  r e f e r e n c e   to  the  accompanying  d r a w i n g s ,  i n   w h i c h :  



BRIEF  DESCRIPTION OF THE DRAWINGS 

Fig .   1  is  a  block  diagram  of  a  CRT  t e r m i n a l   embodying  t h e  

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

Fig .   2  is  a  block  diagram  of  the  Video  Con t ro l   Logic  and 

Video  C h a r a c t e r   G e n e r a t i o n   Logic  of  Fig.  1 .  

Fig.   3  is  a  schemat ic   d iagram  of  the  p r e f e r r e d   embodiment  o f  

the  Address   Latches   of  Fig.  1 .  

Fig .   4  is  a  block  diagram  of  the  Video  Timing  Logic  of  F i g .  

1 .  

F ig .   5  is  a  schemat ic   d iagram  of  the  p r e f e r r e d   embodiment  o f  

the  Video   Timing  Logic  of  Fig.   4 .  

F ig .   6  is  a  t iming  diagram  i l l u s t r a t i n g   the  o p e r a t i o n   o f  

c e r t a i n   p o r t i o n s   of  the  Video  Timing  Logic  of  Fig.  5 .  

-Fig.   7  is  a  t iming  diagram  i l l u s t r a t i n g   the  o p e r a t i o n   o f  

o t h e r   p o r t i o n s   of  the  Video  Timing  Logic  of  Fig  5 .  

Fig .   8  is  a  schemat ic   d iagram  of  the  p r e f e r r e d   embodiment  o f  

the  Video  Con t ro l   Logic  of  Fig. .   2 .  

F ig .   9  is  a  schemat ic   d iagram  of  p o r t i o n s   of  the  p r e f e r r e d  

embodiment   of  the  Video  C h a r a c t e r   G e n e r a t i o n   Logic  of  Fig.  2 .  

Fig .   9A  is  a  schemat ic   d iagram  of  the  p r e f e r r e d   embodiment  

of  the  Line  B u f f e r s   and  o t h e r   p o r t i o n s   of  the  Video  C h a r a c t e r  

G e n e r a t i o n   Logic  of  Fig.  2 .  

F ig .   9B  is  a  s chemat i c   d i a g r a m  o f   the  p r e f e r r e d  e m b o d i m e n t  

of  f u r t h e r   p o r t i o n s   of  the  Video  C h a r a c t e r   G e n e r a t i o n   Logic  o f  

F ig .   2 .  

F i g .   9C  is  a  schemat ic   d iagram  of  the  p r e f e r r e d   embodiment  

of  ye t   o t h e r   p o r t i o n s   of  the  Video  C h a r a c t e r   G e n e r a t i o n   Logic  o f  

Fig .   2 .  

F ig .   10  is  a  block  d iagram  i l l u s t r a t i n g   a  p o s s i b l e  

s t r u c t u r i n g   of  d i s p l a y   d a t a .  



Fig.  10A  is  a  block  d iagram  i l l u s t r a t i n g   a n o t h e r   p o s s i b l e  

s t r u c t u r i n g   of  d i s p l a y   d a t a .  

Fig.  11  is  a  block  d iagram  i l l u s t r a t i n g   a  t e c h n i q u e   f o r  

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

Fig.  12  is  a  block  d iagram  i l l u s t r a t i n g   a  t e c h n i q u e   f o r  

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



DESCRIPTION  OF  THE PREFERRED EMBODIMENT 

I n t r o d u c t i o n  

For  c l a r i t y   of  p r e s e n t i n g   and  i l l u s t r a t i n g   the  i n v e n t i o n ,   a 

t e r m i n a l   hav ing   s p e c i f i c   p a r a m e t e r s   w i l l   be  used  as  the  b a s i s  

for  d i s c u s s i o n ,   but  it   should   be  unders tood   t h a t   the  i n v e n t i o n  

is  not   l i m i t e d   to  a  s i n g l e   s p e c i f i c   set  of  numbers  or. 

d i m e n s i o n s .   O b v i o u s l y ,   many  t e r m i n a l   p a r a m e t e r s   w i l l   depend  on 

such  f a c t o r s   as  CRT  s i z e ,   s emiconduc to r   o p e r a t i n g   l i m i t a t i o n s  

and  m o n i t o r   p e r f o r m a n c e   c h a r a c t e r i s t i c s .   T h e r e f o r e ,   t h e  

f o l l o w i n g   d i s c u s s i o n   w i l l   assume  a  t e r m i n a l   having  288  t o t a l  

d i s p l a y e d   scan  l i n e s .   The  d i s p l a y e d   scan  l i n e s   a l low  24 

d i s p l a y e d   h o r i z o n t a l   "rows"  of  c h a r a c t e r s   of  12  scan  l i n e s  

each.   Wi th in   each  row,  the  d i s p l a y e d   c h a r a c t e r   o c c u p i e s   s c a n  

l i n e s   2  t h r o u g h   10  ( i . e . ,   c h a r a c t e r   he igh t   is  9  scan  l i n e s ) .   I f  

22  scan  l i n e   t imes  occur  dur ing   v e r t i c a l   r e t r a c e   whi le   no 

i n f o r m a t i o n   is  be ing  d i s p l a y e d ,   the  t e r m i n a l   can  be  viewed  as  

c y c l i c l y   p e r f o r m i n g   310  (288  +  22)  h o r i z o n t a l   s cans   per  v e r t i c a l  

scan  c y c l e .  

To  be  ab le   to  vary  the  number  of  c h a r a c t e r s   t h a t   can  be  

d i s p l a y e d   per  row,  e i t h e r   the  d e n s i t y   of  the  do ts   o n - t h e   s c a n  

l i n e   or  the   number  of  dots   per  c h a r a c t e r   f i e l d   must  b e  

c h a n g e a b l e .   A  p r e f e r r e d   embodiment  combines  both  c a p a b i l i t i e s  

in  a  nove l   manner  to  al low  the  t e r m i n a l   user  to  s i m u l t a n e o u s l y  

d i s p l a y   rows  hav ing   d i f f e r e n t   c h a r a c t e r   d e n s i t i e s .   Again  f o r  

p u r p o s e s   of  i l l u s t r a t i o n   and  ease  of  d i s c u s s i o n ,   the  t e r m i n a l  

w i l l   be  d e s c r i b e d   as  having  c h a r a c t e r   modes  of  81  d i s p l a y e d  

c h a r a c t e r s   per  row  and  135  d i s p l a y e d   c h a r a c t e r s   per  row.  Taking  

in to   a c c o u n t   the  time  which  t r a n s p i r e s   dur ing   h o r i z o n t a l  

r e t r a c e ,   t h e r e   are  111  c h a r a c t e r   times  per  h o r i z o n t a l   scan  c y c l e  

in  the  81  column  f o r m a t  a n d   185  c h a r a c t e r   t imes  per  h o r i z o n t a l  



scan  cycle   in  the  135  column  f o r m a t .   The  81  column  c h a r a c t e r  

f i e l d   is  s e l e c t e d   to  be  10  dots   wide  and  the  135  column 

c h a r a c t e r   f i e l d   to  be  9  dots  wide.   The  a c t u a l   d i s p l a y e d  

c h a r a c t e r   w i t h i n   the  f i e l d   is  n o r m a l l y   m a i n t a i n e d   at  7  d o t s   w i d e  

in  both  f o r m a t s .   These  numbers  are   not  the  only  p o s s i b l e  

c h o i c e s ,   but  have  merely   been  s e l e c t e d   as  a  p r e f e r r e d   embodiment  

of  the  i n v e n t i o n .  

Overview  and  T n t e r c o n n e c t i o n  

R e f e r r i n g   to  Fig.  1 an  overv iew  of  the  i n t e r n a l   l og i c   of  an  

i n t e l l i g e n t   video  d i s p l a y   t e r m i n a l   is  shown.  CPU  100  i n t e r f a c e s  

with  C h a r a c t e r   Data  Bus  191  via  b i d i r e c t i o n a l   b u f f e r  1 1 0 ,   S y s t e m  

Data  Bus  192  via  b i d i r e c t i o n a l   b u f f e r   111,  A t t r i b u t e   Data  Bus 

193  via  b i d i r e c t i o n a l   b u f f e r   112  and  Downline  Loadable   C h a r a c t e r  

Bus  194  via  b i d i r e c t i o n a l   b u f f e r   113.  B u f f e r s   110  and  112  e a c h  

i n t e r f a c e   a  d i f f e r e n t   a d d r e s s   space   of  RAM  (Random  A c c e s s  

Memory)  150  to  CPU  100.  Data  are   t r a n s f e r r e d   over  C h a r a c t e r  

Data  Bus  191  to  Address   La tches   300,  RAM  1 5 0 ,  V i d e o   C o n t r o l  

Logic  200  and  Video  C h a r a c t e r   G e n e r a t i o n   Logic  250.  D a t a  

r e l a t e d   to  the  v a r i o u s   system  d e v i c e s   wi th   which  the  t e r m i n a l  

may  i n t e r f a c e   ( e .g .   keyboard ,   p r i n t e r )   is  c a r r i e d   v i a   Sys tem 

D a t a   Bus  192  to  and  from  System  Dev ices   Logic  130.  Data  : 

s p e c i f y i n g   the  a t t r i b u t e s   ( e . g .  d i m ,   b l i n k ,   u n d e r s c o r e ,   i n v e r s e )  

of  the  c h a r a c t e r s   to  be  d i s p l a y e d   are  t r a n s f e r r e d   via  A t t r i b u t e  

Data  Bus  193  to  RAM  150  and  Video  C h a r a c t e r   G e n e r a t i o n   L o g i c  

250.  Downline  Loadable   C h a r a c t e r   Bus  194  a l lows   t e r m i n a l   u s e r s  

to  t r a n s f e r   t h e i r   own  unique  c h a r a c t e r s   to  CPU  100  for  d i s p l a y .  

Address  Bus  195  is  connec ted   to  Address   La tches   300,  D e c o d e r s  

120,  System  Devices   Logic  130,  B u f f e r s   140  and  RAM  1 5 0 .  

Decoder  Logic  120  c o n t a i n s   l o g i c   to  decode  the  i n f o r m a t i o n  

on  Address  Bus  195  to  de t e rmine   which,   if  any,  system  device   i s  



being   a d d r e s s e d .   B u f f e r s   140  provide   the  a p p r o p r i a t e   TTL  to  MOS 

i n t e r f a c e ,   as  r e q u i r e d   by  RAM  150  and  some  e l emen t s   of  Sys tem 

Devices   130  ( e .g .   ROM's ) .  

Video  C o n t r o l   Logic  200  is  connec ted   to  CPU  100,  A d d r e s s  

L a t c h e s   300,  Buf fe r   110,  Line  Buf fe r s   160 ,Video   Timing  L o g i c  

400,  Latch  170,  RAM  150,  Video  C h a r a c t e r  G e n e r a t i o n   Logic  250 

and  CRT  Moni tor   180.  Video  C h a r a c t e r   G e n e r a t i o n   Logic  250  i s  

c o n n e c t e d   to  B u f f e r s   110  and  112,  Line  B u f f e r s   160,  Video  Timing 

400,  Latch  170,  and  RAM 150.  CPU  100  is  c o n n e c t e d   via  Sys tem 

Device  L o g i c  1 3 0   to  the  host   computer  (no t  shown)   e x t e r n a l   t o  

the  t e r m i n a l   and  communica tes   with  the  hos t   over  System  Data  But 

1 9 2 .  

R e f e r r i n g   now  to  Fig.   2,  a  more  d e t a i l e d   s c h e m a t i c   of  V i d e o  

C o n t r o l   Logic   200,  Line  B u f f e r s   160  and  Video  C h a r a c t e r  

G e n e r a t i o n   Logic  250  is  shown.  Video  C o n t r o l   Logic  200 

g e n e r a t e s   the  h o r i z o n t a l   s y n c h r o n i z a t i o n   s i g n a l   for  the  m o n i t o r  

d r i v e   e l e c t r o n i c s ;   p r o v i d e s   s y n c h r o n i z a t i o n   between  CPU  100  and 

RAM  1501  c o n t r o l s   the  t r a n s f e r   of  i n f o r m a t i o n   from  RAM  150  t o  

C h a r a c t e r   G e n e r a t i o n   Logic  250  and  Line  B u f f e r s   161-164 ;   and 

p r e v e n t s   a c c e s s   by  CPU  100  to  RAM  150  dur ing   t r a n s f e r s   o f  

d i s p l a y  i n f o r m a t i o n   ( d e s c r i b e d   below)  to  Line  Counter   2 0 3 ,  

R a s t e r   Counter   254,  S t a t u s   Latch  202,  and  Line  B u f f e r s   1 6 1 - 1 6 4 .  

CPU  100  c o n t r o l s   Video  Con t ro l   Logic  200  only  by  means  of  a  

' d i s c r e t e   h a l t   l i n e ,   which  is  used  du r ing   i n i t i a l   s e t u p   of  t h e  

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

C h a r a c t e r   G e n e r a t i o n   Logic  250  r e c e i v e s   c h a r a c t e r   and 

a t t r i b u t e   d a t a   from  da ta   buses   191  and  193  and  from  Line  B u f f e r s  

1 6 1 - 1 6 4 ,  c o n t r o l   i n f o r m a t i o n   from  Video  C o n t r o l   Logic  200,  and 

t iming   s i g n a l s   from  Timing  Logic  400  (not   shown  in  F ig .   2 ) .  

C h a r a c t e r   G e n e r a t i o n  L o g i c   250  combines  the  c h a r a c t e r ,   a t t r i b u t e  



and  c o n t r o l   i n f o r m a t i o n   and  g e n e r a t e s   the  dot  p a t t e r n   f o r  

t r a n s m i s s i o n   to  monitor  1 8 0 .  

S t a t e   Counter   201  counts   the  c h a r a c t e r   time  p e r i o d s   d u r i n g  

each  scan  l i n e   and  p r o v i d e s   the  c h a r a c t e r   count   to  S t a t e   Machine 

210.  Line  Counter  203  r e c e i v e s   i n f o r m a t i o n   from  C h a r a c t e r   Da ta  

Bus  191  and  n o t i f i e s   S t a t e   Machine  210  when  the  f i r s t   scan  l i n e  

of  each  c h a r a c t e r   row  is  being  d i s p l a y e d .   S t a t u s   Latch  2 0 2 ,  

under   c o n t r o l   of  S ta te   Machine  210,  p r o v i d e s   an  i n t e r r u p t   s i g n a l  

to  S t a t e   Machine  210,  c h a r a c t e r   format   i n f o r m a t i o n   to  Latch  220 ,  

a  v e r t i c a l   sync  s igna l   to  Latch  170  and  a  v e r t i c a l   b l a n k i n g  

s i g n a l   to  A t t r i b u t e   Encoding  Logic  263.  S t a t e   Machine  210 

p r o v i d e s   c o n t r o l   s i g n a l s   to CPU  100,  Address   L a t c h e s   300  and 

S t a t e   Counter   201.  S t a t e   Machine  210  a l so   s u p p l i e s . t h e  

h o r i z o n t a l   s y n c h r o n i z a t i o n   s i g n a l   to  Latch  2 2 0 .  

C h a r a c t e r   Latch  251  r e c e i v e s   c h a r a c t e r   da ta   from  bus  191  on 

the  f i r s t   scan  l ine   of  each  c h a r a c t e r   row.  This  da ta   i s  

s u p p l i e d   s i m u l t a n e o u s l y   to  Line  B u f f e r s   161  and  162  and 

C h a r a c t e r   La tches   252.  S i m i l a r l y   A t t r i b u t e   Latch  261  r e c e i v e s  

a t t r i b u t e   da ta   from  bus  193  du r ing   the  f i r s t   scan  l i n e   of  each  

c h a r a c t e r   row  and  s u p p l i e s   i t   s i m u l t a n e o u s l y   to  Line  Buf fe r s   163 

and  164  and  A t t r i b u t e   Latch  262.  R a s t e r   Counter   254,  u n d e r  

S t a t e   Machine  210  c o n t r o l ,   r e c e i v e s   r a s t e r   a d d r e s s   i n f o r m a t i o n  

from  bus  191.  This  i n f o r m a t i o n   is  s u p p l i e d   to  C h a r a c t e r  

G e n e r a t o r   253,  which  a lso   r e c e i v e s   the  c h a r a c t e r   i n f o r m a t i o n  

from  L a t c h e s   252.  S i m i l a r l y ,   R a s t e r   Counter   254  is  connec ted   t o  

A t t r i b u t e   Encoding  Logic  263,  a s  i s   A t t r i b u t e   Latch  2 6 2 .  

The  o u t p u t   of  C h a r a c t e r   G e n e r a t o r   253  is  p r o v i d e d   to  S h i f t  

R e g i s t e r s   271.  The  ou tpu t   of  A t t r i b u t e   Encoding  Logic  263  i s  

p r o v i d e d   to  Latch  270,  two  o u t p u t s   of  which  are  s u p p l i e d   t o  

Gates   280  where  they  are  combined  with  the  o u t p u t s   of  S h i f t  



R e g i s t e r s   271.  A  t h i r d   o u t p u t   of  Latch  270  is  supp l i ed   d i r e c t l y  

to  Latch  170  along  with  the  v e r t i c a l   s y n c h r o n i z a t i o n   s i g n a l   f r o m  

S t a t u s   Latch  202  and  the  o u t p u t   of  Gates  280 .  

T i m i n g  

For  p roper   o p e r a t i o n ,   the  moni to r   must  r e ce ive   c e r t a i n  

t iming  s i g n a l s ,   such  as  a  dot  c lock  p u l s e ,   a  c h a r a c t e r   c l o c k  

p u l s e ,   and  h o r i z o n t a l   and  v e r t i c a l   s y n c h r o n i z a t i o n   s i g n a l s .   The 

h o r i z o n t a l   s y n c h r o n i z a t i o n   pu l se   must  remain  very  s t a b l e   in  b o t h  

width  and  p e r i o d i c i t y   dur ing   moni to r   o p e r a t i o n s .   V a r i a t i o n s   o f  

as  few  as  ten  nanoseconds   r e s u l t   in  s i g n i f i c a n t   d e g r a d a t i o n   i n  

c h a r a c t e r   q u a l i t y   ( e . g .   waver ing   v e r t i c a l   l i n e s ) .  

M a i n t a i n i n g   a  s t a b l e   h o r i z o n t a l   sync  pu l se   is  normal ly   no 

problem  in  a  f ixed   column  width   t e r m i n a l ,   but  in  a  t e r m i n a l  

having  m u l t i p l e   dot  c lock  r a t e s   and,  t h e r e f o r e ,   being  c apab l e   o f  

the  s i m u l t a n e o u s   d i s p l a y i n g   of  m u l t i p l e   column  wid ths ,   s u c h  

d e g r a d a t i o n   can  r e s u l t   u n l e s s   the  dot  c lock  f r e q u e n c i e s   a r e  

c a r e f u l l y   s e l e c t e d   and  the  c i r c u i t r y   is  s p e c i f i c a l l y   des igned   t o  

ensure   c o n s t a n t   sync  p u l s e s .  

As  the  v e r t i c a l   scan  is  in  p r o g r e s s ,   the  t r a n s i t i o n   from  o n e  

d i s p l a y   column  width  to  a n o t h e r   column  width  can  be  seen  t o  

p r e s e n t   a  s i t u a t i o n   where  the  l a s t   scan  l i n e   o f  a   row  is  c l o c k e d  

at  one  f r e q u e n c y   w h i l e  ' t h e   next   scan  l i n e   ( i . e .   f i r s t   scan  l i n e  

o f   the  next   row)  must  be  c l o c k e d   at  a  d i f f e r e n t   f r e q u e n c y .   I f  

the  c lock  f r e q u e n c i e s ,   are  not  " c o m p a t i b l e "   some  s l i g h t  

f o r e s h o r t e n i n g   or  l e n g t h e n i n g   of  the  h o r i z o n t a l   sync  pu l se   w i l l  

u s u a l l y   r e s u l t   at  the  t r a n s f e r   of  dot  c lock  c o n t r o l   from  o n e  

source   f r e q u e n c y   to  a n o t h e r .   This  sync  pu l se   v a r i a t i o n   w o u l d ,  

as  men t ioned ,   cause  u n a c c e p t a b l e   d e g r a d a t i o n   of  d i s p l a y e d  

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

column  wid ths   w i thou t   d i s t o r t i o n   or  d e g r a d a t i o n   of  d i s p l a y e d  



c h a r a c t e r s   i s ,   t h e r e f o r e ,   dependen t   on  the  a b i l i t y   to  perform  a 

smooth  t r a n s f e r   of  c o n t r o l   among  the  dot  c lock   s o u r c e s   ( i . e .   a 

t r a n s f e r   which  does  not  d i s r u p t   the  h o r i z o n t a l   s y n c h r o n i z a t i o n ) .  

To  e n s u r e   a  smooth  t r a n s f e r ,   the  f r e q u e n c i e s   of  the  d o t  

c l o c k   s o u r c e s   must  be  such  t h a t   a l l   c lock  s o u r c e s   begin  and  end 

the  h o r i z o n t a l   scan  p e r i o d   " t o g e t h e r " .   This  c o m p a t i b i l i t y   c a n  

be  c r e a t e d   by  using  a  s i n g l e   mas te r   c lock  s o u r c e   and  p e r f o r m i n g  

d i v i s i o n   o p e r a t i o n s   to  y i e l d   m u l t i p l e   c lock  f r e q u e n c i e s   having  a 

s p e c i f i c   r a t i o   to  each  o t h e r .  

R e f e r r i n g   now to  Fig.  4,  an  overview  of  Timing  Logic  400  i s  

shown.  S igna l   SC135  c o n t r o l s   the  source  of  the  Dot  C lock  

p u l s e .   Clock  4 0 1  r e c e i v e s   s i g n a l   SC135  from  Latch   220  and 

o u t p u t s   the  a p p r o p r i a t e   DOT_CLOCK  s i g n a l .   This  c lock   pu lse   i s  

s u p p l i e d   to  Clock  Counter   402  a n d  i s   used  fo r   v a r i o u s   o p e r a t i o n s  

which  must  occur  on  a  dot  time  b a s i s .   Clock  Coun te r   402  a l s o  

r e c e i v e s   the  s i g n a l s   SEL  135  from  S t a t u s   Latch   202,  VIDEO_RESET 

from  Video  Con t ro l   Logic  200  and  PIPE_ENABLE from  Clock  C o u n t e r  

403.  One  ou tpu t   of  Clock  Counter   402  is  the  PIPE_CLOCK  p u l s e .  

Each  PIPE_CLOCK  pu l se   is  equal  to  a  c h a r a c t e r   time  and  i s  

t h e r e f o r e   equal   to  the  l e n g t h   of  a  Dot  Clock  p u l s e   t imes  t h e  

n u m b e r   of  dots   in  the  c h a r a c t e r   width ,   i . e .   the  number  o f   d o t s  

per  scan  l i n e   in  the  c h a r a c t e r   f i e l d .   PIPE_CLOCK  and  P I P E  

ENABLE  are  used  for  o p e r a t i o n s   which  must  occur   on  a  c h a r a c t e r  

time  b a s i s .   The  second  ou tpu t   is  p rov ided   to  Clock  Counter   403 ,  

a s  i s   VIDEO_RESET.  Clock  Counter   403  o u t p u t s   PIPE_ENABLE,  u s e d  

to  c o n t r o l   the  load ing   of  r e g i s t e r s   and  c o u n t e r s   c locked   by  PIPE 

CLOCK. 

R e f e r r i n g   now  to  Fig.   5,  a  d e t a i l e d   s c h e m a t i c   of  T iming  

Logic  400  is  shown.  Master  Clock  501  p r o v i d e s   a  h i g h l y   a c c u r a t e  

sou rce   of  c lock  p u l s e s .   For  example,   the  K1114A-  61.938  MHz 



c r y s t a l   o s c i l l a t o r   m a n u f a c t u r e d   by  Moto ro l a   Components  I n c .  

p r o v i d e s   a  TTL  c o m p a t i b l e   pu lse   with  an  accuracy   of  p lus   o r  

minus  0.05%.  The  f a l l i n g   edge  of  the  pu l se   from  Master   C l o c k  

501  c locks   f l i p   f l o p s   502,  503,  504  and  505  (for  e x a m p l e ,  

7 4 S 1 1 2 ' s ) .   ; 

The  o u t p u t   of  Master  Clock  501  is  d i v i d e d   by  two  to  c r e a t e  

the  a p p r o p r i a t e   Dot  Clock  r a t e   for  d i s p l a y   of  an  81  c h a r a c t e r   ; 

l ine   and  by  t h r e e   to  c r e a t e   the  Dot  Clock  r a t e   for  a  135 

c h a r a c t e r   l i n e .   The  d i v i s i o n   is  pe r fo rmed   by  f l i p   f l o p s   502  a n d  

503  to  a c h i e v e   the  135  c h a r a c t e r   dot  c lock  r a t e   and  by  f l i p   f l o p  

504  to  a c h i e v e   the  81  c h a r a c t e r   r a t e .   F l ip   f lop   505  p e r f o r m s  

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

Looking  f i r s t   at  the  case  of  g e n e r a t i n g   the  dot   c lock   f o r  

the  135  c h a r a c t e r   l i n e   ( i . e . ,   SC135  is  h i g h ) .   Input   C of  g a t e s  

508  w i l l   be  high  and  input   A  w i l l   be  low,  having  been  i n v e r t e d  

by  gate   507.  The  ou tpu t   of  g a t e s   508  ( i . e . ,   DOT_CLOCK)  w i l l  

t h e r e f o r e   be  c o n t r o l l e d   by  f l i p   f l op   504.  F l ip   f l op   504  i s  

connec ted   as  a  t o g g l e ,   and  i t s   Q  o u t p u t   w i l l   change  s t a t e   e v e r y  

o ther   mas te r   c lock  c y c l e .   T h e r e f o r e ,   Dot  Clock  w i l l   be  o n e - h a l f  

the  Master  Clock  r a t e ,   as  shown  in  Fig.   6 .  

Looking  now  at  the  case  of  g e n e r a t i n g   the  dot  c lock  for  t h e  

81  c h a r a c t e r   l i n e   ( i . e . ,  S C 1 3 5   l o w ) .   The  Dot  Clock  w i l l   b e  .  

c o n t r o l l e d   by  the  Q  ou tpu t   of  f l i p   f l o p   503.  T h e  Q  o u t p u t   o f  

f l i p   f lop   5 0 3  i s   connec ted   to  the  J  i n p u t   of  f l i p   f l o p   502.  The 

Q  ou tpu t   of  f l i p   f lop   502  is  in  t u rn   connec t ed   as  the  K  i n p u t  o f  

f l i p   f lop   503.  R e f e r r i n g   to  F i g u r e   6,  j u s t   p r i o r   to  m a s t e r  

clock  0  (and  every  3  mas te r   c l o c k s   t h e r e a f t e r )   503  Q  is  h i g h ,  

502  Q  is  h igh  and  503  Q  is  low.  At  mas te r   clock  0,  503  Q  i s  

fo rced   low  and  503  Q  is  f o r c e d   high  by  503  K  ( i . e . ,   502  Q)  b e i n g  

high.   Since  502  J  was  low,  502  Q  remains   high.   At  the  s e c o n d  



m a s t e r   c lock  pu l se   (master   clock  1)  503  Q  r e t u r n s   high  and  502  Q  

and  503 Q  r e t u r n   low.  At  the  t h i r d   pulse   (Master  Clock  2),  5 0 3  

Q  and  503 Q  are  unchanged,   s ince  503  K  was  low,  whi le   502  Q 

r e t u r n s   h igh .   The  s t a t e s   of  f l i p   f lops   502  and  503  are  now 

i d e n t i c a l   to  the  s t a t e s   j u s t   p r io r   to  mas ter   c lock   0.  It  can  be 

seen  t h a t   the  81  c h a r a c t e r   dot  clock  f a l l i n g   edge  w i l l   occur  a t  

every   t h i r d   m a s t e r   c lock  f a l l i n g   e d g e .  

To  ensu re   t h a t   the  HSYNC  s i g n a l   is  s t a b l e ,   the  c i r c u i t   i s  

d e s i g n e d   such  t h a t   the  t r a n s i t i o n   from  the  81  column  dot  c l o c k  

to  the  135  column  dot  clock  or  vice  versa   occurs   at  the  t i m e  

when  both  dot  c l o c k s   are  in  the  low  s t a t e   f o l l o w e d   by  a  h i g h  

s t a t e .   I t   can  b e  s e e n   from  Figure  6  t h a t   t h i s   s i t u a t i o n   i s  

p r e s e n t   every  6  m a s t e r   c lock  c y c l e s .   The  number  of  mas te r   c l o c k  

c y c l e s   per  h o r i z o n t a l   sync  per iod   is  t h e r e f o r e   chosen   to  be  an  

even  m u l t i p l e   of  6,  i n s u r i n g   t h a t   the  handover   a lways   happens  on 

the  same  mas t e r   c lock   p u l s e ,   i . e .   when  the  low  f o l l o w e d   by  h i g h  

c o n d i t i o n s   e x i s t .   This  c o o r d i n a t i o n   of  dot  c lock  s o u r c e s   at  t h e  

time  of  c h a n g e o v e r   from  81  to  135  or  vice  versa   e l i m i n a t e s  

f o r e s h o r t e n e d   or  l e n g t h e n e d   h o r i z o n t a l   sync  p u l s e s   which  c o u l d  

r e s u l t   in  v i s i b l y   degraded  d i s p l a y e d   c h a r a c t e r s .  

-  At  i n i t i a l   t e r m i n a l   s t a r t   up  or  a f t e r   some  even t   t h a t  

i n t e r r u p t e d   the  normal  t iming  sequence ,   the  RESET  s i g n a l ,  

n o r m a l l y   h igh ,   is  a s s e r t e d   low.  This  f o r c e s   505Q  low  and,  s i n c e  

505Q  is  c o n n e c t e d   to  f l i p   f lops   502,  503  and  504,  w i l l   f o r c e  

o u t p u t s   502Q,  503Q  and  504Q  high.   When  RESET  is  u n a s s e r t e d ,  

505Q  goes  high  on  the  next  master   clock  p u l s e .   The  i n i t i a l  

s t a t e s   of  f l i p   f l o p s   502-505  have  now  been  se t   up  and,  on  t h e  

f o l l o w i n g   m a s t e r  c l o c k   pulse   (Master  Clock  0),  dot  c l o c k  

g e n e r a t i o n   b e g i n s   as  d e s c r i b e d   a b o v e .  

Gates   507  ( for   example,   a  74501)  and  508  ( for   example ,   a 



74551)  act   as  the  s e l e c t i n g   mechanism  between  the  Dot  C l o c k  

p u l s e   from  f l i p   f lop   504  (135  column  dot  c lock)   and  f l i p   f l o p  

503  (81  column  dot  c l o c k ) .   The  s t a t e   of  SC135,  which  is  h i g h  

for  135  column  fo rmat ,   enab les   e i t h e r   input   B  or  input   D  of  g a t e  

508.  The  ou tpu t   of  gate  508  becomes  the  Dot  Clock  for  a l l  

t e r m i n a l   o p e r a t i o n s   during  t h a t   c h a r a c t e r   row.  

The  Dot  Clock  s i g n a l   from  ga t e s   508  is  s u p p l i e d   to  t h e  

c l o c k i n g   inpu t   of  clock  c o u n t e r s   510  and  511  (for   e x a m p l e ,  

7 4 S 1 6 1 ' s ) .   Counte rs   510  and  511  t r i g g e r   on  the  r i s i n g   edge  o f  

the  Dot  Clock  p u l s e .   As  d i s c u s s e d   e a r l i e r ,   the  number  of  Dot  

Clock  p u l s e s   in  a  Pipe  Clock  pu l se   may  vary ,   for  example  the  81 

column  Pipe  Clock  c o n t a i n s   10  Dot  Clock  p u l s e s   whi le   the  135 

column  Pipe  Clock  c o n t a i n s   9.  The  d i v i s i o n   of  the  Dot  C l o c k  

p u l s e s   by  9  or  10  to  y i e l d   Pipe  Clock  p u l s e s   is  c o n t r o l l e d   by 

i n v e r t i n g   the  SEL_COL_135  s i g n a l   from  Video  C o n t r o l   Logic  200 

wi th   ga te   509  ( for   example,  a  74S02)  and  us ing   the  ou tpu t   t o  

vary   the  value  p r e l o a d e d   in to   c o u n t e r s   510  and  5 1 1 .  

R e f e r r i n g   to  Figs .   5  and  7,  the  o p e r a t i o n   of  c o u n t e r s   510 

and  511  is  i l l u s t r a t e d .   In  the  81  column  case  ( i . e .   SEL  135 

low) ,   c o u n t e r s   402  and  403  are  p r e l o a d e d   to  11.  A f t e r   f i v e   Dot  

Clock  p u l s e s   the  PIPE_CLOCK  o u t p u t   of  c o u n t e r   402  goes  l o w .  

A f t e r   four  more  c lock  p u l s e s ,   the  PIPE_ENABLE  o u t p u t   of  c o u n t e r  

403  g o e s  l o w ,   which  f o r c e s   both  PIPE_CLOCK  and  PIPE_ENABLE  h i g h  

at   the  next   c lock   pu l se .   T h e r e f o r e ,   the  81  column  PIPE_CLOCK 

s i g n a l   is  high  for  f ive   Dot  Clock  p u l s e s   and  low  for  f i v e   Do t  

C l o c k - p u l s e s .   PIPE_ENABLE  is  high  for  nine  Dot  Clock  p u l s e s   and 

low  for  o n e .  

The  135  column  case  is  s i m i l a r   except   the  c o u n t e r s   a r e  

p r e l o a d e d   to  12  r a t h e r   than  11.  The  135  column  DOT_CLOCK  p u l s e  

w i l l   t h e r e f o r e   be  high  for  four  Dot  Clock  p u l s e s   and  low  f o r  



f i v e ,   while   PIPE_CLOCK  w i l l   be  high  for  e i g h t   Dot  Clock  p u l s e s  

and  low  for  one.  , 

V i d e o  C o n t r o l   L o g i c  

R e f e r r i n g   now  to  Fig.  8,  a  d e t a i l e d   s c h e m a t i c   of  V i d e o  

C o n t r o l   Logic  200  (Fig.   2)  is  g iven.   S t a t e   Counter   201  is  s e e n  

to  c o n s i s t   of  c o u n t e r s   204  and  205  (for  example ,   7 4 L S 1 6 1 ' s ) .  

S t a t e   Machine  210  is  implemented  as  512  x  8 - b i t   PROM  211  ( f o r  

example ,   an  MMI  6349) ,   3 - t o - 8   l ine   decoder   213  (for   example,   a 

74LS138),   m u l t i p l e x e r   214  (for  example,  a  74LS257) ,   CPU  H a l t  

f l i p   f lop   212  (for  example,   a  74LS74)  and  ga te   215  (for  e x a m p l e ,  

a  7 4 S 0 2 ) .  

Counters   204  and  205  r e c e i v e   VIDEO_RESET  from  f l i p   f lop   505 

(Fig .   5).  This  s i g n a l   is  used  for  i n i t i a l i z a t i o n   and  c l e a r s   t h e  

c o u n t e r .   Counte r s   204  and  2 0 5  a l s o   r e c e i v e   RELOAD_STATE  f r o m  

PROM  211  to  r e s t a r t   the  c o u n t e r s   at  zero  at  the  a p p r o p r i a t e  

s t a t e ,   depending  on  whether   the  c u r r e n t   d i s p l a y   mode  is  81 

column  or  135  column.  The  c o u n t e r s   are  c locked   by  PIPE_CLOCK. 

The  ou tpu t   from  the  c o u n t e r s   is  s u p p l i e d   to  PROM  211,  a l o n g  

with  s i g n a l   SC135  i n d i c a t i n g   whether   the  d i s p l a y   mode  is  81  o r  

135.  SC135  can  be  c o n s i d e r e d   as  a  p o i n t e r   to  e i t h e r   of  two  256 

-  b y t e   segments  of  PROM  211.  T h e r e f o r e ,   for  each  p o s s i b l e   v a l u e  

from  c o u n t e r s   204  and  205,  t h e r e   is  a  unique  8 - b i t   byte  l o c a t i o n  

in  PROM  2 1 1 .  

PROM  211  ou tpu t   DO  is  s u p p l i e d   to  Latch  220  ( for   example ,   a 

74S161)  and  o r i g i n a t e s  t h e   h o r i z o n t a l   s y n c h r o n i z a t i o n   s i g n a l   t o  

the  t e r m i n a l   m o n i t o r .   Output   Dl  is  s u p p l i e d   to  M u l t i p l e x e r  

214.  Outputs   D2,  D3  and  D4  are  supp l i ed   to  Decoder  213.  O u t p u t  

D5  (RASTER_COUNT)  is  s u p p l i e d   to  Ras te r   Line  Counter   254  ( F i g .  

9)  to  enable   coun t ing   of  scan  l i n e s   in  the  c h a r a c t e r   now  b e i n g  

d i s p l a y e d .   Output  D6  (LINE_COUNT)  is  s u p p l i e d   to  Line  C o u n t e r  



203  (for  example ,   a  74LS161)  to  enab le   scan  l i n e   c o u n t i n g .  

F i n a l l y ,   o u t p u t   D7  (RELOAD_STATE)  is  s u p p l i e d   to  S t a t e   C o u n t e r s  

204  and  205,  as  d i s c u s s e d   a b o v e .  

Decoder  213  r e q u i r e s   two  e n a b l i n g   i n p u t s .   The  f i r s t ,   HALT 

ACK,  comes  from  CPU  100  and  i n d i c a t e s   t h a t   CPU  100  (for  e x a m p l e ,  

an  MC  6809)  has  r e l i n q u i s h e d   c o n t r o l   of  the  a d d r e s s   and  d a t a  

buses   to  Video  Control   Logic  200.  Since  PROM  211  is  a l w a y s  

e n a b l e d ,   the  second  inpu t ,   PIPE_CLOCK,  is  used  to  p r e v e n t  

p o s s i b l e   f a l s e   decoder  o u t p u t s .  

In  r e s p o n s e   to  the  t h r ee   i npu t   s i g n a l s  f r o m   PROM  2 1 1 ,  

Decoder  213  p r o v i d e s   six  ou tpu t   s i g n a l s   as  f o l l o w s :  

-  A  c l o c k i n g   input  to  CPU  Hal t   f l i p   f l o p   2 1 2 ;  

-  LOAD_RASTER_INFO,  s u p p l i e d   to  Line  Counter   2 0 3 ;  

-  LOAD_STATUS_INFO,  s u p p l i e d   to  S t a t u s   Latch  2021  and 

-  SEL_PAGE_ZERO,  LOW_REG_LOAD,  and  HIGH_REG_LOAD,  a l l  

s u p p l i e d   to  Address  L a t c h e s   Logic  3 0 0 .  

CPU  Hal t   f l i p   f lop  212  and  ga te   215  combine  to  g e n e r a t e   t h e  

CPU_HALT  s i g n a l .   This  s i g n a l ,   a s s e r t e d   when  low,  r e q u e s t s   CPU 

100  to  r e l i n q u i s h   c o n t r o l   of  the  a d d r e s s   and  da ta   b u s e s .   CPU 

100  w i l l   r espond   to  th i s   r e q u e s t   only  a f t e r   c o m p l e t i n g   e x e c u t i o n  

of  the  c u r r e n t   i n s t r u c t i o n .  

Because   the  l eng th   of  time  r e q u i r e d   to  comple te   the  c u r r e n t  

i n s t r u c t i o n   may  vary  s i g n i f i c a n t l y ,   Video  C o n t r o l   Logic  200 

wa i t s   a  p e r i o d   of  time  which  is  a d e q u a t e   to  a l low  c o m p l e t i o n   o f  

e x e c u t i o n   of  the  l onges t   i n s t r u c t i o n   p r i o r   to  t a k i n g   any  a c t i o n  

in  r e g a r d   to  the  address   and  da ta   buses .  -   This  e n s u r e s   CPU  100 

has  h a l t e d  

FIRST_SCAN_LINE  is  r e c e i v e d   by  f l i p   f l op   212  and  ga te   215 

from  Line  Counter   203.  F l ip   f l o p   212,  c locked   by  an  ou tpu t   f rom 

decoder   213,  is  n e c e s s a r y   to  l a t c h   the  Q  o u t p u t   of  212  high  and 



t h e r e f o r e   hold   CPU_HALT  in  the  low  ( i . e .   a s s e r t e d )   s t a t e .   T h i s  

is  r e q u i r e d   s i n c e   Line  Counter   203  w i l l   be  r e s e t   and  FIRST_SCAN 

LINE  w i l l   go  low  b e f o r e   CPU  100  should  be  a l lowed  to  r e g a i n   bus  

c o n t r o l .   F l i p   f l op   212  holds   CPU_Halt  in  the  low  s t a t e   u n t i l  

r e s e t   by  a n o t h e r   c l o c k i n g   pu l se   from  Decoder  213  under  c o n t r o l  

of  PROM  2 1 1 .  

M u l t i p l e x e r   214  s e l e c t s   four  o u t p u t s   from  e i g h t   a v a i l a b l e  

i n p u t s   based  on  the  s t a t e   of  212  Q.  That  i s ,   based  on  w h e t h e r  

CPU  100  or  Video  Con t ro l   Logic  200  is  c o n t r o l l i n g   the  data   and 

a d d r e s s   b u s e s .   ADDR_COUNTER_CLK  is  the  t iming  pu l se   p r o v i d e d   t o  

Address   L a t c h e s   301-304.   If  212  Q  is  low,  ( i . e .   CPU not  h a l t e d )  

CPU_CLOCK  is  s u p p l i e d   to  L a t c h e s   301-304.   If  212  Q  is  h i g h  

( i . e .   CPU  h a l t e d ) ,   PIPE_CLOCK  is  s u p p l i e d .   ADDR_COUNTER_LD 

c o n t r o l s   l o a d i n g   of  Address   La tches   301-304.   I t   is  s e l e c t e d  

between  a  s i g n a l   from  PROM  211  if  212  Q  high  and  a  c o n t i n u a l l y  

high  s i g n a l   if   212  Q  low.  LINE_BUF_CS  c o n t r o l s   w r i t i n g   of  d a t a  

in to   Line  B u f f e r s   161-164.   I t   is  s e l e c t e d   between  a 

c o n t i n u o u s l y   low  s i g n a l   if  212  Q  is  low  or  PIPE_CLOCK  if  212  Q 

is  h igh.   LINE_BUF_WE  a l so   c o n t r o l s   w r i t i n g   o f  d a t a   i n t o   L i n e  

B u f f e r s   161-164  and  is  s e l e c t e d   between  a  c o n t i n u o u s l y  h i g h  

s i g n a l   if   212  Q  is  low  and  PIPE_CLOCK  if  212  Q  is  h i g h .  

Latch  220  is  enab led   by  PIPE_ENABLE,  has  a  r e s e t   i npu t   KILL, 

and  is  c locked   at  the  dot  c lock   r a t e .   Inpu t s   to  Latch   220  a r e  

SEL  135  from  S t a t u s   Latch  202,  a  h o r i z o n t a l   s y n c h r o n i z a t i o n  

s i g n a l   from  PROM 211,  and  CHAR_SET_53  i n d i c a t i n g   a  user   o p t i o n a l  

c h a r a c t e r   se t   is  being  used.   Output  SC135,  i n d i c a t i n g   c h a r a c t e r  

l i n e   f o r m a t ,   is  s u p p l i e d   to  Timing  Logic  400.  The  h o r i z o n t a l  

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

e l e c t r o n i c s   and  CSS3  is  s u p p l i e d   to  c h a r a c t e r   G e n e r a t i o n   L o g i c  

2 5 0 .  



S t a t u s   Latch   203  (for  example,  a  74LS161)  is  c l ocked   by  PIPE 

CLOCK  and,  when  LOAD_STATUS_INFO  from  Decoder  213  is  r e c e i v e d ,  

w i l l   r e c e i v e   the  four  most  s i g n i f i c a n t   b i t s   of  the  c h a r a c t e r  

byte  then  being  read  on  C h a r a c t e r   Bus  191.  These  b i t s   c o n t a i n  

the  s igna l   i n d i c a t i n g   end  of  frame,  d i s p l a y   mode  ( i . e .   81  or  1 3 5  

c h a r a c t e r s ) ,   v e r t i c a l   s y n c h r o n i z a t i o n   and  d i s p l a y   b l a n k i n g .   At 

the  next  PIPE_CLOCK  pu l se   END_OF_FRAME  is  p r o v i d e d   to  CPU  1 0 0 ,  

VER_BLANK  is  p r o v i d e d   to  Video  C h a r a c t e r   G e n e r a t i o n  L o g i c   2 5 0 ,  

VER_SYNC  is  p r o v i d e d   to  Latch  170  and  the  s i g n a l   i n d i c a t i n g  

d i s p l a y   mode  is  p r o v i d e d   to  Latch  2 2 0 .  

Line  Coun te r   203  is  a lso  c locked   by  PIPE_CLOCK  and  loads   t h e  

four  l e a s t   s i g n i f i c a n t   b i t s   of  the  c h a r a c t e r   by te   then  b e i n g  

read  on  C h a r a c t e r   Bus  191  when  LOAD_RASTER_INFO  is  r e c e i v e d   f r o m  

Decoder  213.  These  four  b i t s   i d e n t i f y   the  number  of  scan  l i n e s  

of  the  c h a r a c t e r   row  to  be  d i s p l a y e d .   This  i n f o r m a t i o n ,  

t o g e t h e r   wi th   i n f o r m a t i o n   from  Ras t e r   Counter   254,  p r o v i d e s   t h e  

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

c h a r a c t e r s .   Coun te r   202 and  Latch  203  r e c e i v e   c l e a r i n g   s i g n a l  

SCREEN_ENABLE  from  the  t e rmina l   h a r d w a r e .  

C h a r a c t e r   G e n e r a t i o n  L o g i c   -  

R e f e r r i n g   now  to  F igs .   9.  9A,  9B  and  9C,  a ' d e t a i l e d  

s c h e m a t i c . o f   an  embodiment  of  C h a r a c t e r   G e n e r a t i o n   Logic  250  and 

L i n e  B u f f e r s   161-164  is  shown. 

C h a r a c t e r  L a t c h   251  (for  example,   a  74LS374)  is  c o n n e c t e d   t o  

C h a r a c t e r   Data  Bus  191  and  A t t r i b u t e   L a t c h  2 6 1   (for   example ,   a  

74LS374)  is  c o n n e c t e d   to  A t t r i b u t e   Data  Bus  193.  Both  L a t c h e s  

a r e  c l o c k e d   by  PIPE_CLOCK.  On  the  f i r s t   scan  l i n e   of  e a c h  

c h a r a c t e r   row,  Video  Cont ro l   Logic  200,  which  has  c o n t r o l   of  t h e  

data  and  a d d r e s s   buses   at  th is   t ime,   w i l l   f i l l   Line  B u f f e r s   1 6 1 -  

164,  via  L a t c h e s   251  and  261,  with  the  c h a r a c t e r   and  



a t t r i b u t e   data  for  t h a t   row  from  RAM  150.  In  t h i s   embodiment  

Line  Bu f f e r s   161-164  are  implemented  as  lKx4  MOS  RAM's  (for  example ,  

2 1 1 4 ' s ) .   The  data  wi l l   be  removed  f rom L ine   B u f f e r s   161-164  a s  

r e q u i r e d   during  the  h o r i z o n t a l   scan  cyc les   needed  to  d i s p l a y   the  row.  

LINE BUF CS  and  LINE BUF WE,  both  c o n t r o l l e d   by  PIPE CLOCK  during  t h e  

f i l l   p e r i o d ,   ensure  s t a b l e   data  a d d r e s s e s   in  the  l i n e   b u f f e r s .   When 

Line  B u f f e r s   161-164  have  been  f i l l e d ,   LINE BUF CS  goes  low  to  e n s u r e  

the  data  is  a v a i l a b l e   in  the  s h o r t e s t   p o s s i b l e   time  and  LINE  BUF  WE 

goes  high  to  ensure  Line  B u f f e r s   161-164  are  always  in  the  " r e a d "  

s t a t e .  

The  s t a t e   count  from  S t a t e   Counte r s   204  and  205  is  s u p p l i e d  

to  Line  Buf fe r s   161-164.  As  the  s t a t e   count   is   i n c r e m e n t e d   by  

PIPE. CLOCK  ( i .e .   on  a  c h a r a c t e r - t i m e   b a s i s ) ,   the  four   ou tpu t   b i t s  

of  Line  Buf fe r s   161-164  w i l l   p r e s e n t   a t t r i b u t e   and  c h a r a c t e r  

i n f o r m a t i o n   for  the  c h a r a c t e r   s t o r e d   in  Line  B u f f e r s   161-164  

c o r r e s p o n d i n g   to  t h a t   count .   Line  B u f f e r   161  p r o v i d e s   the  f o u r  

l e a 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 s   to  c h a r a c t e r   La tches   254  and  258 

( l a t c h e s   252  of  Fig.  2)  and  Line  B u f f e r   162  p r o v i d e s   the  four  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 s   to  C h a r a c t e r   La tches   254  and  258  ( f o r  

example,   74  LS377 ' s ) .   Line  B u f f e r   163  p r o v i d e s   the  four  a t t r i b u t e  

b i t s   to  A t t r i b u t e   Latch  262  ( for   example,   a  74LS377).  The  a t t r i b u t e  

b i t s   i n d i c a t e   whether   the  c h a r a c t e r   w i l l   be  dim,  i n v e r s e ,   u n d e r l i n e d  

or  b l i n k i n g .   The  o u t p u t s   of  Line  B u f f e r   164  r e l a t e   to  use  of  u s e r  

o p t i o n a l   c h a r a c t e r   se t s   and  may or   may  not   be  used  in  a  g i v e n  

t e r m i n a l   a p p l i c a t i o n .   Use  of  an  o p t i o n a l   c h a r a c t e r   se t   is  i n d i c a t e d  

to  M u l t i p l e x e r   256  and  to  C h a r a c t e r   G e n e r a t o r s   255  and  256  by  CSS3, 

which  is   supp l i ed   as  an  e n a b l i n g   i n p u t .  

In  t h i s   embodiment  of  the  i n v e n t i o n ,   C h a r a c t e r   G e n e r a t o r s  

255  and  256  ( g e n e r a t o r   253  of  F i g . . 2 )   are  4Kx8  MOS  ROM's  ( for   e x a m p l e ,  

2 7 3 2 ' s ) .   Due  t o  



speed  l i m i t a t i o n s   of  C h a r a c t e r   G e n e r a t o r s   255  and  256  used  i n  

t h i s   embodiment,   two  c h a r a c t e r   l a t c h e s   and  two  c h a r a c t e r  

g e n e r a t o r s   are  used .   This  a l lows  the  i n f o r m a t i o n   to  be  read  and  

s t o r e d   in  C h a r a c t e r   G e n e r a t o r s   255  and  256  for  two  c h a r a c t e r  

t imes  be fo re   dot  i n f o r m a t i o n   is  f o rwarded   for  d i s p l a y .   L a t c h  

254  and  G e n e r a t o r   256  are  enabled   by  the  l e a s t   s i g n i f i c a n t   b i t  

of  the  s t a t e   count   (SCAO).  SCAO  is  i n v e r t e d   by  gate  259  ( f o r  

example ,   a  74LS20)  and  p rov ided   as  the  e n a b l i n g   input   to  L a t c h  

258  and  Gene ra to r   255.  T h e r e f o r e ,   a l t e r n a t e l y ,   e i t h e r   Latch  258 

and  C h a r a c t e r   G e n e r a t o r   255  or  Latch  254  and  Character Generator 256  w i l l  

be  e n a b l e d .  

To  s y n c h r o n i z e  a t t r i b u t e   data  with  the  c h a r a c t e r   da ta   f rom 

G e n e r a t o r s   255  or  256,  A t t r i b u t e   Latch  262  loops   back  on  i t s e l f .  

Two  PIPE_CLOCK  p u l s e s   are  t h e r e f o r e   r e q u i r e d   to  f o r w a r d  

a t t r i b u t e   data   to  A t t r i b u t e   Encoding  Logic  263,  shown  in  Fig.  9 B ;  

to  be  c o n s t r u c t e d   of  ga tes   264-268  and  4 - l i n e   M u l t i p l e x e r   269 

( for   example,   a  7 4 L S 2 5 7 ) .  

'Gates  264-268  and  M u l t i p l e x e r   269  p r o v i d e   the  p r o p e r  

a t t r i b u t e   encoding   p r i o r   to  merging  of  a t t r i b u t e   and  c h a r a c t e r  

d a t a .   Gate  264  ( for   example,   a  74LS20)  "ands"  UNDERLINE  with  3 

-  r a s t e r   l i n e   b i t s   from  Ras t e r   Counter   342.  All  i npu t   c o n d i t i o n s  

w i l l   be  s a t i s f i e d   i f   u n d e r l i n i n g   is  r e q u e s t e d   and  the  e l e v e n t h  

r a s t e r   l i n e   of  the   c h a r a c t e r  r o w   is  being  d i s p l a y e d .   Gate  265 

(for   example,   a  74LS00)  p r e v e n t s   dimming  i f   u n d e r l i n i n g   i s  

t a k i n g  p l a c e ,  s i n c e   the  ou tpu t   of  gate   264  w i l l   be  low  i f   a l l  

u n d e r l i n i n g   c o n d i t i o n s   are  met.  Gate  266  (for   example,   a  

74LSOO)  "ands"  the  BLINK  s i g n a l   with  BLINK  ENABLE.  Gate  267 

(for   example,   a  74LS20)  i n v e r t s   the  INVERSE  s i g n a l   and  ga te   268 

(for   example,   a  74LS20)  d i s a b l e s   M u l t i p l e x e r   269  if  e i t h e r  

h o r i z o n t a l   sync  or  v e r t i c a l   b l i n k i n g   is  underway.   Outpu t s   F(A) 



and  F(B)  of  M u l t i p l e x e r   269  are  t h e r e f o r e   based  on  the  s t a t e   o f  

INVERSE  and  are  s e l e c t e d   by  the  o u t p u t s   of  ga tes   264  and  266 .  

F(A)  and  F(B)  are  p rov ided   to  Latch  270  (for  example,   a 

74S161) ,   a long  with  the  ATTR_DIM  and  HOR_SYNC  s i g n a l s .   L a t c h  

270  is  c l o c k e d   at  the  dot  clock  r a t e   and  p r o v i d e s   dimming 

i n f o r m a t i o n   to  Latch  170  (for  example ,   a  74S195) .   Latch  270 

a l s o   c o n t r o l s   the  output   of  Merging  ga t e s   280  (for  example,   a 

74551)  based   on  the  s t a t e   of  F(A)  'and  F(B).   If  F(A)  and  F(B) 

are  both   h igh ,   a l l   dots  sent   to  mon i to r   180  are  "on".  If  F(A) 

and  F(B)  a r e  b o t h   low,  a l l   dots  are  t u r n e d   " o f f " .   If  F(A)  i s  

low  and  F(B)  is  high,  the  normal  c h a r a c t e r   b i t   s t ream  f rom 

r e g i s t e r   272  is  sent   and,  f i n a l l y ,   if  F(A)  is  high  and  F(B)  i s  

low,  the  i n v e r s e   of  the  b i t   s t ream  is  s en t   to  mon i to r   1 8 0 .  

C h a r a c t e r   G e n e r a t o r s   255  and  256  a l so   r e c e i v e   RASTER  AO-A3 

from  R a s t e r   Counter   254  (for  example,   a  74LS161).   These  s i g n a l s  

i d e n t i f y   which  of  the  twelve  scan  l i n e s   in  the  c h a r a c t e r   row  i s  

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

o u t p u t   the  dot  p a t t e r n   to  be  d i s p l a y e d   based  on  the  p a r t i c u l a r  

c h a r a c t e r   and  scan  l i n e .   As  d i s c u s s e d   e a r l i e r ,   the  d i s p l a y e d  

c h a r a c t e r   p o r t i o n   occupies   7  dots   (2-8)  in  the  c h a r a c t e r   f i e l d  

which  is  e i t h e r   9  dots  wide  in  135  c h a r a c t e r   fo rmat   or  10  d o t s  

wide  in  81  c h a r a c t e r   fo rmat .   To  y i e l d   the  9  or  10  dot  s i g n a l s  

r e q u i r e d   for   each  r a s t e r   l i ne   c h a r a c t e r   f i e l d ,   o u t p u t s   QO-Q6  o f  

C h a r a c t e r   G e n e r a t o r s   255  and  256  are  used  for   the  c h a r a c t e r  

i t s e l f   ( i . e .   DOT2-DOT8),  while  o u t p u t   Q7  is  r ou t ed   t o  

M u l t i p l e x e r   257  (for  example,  a  74LS257) ,   where  i t   is  used  t o  

c o n t r o l   s e l e c t i o n   of  the  r emain ing   r e q u i r e d   dot  s i g n a l s .  

M u l t i p l e x e r   257  is  enabled  u n l e s s   a  user   o p t i o n a l   c h a r a c t e r   s e t  

has  been  s e l e c t e d ,   i n d i c a t e d   by  CSS3  going  h igh .   If  CSS3  i s  

high  t h e  o u t p u t s   of  m u l t i p l e x e r   257  are  t r i - s t a t e d   and  



o v e r r i d d e n   by  data  on  DLL  bus  194.  The  A  inpu t s   to  M u l t i p l e x e r  

257  are  held  low.  Inpu t s   Bl  and  B2  are  connec ted   to  the  DOT  8 

s i g n a l   from  the  c h a r a c t e r   g e n e r a t o r s   and  input   B3  is  c o n n e c t e d  

to  the  DOT  2  s i g n a l .   If  ou tpu t   Q7  of  the  c h a r a c t e r   g e n e r a t o r s  

is  low  the  A  i n p u t s   w i l l   be  s e l e c t e d   and  o u t p u t s   DOT  1,  DOT  9 

and  DOT  10  w i l l   be  low.  If  Q7  is  h igh,   M u l t i p l e x e r   257  o u t p u t s  

DOT  9  and  DOT  10  w i l l   have  the  same  s t a t e   as  DOT  8  while  o u t p u t  

DOT  1  w i l l   have  the  same  s t a t e   as  DOT  2.  This  i m p l e m e n t a t i o n ,  

us ing  s t a n d a r d   l o g i c   components   is  l e s s   expens ive   t h a n  

i m p l e m e n t a t i o n s   u s i n g  n o n - s t a n d a r d   ROM's  having  a  10  b i t   o u t p u t  

or  using  an  8  o u t p u t   ROM  ganged  with  an  a d d i t i o n a l   4  output   ROM, 

yet   p rov ides   the  c a p a b i l i t y   for  the  t e r m i n a l   to  d i s p l a y   a  s o l i d  

h o r i z o n t a l   l i ne   a c r o s s   the  moni tor   s c reen   or  d i s p l a y   t h e  

i n t e r s e c t i o n   of  a  h o r i z o n t a l   l i n e   and  a  v e r t i c a l   l i n e .  

The  dot  i n f o r m a t i o n   is  t h e r e f o r e   p rov ided   at  the  Pipe  Clock 

r a t e   to  S h i f t   R e g i s t e r s   271,  shown  in  Fig.   9C  as  c o n s t r u c t e d   o f  

4  b i t   r e g i s t e r s   272,  273  and  274  (for  example,   7 4 5 1 9 5 ' s ) .   T h e  

dot  i n f o r m a t i o n   w i l l   be  s h i f   ed  out  of  these   r e g i s t e r s   at  t h e  

dot  clock  r a t e   s t a r t i n g   with  the  f i r s t   dot  t o  b e   d i s p l a y e d   ( i . e .  

Dot  1).  Dots  1-4  are  i n i t i a l l y   p r o v i d e d   to  R e g i s t e r   272,  D o t s  

5-8  to  R e g i s t e r   273  and  Dots  9-10  to  R e g i s t e r   274.  These  

r e g i s t e r s   r e c e i v e   PIPE_ENABLE  from  Clock  Counter   4 0 3 .  

Each  dot  and  i t s   i n v e r s e   w i l l   b e  s u p p l i e d   to  ga te   280,  w h e r e  

c h a r a c t e r   i n f o r m a t i o n   from  r e g i s t e r   272  and  a t t r i b u t e  

i n f o r m a t i o n   from  Latch  270  are  merged.   The  combined  d o t  

i n f o r m a t i o n   is  s u p p l i e d   to  Latch  170,  which  s y n c h r o n i z e s   the  d o t  

i n f o r m a t i o n   (VIDEO)  t r a n s f e r   to  Monitor   180  with  t r a n s f e r   of  t h e  

v e r t i c a l   s y n c h r o n i z a t i o n   s i g n a l   and  the  dimming  s i g n a l   ( H B ) .  

Address   L a t c h e s  

R e f e r r i n g   to  Fig.  3,  a  d e t a i l e d   s chemat i c   of  an  embodiment  



of  Address   L a t c h e s   300  is  p r e s e n t e d .   As  d i s c u s s e d   above,   V i d e o  

C o n t r o l   Logic  200  wi l l   r e q u e s t   CPU  100  to  r e l i n q u i s h   i t s   c o n t r o l  

over  Address   Bus  195  (BUFO-BUF15)  on  the  l a s t   scan  l i n e   of  e a c h  

c h a r a c t e r   row.  Since  Video  Con t ro l   Logic  200  does  not  know  w h a t  

o p e r a t i o n   CPU  100  is  p e r f o r m i n g ,   it   w i l l   wa i t   long  enough  a f t e r  

g e n e r a t i o n   of  CPU_HALT  to  allow  the  maximum  l e n g t h   i n s t r u c t i o n  

to  comple te   e x e c u t i o n .   This  removes  the  p o s s i b i l i t y   of  a  

c o n t e n t i o n   over  c o n t r o l   of  the  add re s s   and  da ta   b u s e s .  

Video  C o n t r o l   Logic  p rov ides   a d d r e s s e s   to  Address   L a t c h e s  

301-304  (for   example,   74LS161 's)   by  means  of  La t ches   305  and  306 

(for  e x a m p l e , . 7 4 L S 3 7 4 ' s ) ,   which  are  loaded   from  C h a r a c t e r   Bus 

191  by  Video  C o n t r o l   Logic  200.  La tches   305  and  306  are  c l o c k e d  

by  HIGH_REG_LOAD  and  LOH_REG_LOAD  r e s p e c t i v e l y   from  D e c o d e r  

213.  The  o u t p u t s   of  La tches   305  and  306  are  c o n n e c t e d   as  i n p u t s  

to  Address   L a t c h e s   301-304.   Latches   301-304  are   c locked   by  PIPE 

CLOCK,  if  CPU  100  is  h a l t e d   and  Video  C o n t r o l   Logic  has  b u s  

c o n t r o l ,   or  by  CPU_CLOCK,  if  CPU  100  has  bus  c o n t r o l .   L o a d i n g  

of  La tches   301-304  is  c o n t r o l l e d   by  ADDIL_COUNTER_LD  f rom 

M u l t i p l e x e r   214.  When  CPU  100  has  bus  c o n t r o l ,   t h i s   s i g n a l   i s  

always  low  ( i . e .   l o a d i n g   always  e n a b l e d ) .   SEL_PAGE_ZERO  f r o m  

D e c o d e r   213  f o r c e s   La tches   301  and  302  to  a l l   ze ros   to  a s s u r e  

the  memory  space  c o n t a i n i n g   the  RDB  l i s t s   is  a d d r e s s e d .  

Row  D e s c r i p t o r   B l o c k s  

For  p u r p o s e s   of  i l l u s t r a t i o n ,   assume  aga in   the  t y p i c a l  -  

t e r m i n a l   having  2 8 8  d i s p l a y e d   scan  l i n e s   wi th   22  h o r i z o n t a l   s c a n  

cyc les   r e q u i r e d   for  v e r t i c a l   r e t r a c e .   These  288  l i n e s   a r e  

e q u i v a l e n t   to  24  c h a r a c t e r   rows  of  12  scan  l i n e s   each,   b u t ,  

because   of  the  smooth  s c r o l l i n g   c a p a b i l i t y   d i s c u s s e d   b e l o w ,  

dur ing  some  v e r t i c a l   scans  the  top  and  bottom  rows  in  the  s c r o l l  

"window"  w i l l   be  only  p a r t i a l l y   d i s p l a y e d .   This  r e q u i r e s   CPU 



100  to  m a i n t a i n   25  rows  of  c h a r a c t e r   i n f o r m a t i o n   in  RAM  1 5 0 .  

This  t e r m i n a l   embodiment  a l l o c a t e s   8K  b y t e s  o f   RAM  150  f o r  

s t o r a g e   of  a t t r i b u t e   and  c h a r a c t e r   i n f o r m a t i o n .   This  memory 

s p a c e  a l l o w s   CPU  100  to  s t o r e   c h a r a c t e r   and  a t t r i b u t e  

i n f o r m a t i o n   for  162  c h a r a c t e r s   in  RAM  150  for  each  of  the  25 

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

During  each  v e r t i c a l   r e t r a c e   p e r i o d ,   CPU  100  w i l l   upda te   and 

s t o r e   the  row  i n f o r m a t i o n   from  which  the  d i s p l a y   w i l l   be  c r e a t e d  

d u r i n g   the  next   v e r t i c a l   scan.   This  row  data   ( c h a r a c t e r   and  

a t t r i b u t e )   is   o rgan ized   on  a  row  b a s i s ,   r a t h e r   than  a  s c r e e n  

b a s i s .   That  i s ,   each  row  of  c h a r a c t e r s   is  s t o r e d   in  c o n s e c u t i v e  

memory  l o c a t i o n s ,   but  the  rows  are   not  a r r a n g e d   in  a n y  

p a r t i c u l a r   o r d e r .   They  a re ,   i n s t e a d ,   ' l i n k e d "   by  means  of  R D B ' s  

(Row  D e s c r i p t o r   B locks ) ,   a l s o   a s sembled   by  CPU  1 0 0 .  

Each  c h a r a c t e r   row  has  a s s o c i a t e d   with  i t   one  RDB  c o n s i s t i n g  

of  f i v e   8 - b i t   bytes   of  i n f o r m a t i o n .   The  f i r s t ,   or  S t a t u s   b y t e  

c o n t a i n s   the  i n f o r m a t i o n   about   row  format   (81  or  135  c h a r a c t e r  

l i n e ) ,   end  of  frame,  v e r t i c a l   s y n c h r o n i z a t i o n   and  v e r t i c a l  

b l a n k i n g .   The  second,  or  s c r o l l ,   byte   c o n t a i n s   i n f o r m a t i o n  

abou t   which  scan  l ine   in  the  c h a r a c t e r   row  w i l l   be  the  f i r s t   t o  

-  be  d i s p l a y e d   and  how  many  scan  l i n e s   of  the  c h a r a c t e r   row  w i l l  

be  d i s p l a y e d .   This  i n f o r m a t i o n   e n a b l e s   "smooth"  v e r t i c a l  

s c r o l l i n g   by  a l lowing   l e s s   than  the   e n t i r e   c h a r a c t e r   row  to  b e  

d i s p l a y e d   du r ing   a  frame.  The  t h i r d   and  f o u r t h   by t e s   c o n t a i n  

the  s t a r t i n g   address   in RAM  150  of  the  81  or  135  c h a r a c t e r s  
e  

(opend ing   on  the  format  i d e n t i f i e d   in  the  S t a t u s   byte)   to  be  

d i s p l a y e d   on  t h a t   row.  This  i n f o r m a t i o n   enab l e s   h o r i z o n t a l  

s c r o l l i n g   of  t h e  d i s p l a y   w i t h i n   the  162  c h a r a c t e r s   s t o r e d   in  RAM 

150  for  t h a t   row  by  s imply  chang ing   the  a d d r e s s   in  RDB  b y t e s  

t h r e e   and  f o u r .   No  change  to  c h a r a c t e r   i n f o r m a t i o n   in  RAM  150 



is  r e q u i r e d .   The  f i f t h ,   or  Next  RDB,  by te   is  a  p o i n t e r   to  t h e  

next  RDB.  That  i s ,   i t   c o n t a i n s   the  a d d r e s s   of  the  next  RDB  to  ' 

be  used.   Since  the  8  b i t s   of  the  Next  RDB  byte  allow  only  256 

a d d r e s s e s ,   the  RDB's  are  p l aced   in  the  l owes t   memory  l o c a t i o n s  

in  RAM  150.  With  f i ve   by t e s   per  RDB,  up  to  51  p o s s i b l e   RDBs  can  

be  u s e d .  

Advantages   of  RDB  usage  can  now  be  c l e a r l y   u n d e r s t o o d .   Fo r  

example,   s i g n i f i c a n t   r e d u c t i o n s   in  CPU  work  load  and  r e q u i r e d  

memory  speed  can  be  r e a l i z e d .   Since  the  d i s p l a y   i n f o r m a t i o n   i s  

s t o r e d   in  RAM  150  by  rows,  r a t h e r   than  in  a  c o n t i n u o u s   s e q u e n c e  

for  the  e n t i r e   s c r e e n ,   the  CPU  is  no  l onge r   r e q u i r e d   to  move 

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

c h a r a c t e r   change .   R a t h e r ,   a l l   c h a r a c t e r   rows  which  do  n o t  

r e q u i r e   m o d i f i c a t i o n   dur ing   a  v e r t i c a l   r e t r a c e   need  not  be  moved 

in  memory.  Only  the  memory  l o c a t i o n s   for  the  row  being  c h a n g e d  

are  a f f e c t e d .  

Moving  d i s p l a y e d   rows  on  the  sc reen   r e q u i r e s   only  t h a t   t h e  

RDB's  be  " r e l i n k e d " .   That  i s ,   t ha t   the  Next  RDB  bytes   be  

changed.   With  24  rows  of  c h a r a c t e r   i n f o r m a t i o n ,   t h e r e   w i l l   be  

24  l i nked   row  RDB's.  In  a d d i t i o n ,   t h r e e   v e r t i c a l   r e t r a c e   RDB's 

a r e   i n s e r t e d   a f t e r   the  l a s t   d i s p l a y e d   row.  These  r e t r a c e   RDB's 

do  n o t  d i s p l a y   any  i n f o r m a t i o n   and  cover   a  t o t a l   of  22  s c a n  

l i n e s   ( i . e .   the  r e t r a c e  p e r i o d ) .   The  l a s t   r e t r a c e   RDB  p o i n t s   t o  

the  RDB  of  the  f i r s t   d i s p l a y e d   row.  The  comple te   RDB  l i s t   w i l l  

c o n t a i n   e i t h e r   27  RDB's  (24+3),   if  24  rows  are  c o m p l e t e l y  

d i s p l a y e d ,   or  28  RDB's  (25+3)  if  s c r o l l i n g   is  underway  and  two 

rows  are  only  p a r t i a l l y   d i s p l a y e d .   A  p o s s i b l e   l i n k i n g   s i t u a t i o n  

is  shown  in  Fig.   1 0 .  

For  s i m p l i c i t y   of  d e s i g n ,   RDB1  is  c h o s e n  t o   always  r e s i d e   i n  

the  lowest   memory  l o c a t i o n .   The  RDB's  in  Fig.   10  are  shown  i n  



the  o rder   of  d i s p l a y e d   c h a r a c t e r   rows.  That  i s ,   bytes   th ree   and 

four   of  RDB1  c o n t a i n - t h e   s t a r t i n g   memory  a d d r e s s   of  d i s p l a y e d  

row  1  and  the  Next  RDB  byte  (byte  f ive   in  t h i s   embodiment)  

c o n t a i n s   the  address   of  RDBS.  Bytes  t h r e e   and  four  of  RDB5 

c o n t a i n   the  s t a r t i n g   memory  address   of  d i s p l a y e d   row  2  and  t h e  

Next  RDB  byte  c o n t a i n s   the  address   of  RDB3.  The  remaining  RDB's 

are  s i m i l a r l y   l i n k e d .   RDB28  in  t h i s   example  is  the  l a s t  

c h a r a c t e r   row  and,  t h e r e f o r e ,   the  Next  RDB  byte   of  RDB28 

c o n t a i n s   the  address   of  the  f i r s t   of  t h r e e   v e r t i c a l   r e t r a c e  

RDB's.  The  t h i r d   v e r t i c a l   r e t r a c e   RDB  p o i n t s   back  to  RDB1. 

Now,  assume  the  t e r m i n a l   user  wishes   to  remove  d i s p l a y e d   row 

2.  Rather   than  the  CPU  having  to  r e v i s e   and  s t o r e   a  s u b s t a n t i a l  

p a r t   of  the  e n t i r e   s c r e e n   in  memory,  only  the  row  a s s o c i a t e d  

wi th   RDBS  and  t h r e e   RDB  bytes   need  to  be  changed .   S p e c i f i c a l l y ,  

in  t h i s   example,   the  Next  RDB  byte  of  RDB1  is  changed  to  t h e  

a d d r e s s   of  RDBS,  the  Next  RDB  byte  of  RDB28  is  changed  to  t h e  

a d d r e s s   of  RDBS,  and  the  Next  RDB  byte  of  RDB5  is  changed  to  t h e  

a d d r e s s   of  RDB22.  RDB3  is  now  the  RDB  of  the  l a s t   c h a r a c t e r   row 

and  p r e v i o u s   rows  3-25  have  been  "moved  up".   T h i s . s i t u a t i o n   i s  

i l l u s t r a t e d   in  Fig.  1 0 A .  

Also ,   smooth  s c r o l l i n g   e i t h e r   up  or  down  can  be  p e r f o r m e d  

for   a l l   d i s p l a y e d   rows  on  the  s c reen   or  a  s u b s e t   t h e r e o f  

s e l e c t e d   by  the  t e r m i n a l   user .   As  s t a t e d   above ,   the  s c r o l l   b y t e  

of  each  RDB  c o n t a i n s   i n f o r m a t i o n   about  which  of  the  12  s c a n  

l i n e s   in  the  row  w i l l   be  the  f i r s t   to  be  d i s p l a y e d   and  how  many 

of  the  l i n e s   w i l l   be  d i s p l a y e d .   Smooth  s c r o l l i n g   can  be 

a c c o m p l i s h e d   by  modifying  the  s c r o l l   b y t e s   of  the  RDB's 

a s s o c i a t e d   with  the  top  and  bottom  c h a r a c t e r   rows  in  the  s c r o l l  

a r ea   and  r e l i n k i n g   the  RDB's  as  r e q u i r e d .  

Fig.   11  p r e s e n t s   an  i l l u s t r a t i v e   example  of  RDB  a c t i v i t y  



r e l a t e d   to  v e r t i c a l   s c r o l l i n g   at  a  r a t e   of  one  scan  l i n e   e v e r y  

frame.  Of  c o u r s e ,   the  p a r t i c u l a r   RDB  r e f e r e n c e   numbers  and  RDB 

l i n k a g e   o rder   shown  is  of  no  p a r t i c u l a r   impor t ance   beyond  t h i s  

e x a m p l e .  

The  numbers  i n s i d e   the  RDB  boxes  in  Fig.  11  i n d i c a t e   t h e  

data   in  the  s c r o l l   byte   of  t h a t   RDB.  S p e c i f i c a l l y ,   the  t o t a l  

number  of  scan  l i n e s   of  t h a t   c h a r a c t e r   row  to  be  d i s p l a y e d   and  

the  s t a r t i n g   scan  l i n e   w i t h i n   the  row  are  g iven .   For  e x a m p l e ,  

looking  at  RDB7  in  Fig .   11,  12/1  i n d i c a t e s   t h a t   a l l   12  s c a n  

l i n e s   of  the  c h a r a c t e r   row  w i l l   be  d i s p l a y e d   s t a r t i n g   with  t h e  

f i r s t   ( i . e .   top)  l i n e .  

Each  of  the  columns  in  Fig.   11  shows  a  segment  of  the  " l i s t "  

of  l i n k e d   RDB's.  Looking  f i r s t   at  Frame  n,  assume  upward 

v e r t i c a l   s c r o l l i n g   of  the  s c r een   area   now  occup ied   by  t h e  

c h a r a c t e r   rows  a s s o c i a t e d   with  RDB12  and  RDB9,  i . e .   a  s c r o l l i n g  

space  24  scan  l i n e s   h igh ,   is  about  to  beg in .   During  Frame  n 

t h e r e   are  a  t o t a l  o f   27  RDB's  l i n k e d   as  d e s c r i b e d   e a r l i e r .   As 

shown  for  Frame  n+1,  however ,   dur ing   a  s c r o l l i n g   o p e r a t i o n   two 

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

r e q u i r i n g   t h a t   an  a d d i t i o n a l   RDB  be  l i nked   i n to   the  RDB  l i s t .  

O f   c o u r s e ,   the  t o t a l   number  of  d i s p l a y e d   scan  l i n e s   in  t h e  

s c r o l l   a rea   is  c o n s t a n t   (24,  in  t h i s   e x a m p l e ) .  

During  the  v e r t i c a l   r e t r a c e   between  Frame  n  and  Frame  n + 1 ,  

CPU  100  w i l l   load  the  a p p r o p r i a t e   l o c a t i o n s   of  RAM  150  with  t h e  

i n f o r m a t i o n   for  the  new  RDB  (in  t h i s   example  RDB  20)  and  w i t h  

the  c h a r a c t e r   and  a t t r i b u t e   i n f o r m a t i o n   for  the  row  now 

a s s o c i a t e d   wi th   t h a t   RDB.  In  a d d i t i o n ,   the  s c r o l l   byte  of  RDB 

12  must  be  m o d i f i e d   to  i n d i c a t e   t h a t   only  11  scan  l i n e s ,  

beg inn ing   wi th   l i n e   2,  w i l l   be  d i s p l a y e d   and  the  Next  RDB  b y t e  

of  RDB9  must  be  m o d i f i e d   to  p o i n t   to  RDB  20  i n s t e a d   of  RDB  1 1 .  



The  Next  RDB  byte  of  RDB  20  w i l l   c o n t a i n   the  add re s s   of  RDB  1 1 .  

As  i n d i c a t e d   in  Fig.  11,  only  the  top  l i n e   of  the  RDB  20 

c h a r a c t e r   row  w i l l   be  d i s p l a y e d   dur ing  Frame  n+1.  The  t o t a l  

number  of  d i s p l a y e d   scan  l i n e s   in  the  s c r o l l   a rea   has  s t a y e d  

c o n s t a n t   at  2 4 .  

During  the  v e r t i c a l   r e t r a c e   between  Frame  n+1  and  Frame  n + 2 ,  

no  RDB  r e l i n k i n g   is  r e q u i r e d   and  no  change  to  the  c h a r a c t e r   o r  

a t t r i b u t e   i n f o r m a t i o n   s t o r ed   in  RAM  150  is  r e q u i r e d .   Only 

changes  to  the  s c r o l l   byte  of  the  RDB  of  the  top  row  c u r r e n t l y  

being  d i s p l a y e d   in  the  s c r o l l   area   (in  t h i s   example,   RDB12)  and  

the  RDB  of  the  bottom  now  c u r r e n t l y   being  d i s p l a y e d   in  t h e  

s c r o l l   a r ea   (in  th i s   example,  RDB  20)  are  n e c e s s a r y .  

S p e c i f i c a l l y ,   t h e  s c r o l l   byte  of  RDB12  must  be  m o d i f i e d   s u c h  

t h a t   only  10  scan  l i n e s ,   b eg inn ing   with  l i n e   3,  are  d i s p l a y e d .  

S i m i l a r l y   RDB20  is  modi f ied   such  t h a t   now  the  top  two  scan   l i n e s  

of  i t s   a s s o c i a t e d   c h a r a c t e r   row  are  d i s p l a y e d   dur ing   frame  n+2 .  

M o d i f i c a t i o n   of  the  s c r o l l   byte  of  RDB12  and  RDB20  c o n t i n u e s  

in  t h i s   manner  u n t i l   the  v e r t i c a l   r e t r a c e   p r i o r   to  Frame  n+12 .  

Since  the  RDB12  c h a r a c t e r   row  has  now  been  c o m p l e t e l y   s c r o l l e d  

"o f f "   the  s c r e e n ,   RDB12  is  removed  from  the  RDB  l i n k e d - s e q u e n c e  

and  t h e  N e x t   RDB  byte  of  RDB7  is  m o d i f i e d   to  p o i n t   to  RDB9.  To 

the  u s e r ,   the   d i s p l a y   has  s c r o l l e d   upward  by  one  c h a r a c t e r   row.  

At  the  nex t   v e r t i c a l   r e t r a c e ,   a  new  RDB  (in  t h i s   example,   RDB 

12)  is  l i n k e d  i n t o   the  l i s t   and  the  p r o c e s s   d e s c r i b e d   above  f o r  

Frame  n+1  is   r e p e a t e d .  

At  a  t y p i c a l  m o n i t o r   o p e r a t i n g   r a t e   of  60  frames  per  s e c o n d ,  

t h i s   t e c h n i q u e   w i l l   r e s u l t   in  a  s c r o l l i n g   r a t e   of  60  scan  l i n e s  

( i . e .   f i v e   c h a r a c t e r   rows)  per  second.   Other  s c r o l l i n g   r a t e s  

can  be  a c h i e v e d .   For  example,  a  10  row  per  second  r a t e   can  be  

o b t a i n e d   by  modify ing   the  s c r o l l   bytes   by  two  scan  l i n e s   p e r  

frame  r a t h e r   than  one  as  in  Fig.   1 1 .  



Fig.  12  p r e s e n t s   an  i l l u s t r a t i v e   example  of  downward 

s c r o l l i n g   at  two  scan  l i n e s   per  frame.  The  r e l i n k i n g   and  s c r o l l  

by te   m o d i f i c a t i o n   is  s i m i l a r   to  t h a t   d e s c r i b e d   above  for  upward  

s c r o l l i n g   except   t ha t   the  new  RDB  is  l i nked   in  at  above  t h e  

o t h e r   RDB's  of  the  rows  in  the  s c r o l l   area  r a t h e r   than  a f t e r .  

Since  s c r o l l i n g   is  being  p e r f o r m e d   at  2  scan  l i n e s   per  f r a m e ,  

the  row  a s s o c i a t e d   with  the  bottom  row  in  the  s c r o l l   a rea   (RDB9 

in  t h i s   example)  w i l l   be  c o m p l e t e l y   removed  from  the  s c r e e n   in  5 

f rames  r a t h e r   than  10,  as  in  the  example  of  Fig.   1 1 .  

This  t e r m i n a l   also  has  the  c a p a b i l i t y   for  h o r i z o n t a l  

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

a ccompl i shed   by  changing  the  s t a r t i n g   memory  a d d r e s s   (RDB  b y t e s  

t h r e e   and  four)  for  t h a t  r o w .   As  ment ioned   e a r l i e r ,   RAM  150 

c o n t a i n s   162  c h a r a c t e r s   for   each  row,  of  which  only  an  81  or  135 

c h a r a c t e r   s u b s e t   is  d i s p l a y e d   at  any one  t ime.   Changing  t h e  

c o n t e n t s   of  RDB  bytes   t h r e e   and  four  causes   a  d i f f e r e n t   s u b s e t  

of  the  162  c h a r a c t e r s   a v a i l a b l e   in  RAM  150  to  be  loaded   i n t o  

Line  Buf fe r s   161-164  for  d i s p l a y .   The  a c t u a l   c h a r a c t e r   data  i n  .  

RAM  150  t h e r e f o r e   need  not  be  changed  dur ing  the   h o r i z o n t a l  

s c r o l l i n g   p r o c e s s .  

O p e r a t i o n  o f   Video  Con t ro l   L o g i c  

It   can  be  seen  t h a t   the  fo rmat   for  each  row  is  i n d e p e n d e n t  

of  the  format   of  any  o t h e r   row  and  is  d e t e r m i n e d   by  the  f o r m a t  

i n f o r m a t i o n   s t o r e d   in  t h e  S t a t u s   byte  (byte  one  in  t h i s  

i m p l e m e n t a t i o n )   of  the  RDB  for  t h a t   row.  Any  c o m b i n a t i o n   of  t h e  

d i s p l a y  f o r m a t s   can,  t h e r e f o r e ,   be  set   up  by  CPU  100  d u r i n g  

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

c h a r a c t e r   row  to  c h a r a c t e r   row  dur ing   v e r t i c a l   scan  a r e  

c o n t r o l l e d   by  Video  C o n t r o l   Logic  200.  In  summary,  s t a r t i n g  

dur ing   the  l a s t   scan  l i n e   of  each  row,  Video  C o n t r o l   Logic  2 0 0 ,  



wi l l   r e q u e s t   CPU  100  to  r e l i n q u i s h   bus  c o n t r o l ;   w i l l   o b t a i n  

s t a t u s ,   r a s t e r   and  add re s s   i n f o r m a t i o n   from  the  next  RDB;  w i l l .  

t r a n s f e r   the  c h a r a c t e r   and  a t t r i b u t e   i n f o r m a t i o n   for  the  row  t o  

Line  B u f f e r s   161-164;   and  w i l l   r e l e a s e   CPU  100  p r i o r   to  the  end 

of  the  f i r s t   scan  l ine   of  the  fo l lowing   row.  This  sequence   o f  

even t s   c o n t i n u e s   to  r epea t   dur ing  v e r t i c a l   r e t r a c e ,   even  t h o u g h  

no  i n f o r m a t i o n   is  being  d i s p l a y e d .   The  three   v e r t i c a l   r e t r a c e  

RDB's,  as  s t a t e d   e a r l i e r ,   are  des igned  to  ma in t a in   p r o p e r  

o p e r a t i o n   and  s y n c h r o n i z a t i o n   during  the  r e t r a c e   time  p e r i o d  

u n t i l   the  next   v e r t i c a l   scan  beg ins .   The  p a r t i c u l a r   c h a r a c t e r  

i n f o r m a t i o n   in  Line  Buf fe r s   161-164  during  v e r t i c a l   r e t r a c e   i s  

i r r e l e v a n t   s i n c e   the  b l ank ing   b i t   of  the  S t a t u s   byte  of  t h e  

t h r e e   v e r t i c a l   r e t r a c e   RDB's  is  se t   to  p r e c l u d e   d i s p l a y   of  a n y  

i n f o r m a t i o n   du r ing   t h i s   p e r i o d .  

To  i l l u s t r a t e   the  c o o r d i n a t i o n   and  o p e r a t i o n   of  t e r m i n a l  

ha rdware ,   one  p o s s i b l e   time  l i n e   is  given  in  Table  1.  The 

e n t r i e s   under   STATE  are  the  hexadecimal   counts   in  S t a t e   C o u n t e r s  

204  and  205.  The  S t a t e   columns  show  the  sequence  for   the  81 

column  fo rmat   and  the  135  column  format .   As  men t ioned   e a r l i e r ,  

in  the  p r e f e r r e d   embodiment  the  81  column  format   h a s  a   t o t a l   o f  

1 1 1   c h a r a c t e r   t imes  per  comple te   h o r i z o n t a l   scan,   t h e r e f o r e  

S t a t e   C o u n t e r s   204  and  205  w i l l   r ecyc le   every  111  c o u n t s .  

S i m i l a r l y ,   the   135  column  format   has  a  t o t a l   of  185  c h a r a c t e r  

t imes  per  s can .   The  81  column  sequence  s t a r t s - w i t h   S t a t e   37  o f  

the  l a s t   s c a n  l i n e   of  a  c h a r a c t e r   row  and  ends  with  S t a t e   5C  o f  

t h e  f i r s t   scan  l i n e   of  the  f o l l owing   c h a r a c t e r   row.  The  135 

column  sequence   s t a r t s   with  S t a t e   Count  5D  on  the  l a s t  s c a n   l i n e  

o f   a  row  and  conc ludes   with  9A  on  the  f i r s t   scan  l i n e   of  t h e  

next   row.  The  load ing   of  Line  Buf fe rs   161-164  is  t imed  s u c h  

t h a t   the  f i r s t   scan  l ine   df  'the  c h a r a c t e r   row  is  be ing   d i s p l a y e d ;  



s y n c h r o n o u s l y   with  the  b u f f e r   l o a d i n g   o p e r a t i o n .   This  i s  

n e c e s s a r y   to  ensure   the  i n f o r m a t i o n   d i s p l a y e d   on  s u b s e q u e n t   s c a n  

l i n e s   of  the  row  match  up  with  the  f i r s t   scan  l i n e .  

Assume  the  l a s t   scan  l ine   of  a  c h a r a c t e r   row  is  b e i n g  

d i s p l a y e d ,   n e c e s s i t a t i n g   the  t r a n s f e r   of  the  next   rows'  RDB 

i n f o r m a t i o n   dur ing   HSYNC. 











Video  Cont ro l   Logic  200  has  t r a n s f e r r e d   the  l i nked   l i s t   RDB 

i n f o r m a t i o n   from  RAM  150  to  Line  Counter   203,  S t a t u s   Latch  202 

and  R a s t e r   Counter   254  and  the   t e x t   i n f o r m a t i o n   to  Line  B u f f e r s  

161-164.   As  e x p l a i n e d ,   the  f i r s t   scan  l ine   o f  t h e   c h a r a c t e r   row 

was  d i s p l a y e d   whi le   the  t e x t   da ta   was  being  loaded  in  Line  B u f f e r s  

161-164.   Counters   204  and  205  w i l l   now  c o n t i n u e   to  count  up  and  

be  r e s e t  t o   zero  and  the  r e m a i n i n g   scan  l i ne s   of  the  c h a r a c t e r   row 

w i l l   be  d i s p l a y e d .   Based  on  i n f o r m a t i o n   from  the  S c r o l l   byte   o f  

the  RDB  for  the  row,  Line  Counte r   2o3  w i l l   count   the  number  of  s c a n  

l i n e s   which  have  been  d i s p l a y e d   and  i n d i c a t e d   when  d i s p l a y   of  t h e  

l a s t   scan  l ine   of  the  row  is   underway.  The  p r o c e s s   shown  i n  

Table  I  w i l l   then  r e p e a t .  



1.  A  r a s t e r   scan  video  d i s p l a y   t e r m i n a l   c o m p r i s i n g   memory 

means  for  s t o r i n g   a  p l u r a l i t y   of  rows  of  c h a r a c t e r s   to  be  d i s p l a y e d ,  

a  b u f f e r   for   s t o r i n g   one  row  of  c h a r a c t e r s   dur ing   the  l ine   scans  i n  

which  i t   is  d i s p l a y e d ,   a  dot  mat r ix   c h a r a c t e r   g e n e r a t o r   r e s p o n s i v e  

to  the  b u f f e r   c o n t e n t s   and  l ine   coun t e r   means  to  p r o v i d e   a  v i d e o  

s i g n a l   for  d i s p l a y   of  the  c h a r a c t e r s ,   and  means  for  t r a n s f e r r i n g  

c h a r a c t e r s   row  by  row  from  the  memory  means  to  the  b u f f e r   d u r i n g  

each  frame  of  the  r a s t e r   scan,  c h a r a c t e r i s e d   in  t h a t   memory  means 

also  s t o r e   in  r e s p e c t   of  each  row  c o r r e s p o n d i n g   d e s c r i p t i o n  

i n f o r m a t i o n   compr i s i ng   the  address   of  the  f i r s t   c h a r a c t e r   to  b e  

d i s p l a y e d   in  t h a t   row  and  a  p o i n t e r   address   for  the  d e s c r i p t i o n  

i n f o r m a t i o n   for  the  next   row  to  be  d i s p l a y e d ,   and  in  t h a t   the  means 

for   t r a n s f e r r i n g   respond  in  r e s p e c t   of  each  row  to  the  f i r s t  

c h a r a c t e r   add re s s   in  the  d e s c r i p t i o n   i n f o r m a t i o n   p o i n t e d   to  by  t h e  

d e s c r i p t i o n   i n f o r m a t i o n   for  the  p r e c e d i n g   row.  

2.  A  t e r m i n a l   accord ing   to  claim" 1,  c h a r a c t e r i s e d   in  t h a t  

the  memory  means  is  updated   dur ing  the  v e r t i c a l   r e t r a c e   i n t e r v a l s  o f  

the  s c a n .  

3.  A  t e r m i n a l   accord ing   to  claim  2,  c h a r a c t e r i s e d - i n   t h a t  

only  rows  which  change  are  u p d a t e d .  

4.  A  t e r m i n a l   acco rd ing   to  claim  2  or  3,  c h a r a c t e r i s e d   i n ' t h a t  

the  d e s c r i p t i o n   i n f o r m a t i o n   is  only  upda ted   when  i t   c h a n g e s .  

5.  A  t e r m i n a l   a c c o r d i n g   to  any  of  c la ims   1  to  4,  c h a r a c t e r i s e d  

in  t h a t   a t t r i b u t e   i n f o r m a t i o n   is  a l so   s t o r e d   in  the  memory  means  i n  

a s s o c i a t i o n   with  each  s t o r e d   c h a r a c t e r .  

6.  A  t e r m i n a l   a c c o r d i n g   to  any  of  c la ims   1  to  5,  c h a r a c t e r i s e d  

in  t h a t   the  row  d e s c r i p t i o n   i n f o r m a t i o n   a l so   i n c l u d e s   an  i n d i c a t i o n  

of  the  number  of  c h a r a c t e r s   in  a  complete   row.  

7.  A  t e r m i n a l   a cco rd ing   to  any  of  c la ims   1  to  6,  c h a r a c t e r i s e d  

in  t h a t   the  row  d e s c r i p t i o n   i n f o r m a t i o n   a l so   i n c l u d e s   an  i n d i c a t i o n  

of  the  f i r s t   r a s t e r   l i ne   of  the  c h a r a c t e r   row  to  be  d i s p l a y e d   and  o f  



the  number  of  r a s t e r   l i ne s   of  the  c h a r a c t e r   row  to  be  d i s p l a y e d .  

8.  A  t e r m i n a l   acco rd ing   to  any  of  c l a ims   1  to  7,  c h a r a c t e r i s e d  

in  t h a t   the  row  d e s c r i p t i o n   i n f o r m a t i o n   a l so   i n c l u d e s   an  i n d i c a t i o n  

of  the  end  of  t he   frame,  v e r t i c a l   s y n c h r o n i z a t i o n   and  b l a n k i n g  

d u r i n g   the  v e r t i c a l   r e t r a c e .  

9.  A  t e r m i n a l   acco rd ing   to  any  of  c l a ims   1  to  8,  c h a r a c t e r i s e d  

by  r e g i s t e r   means  for   s t o r i n g   the  row  d e s c r i p t i o n   i n f o r m a t i o n  

p e r t a i n i n g   to  the  c u r r e n t   row,  and  in  t h a t   the  row  d e s c r i p t i o n  

i n f o r m a t i o n   p o i n t e d   to  by  the  c o n t e n t s   of  the   r e g i s t e r   means  i s  

t r a n s f e r r e d   to  the   r e g i s t e r   means  in  the  h o r i z o n t a l   r e t r a c e   i n t e r v a l  

f o l l o w i n g   the  l a s t   l i n e   scan  of  each  row.  

10.  A  method  of  o p e r a t i n g   a  t e r m i n a l   a c c o r d i n g   to  any  of  c l a i m s  

1  to  9,  c h a r a c t e r i s e d   in  t h a t   c h a r a c t e r s   are  s t o r e d   in  s t r i n g s   l a r g e r  

than  can  be  d i s p l a y e d   in  a  row  and  in  t h a t   h o r i z o n t a l   s c r o l l i n g   i s  

e f f e c t e d   w i t h o u t   changing  the  s t o r e d   s t r i n g s   by  a l t e r i n g   the  f i r s t  

c h a r a c t e r   add re s s   in  the  row  d e s c r i p t i o n   i n f o r m a t i o n s .  

11.  A  method  of  o p e r a t i n g   a  t e r m i n a l   a c c o r d i n g   to  claim  7 ,  

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

p r o g r e s s i v e l y   i n c r e m e n t i n g   the  number  of  the  f i r s t   l i n e   to  b e  

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

to  be  d i s p l a y e d ,   dur ing   the  course  of  a  p l u r a l i t y   of  f r a m e s .  
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