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(&*)  Microprocessor  video  display  system. 
(5y  In  a  microprocessor  video  display  system  a  pixel- 
mapped  video  memory  (  1  0)  can  be  accessed  both  by  the  CPU 
(12)  and  by  video  display  logic  (14)  which  delivers  video  data 
to  the  display.  Contrary  to  accepted  practice,  contention  be- 
tween  simultaneous  access  requests  from  the  CPU  and  video 
display  logic  is  avoided  by  the  video  display  logic  deferring 
its  access  request  for  one  video  memory  access  period.  This 
is  acceptable  because:  the  video  control  logic  can  access  data 
at  a  rate  twice  that  required  by  the  display,  the  video  memory 
access  cycle  rate  is  the  same  as  the  CPU  clock  rate,  and  the 
microprocessor  accesses  the  memory  for  one  clock  period 
during  operation  cycles  lasting  three  or  fourclock  pulses.  The 
CPU  operation  is  thus  kept  at  its  maximum  speed  without  the 
video  data  being  adversely  delayed. 
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MICROPROCESSOR  VIDEO  DISPLAY  SYSTEM 

This  i n v e n t i o n   r e l a t e s   to  a  m i c r o p r o c e s s o r   video  d i s p l a y   s y s t e m  

of  the  type  in  which  a  m i c r o p r o c e s s o r   CPU  ( c e n t r a l   p r o c e s s o r   u n i t )  

and  video  c o n t r o l   logic  for  p roduc ing   the  video  image  s i g n a l   f o r  

d i s p l a y   share  a  common  video  memory. 

A  Z80  m i c r o p r o c e s s o r   can  be  used  in  such  an  a r r a n g e m e n t ,   w i t h  

the  video  memory  d i r e c t l y   a c c e s s i b l e   by  both  the  m i c r o p r o c e s s o r  

CPU  and  the  video  con t ro l   logic   (VCL).  In  th i s   s i t u a t i o n ,   i t   i s  

n e c e s s a r y   to  provide   an  a r b i t r a t i o n   scheme  to  cope  with  t h e  

s i t u a t i o n   where  s imu l t aneous   memory  a c c e s s e s   are  a t t e m p t e d   by  b o t h  

the  CPU  and  the  VCL.  This  s i t u a t i o n   is  termed  " c o n t e n t i o n " .  

The  s t a n d a r d   s o l u t i o n   to  the  problem  of  p r o v i d i n g   a  piece  of  

memory  a c c e s s a b l e   by  both  the  CPU  and  the  VCL  is  to  prevent   access  by 

the  CPU  to  the  video  memory  during  video  data  read  o p e r a t i o n s   by  t h e  

VCL.  This  is  normally  done  with  a  s i g n a l   c a l l e d   WAIT,  which  f o r c e s  

the  CPU  to  suspend  memory  access  cycles   and  go  in to   an  i n a c t i v e  

s t a t e ,   and  so  p revents   c o n t e n t i o n .   However,  th is   reduces  t h e  

per formance   of  the  CPU  because  it  must  then  spend  par t   of  i ts   t ime 

i n a c t i v e ,   with  the  r e s u l t   that   the  programs  running  on  it  run  more 

s l o w l y .  

The  p r e s e n t   i n v e n t o r   has  however  a p p r e c i a t e d   tha t   t h i s  

i n a c t i v i t y   can  be  avoided  in  normal  c i r c u m s t a n c e s .   The  i n v e n t i o n   i s  

d e f i n e d   in  the  appended  claims  to  which  r e f e r e n c e   should  now  be 

made.  

In  a  microcomputer   system  such  as  for  example  one  based  on  t h e  

280  m i c r o p r o c e s s o r   and  with  a  p ixe l -mapped   video  d i s p l a y ,   it  i s  

n e c e s s a r y   for  the  video  con t ro l   log ic   to  read  data  r e g u l a r l y   f rom 

the  video  memory  to  conver t   it  into  the  s i g n a l s   to  drive  the  d i s p l a y  

d e v i c e ,   which  may  be,  for  example,  a  t e l e v i s i o n   s e t .   It  is  no t  

p o s s i b l e   for  the  VCL  to  delay  data  read  o p e r a t i o n s ,   or  there   would 

be  gaps  v i s i b l e   in  the  d i s p l a y e d   p i c t u r e .   The  d i s p l a y   system  i s  

t h e r e f o r e   o rgan i sed   so  tha t   the  time  n e c e s s a r y   for  the  given  v i d e o  

data  read  o p e r a t i o n ,   i . e .   the  time  i t   takes  for  tha t   data  to  be 

d i s p l a y e d   on  the  video  d i sp l ay   dev ice ,   co r r e sponds   to  the  time  i t  
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t akes   for  twice  tha t   amount  of  data   to  be  read  from  the  v i d e o  

■emory.  The  i n v e n t o r   has  a p p r e c i a t e d   t h e r e f o r e ,   tha t   i t   may  be  

c o n s i d e r e d   tha t   a  given  video  data   read  cycle   has  an  i n t e r v a l   of  two 

v ideo   memory  cycle   t i ne s   du r ing   which  the  video  data   read  cycle  may 

take   p l a c e .  

The  i n v e n t o r   has  a lso   a p p r e c i a t e d   tha t   i t   can  be  assumed  t h a t  

the  CPU  wi l l   not  perform  two  video  memory  access   cycles   in  a  row,  

p r o v i d i n g   the  video  memory  access   ra te   and  the  CPU  clock  rate   a r e  

s u b s t a n t i a l l y   the  same.  This  a s sumpt ion   is  va l id   because  the  Z80 

performs  two  bas ic   types  of  memory  cyc l e ,   the  opcode  fe tch   cycle  and  

the  data  read  or  wr i te   cyc l e .   The  opcode  f e t ch   cycle  is  f o u r  

c lock  per iods   long,   and  the  memory  read  or  wr i t e   cycle  is  t h r e e  

c lock  per iods   long.  T h e r e f o r e ,   the  s h o r t e s t   p o s s i b l e   i n t e r v a l   i s  

between  two  c o n s e c u t i v e   memory  read  or  wr i t e   c y c l e s ,   which  wi l l   be  

t h r e e   cycle  times  a p a r t .  

Thus  in  accordance   with  th i s   i n v e n t i o n   in  such  a  system  t h e  

c o n t e n t i o n   mechanism  o p e r a t e s   on  the  bas is   tha t   dur ing  the  f i r s t   o f  

the  two  video  memory  cycles   a v a i l a b l e   to  the  VCL  for  each  p ixe l   t h e  

video  data  ready  cycle  w i l l   occur ,   un less   the  CPU  wishes  to  p e r f o r m  

a  video  memory  cyc le ,   in  which  case  the  video  data  ready  cycle  i s  

d e f e r r e d   u n t i l   the  second  of  the  cycles   times  in  i t s   i n t e r v a l .   If  a 

video  memory  read  cycle  has  taken  place  in  the  f i r s t   of  these  two 

cyc les   then  a  CPU  cycle  may  f r e e l y   take  p lace   in  the  s e c o n d .  

T h e r e f o r e   both  the  video  d i s p l a y   mechanism  and  the  CPU  have  what  i s  

e f f e c t i v e l y   non-de layed   access   to  the  video  memory. 

An  example  of  the  i n v e n t i o n   wi 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 ,  

in  w h i c h :  

Figure  1  is  a  block  d iagram  of  the  r e l e v a n t   par t   of  a  known 

. m i c r o p r o c e s s o r   video  d i s p l a y   system,   and  

Figure  2  is  a  block  diagram  ©f  the  c o r r e s p o n d i n g   part  of  6 

m i c r o p r o c e s s o r   video  d i s p l a y   system  embodying  th#  i n v e n t i o n .  

Both  f i g u r e s   i l l u s t r a t e   a  p i x t l - m a p p e d   video  eeaory  10 

a c c e s s i b l e   both  by  a  Z8Q  CPU  12  and  by  video  con t ro l   logic  (VCL)  14 

which  s u p p l i e s   data  on  an  ou tpu t   16  to  «  video  d i s p l a y   device  ( n o t  

shown)  i n c o r p o r a t i n g   a  ca thode   ray  tube  s c r e e n .  
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In  the  known  a r rangement   of  Figure  1,  when  the  VCL  1A  ca l l s   f o r  

a  data  item  from  the  memory  10  it   also  sends  a  WAIT  command  18  t o  

the  CPU,  if  the  CPU  is  a lso  a t t e m p t i n g   to  address   the  video  memory, 

to  render  the  CPU  i n a c t i v e   for  one  video  memory  access  cycle  so  as  

to  avoid  any  danger  of  c o n t e n t i o n .   This  is  l o g i c a l   enough  b e c a u s e  

the  d i sp lay   device  has  to  be  fed  an  u n i n t e r r u p t e d   supply  of  d a t a  

o therwise   the  d i sp lay   wi l l   have  gaps  in  i t .  

In  accordance  with  th i s   i n v e n t i o n   the  VCL  does  not  send  a  WAIT 

command  to  the  CPU  but,   as  shown  in  Figure  2,  the  VCL  makes  an 

enquiry   MREQ  of  the  CPU  as  to  whether  the  CPU  is  a t t emp t ing   t o  

addrerss   video  memory,  and  if  it  is  the  VCL  defers   i ts   video  memory 

read  ope ra t ion   by  one  video  memory  cycle  p e r i o d .   This  goes  c o n t r a r y  

to  the  accepted  p r a c t i c e   because  i t   i n t r o d u c e s   delay  into  the  v i d e o  

data  for  the  d i s p l a y .  

However,  because  the  video  data  can  in  fact   be  read  from  t h e  

video  memory  twice  as  f a s t   as  is  neces sa ry   to  supply  the  d i s p l a y ,  

the  present   inven tor   has  a p p r e c i a t e d   that   a  delay  of  jus t   one  v i d e o  

memory  cycle  period  can  be  t o l e r a t e d .   Fur the rmore ,   because  t h e  

video  memory  access  ra te   is  equal   to  the  CPU  clock  r a t e ,   and  e a c h  

CPU  ope ra t ion   cycle  takes  at  l e a s t   two  CPU  clock  pe r iods ,   only  one 

of  which  wi l l   ever  involve   a  video  memory  a c c e s s ,   the  CPU  wil l   n e v e r  

ca l l   for  video  memory  access   on  two  s u c c e s s i v e   CPU  clock  p e r i o d s .  

Defe r r ing   of  a  VCL  video  memory  read  cycle  wi l l   thus  n e v e r  

a r i s e   on  two  succes s ive   video  memory  access  cycles  and  the  VCL  w i l l  

thus  always  be  able  to  m a i n t a i n   d e l i v e r y   of  video  data  at  t h e  

requ i red   ra te   to  the  d i s p l a y .  

In  summary,  t h e r e f o r e ,   the  mechanism  de sc r i bed   and  i l l u s t r a t e d  

is  used  in  a  microcomputer   a p p l i c a t i o n   to  allow  the  memory  which  

holds  the  video  d i sp lay   data  to  be  read  by  both  the  m i c r o p r o c e s s o r  

and  the  video  d isp lay   ha rdware .   This  it  does  in  a  manner  which  

causes  no  r educ t ion   in  the  per formance   of  the  m i c r o p r o c e s s o r ,   by 

i n t e r l e a v i n g   the  video  read  cycles   between  the  mic roprocesso r   memory 

cycles  in  such  a  manner  tha t   a  video  read  cycle  may  be  s h i f t e d   t o  

allow  the  m i c r o p r o c e s s o r   immediate  access  to  the  memory.  The 

s tandard   mechanism  to  perform  th i s   would  delay  the  m i c r o p r o c e s s o r  

cycle,   and  t h e r e f o r e   reduce  the  performance  of  the  m i c r o p r o c e s s o r .  
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In  the  p r e s e n t   system  the  m i c r o p r o c e s s o r   CPU  can  have  the  maximum 

p o s s i b l e   pe r fo rmance   as  i t   is  not  degraded  by  the  video  c o n t r o l  

l o g i c .  
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CLAIMS 

1.  A  m i c r o p r o c e s s o r   video  d i sp lay   system  compr i s ing   a  v i d e o  

memory,  a  CPU  capable   of  a cces s ing   the  video  memory  for  one  c l o c k  

per iod   dur ing   o p e r a t i o n   cycles  each  l a s t i n g   two  or  more  CPU  c l o c k  

p e r i o d s ,   video  con t ro l   logic   for  a c c e s s i n g   the  video  memory  d u r i n g  

s e l e c t e d   video  memory  read  cycles  to  provide   data  to  a  video  d i s p l a y  

dev ice ,   the  video  con t ro l   logic   being  capable   of  a c c e s s i n g   the  v i d e o  

memory  at  a  ra te   twice  as  fast   as  the  ra te   at  which  data  is  r e q u i r e d  

to  be  d e l i v e r e d   to  the  video  d i sp lay   dev ice ,   and  the  video  memory 

read  cycle  ra te   being  s u b s t a n t i a l l y   equal  to  the  CPU  c lock  r a t e ,  

and  in  which  when  both  the  CPU  and  the  video  d i s p l a y   device  d e s i r e  

access  to  the  video  memory  the  o p e r a t i o n   of  the  video  c o n t r o l   l o g i c  

is  d e f e r r e d   by  one  video  memory  access  p e r i o d .  

2.  A  m i c r o p r o c e s s o r   video  d i sp lay   system  acco rd ing   to  claim  1,  i n  

which  the  CPU  is  comprised  by  a  Z80  m i c r o p r o c e s s o r .  

3.  A  m i c r o p r o c e s s o r   video  d i sp lay   system  acco rd ing   to  claim  1  or  2 

in  which  the  video  memory  is  a  p ixel-mapped  video  memory. 

A.  A  m i c r o p r o c e s s o r   video  d i sp lay   system  s u b s t a n t i a l l y   as  h e r e i n  

de sc r i bed   with  r e f e r e n c e   to  and  as  shown  in  Figure  2  of  the  d r a w i n g .  
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