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©  Plasma  display  management  systems. 

A  display  management  system  for  one  or  more  large 
plasma gas  panel  displays  (11)  is  organised  to  splitthe  display 
management  operations  between  a  host  processor  (20),  a 
system  microprocessor  (21)  and  a  picoprocessor  (27).  The 
picoprocessor  (27)  is  the  heart  of  a  common  internal  bus  (31) 
plasma  display  adapter  (22).  The  program  for  the  display  is 
downloaded  from  the  host  processor  (20)  to  the  system 
microprocessor (21).  The  microprocessor  generates  op  codes 
and  initialises  display  parameters.  The  plasma  display  adap- 
ter  provides  control  for  the  plasma  panel interface,  serialisa- 
tion  of  character  generator  data,  translates  display  position 
addresses  for  absolute  cartesian  coordinates  to  panel 
address,  and  computes  the  boundaries  of  dislay  panel  write 
and  erase  operations. Interaction  between  the  system  micro- 
processor  and  the  plasma  display  adapter is  minimised  by  a 
code  list  contained  in  the  microprocessor  memory  and 
fetched  by  direct  memory  access.  This  code  list  contains  high 

level  commands  which  the  picoprocessor  in  the  adapter 
decodes  and  translates  into  simple  commands  for  the  sur- 
rounding  interface  logic. 





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  plasma  or  gas  panel  d i s p l a y  

management  s y s t e m s .  

Unti l   r e c e n t l y ,   the  predominant  d i s p l a y   t echnology  has  been  t h e  

c a t h o d e - r a y   tube  (CRT).  When  f l a t   panel  mat r ix   d i sp l ay   t e c h n o l o g i e s  

made  t h e i r   debut,   i t   was  expected  tha t   t h i s   compact- type  device  would  

r e v o l u t i o n i s e   the  packaging  and  appearance  of  d i s p l a y   t e r m i n a l s ,   b u t  

t h i s   has  happened  only  to  a  l imi ted   e x t e n t .   There  are  s eve ra l   m a t r i x -  

addressed   d i sp l ay   t e c h n o l o g i e s   p r e s e n t l y   in  use:  l i q u i d   c r y s t a l s ,  

l i g h t - e m i t t i n g   d iodes ,   vacuum  f l u o r e s c e n t s ,   a .c .   and  d.c.  plasmas  and  t o  

a  l e s s e r   degree  a .c .   and  d.c.   e l e c t r o l u m i n e s c e n t s .   The  s u b j e c t  

i n v e n t i o n   is  d i r e c t e d   to  a .c .   plasma  d i sp l ay   technology  tha t   p rov ides   a 

large   screen,   m u l t i p l e   image-format   c a p a b i l i t y .   The  use  of  h i g h e r  

i n f o r m a t i o n   con ten t   d i s p l a y s   is  advantageous  for  a p p l i c a t i o n s   r e q u i r i n g  

the  scanning  of  m u l t i p l e   pages  of  r e f e r e n c e   m a t e r i a l   and  for  c r o s s -  

r e f e r e n c i n g   m u l t i p l e   pages  or  frames  of  s to red   i n f o r m a t i o n .  

The  a . c .  p l a s m a   d i sp l ay   technology  is  a  memory  t echnology .   Because  

of  t h i s   c h a r a c t e r i s t i c   of  the  technology,   the  maximum  s i ze ,   or  maximum 

i n f o r m a t i o n   c o n t e n t  o f   the  screen,   is  not  l i m i t e d   by  the  d e v i c e ' s  

l u m i n a n c e - v o l t a g e   c h a r a c t e r i s t i c   as  is  the  case  for  r e f r e s h   d i s p l a y  

d e v i c e s ,   but  is  l i m i t e d   only  by  m a n u f a c t u r a b i l i t y   c o n s i d e r a t i o n s .   The 

s p e c i f i c   d i sp lay   used  is  a  gas  panel  having  a  p l u r a l i t y   of  h o r i z o n t a l  

and  v e r t i c a l   wires  d iv ided   into  odd  and  even  groups  which  are  p h y s i c a l l y  

a d d r e s s a b l e   from  oppos i t e   edges  of  the  pane l .   This  arrangement  a l l o w s  

c l o s e r   spacing  of  the  wires  and  the  e l e c t r o n i c   components  t ha t   g e n e r a t e  

the  d r iv ing   vo l t ages   for  the  i n d i v i d u a l   wi res .   The  gas  panel   is  an  a l l  

p o i n t s   add re s sab l e   device  in  which  the  d i sp l ay   c e l l s , l o c a t e d   between  t h e  

o r thogona l   conductor   a r r ays ,   are  i n d i v i d u a l l y   and  s e l e c t i v e l y  

a d d r e s s a b l e .   An  example  of  th i s   technology  is  d i s c l o s e d   in  U.S.  P a t e n t  

No.  4,200,868  i ssued  to  Lamoureux  et  al  and  a s s igned   to  the  ass ignee   o f  

the  sub jec t   i n v e n t i o n .   A  s p e c i f i c   example  of  a  gas  panel  which  may  b e  



used  wi th   the  p r e s e n t   i n v e n t i o n   is  the  model  581  Plasma  D i s p l a y  

Subassembly  a v a i l a b l e   to  o r i g i n a l   equipment  m a n u f a c t u r e r s   (OEMs)  from 

the  I n t e r n a t i o n a l   Business   Machines  C o r p o r a t i o n .  

It   is  an  ob j ec t   of  the  p r e s e n t   i n v e n t i o n   to  p rov ide   a  d a t a  

management  system  tha t   p e r m i t s   f u l l   u t i l i s a t i o n   of  the  advantages   of  t h e  

l a r g e   s c reen   d i s p l a y   a f f o r d e d   by  a  plasma  gas  pane l   w i t h o u t  

s u b s t a n t i a l l y   changing  b a s i c   s t r u c t u r e   of  the  u s e r .  

These  and  o ther   o b j e c t s   of  the  i n v e n t i o n   are  accompl i shed   by  

p r o v i d i n g   a  plasma  d i sp l ay   a d a p t e r   t h a t   c o n t r o l s   the  gas  pane l ,   t o g e t h e r  

with  a  keyboard   and  o the r   I/O  u n i t s   and  a  programmable  c h a r a c t e r  

g e n e r a t o r ,   i f   and  when  such  are  p r e s e n t .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  d i s p l a y   management  sy s t em 

c o m p r i s i n g   a  host   p r o c e s s o r   adapted   in  o p e r a t i o n   to  execute   a p p l i c a t i o n  

p rograms ,   i n c l u d i n g   g e n e r a t i n g   d i s p l a y   r e l a t e d   programmed  symbols  and 

p e r i p h e r a l   commands;  a  system  m i c r o p r o c e s s o r ,   connec ted   as  a  p e r i p h e r a l  

u n i t   to  the  hos t   p r o c e s s o r   and  p rov ided   with  a s s o c i a t e d   s to rage   to  t o  

r e c e i v e   from  the  host  p r o c e s s o r ,   and  to  s t o r e ,   d i s p l a y   r e l a t e d   commands 

and  programmed  symbols,  the  system  m i c r o p r o c e s s o r   decoding  and  e x e c u t i n g  

commands  from  the  host  p r o c e s s o r   i n c l u d i n g   those  r e l a t i n g   to  management 

of  d i s p l a y   da ta ;   and  a  d i s p l a y   dev ice ,   i n t e r f a c e d   with  the  sys t em 

m i c r o p r o c e s s o r ,   for  d i s p l a y i n g   data  as  de te rmined   by  the  host   p r o c e s s o r ;  
c h a r a c t e r i s e d   in  tha t   the  d i s p l a y   device  is  a  plasma  or  gas  p a n e l  

d i s p l a y ;   and  the  system  m i c r o p r o c e s s o r   i n t e r f a c e s   with  the  d i sp l ay   via  a 

plasma  d i s p l a y   adap te r   p r o v i d i n g   high  l eve l   c o n t r o l   of  the  n a t i v e  

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

c h a r a c t e r   da ta   and  computa t ion   of  the  bounda r i e s   of  panel   wr i te   and 

e r a se   o p e r a t i o n s .  

The  plasma  d i sp l ay   a d a p t e r   i s ,   p r e f e r a b l y   des igned   around  a  common 

i n t e r n a l   bus  and  con ta ins   a  p l u r a l i t y   of  log ic   "macro"s ,   a  r e a d - w r i t e  

random  a c c e s s   memory  (RAM)  and  a  read  only  s t o r a g e   (ROS).  The  p l a sma  



d i sp lay   a d a p t e r   in  the  desc r ibed   embodiment  imple  ments  these  l o g i c  

macros  with  programmable  logic  a r rays   (PLAs).  The  plasma  d i s p l a y  

adap te r   i n t e r f a c e s   with  a  d i sp lay   system  m i c r o p r o c e s s o r   having  i t s   own 

a s s o c i a t e d   RAM.  The  program  for  the  d i s p l a y   is  downloaded  from  a  l o c a l  

con t ro l   un i t   (which  is  a t t ached   to  a  host   system)  to  the  m i c r o p r o c e s s o r  

memory.  System  l og i c ,   dr iven  by  the  m i c r o p r o c e s s o r   and  the  a d a p t e r ,  

g e n e r a t e s   a l l   memory  addresses   and  c o n t r o l   s i g n a l s   for  access ing   o f  

memory  by  the  p r o c e s s o r   during  execu t ion   of  code  and  by  the  adap te r   f o r  

t r a n s f e r r i n g   data   to  and  from  memory.  The  plasma  dis  play  adap te r   has  a 

r e g i s t e r   mapped  I/O  con t ro l   and  a  p i c o p r o c e s s o r   which  c o n t r o l s   data  f l ow  

to  and  from  a  row  b u f f e r ,   the  gas  pane l ,   and  the  c h a r a c t e r   g e n e r a t o r .  

Operat ion  of  the  d i s p l a y   is  thus  s p l i t   between  the  hos t ,   m i c r o p r o c e s s o r  

and  p i c o p r o c e s s o r .   The  host  p rov ides   app l i   ca t ion   program  o p e r a t i o n s  

and  downloads  programmed  symbols.  The  m i c r o p r o c e s s o r   c a r r i e s   o u t  

decoding  and  execu t ion   of  commands  i n c l u d i n g   management  of  the  d i s p l a y  

data.   The  plasma  d i sp lay   adapter   p r o v i d e s   a  c o n t r o l   for  the  p l a s m a  

panel   i n t e r f a c e ,   s e r i a l i s a t i o n   of  both  c h a r a c t e r   g e n e r a t o r   and  n o n - c o d e d  

data ,   t r a n s l a t e s   d i sp l ay   p o s i t i o n   a d d r e s s e s   from  abso lu te   c a r t e s i a n  

c o o r d i n a t e s   to  panel   address ,   and  computes  the  boundar i e s   of  d i s p l a y  

panel  wr i t e   and  erase  o p e r a t i o n s .  

Because  the  d i sp lay   panel  is  a l l   p o i n t s   a d d r e s s a b l e   and  h a s  

i n h e r e n t   s t o r age   c h a r a c t e r i s t i c s ,   upda t ing   of  the  d i s p l a y   and 

p a r t i t i o n i n g   of  the  d i sp lay   are  r a t h e r   unique  when  compared  to  the  same 

f u n c t i o n s   per formed  as  a  conven t iona l   CRT  d i s p l a y .   In  the  d e s c r i b e d  

embodiment,  these   func t ions   are  performed  p r i m a r i l y   on  the  p l a s m a  

d i sp lay   adap te r   p i c o p r o c e s s o r .   Since  the  gas  panel   cannot  g e n e r a l l y   be  

updated  as  qu i ck ly   as  data  is  changing,   unnecessa ry   updates   a r e  

e l i m i n a t e d   by  the  mic roprocesso r   by  a s s o c i a t i n g   with  each  row  of  data  i n  

the  d i s p l a y   b u f f e r   an  updata  l i s t   c o n t a i n i n g   f lags   i n d i c a t i n g   which  rows 

have  changed.  The  r ep lace   mode  can  be  used  to  update  c h a r a c t e r s   o r  

i n s e r t ,   d e l e t e   or  s c r o l l i n g   o p e r a t i o n .   In  t h i s   mode,  a l l   pe ls   w i t h i n  

the  boundary  of  the  new  c h a r a c t e r   are  f i r s t   e rased   and  then  s e l e c t e d  

pels   are  w r i t t e n   based  on  the  chosen  c h a r a c t e r .   The  m i c r o p r o c e s s o r   does  



not  have  to  know  the  sc reen   c o n t e n t s   in  an  update  area  or  spec i fy   t h e  

e r a s u r e   of  an  i n d i v i d u a l   pe l .   The  adap t e r   can  wr i t e   or  erase  a 

h o r i z o n t a l   s t r i p e   the  width  of  the  gas  panel   screen   and,  in  the  s p e c i f i c  

embodiment  d i s c l o s e d ,   up  to  s i x t e e n   pe l s   high.   Thus,  for  a  s ix teen   p e l  

high  c h a r a c t e r ,   only  one  or  two  e rase   cyc les   are  used,   p r o v i d i n g  

improved  per formance .   The  a d a p t e r   f u r t h e r   a l lows  the  screen  to  be  

p a r t i t i o n e d   to  provide   m u l t i p l e   viewing  windows,  with  p r e v i o u s l y  

g e n e r a t e d   data  d i s p l a y e d   in  one  window  a d j a c e n t   to  updated  data  i n  

a n o t h e r   window  or,  a l t e r n a t i v e l y ,   with  the  s imu l t aneous   d i sp lay   of  a  

p l u r a l i t y   of  data  p r o c e s s i n g   s e s s i o n s   on  a  s i n g l e   s c r e e n .  

I n t e r a c t i o n   between  the  m i c r o p r o c e s s o r   and  the  plasma  d i s p l a y  

a d a p t e r   is  minimised  by  a  code  l i s t   con ta ined   in  the  m i c r o p r o c e s s o r  

memory  and  fe tched  by  d i r e c t   memory  access   (DMA).  This  l i s t   c o n s i s t s   o f  

high  l eve l   commands,  and  whi le   each  code  is  l i m i t e d   to  one  type  o f  

o p e r a t i o n ,   s ing le   codes  can  be  l i nked   in  the  m i c r o p r o c e s s o r   memory  t o  

p r o v i d e   macro  r e s u l t s .   The  p i c o p r o c e s s o r   in  the  a d a p t e r   decodes  t h e s e  

h i g h - l e v e l   commands  and  t r a n s l a t e s   them  into  a  sequence  of  s i m p l e  

commands  for  the  s u r r o u n d i n g   i n t e r f a c e   l o g i c .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   f u r t h e r   by  way  of  example 

wi th   r e f e r e n c e   to  an  embodiment  t h e r e o f   as  i l l u s t r a t e d   in  t h e  

accompanying  drawings,   in  w h i c h :  

FIGURE  1  is  a  p e r s p e c t i v e   view  of  a  d i s p l a y   t e r m i n a l   and  keyboa rd ;  

FIGURE  2  i l l u s t r a t e s   some  of  the  p o s s i b l e   p a r t i t i o n i n g s   of  t h e  

sc reen   d i s p l a y ;  

FIGURE  3  shows  a  s p e c i f i c   a p p l i c a t i o n   where  d i s p l a y s   are  p re sen ted   i n  

each  of  four  quadran t s   of  the  s c r e e n ;  



FIGURE  4  is  a  block  diagram  showing  the  r e l a t i o n s h i p   of  t h e  

keyboard  c o n t r o l l e d   Screen  Manager  to  the  host  and  the  plasma  d i s p l a y  

a d a p t e r ;  

FIGURE  5  is  a  f u n c t i o n a l   block  diagram  showing  the  r e l a t i o n s h i p   o f  

the  plasma  d i sp lay   adap te r   to  the  system  m i c r o p r o c e s s o r   and  the  h o s t ;  

FIGURE  6  is  a  more  d e t a i l e d   block  diagram  showing  the  o r g a n i s a t i o n  

of  the  plasma  d i s p l a y   a d a p t e r ;  

FIGURE  7,  i n  s e c t i o n s   A,B  and  C,  is  a  d iagrammatic   r e p r e s e n t a t i o n  

of  the  gas  panel   showing  the  o r g a n i s a t i o n   of  the  X  and  Y  a d d r e s s i n g  

r e g i s t e r s ;  

FIGURE  8,  in  s e c t i o n s   A,  B and  C,  i l l u s t r a t e s   X  and  Y  addresses   a s  

c a l c u l a t e d   by  the  p i c o p r o c e s s o r   and  s tored  in  on-chip   RAM; 

FIGURE  9  is  a  block  end  logic  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  

the  s e r i a l i s e r   r e g i s t e r   in  the  plasma  d i sp lay   a d a p t e r ;  

FIGURE  10  i l l u s t r a t e s   the  manner  in  which  h o r i z o n t a l   a l ignment   o f  

d i sp layed   data  is  a t t a i n e d ;  

FIGURE  11  is  another   diagrammatic  r e p r e s e n t a t i o n  o f   the  gas  p a n e l  

showing  the  p rocess   of  block  e r a s u r e ;  

FIGURE  12  is  a  flow  diagram  of  the  r ep lace   c h a r a c t e r   o p e r a t i o n ;  

FIGURE  13  is  a  flow  diagram  of  the  v a r i a b l e   width  c h a r a c t e r  

f e a t u r e ;  

FIGURE  14 is   a  block  diagram  of  the  use  of  r e g i s t e r s   in  the  p l a sma  

d i sp lay   adapter   to  i n s e r t   and  de tec t   a t t r i b u t e s ;  



FIGURE  15  is  a  flow  diagram  of  the  o p e r a t i o n   of  the  high  l e v e l  

i n t e r f a c e   p rov ided   by  the  plasma  d i sp l ay   a d a p t e r ;  

FIGURE  16  is  a  block  diagram  i l l u s t r a t i n g   the  add re s s ing   of  one  o f  

s i x t y - f o u r   r e g i s t e r s   w i th in   a  plasma  d i s p l a y   adap t e r   which  may  b e  

connected   to  a  s i n g l e   system  m i c r o p r o c e s s o r ;   and  

FIGURE  17  is  a  b lock  diagram  i l l u s t r a t i n g   a t t r i b u t e   t e s t i n g   in  t h e  

plasma  d i s p l a y   a d a p t e r .  

R e f e r r i n g   now  to  the  drawings  and  more  p a r t i c u l a r l y   to  FIGURE  1 ,  

the  plasma  gas  pane l   d i s p l a y   is  housed  in  a  c a b i n e t   10  tha t   t a k e s  

advantage  of  the  i n h e r e n t   two  d imens iona l   s t r u c t u r e   of  the  gas  panel   11. 

B a s i c a l l y ,   the  c a b i n e t   10  has  the  appearance   of  a  framed  panel   of  modes t  

t h i c k n e s s   with  a  s m a l l e r   r e c t a n g u l a r   housing  12  in  the  back  for   some  o f  

the  e l e c t r o n i c s   and  power  supply.   Advan tageous ly ,   the  framed  panel   may 
be  mounted  on  a  base  13  with  the  mounting  being  p i v o t a l   in  a  h o r i z o n t a l  

a x i s   to  permi t   t i l t i n g   of  the  d i sp l ay .   A  s e p a r a t e   keyboard  14  i s  

p rov ided   and  is  t y p i c a l l y   connected  to  the  d i s p l a y   e l e c t r o n i c s   by  a  

cable   (not  shown) .  

The  most  common  d i s p l a y   a p p l i c a t i o n s   today  are  w r i t t e n   for  1920 

(24x80)  c h a r a c t e r   d i s p l a y s   t y p i c a l   of  CRT  d i s p l a y s .   The  h i g h - c a p a c i t y  

a .c .   plasma  d i s p l a y   used  in  the  d e s c r i b e d   embodiment  is  capable  o f  

d i s p l a y i n g   9920  c h a r a c t e r s .   To  ob ta in   immediate  b e n e f i t s   from  a  

h i g h - c a p a c i t y   d i s p l a y   of  t h i s   type,   e x i s t i n g   a p p l i c a t i o n s   must  b e  

capable   of  being  adapted   to  the  d i s p l a y .   Two  f e a t u r e s   have  b e e n  

developed  to  ach ieve   t h i s   o b j e c t i v e .   They  are  the  d i sp l ay   m u l t i p l e   copy 

screens   and  d i s p l a y   m u l t i p l e   i n t e r a c t i v e   s c r e e n s .   A  t h i r d   f e a t u r e ,  

m u l t i p l e   p a r t i t i o n s ,   has  been  developed  to  allow  modif ied   and  newly 

w r i t t e n   a p p l i c a t i o n s   to  make  fu l l   use  of  the  c a p a b i l i t i e s   of  t h e  

h i g h - c a p a c i t y   plasma  panel   d i s p l a y .   By  using  a  c h a r a c t e r   c e l l   s ize  of  6 

x  12  p e l s ,   i t   is  p o s s i b l e ,  t o   accommodate  1920  c h a r a c t e r   " screens"   o f  

i n f o r m a t i o n   s i m u l t a n e o u s l y .   S i m i l a r l y ,   i t   is  p o s s i b l e   to  d i sp l ay   two 



" s c r e e n s "   of  o ther   s t andard   s i zes   e i t h e r   side  by  side  or  one  above  t h e  

o t h e r .   Hor i zon ta l   and/or   v e r t i c a l   d iv ide r   l i nes   one  pel  in  width  a r e  
w r i t t e n   to  d i f f e r e n t i a t e   the  "screens"   d i s p l a y e d .   FIGURE  2  i l l u s t r a t e s  

these   p o s s i b i l i t i e s .  

In  the  mu l t i p l e   copy  screen  f e a t u r e ,   the  user   can  make  copies  o f  

one  area  or  "screen"  of  the  d i sp l ay   in  another   wi thout   making  any 
m o d i f i c a t i o n s   to  his  so f tware .   The  d i sp lay   is  d iv ided   into  f o u r  

q u a d r a n t s   with  the  top  l e f t   quadran t ,   for  example,  being  des igna ted   a s  

the  " a c t i v e   area" .   This  is  the  only  area  t ha t   the  host  sof tware  i s  

aware  of  and  appears ,   for  example,  as  a  1920  c h a r a c t e r   d i sp lay   to  t h e  

hos t .   The  remaining  areas  are  used  as  r e f e r e n c e   a reas .   The  user  can  

copy  the  e n t i r e   d i sp lay   wi th in   the  ac t ive   area  to  any one  of  t h e  

r e f e r e n c e   a r e a .  

In  the  mu l t i p l e   i n t e r a c t i v e   screen  f e a t u r e ,   the  user  c a n  r u n  

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

FIGURE  3.  The  d i sp lay   is  again  d ivided  in  up  to  four  quadran t s ,   b u t  

each  of  the  areas  of  the  plasma  panel  is  an  ac t ive   area.   Each  a r e a  

d e f i n e s   a  l og ica l   t e rmina l   and  has  a  d i f f e r e n t   device  address .   To  t h e  

hos t ,   the  plasma  d i sp lay   t e rmina l   appears  to  be  up  to  four  s e p a r a t e  

d i s p l a y   t e rmina l s ;   thus,   the  only  impact  to  the  host   sof tware  is  t o  

modify  t ab l e s   of  device  addres ses   and  c h a r a c t e r i s t i c s .   The  host  may 
i n t e r a c t   with  any  of  the  a c t i ve   areas  by  address ing   a  data  stream  to  i t .  

The  mul t ip le   p a r t i t i o n s   f ea tu re   allows  a  host  a p p l i c a t i o n   to  d i v i d e  

the  plasma  d i sp lay   panel  into  a  c o l l e c t i o n   of  up  to  s i x t e e n  

n o n - o v e r l a p p i n g   r e c t a n g u l a r   a reas .   Cer ta in   c h a r a c t e r i s t i c s   may  then  b e  

de f i ned   for  each  of  these  a reas ,   such  as  c h a r a c t e r   s ize ,   the  format  o f  

the  data  streams  r e tu rned   to  the  host ,   i t s   p o s i t i o n   on  the  d i sp lay ,   and 

whether   i t   is  " s c r o l l a b l e " .  

The  descr ibed   embodiment  follows  the  design  phi losophy  of  sys tem 

network  a r c h i t e c t u r e   (SNA).  SNA  freed  mainframes  and  connect ing  l i n e s  



from  device   dependence  so  t h a t   a  common  p h y s i c a l   l ink   could  s e r v i c e  

m u l t i p l e   a p p l i c a t i o n s   and  m u l t i p l e   device   t ypes .   SNA  d e f i n e s  

a r c h i t e c t u r a l   r e l a t i o n s h i p s   between  l o g i c a l   e n t i t i e s   i n s t ead   of  p h y s i c a l  

d e v i c e s .   This  c r e a t e s   an  o p p o r t u n i t y   for  p roduce   deve lopers   to  combine 

m u l t i p l e   l o g i c a l   e n t i t i e s   in to   a  s i ng l e   p h y s i c a l   device ,   which  in  t h e  

case  of  the  d e s c r i b e d   embodiment,  is  r e a l i s e d   with  the  mul t ip l e   s c r e e n  

p a r t i t i o n i n g   and  m u l t i p l e   data  base  access   j u s t   d e s c r i b e d .   The  g a s  

pane l   t echno logy   is  impor t an t   to  the  m u l t i p l e   t e r m i n a l - m u l t i p l e   d a t a  

base  concept   for  th ree   r e a s o n s .   F i r s t   of  a l l ,   the  f ine  r e s o l u t i o n   o f  

the  gas  panel   d i s p l a y   a l lows  an  u n u s u a l l y   high  number  of  c h a r a c t e r s   ( i n  

the  s p e c i f i c   example  g iven ,   9920  c h a r a c t e r s )   to  appear  on  the  screen  a t  

the  same  time.  Secondly,   gas  panel   t e c h n o l o g y   is  f l i c k e r - f r e e   and 

p e r m i t s   s to rage   of  data  on  the  screen  in  a  way  t h a t   CRT  technology  h a s  

not  yet   a l lowed.   F i n a l l y ,   a l l   t h i s   can  be  done  in  an  e r g o n o m i c a l l y  

enhanced  package  t h a t   f i t s   e a s i l y   in to   a  u s e r ' s   work  e n v i r o n m e n t .  

Matching  the  plasma  gas  panel   with  SNA  c a p a b i l i t i e s   is  achieved  by  means 

of  a  sc reen   manager  16  as  shown  in  FIGURE  4.  The  screen  manager  16 

communicates  with  the  host   i n t e r f a c t   17  and  c o n t r o l   the  d i sp lay   on 

sc reen   11  through  the  plasma  d i sp l ay   a d a p t e r   22.  The  screen  manager  16 

a l lows   user   c o n t r o l   v ia   the  keyboard  14  of  the  f u n c t i o n s   a v a i l a b l e   f rom 

the  hos t .   It   is  the  sc reen   manager  t h a t   a l lows   the  user  to  choose  and 

r e a r r a n g e   screen  f o r m a t s .  

The  plasma  gas  d i s p l a y   panel   d r iven   by  the  a d a p t e r   has  a  more 

complex  i n t e r f a c e   than  had  e a r l i e r   plasma  gas  pane l   d i s p l a y s .   The 

s p e c i f i c   gas  panel   used  in  the  p r e f e r r e d   embodiment  of  the  i nven t ion   can  

w r i t e   or  erase  a  h o r i z o n t a l   s t r i p e   the  width  of  the  screen  (960  p e l s )  

and  up  to  s i x t e e n   pe ls   high.   This  pe rmi t s   u p d a t i n g   the  screen  more 

q u i c k l y   but  at  the  cost   of  i n c r e a s e d   complex i ty   in  adap te r   design.   F o r  

the  p a r t i c u l a r   panel   used,   panel   a d d r e s s i n g   r e q u i r e s   module  s e l e c t i o n ,  

group  s e l e c t i o n   and  s p e c i f i c a t i o n   of  the  s t a r t i n g   pel  wi th in   a  group  o f  

modules  as  wi l l   be  b e t t e r   unders tood   from  the  d e s c r i p t i o n   which  f o l l o w s  

with  r e f e r e n c e   to  FIGURES  7A,  7B  and  7C.  However,  the  a p p l i c a t i o n  

program  works  with  a b s o l u t e   X  and  Y  c o o r d i n a t e s .   The  t r a n s l a t i o n  



r e q u i r e d   is  accompl ished  by  the  plasma  d isplay   a d a p t e r .   The  design  o f  

the  adap te r   is  an  example  in  the  ha rdware / so f twa re   t r a d e - o f f   which  

r e s u l t e d   in  a  reduced  load  on  the  d i sp lay   system  m i c r o p r o c e s s o r   and 

achieve  i n c r e a s e d   pe r fo rmance .   The  a r c h i t e c t u r e   chosen  suppor t s   t h i s  

h a r d w a r e / s o f t w a r e   t r a d e - o f f ,   and  the  ac tua l   c i r c u i t   i m p l e m e n t a t i o n  

p r e f e r a b l y   uses  a  M e t a l - O x i d e - S i l i c o n   (MOS)  technology  to  achieve  h i g h  

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

The  i n t e r f a c e   system  is  r e p r e s e n t e d   by  the  block  diagram  o f  

FIGURE  5.  The  host   system  20  downloads  d isp lay   data  to  the  d i s p l a y  

system  m i c r o p r o c e s s o r   21  which  i nc ludes   the  m i c r o p r o c e s s o r   RAM  and  ROS, 

system  log ic   and  the  m i c r o p r o c e s s o r .   The  m i c r o p r o c e s s o r   p r e f e r a b l y  

suppor t s   a  s i x t e e n   b i t   address   bus,  a  nine  b i t   data  bus  (e ight   b i t s   f o r  

data  and  one  b i t   for  p a r i t y ) ,   i n t e r r u p t   and  an  I/O  i n t e r f a c e   bus.  The 

system  is  c o n t r o l l e d   by  log ic   which  is  driven  by  the  m i c r o p r o c e s s o r   and 

the  a t t a c h e d   adap te r   22.  It  is  a  f u n c t i o n - d r i v e n   a cco rd ing   to  demand 

and  g e n e r a t e s   a l l   memory  address   and  cont ro l   s i g n a l s   for  a cce s s ing   o f  

memory  by  the  p r o c e s s o r   dur ing   the  execut ion   code  and  by  the  adap te r   f o r  

t r a n s f e r r i n g   data  to  and  from  memory.  To  s impl i fy   hardware  design  and 

to  speed  up  o p e r a t i o n ,   the  adap t e r   22  can  access  any  p a r t   of  t h e  

m i c r o p r o c e s s o r   memory  via  DMA.  The  adapter   is  given  access   to  the  b u s e s  

when  i t   r e q u e s t s   them,  and  upon  s e l e c t i o n   by  the  system  l o g i c ,   t h e  

adap te r   s u p p l i e s   a  s i x t een   b i t   address ,   nine  b i t s   of  data  and  a  

r e a d / w r i t e   con t ro l   s i g n a l .  

There  is  no  unique  communication  between  the  system  m i c r o p r o c e s s o r  

21  and  the  d i sp l ay   panel   adap t e r   22.  In  the  p r e f e r r e d   embodiment,  t h e  

adap te r   22  is  mapped in to   a  p o r t i o n   of  the  system  m i c r o p r o c e s s o r ' s   21 

r e g i s t e r   space.  There fo re ,   the  p r o c e s s o r   simply  execu tes   a  r e g i s t e r  

access  i n s t r u c t i o n .   Access  of  the  adapter   or  a  t y p i c a l   r e g i s t e r   i s  

de te rmined   by  the  address   used  in  the  r e g i s t e r   i n s t r u c t i o n .   This  scheme 

is  c a l l e d   r e g i s t e r   mapped  I/O  (RMIO)  and  permits   a d d r e s s i n g   more  t h a n  

one  adap te r   a l though  only  one  such  adapter   will   be  shown  and  d e s c r i b e d .  

The  m i c r o p r o c e s s o r   has  the  c a p a b i l i t y   of  address ing   64K  bytes   o f  



r e g i s t e r   space  by  us ing   a  couple  of  r e g i s t e r   i n d i r e c t   i n s t r u c t i o n s .  

When  such  an  i n s t r u c t i o n   is  executed  by  the  p r o c e s s o r ,   a  s ignal   is  s e n t  

to  i n d i c a t e   a  r e g i s t e r   o p e r a t i o n .   As  shown  in  FIGURE  16,  the  sy s t em 

log ic   99  senses   t h i s ,   and  based  on  the  s i x t e e n   b i t   address ,   i t   s e l e c t s  

the  a p p r o p r i a t e   a d a p t e r   22  by  i s su ing   a  s i gna l   on  an  1/0)  s e l e c t   l i n e  

which  is  used  only  by  t h a t   a d a p t e r .   Each  a d a p t e r   has  64  r e g i s t e r  

a d d r e s s e s   a l l o c a t e d   in  the  system  m i c r o p r o c e s s o r s   21  r e g i s t e r   space  f o r  

i t s   communicat ion  with  the  system  m i c r o p r o c e s s o r   21.  The  adapter   c an  

a lso   i n i t i a t e   communica t ions   with  the  system  m i c r o p r o c e s s o r   by  

i n t e r r u p t i n g   at  a  s p e c i f i e d   I/O  l eve l .   Each  adap t e r   which  has  need  t o  

s to r e   and  r e t r i e v e   i n f o r m a t i o n   from  the  system  m i c r o p r o c e s s o r   memory  i s  

i n t e r f a c e d   to  the  system  log ic   via  two  l i n e s ,   the  DMA  r eques t   and  t h e  

DMA  s e l e c t   l i n e s .   When  the  a d a p t e r   has  need  to  access   memory,  i t  

n o t i f i e s   the  system  l og i c   via  the  DMA  r e q u e s t   l ine   t ha t   i t   wants  t o  

access   memory.  The  system  log ic   then,  based  on  p r i o r i t y   scheme,  i s s u e d  

a  DMA  s e l e c t   to  the  a d a p t e r   and  i n i t i a t e s   the  con t ro l   s i g n a l s   to  t h e  

memory. 

The  d i s p l a y   of  da ta   is  handled  through  a  unique  a  code  l i s t  

con t a ined   in  the  system  m i c r o p r o c e s s o r   memory  and  fe tched   by  DMA.  T h i s  

l i s t   c o n s i s t s   of  high  l e v e l   commands  such  as  " r e p l a c e   c h a r a c t e r " ,   " l o a d  

d i s p l a y   p a r a m e t e r s "   and  " load  c h a r a c t e r   g e n e r a t o r " .   Each  op  code  i s  

l i m i t e d   to  one  type  of  o p e r a t i o n   and  t h e r e f o r e   is  viewed  as  a 

" p r i m i t i v e " .   However,  th rough  the  use  of  " c h a i n i n g " ,   s ing le   op  c o d e s  

may  be  l inked   in  memory  to  c r e a t e   "macro"  r e s u l t s .  

As  shown  in  FIGURES  5  and  16,  communication  between  the  adap t e r   and 

the  system  m i c r o p r o c e s s o r   is  handled  by  the  RMIO  c o n t r o l   23  and  s y s t e m  

log ic   99.  This  c o n t r o l   communicates  with  the  keyboard  I/O  logic  24,  t h e  

programmable  t imer   25,  the  programmable  I/O  por t   26,  and  t h e  

p i c o p r o c e s s o r   27.  The  high  l eve l   i n t e r f a c e   p rov ided   by  the  adapter   i s  

made  p o s s i b l e   by  the  p i c o p r o c e s s o r   27  which  executed   picocode  from  an 

on-chip   ROS  32  shown  in  FIGURE  6.  The  p i c o p r o c e s s o r   decodes  h i g h - l e v e l  

commands  from  the  system  m i c r o p r o c e s s o r   and  t r a n s l a t e s   them  into  a 



sequence  of  simple  commands  for  the  su r round ing   i n t e r f a c e   logic   wh ich  

inc ludes   the  c h a r a c t e r   gene ra to r   I/O  28,  the  plasma  panel  I/O  29  and  t h e  

DMA  con t ro l   30.  The  p i c o p r o c e s s o r   can  a lso  vary  the  sequence  o f  

i n t e r f a c e   log ic   commands  and  ad jus t   p a r a m e t e r s   used  based  on  the  a d a p t e r  

input   p a r a m e t e r s .   An  example  of  th i s   o p e r a t i o n   is  the  sequence  of  l o g i c  

for  r ep lace   mode  o p e r a t i o n s   desc r ibed   h e r e i n a f t e r .  

As  is  bes t   shown  in  the  block  diagram  of  FIGURE  6,  t h e  

p i c o p r o c e s s o r   27  is  the  cen t re   of  a  common  bus  a r c h i t e c t u r e .   A l l  

i n t e r f a c e   log ic   macros  can  both  send  and  r e ce ive   on  the  bus  31.  The 

picocode  for  the  p i c o p r o c e s s o r   27  is  c o n t a i n e d   in  ROS  32,  and  t h e  

p i c o p r o c e s s o r   27  communicates  with  an  on -ch ip   RAM  33  via  the  address   bus  

34  and  data  bus  31.  In  a d d i t i o n ,   s e p a r a t e   con t ro l   l ines   e x i s t   ( n o t  

shown  here)  between  the  p i c o p r o c e s s o r   27  and  the  i n t e r f a c e   log ic   mac ros .  

These  p rov ide   sequence  s i g n a l s   and  i n d i c a t e   data  on  bus  31  to  be  l o a d e d  

by  the  i n t e r f a c e   log ic   macros.  The  keyboard  i n t e r f a c e   logic   24  p e r f o r m s  

a  simple  "data   a v a i l a b l e " ,   "acknowledge"  handshake  and  an  e igh t   b i t  

p a r a l l e l   data  t r a n s f e r .   Keystroke  data  is  loaded  into  a  d i sp l ay   p a n e l  

adapter   RMIO  r e g i s t e r   and  a  m i c r o p r o c e s s o r   i n t e r r u p t   with  k e y s t r o k e  

complete  s t a t u s   is  genera ted   by  the  a d a p t e r .   Keystroking  in  p a r t i c u l a r  

and  RMIO  in  gene ra l   are  t o t a l l y   asynchronous   to  DMA  and  d i sp l ay   u p d a t e  

a c t i v i t y .   The  programmable  t imer  25  is  an  e ight   b i t   t imer  whose 

ope ra t i on   is  asynchronous  with  o ther   a d a p t e r   f u n c t i o n s .   The 

programmable  I/O  por t   26  allows  the  d i s p l a y   system  mic rop roces so r   21  t o  

sense  or  con t ro l   up  to  s i x t een   system  e x t e r n a l   devices   through  e i g h t  

input   and  e igh t   output   l i n e s .   The  d i s p l a y   panel   adapter   p rov ides   r e a d  

(for  d i sp l ay   and  v e r i f i c a t i o n ) ,   wr i te   (for  i n i t i a l i s a t i o n )   and  r e f r e s h  

con t ro l   for  a  32,768  by  nine  b i t   c h a r a c t e r   g e n e r a t o r   100.  T h i s  

g e n e r a t o r   may  con ta in   up  to  2048  d i f f e r e n t   symbols,  a l l   a c c e s s i b l e   f o r  

d i sp lay   through  d i f f e r e n t   data  stream  and  i n i t i a l i s a t i o n   commands.  The 

adapter   suppor t s   the  p a n e l ' s   unique  a d d r e s s i n g   r equ i rements   by  

t r a n s l a t i n g   the  b inary   r e p r e s e n t a t i o n   of  the  d i sp lay   l o c a t i o n   into  an  

X,Y  coo rd ina t e   d r i v e r   s e l e c t i o n   and  l ine   s e l e c t i o n   within  the  d r i v e r .  



Control   l ine   s y n c h r o n i s a t i o n   and  two  b i t   data  s e r i a l i s a t i o n   are  p r o v i d e d  

by  the  d i s p l a y   I/O  l og i c   29  and  the  data  stream  con t ro l   s e r i a l i s e r   35.  

As  s t a t e d ,   the  a p p l i c a t i o n   program  or  the  loca l   t e r m i n a l  

i n t e l l i g e n c e   works  with  a b s o l u t e   X,Y  screen  c o o r d i n a t e s ,   but  the  g a s  

panel   used  r e q u i r e s   module  s e l e c t i o n ,   group  s e l e c t i o n   and  s p e c i f i c a t i o n  

of  the  s t a r t i n g   pel  w i th in   a  group  or  module  as  i l l u s t r a t e d   in  FIGURES 

7A,  7B,  7C.  The  f i r s t   area  of  t r a n s l a t i o n   is  the  Y  address   which  i s  

s p e c i f i e d   by  the  system  m i c r o p r o c e s s o r   21  as  an  abso lu t e   c o o r d i n a t e .  

The  Y  address   is  loaded  in to   a  r e g i s t e r   in  the  p i c o p r o c e s s o r   27  where  i t  

is  s h i f t e d   and  r o t a t e d   u n t i l   the  Y  group/module  is  assembled  a s  

r e p r e s e n t e d   by  FIGURE  8A.  This  byte  is  then  s to red   in  RAM  33  for  l a t e r  

use.  The  p i c o p r o c e s s o r   w i l l   r e c a l c u l a t e   t h i s   byte  only  i f   the  Y  a d d r e s s  

changes  to  a  va lue   o u t s i d e   the  c u r r e n t   group/   module  range.  I t   w i l l   be  

observed  from  FIGURES  7A  and  7B  t h a t   a  p a i r   of  even  and  odd  Y  modu le s  

(32  b i t s )   appear   to  be  6 4 - b i t s   wide  to  the  adap te r   and  the re   are  f o u r  

s i x t e e n   b i t   groups  w i th in   each  module  p a i r .   To  e f f i c i e n t l y   use  t h i s  

16 -b i t   group,   Y  s t a r t / s t o p   byte  is  assembled  as  shown  in  FIGURE  8B. 

This  s p e c i f i e d   on  which  Y  l ine   w i th in   the  group  the  wr i te   or  e rase   w i l l  

s t a r t   and  on  which  l ine   i t   w i l l   s top.   For  s ing le   l ine   o p e r a t i o n s ,   t h e s e  

two  va lues   w i l l   be  equal .   For  block  e rase   o p e r a t i o n s ,   the  a d a p t e r   t a k e s  

advantage  of  the  gas  p a n e l ' s   a b i l i t y   to  erase  m u l t i p l e   Y  l i ne s   w i t h i n  

the  same  group.  F i r s t ,   the  p i c o p r o c e s s o r   de te rmines   the  Y  address   r a n g e  
of  the  block  e rase   by  adding  the  he igh t   to  the  cu r r en t   Y  va lue .   Then  i t  

performs  modulo-16  c a l c u l a t i o n s   to  de termine   the  number  of  Y  g r o u p  

b o u n d a r i e s   c ros sed   as  i n d i c a t e d   by  block  42  in  the  flow  diagram  o f  

FIGURE  12.  If   m u l t i p l e   Y  groups  need  to  be  accessed ,   then  s e v e r a l   e r a s e  

cycles   w i l l   be  r e q u i r e d   as  i n d i c a t e d   by  blocks  43  and  44  in  FIGURE  12. 

The  purpose   is  to  e rase   as  many  l i en s   in  as  few  cycles   as  p o s s i b l e .   When 

m u l t i p l e   a c c e s s e s   are  r e q u i r e d ,   the  Y  group/module  byte  w i l l   b e  

r e c a l c u l a t e d   by  the  p i c o p r o c e s s o r .   The  fo l lowing  i l l u s t r a t e s   by  way  o f  

example  a  block  e rase   which  i nvo lves   th ree   Y  g r o u p s .  



Block  Erase  Example 

S t a r t i n g   Y  =  60  (base  10) 

Height  =  32  (base  10) 

F i r s t   Erase  Cycle  

Y  group/module  =  I  I  X  X  0  0  0   0  Module  Ø,  Group  3 

Y  s t a r t / s t o p   =  1  1  0  0  1  1  1   1  S t a r t   1210 '  
Stop  1510 

Second  Erase  Cyc le  

Y  group/module  =  0  0  X  X  0  0  0  1   Module  1,  Group Ø 

Y  s t a r t / s t o p   =  0  0  0  0  1  1  1  1   S t a r t   Ø,  Stop  1510 

Third  Erase  Cyc le  

Y  group/module  =  0  1  X  X  0  0  0  1   Module  1,  Group  1 

Y  s t a r t / s t o p   -  0  0  0  0  1  0  1  1   S t a r t   Ø,  Stop  1110 

X  =  Don't  Care 

At  the  d i sp lay   I/O  logic   29,  the  Y  group/module  and  s t a r t / s t o p   d a t a  

is  t r a n s m i t t e d   by  both  s e r i a l   and  p a r a l l e l   means.  The  Y  module  data  i s  

dr iven  from  four  p a r a l l e l   output   p ins .   The  Y  group  and  s t a r t / s t o p   d a t a  

is  clocked  out  s e r i a l l y   in  twenty  s i g n i f i c a n t   b i t s ,   s ix t een   for  l i n e  

s e l e c t i o n ,   and  two  for  odd  module  group  s e l e c t i o n .  

The  X  module  address   c a l c u l a t i o n   is  i d e n t i c a l   to  tha t   of  the  Y 

module.  The  r e s u l t   is  the  X  module  byte  as  r e p r e s e n t e d   by  FIGURE  8C. 

Th i s  da t a   is  dr iven  from  the  same  four  p a r a l l e l   outputs   as  the Y  module 

data.   The  s t e e r i n g   of  t h i s   data  to  e i t h e r   X  or  Y  address   logic   at  t h e  

gas  panel  is  de termined  by  a  f i f t h   i n t e r f a c e   l ine   c o n t r o l l e d   by  t h e  



a d a p t e r   22.  As  is  the  case  with  the  Y  modules,   a  p a i r   of  even  and  odd  X 

modules  ( 3 2 - b i t s )   appears   to  the  adap te r   22  as  a  6 4 - b i t   wide  module,  as  

may  be  a p p r e c i a t e d   by  r e f e r e n c e   to  FIGURES  7A  and  7C.  The  a d d r e s s  

r e s o l u t i o n   w i t h i n   the  64 -b i t   X  module  is  p rov ided   by  padding  the  d i s p l a y  

da t a .   This  is  nece s sa ry   due  to  the  unique  r e q u i r e m e n t s   of  t h e  

i n t e r f a c e .   If  the  s t a r t i n g   X  address   s p e c i f i e d   by  the  s y s t e m  

m i c r o p r o c e s s o r   21  is  not  e x a c t l y   d i v i s i b l e   by  s i x t y - f o u r   (base  t e n ) ,  

then  a  p r e - p a d   of  the  screen   data  is  n e c e s s a r y .   The  p r e - p a d   is  t h e  

number  of  n o n - d i s p l a y a b l e   data  pe ls   to  be  shipped  s e r i a l l y   to  the  ga s  

pane l   b e f o r e   v a l i d   data  beg in s .   It   is  equal  in  va lue   to  the  six  l e a s t  

s i g n i f i c a n t   X  address   b i t s   p rov ided   to  the  a d a p t e r   22  by  s y s t e m  

m i c r o p r o c e s s o r   21  and  is  used  to  p rov ide   proper   h o r i z o n t a l   a l ignment   o f  

the  da t a .   However,  the  data  is  c locked  out  s e r i a l l y   two  b i t s   at  a  t i m e ,  

so  d i f f e r e n t   boundary  c o n d i t i o n s   w i l l   e x i s t   t h r o u g h o u t   the  t r a n s m i s s i o n .  

When  h i g h l i g h t i n g   is  added  on  a  c h a r a c t e r   b a s i s ,   t h i s   adds  to  t h e  

c o m p l e x i t y   of  the  s i t u a t i o n .   If  the  c h a r a c t e r   is  odd  in  wid th ,   t h e n  

c h a r a c t e r s   w i l l   a l t e r n a t e l y   s t a r t   on  even  and  odd  pel   b o u n d a r i e s .   T h i s ,  

and  the  case  of  s t a r t i n g   on  an  odd  X  address   is  handled   by  s t e e r i n g  

l og i c   in  the  data  s e r i a l i s e r   35.  As  shown  in  more  d e t a i l   in  FIGURE  9,  

the  da ta   is  e i t h e r   loaded  d i r e c t l y   or  o f f s e t   by  one  pe l   address   in to   t h e  

s e r i a l i s e r   r e g i s t e r   36  by  means  of  s t e e r i n g   log ic   37.  The  same  l o g i c  

t h a t   c o n t r o l s   the  s t e e r i n g   of  data  in to   the  data  s e r i a l i s e r   36  a l s o  

m a i n t a i n s   f l a g s   for  mixed  c h a r a c t e r   boundar i e s   and  mixed  s t a r t i n g   and 

ending  c o n d i t i o n s .   This  handles   the  fo l lowing   c o n d i t i o n s :  

S t a r t   X  Address  Odd  -  only  the  second  pel  of  the  two  pel  data  s h i f t  

is  v a l i d .  

Ending  X  Address  Even  -  only  the  f i r s t   pel  of  the  two  pel   data  s h i f t  

is  v a l i d .  

Mixed  C h a r a c t e r   Boundary  -   the  f i r s t   pel  belongs  to  c h a r a c t e r   N;  t h e  

second  to  c h a r a c t e r   N  = 1.   This  i s  

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

h i g h l i g h t i n g   is  used  on  each  c h a r a c t e r .  



While  data  is  s h i f t i n g ,   another   counter   counts  the  number  of  p e l s  

t r a n s m i t t e d   across   the  i n t e r f a c e   (modulo-64).  For  proper   h o r i z o n t a l  

a l ignment ,   any  X  module  pa i r   tha t   is  accessed  must  be  comple te ly   f i l l e d  

with  data  since  these   p a i r s   appear  to  the  adap te r   to  be  a  64 -b i t   s h i f t  

r e g i s t e r .   If  va l id   date  runs  out  before   th i s   p o i n t ,   the  log ic   w i l l  

cont inue  to  s h i f t   using  n o n - d i s p l a y a b l e   data  u n t i l   the  modulo-64  c o u n t e r  

has  cycled.   This  excess  data  is  c a l l e d   p o s t - p a d .   FIGURE  10  i l l u s t r a t e s  

the  pre-pad   and  p o s t - p a d   with  the  d i sp lay   data  in  the  64 -b i t   s h i f t  

r e g i s t e r .  

Because  the  gas  panel   r e t a i n s   p r e v i o u s l y   w r i t t e n   da ta ,   a  r e p l a c e  

mode  is  used  to  p rov ide   s e l e c t i v e ,   high  performance  c h a r a c t e r   u p d a t e s .  

This  permi ts   o p e r a t i o n s   l ike   s c r o l l i n g ,   i n s e r t   and  d e l e t e .   An  a d v a n t a g e  

of  th i s   approach  is  t ha t   the  d i sp l ay   c o n t r o l l e r   does  not  have  to  know 

the  screen  con ten t s   in  the  update  area  or  spec i fy   the  e r a su re   o f  

i n d i v i d u a l   pe l s .   The  plasma  d i sp lay   adapter   handles   the  u p d a t a  

o p e r a t i o n   by  pe r forming   a  high  speed  erase  and  a l l   pe ls   w i th in   t h e  

boundary  of  the  new  c h a r a c t e r ( s )   before   w r i t i n g   the  a p p r o p r i a t e   p e l s  

from  the  c h a r a c t e r   g e n e r a t o r .   As  p r e v i o u s l y   d e s c r i b e d ,   the  high  s p e e d  

erase  u t - i l i s e s   a  f e a t u r e   of  the  gas  panel  tha t   allows  e rasu re   of  up  t o  

s ix t een   scan  l i nes   in  a  s ing le   erase  cycle  r a t h e r   than  one  scan  l ine   p e r  

erase  cycle.   This  pe rmi t s   a  s i x t een   pel  high  c h a r a c t e r   to  be  erased  i n  

one  or  at  most  two  erase  cycles   as  compared  to  s i x t e e n   erase  c y c l e s  

using  s ing le   scan  l ine   e rasu re   t e chn iques .   Again,  t h i s   f unc t i on   i s  

performed  by  the  p i c o p r o c e s s o r   27,  

When  a  r ep lace   o p e r a t i o n   is  d e t e c t e d ,   the  cu r r en t   Y  l o c a t i o n   i s  

saved  in  RAM  33.  This  is  necessa ry   because  each  scan  l ine   wi l l   b e  

accessed  twice,   once  for  the  block  erase  and  once  for  the  draw 

o p e r a t i o n .   The  p i c o p r o c e s s o r   27  then  adds  the  c h a r a c t e r   he igh t   to  t h e  

s t a r t i n g   Y  value  to  determine  the  Y  dimension  of  the  block  e rase .   With 

r e f e r e n c e   now  to  FIGURE  11,  the  gas  p a n e l ' s   s ing le   cycle ,   s i x t een   l i n e  

(one  group)  erase  is  l im i t ed   to  f ixed  modulo-16  bounda r i e s .   But  t h e  

range  of  l ines   to  be  erased  may  exceed  s ix t een   and  in  most  cases  w i l l  



not  s t a r t   on  one  of  the  modulo-16  b o u n d a r i e s .   The  p i c o p r o c e s s o r   7 

r e s o l v e s   t h i s   by  p e r f o r m i n g   modulo-16  a r i t h m e t i c   to  de te rmine   the  number 

of  Y  groups  a cces sed   as  i n d i c a t e d   by  block  42  in  the  flow  diagram  o f  

FIGURE  12.  A  group  boundary  is  c rossed   as  between  l i n e s   15  and  16  and 

l i n e s   31  and  32  in  the  example  i l l u s t r a t e d   in  FIGURE  11,  so  t h e  

p i c o p r o c e s s o r   must  de t e rmine   the  proper   s t a r t i n g   l o c a t i o n   in  the  f i r s t  

group  and  the  ending  l o c a t i o n   in  the  l a s t   group.  These  groups  w i l l   t h e n  

be  accessed   on  s e p a r a t e   e rase   cyc les   u n t i l   the  b lock   e rase   is  c o m p l e t e .  

The  log ic   pa ths   in  the  plasma  d i s p l a y   a d a p t e r   are  the  same  for  b o t h  

the  erase   and  the  draw  p o r t i o n s   of  the  o p e r a t i o n .   The  r ep l ace   c h a r a c t e r  

o p e r a t i o n   is  set   f o r t h   in  the  flow  diagram  of  FIGURE  12.  The  f i r s t   s t e p  

in  the  o p e r a t i o n   is  to  d e t e c t   the  r ep l ace   c h a r a c t e r   op  code  as  i n d i c a t e d  

in  block  40.  The  p i c o p r o c e s s o r   27  then  c a l c u l a t e s   the  ending  Y  a d d r e s s  

by  adding  the  c h a r a c t e r   h e i g h t   to  the  c u r r e n t   Y  add re s s   and  saves  t h e  

c u r r e n t   Y  address   in  RAM  33  as  i n d i c a t e d   by  block  41.  The  p i c o p r o c e s s o r  

then  c a l c u l a t e s   the  number  of  Y  groups  accessed   in  block  42  and  se ts   t h e  

b lock   erase   f l ag   in  b lock   43.  The  f lag   fo rces   a l l   d i s p l a y   data  (FIGURE 

10)  to  "ones"  so  when  the  pane l   11  erase   command  is  i s s u e d ,   a l l   p e l s  

w i t h i n   the  range  w i l l   be  e r a sed .   Also  in  block  43,  the  d i s p l a y   logic   29 

is  s t a r t e d   with  a  range  of  Y  add re s se s   not  exceeding   s i x t e e n   to  e r a s e .  

Then  in  d e c i s i o n   b lock   44  the  p i c o p r o c e s s o r   d e t e r m i n e s   whether  the re   a r e  

remain ing   Y  groups  to  be  a cces sed .   If  so,  the  d i s p l a y   log ic   is  a g a i n  

s t a r t e d   with  a  range  of  Y  a d d r e s s e s ;   o t h e r w i s e ,   the  block  erase  i s  

complete  in  which  case  the  p i c o p r o c e s s o r   27  r e s e t s   the  block  erase   f l a g  

and  r e s t o r e s   the  o r i g i n a l   Y  address   as  i n d i c a t e d   in  block  45.  Then  i n  

block  46  the  p i c o p r o c e s s o r   s t a r t s   the  draw  o p e r a t i o n .  

The  plasma  d i s p l a y   a d a p t e r   makes  p o s s i b l e   m u l t i w i d t h   c h a r a c t e r  

d i s p l a y .   The  nominal   w i d t h - h e i g h t   r a t i o   for  t h e  d i s p l a y   of  a l p h a n u m e r i c  

data  is  9x16  p e l s .   A  t y p i c a l   c h a r a c t e r   d i s p l a y e d   uses  only  seven  of  t h e  

nine  h o r i z o n t a l   p e l s   for   i n f o r m a t i o n .   The  o the r   two  pe ls   are  used  f o r  

spac ing   or  the  c r e a t i o n   of  "box"  in  which  the  i n f o r m a t i o n   b i t s   w i l l  

r e s i d e .   Because  of  the  f i n e r   r e s o l u t i o n   e x h i b i t e d   by  the  gas  p a n e l ,  



smal le r   c h a r a c t e r   boxes  are  p o s s i b l e   wi thout   s a c r i f i c i n g   " r e a d a b i l i t y " .  

Also,  as  pel  d e n s i t i e s   i n c r e a s e ,   the  number  of  b i t s   d i sp layed   p e r  
c h a r a c t e r   must  also  i n c r e a s e   to  mainta in   the  o r i g i n a l   9x16  aspect   r a t i o .  

This  is  handled  in  the  adap te r   by  a l lowing  the  system  m i c r o p r o c e s s o r   21 

to  spec i fy   any  box  width  between  four  and  t h i r t y - o n e   pels  for  b o t h  

c h a r a c t e r s   and  non-coded  i n fo rma t ion   (NCI).  In  the  case  of  c h a r a c t e r s ,  

the  c h a r a c t e r   g e n e r a t o r   RAM  100  holds  9  pe ls   of  h o r i z o n t a l   i n f o r m a t i o n .  

For  widths  less   than  nine,   t h i s   i n fo rma t ion   is  t r u n c a t e d   to  t h e  

s p e c i f i e d   width.  For  widths  g r e a t e r   than  n ine ,   the  i n fo rma t ion   is  p a d d e d  
with  a d d i t i o n a l   pe l s   to  the  r i gh t   of  the  c h a r a c t e r .   These  pe l s   f o l l o w  

the  h i g h l i g h t i n g   of  the  c h a r a c t e r   box  ( i . e .   for  normal  h i g h l i g h t i n g ,  

blank  pels   are  i n s e r t e d ,   but  for  r eve r se   h i g h l i g h t i n g ,   pels   t ha t   a r e  

l i g h t e d   are  i n s e r t e d ) .  

With  r e f e r e n c e   now  to  FIGURE  13,  the  plasma  d i sp lay   adap t e r   f e t c h e s  

p a r a l l e l   data  (8  b i t s )   from  e i t h e r   the  c h a r a c t e r   gene ra to r   28  for  coded  

data  or  from  RAM  33  for  NCI  as  i n d i c a t e d   in  block  50.  The  data  is  t h e n  

s e r i a l i s e d   in  s e r i a l i s e r   35  for  t r a n s m i s s i o n   to  the  gas  panel   a s  

i n d i c a t e d   in  block  51.  The  v a r i a b l e   width  f e a t u r e   is  implemented  b y  

des ign ing   the  s e r i a l i s e r   35  around  a  byte  (e ight   bi t )   wide  data  b u s .  

The  logic  r e s o l v e s   the  five  b i t   width  f i e l d   from  the  sys tem 

mic rop roces so r   21  into  a  two  b i t   modulo-8  count  tha t   de termines   how  many 
times  the  s e r i a l i s e r   35  wi l l   i t e r a t e .   Data  is  loaded  i n t o  t h e  

s e r i a l i s e r   e igh t   b i t s   at  a  time.  When  the  s e r i a l i s a t i o n   is  c o m p l e t e ,  

the  two  b i t   count  is  checked.  If  i t   is  not  zero,   then  i t   i s  

decremented,   more  data  is  loaded  in  block  55  and  another   pass  t h r o u g h  

the  s e r i a l i s e r   begins   as  i n d i c a t e d   by  dec i s ion   block  52.  This  c o n t i n u e s  

u n t i l   the  count  equals   zero.  Also,  p o r t i o n s   of  the  data  load  may  b e  

suppressed  if   loading   the  f u l l   e ight   data  b i t s   would  cause  the  s p e c i f i e d  

width  to  be  exceeded  as  i n d i c a t e d   by  blocks  53  and  54  and  by  block  56.  

Widths  less   than  nine  pels   can  be  used  on  the  gas  panel  to  p rovide   a  

compressed  c h a r a c t e r   d i s p l a y .   Widths  g r e a t e r   than  nine  pels   can  be  u s e d  

to  i n s e r t   a d d i t i o n a l   i n t e r - c h a r a c t e r   spacing  if   a l l   nine  of  t h e  

c h a r a c t e r   g e n e r a t o r   b i t s   are  used  for  d i sp lay   in fo rmat ion .   The  l a t t e r  



case  may  be  sed  to  c r e a t e   an  en l a rged   c h a r a c t e r   d i s p l a y   or  to  m a i n t a i n  

the  c u r r e n t   a spec t   r a t i o   on  h igher   d e n s i t y   d i s p l a y s .   It  should  be  n o t e d ,  

however,  t h a t   to  ma in t a in   t h i s   aspec t   r a t i o   with  widths  g r e a t e r   t h a n  

nine  p e l s ,   h e i g h t s   g r e a t e r   than  s i x t een   pels   must  be  genera ted .   The 

plasma  d i s p l a y   a d a p t e r   s u p p o r t s   he igh t s   of  one  to  255  scan  l i n e s .   "Pad" 

scan  l i n e s   t h a t   fo l low  the  c h a r a c t e r   by  h i g h l i g h t i n g   are  a u t o m a t i c a l l y  
i n s e r t e d   beyond  scan  l ine   s i x t e e n .  

In  h a n d l i n g   a  f i e l d   o r i e n t e d   data  s t ream,  the  s i t u a t i o n   can  a r i s e  

where  a  d i s p l a y   update   is  r e q u i r e d   w i th in   a  f i e l d   but  a  complete  f i e l d  

r e w r i t e   is  not  d e s i r e d .   An  example  of  t h i s   is  where  a  c h a r a c t e r   is  to  b e  

i n s e r t e d   on  a  l i n e ,   simply  by  w r i t i n g   the  new  c h a r a c t e r   and  r e w r i t i n g  

the  now  s h i f t e d   c h a r a c t e r s   to  the  r i g h t   of  i t .   However,  in  the  d a t a  

s t ream  used  in  the  p r e f e r r e d   embodiment  of  the  i n v e n t i o n ,   f i e l d  

q u a l i f i e r s   e x i s t   which  s p e c i f y   the  h i g h l i g h t i n g ,   co lour ,   c h a r a c t e r  

g e n e r a t o r   f o n t ,   i n t e n s i t y   and  d i s p l a y / n o n - d i s p l a y   of  a l l   c h a r a c t e r s   i n  

t h e i r   f i e l d .   Some  of  these   can  be  o v e r - r i d d e n   and  o the rs   cannot.   In  t h e  

case  where  the  i n d i v i d u a l   c h a r a c t e r   a t t r i b u t e   s p e c i f i e s   a  d e f a u l t   to  t h e  

f i e l d ,   these   f i e l d   p a r a m e t e r s   must  be  p r e s e n t .   The  plasma  panel   11 

p rov ides   a  unique  c h a l l e n g e   over  p r i o r   a r t   CRT's.  CRT's  provide  a  

s e q u e n t i a l   r a s t e r   r e f r e s h   of  the  d i s p l a y .   As  a  memory  device ,   t h e  

plasma  panel   can  be  used  in  random-access   mode.  I t   is  in  jus t   t h i s   mode 

where  the  s i t u a t i o n   d e s c r i b e d   here  a r i s e s .   In  order   to  p r o v i d e  

s p e c i f i c a t i o n   of  these   f i e l d   pa r ame te r s   wi thout   r e w r i t i n g   the  e n t i r e  

f i e l d ,   the  plasma  d i s p l a y   a d a p t e r   can  i n t e r p r e t   an  a r t i f i c i a l  

i n i t i a l i s a t i o n   a t t r i b u t e .   With  r e f e r e n c e   to  FIGURE  14,  in  the  no rma l  

p r o c e s s i n g   of  a  c h a r a c t e r   row,  the  adap te r   reads  a  cu r r en t   data  s t r e a m  

c h a r a c t e r   i n to   one  of  i t s   r e g i s t e r s   60  and  updates   another   r e g i s t e r   61 

if   an  ex tended   and /o r   f i e l d   a t t r i b u t e   is  d e t e c t e d .   F ie ld   i n f o r m a t i o n  

d e t e c t e d   in  t h i s   way  is  normal ly   used  for  subsequent   c h a r a c t e r s   u n t i l  

the  next  f i e l d   i n f o r m a t i o n   is  d e t e c t e d .   However,  the  sys tem 

m i c r o p r o c e s s o r   21  may  s e l e c t i v e l y   wr i t e   t h i s   r e g i s t e r   61  before   s t a r t i n g  

the  a d a p t e r   22  on  a  screen   update  o p e r a t i o n .   This  means  tha t   a 

c h a r a c t e r   or  c h a r a c t e r s   may  be  i n s e r t e d   in  m i d - f i e l d   simply  by  w r i t i n g  



the  proper   f i e l d   a t t r i b u t e s   into  the  a d a p t e r   r e g i s t e r s .   While  

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

r e g i s t e r   based  a t t r i b u t e s   r equ i re   no  such  l o c a t i o n .   In  o ther   words ,  

access  by  the  system  m i c r o p r o c e s s o r   to  the  adap te r   r e g i s t e r s   p r o v i d e s  

the  a b i l i t y   to  s p e c i f y   a  f i e l d   a t t r i b u t e   ou t s ide   the  data  s t ream.  The 

key  to  t h i s   o p e r a t i o n   is  s t e e r i n g   log ic   62  tha t   sends  the  a t t r i b u t e  

i n fo rma t ion   from  r e g i s t e r   61  to  the  h i g h l i g h t i n g   logic   63  for  the  f i r s t  

c h a r a c t e r   of  every  row.  This  wi l l   be  o v e r - r i d d e n ,   however,  if   the  f i r s t  

c h a r a c t e r   p o s i t i o n   on  the  row  con ta ins   a  f i e l d   a t t r i b u t e   (in  t h i s   c a s e  

r e g i s t e r   60  is  d i r e c t e d   to  the  h i g h l i g h t i n g   logic  6 3 ) .  

There  are  c e r t a i n   data  stream  hand l ing   r equ i r emen t s   t ha t   can  e a s i l y  

overburden  the  system  m i c r o p r o c e s s o r ,   p a r t i c u l a r l y   with  a  data  s t r e a m  

with  both  f i e l d   and  c h a r a c t e r   a t t r i b u t e s .   The  problem  becomes  more 

acute  with  the  gas  panel   d i sp l ay   environment   because  the  d i sp l ay   a d a p t e r  

cannot  a u t o m a t i c a l l y   handle  b l i n k i n g   and  u n d e r s c o r i n g   of  c h a r a c t e r s   and 

f i e l d s .   T h e r e f o r e ,   the  microcode  must  be  aware  of  a l l   b l ink   and  

underscore   l o c a t i o n s   and  handle  them  s e p a r a t e l y .   This  could  be  done 

wi th   a  search  through  the  d i sp lay   b u f f e r ,   per forming  t e s t s   along  the  way 
to  d e t e c t   the  d i f f e r e n t   a t t r i b u t e s .   But  t h i s   approach  does  not  have  

very  good  per formance   due  to  the  f e t ch   and  t e s t   loop  r equ i r ed   for  e a c h  

c h a r a c t e r   in  the  b u f f e r .   This  is  compounded  with  the  la rge   s c r e e n  

d i sp lay   panel   used  because  the  d i sp l ay   b u f f e r   can  be  as  la rge   as  10 ,000  
c h a r a c t e r s   (20,000  b y t e s ) .   Another  approach  would  be  for  the  m i c r o c o d e  

to  bu i ld   and  ma in t a in   an  a t t r i b u t e   p o s i t i o n   l i s t .   This  has  problems  o f  

per formance ,   s to rage   r e q u i r e d   and  complexi ty   a s s o c i a t e d   with  i t .  

This  problem  is  solved  by  per forming   the  a t t r i b u t e   t e s t i n g   in  t h e  

plasma  d i sp lay   adap t e r   22  by  checking  the  data  while  i t   is  being  l o a d e d  

into  the  adap te r   by  DMA.  After   the  system  mic rop roces so r   21  r e q u e s t s   a 
c h a r a c t e r   row  w r i t e ,   i t   can  read  adap te r   r e g i s t e r   101  (FIGURE  17),  t o  

determine  if   f u r t h e r   screen  update  is  r equ i r ed   as,  for  example ,  

underscore .   The  microcode  can  also  read  back  the  f i e l d   c h a r a c t e r i s t i c s  

tha t   were  ac t ive   at  the  end  of  the  row  ( e .g . ,   non-d i sp lay)   through  t h e  



f i e l d   and  extended  f i e l d   a t t r i b u t e   d e t e c t   r e g i s t e r s   61  in  the  a d a p t e r .  
This  f i e l d   i n f o r m a t i o n   w i l l   be  used  on  the  next  row  unless   the  f i r s t  

c h a r a c t e r   of  t h a t   row  is  a  f i e l d   a t t r i b u t e .   The  fo l lowing  a t t r i b u t e s  

and  c h a r a c t e r s   are  t e s t e d   f o r :  

Any  NULL  C h a r a c t e r s   in  the  Disp lay   Da ta  

Any  B l ink ing   C h a r a c t e r s   in  the  Disp lay   D a t a  

Any  u n d e r s c o r e   C h a r a c t e r s   in  the  Display  Data  

Any  F ie ld   A t t r i b u t e s   in  the  Disp lay   D a t a  

Any  F i e l d   I n t e n s i f y   A t t r i b u t e s   in  the  Display  Data  

The  Last  F i e ld   A t t r i b u t e   D e t e c t e d  

The  Last  Extended  F ie ld   A t t r i b u t e   D e t e c t e d  

The  o p e r a t i o n   of  the  data  management  system  j u s t   desc r ibed   w i l l   b e  

b r i e f l y   summarised  with  r e f e r e n c e   to  FIGURE  15.  In  block  70,  the  s y s t e m  

m i c r o p r o c e s s o r   21  c r e a t e s   adap t e r   op  codes  in  system  mic rop roces so r   RAM, 

i n i t i a l i s e s   p a r a m e t e r s   in  the  a d a p t e r   and  i s s u e s   the  command  to  s t a r t   t o  

the  adap t e r   22.  The  a d a p t e r   22  then  f e t c h e s   the  op  code  from  t h e  

m i c r o p r o c e s s o r   RAM  by  DMA  and  decodes  as  i n d i c a t e d   in  block  71.  The 

adap te r   22  next  f e t c h e s   d i s p l a y   data  and  s t o r e s   i t   in  RAM  33  in  b l o c k  

72.  Once  the  op  code  and  d i s p l a y   data   have  been  f e t ched ,   t h e  

p i c o p r o c e s s o r   37  c a l c u l a t e s   d i s p l a y   p a r a m e t e r s   and  i n i t i a l i s e s   t h e  

d i s p l a y   I/O  log ic   29  (FIGURE  6)  as  i n d i c a t e d   in  block  73.  Based  on 

these   c a l c u l a t i o n s ,   the  l i ne   b u f f e r   a d d r e s s e s   and  c h a r a c t e r   g e n e r a t o r  

RAM  100,  data  is  s e r i a l i s e d   and  h i g h l i g h t e d   in  s e r i a l i s e r   35  and  t h e n  

d i s p l a y e d   as  i n d i c a t e d   in  block  74.  Once  the  data  in  s e r i a l i s e r   35  h a s  

been  o u t p u t t e d   by  the  d i s p l a y   I/O  l og i c   29  and  d i sp l ayed   on  the  p l a s m a  

pane l ,   the  d i s p l a y   I/O  log ic   29  f l a g s   comple t ion   to  the  p i c o p r o c e s s o r   27 

as  i n d i c a t e d   on  b lock   75.  The  c l ean -up   performed  by  p i c o p r o c e s s o r   27 

r e t u r n s   the  a d a p t e r   22  to  a  base  s t a t e ,   ready  to  execute  a d d i t i o n a l   op 

codes.   In  d e c i s i o n   block  76,  i f   a  chained  op  code  is  being  e x e c u t e d ,  

the  o p e r a t i o n   r e t u r n   to  block  71;  o t h e r w i s e ,   the  adapter   i n t e r r u p t s   t h e  

system  m i c r o p r o c e s s o r   21  with  comple t ion   s t a t u s   and  the  ope ra t i on   s t o p s  

as  i n d i c a t e d   in  block  77.  



1.  A  d i sp lay   management  system  c o m p r i s i n g  

a  host  p r o c e s s o r   (20)  adapted  in  ope ra t i on   to  execute   a p p l i c a t i o n  

programs,   i n c l u d i n g   g e n e r a t i n g   d i sp lay   r e l a t e d   programmed  symbols  and  

p e r i p h e r a l   commands; 

a  system  m i c r o p r o c e s s o r   (21),  connected  as  a  p e r i p h e r a l   un i t   to  the  h o s t  

p r o c e s s o r   and  p r o v i d e d   with  a s s o c i a t e d   s to rage   to  to  r e ce ive   from  t h e  

host  p r o c e s s o r ,   and  to  s t o r e ,   d i sp lay   r e l a t e d   commands  and  programmed 

symbols,  the  system  m i c r o p r o c e s s o r   decoding  and  execu t ing   commands  f rom 

the  host   p r o c e s s o r   i n c l u d i n g   those  r e l a t i n g   to  management  of  d i s p l a y  

data;   and 

a  d i sp l ay   device  (10),  i n t e r f a c e d   with  the  system  m i c r o p r o c e s s o r ,   f o r  

d i s p l a y i n g   data  as  de te rmined   by  the  host  p r o c e s s o r ;  

c h a r a c t e r i s e d   in  t h a t  

the  d i sp lay   device   is  a  plasma  or  gas  panel   d i sp lay   (11);  and 

the  system  m i c r o p r o c e s s o r   i n t e r f a c e s   with  the  d i s p l a y   via  a  p l a s m a  

d i sp lay   adap te r   (22)  p rov id ing   high  level   con t ro l   of  the  n a t i v e  

i n t e r f a c e   (29)of  i t s   a s s o c i a t e d   d i s p l a y ,   t o g e t h e r   with  s e r i a l i s a t i o n   o f  

c h a r a c t e r   data  and  computat ion  of  the  boundar ies   of  panel   wr i t e   and 

erase  o p e r a t i o n s .  

2.  A  system  as  claimed  in  claim  1,  wherein  the  adap te r   inc ludes   a 

p i c o p r o c e s s o r ( 2 7 ) ,   having  d i r e c t   memory  access  to  the  m i c r o p r o c e s s o r  

s to rage ,   the  m i c r o p r o c e s s o r   compil ing,   in  response  to  d i sp l ay   r e l a t e d  

symbols  from  the  host   p r o c e s s o r ,   a  picocode  l i s t   d e f i n ing   the  c u r r e n t  

sequence  of  o p e r a t i o n s   to  be  performed  by  the  p i c o p r o c e s s o r   and  hence  by 



the  a d a p t e r   as  a  whole,  such  p icocode  being  immediate ly   e x e c u t a b l e   by 
the  p i c o p r o c e s s o r .  

3.  A  system  as  claimed  in  claim  2,  wherein   the  picocode  l i s t   i n c l u d e s  

p i c o p r o c e s s o r   e x e c u t a b l e   op  codes  and  i n i t i a l i s i n g   d i sp lay   p a r a m e t e r s ,  

the  d i s p l a y   a d a p t e r   having  a  common  i n t e r n a l   bus (31) ,   to  which  common 

i n t e r n a l   bus  are  c o n n e c t e d  

the  p i c o p r o c e s s o r ,   i t   being  adapted  to  c a l c u l a t e   the  r e q u i r e d  

b o u n d a r i e s ,  

a d a p t e r   memory  means  (26)  for  s t o r i n g   the  p icocode  accessed   from  t h e  

m i c r o p r o c e s s o r   memory,  t o g e t h e r   wi th   the  r e s u l t s   of  c a l c u l a t i o n s  

per formed  by  the  p i c o p r o c e s s o r   in  r e sponse   t h e r e t o ,  

c o n t r o l   means  (30)  for  f e t c h i n g   the  op  codes  and  d i sp l ay   p a r a m e t e r s   from 

the  m i c r o p r o c e s s o r   memory  by  d i r e c t   memory  access   and  s t o r i n g   the  op 
codes  and  d i s p l a y   p a r a m e t e r s   in  the  a d a p t e r   memory ,  and  

c h a r a c t e r   g e n e r a t o r   and  s e r i a l i s e r   (28)  for  s e r i a l i s i n g   c h a r a c t e r   d a t a  

for  t r a n s m i s s i o n   to  the  a t t a c h e d   d i s p l a y   accord ing   to  the  b o u n d a r i e s  

c a l c u l a t e d   by  the  p i c o p r o c e s s o r .  

4.  A  system  as  c la imed  in  claim  3,  wherein  the  c h a r a c t e r   g e n e r a t o r  

i n c l u d e s  r e g i s t e r s   (61,  for   example) ,   a c c e s s i b l e   by  the  s y s t e m  

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

s t ream  f o r m a t t e d   by  the  c h a r a c t e r   g e n e r a t o r .  

5.  A  system  as  c la imed  in  claim,  in  which  the  adap te r   i n c l u d e s  

a t t r i b u t e   d e t e c t   means  (62)  for  d e t e c t i n g   and  s t o r i n g   a  f i e l d   a t t r i b u t e  

in  the  d i s p l a y   data  s t ream,   such  f i e l d   a t t r i b u t e   being  used  for  the  n e x t  

d i s p l a y   row  un l e s s   the  f i r s t   c h a r a c t e r   of  t ha t   row  i s ,   i t s e l f ,   a  f i e l d  

a t t r i b u t e .  



6.  A  system  as  claimed  in  any  p r eced ing   c laim,   wherein  the  adapter   i s  

arranged  to  t r a n s l a t e   d i sp l ay   p o s i t i o n   addres ses   from  abso lu te   c a r t e s i a n  

coo rd ina t e s   s p e c i f i e d   by  system  m i c r o p r o c e s s o r   to  panel   a d d r e s s e s ,  

7.  A  system  as  claimed  in  claim  6,  wherein  the  d i sp l ay   is  o f  t h e  t y p e  

having  a  p l u r a l i t y   of  h o r i z o n t a l   and  v e r t i c a l   wires  d iv ided   into  odd  and 

even  groups  which  are  p h y s i c a l l y   a d d r e s s a b l e   from  oppos i t e   edges  o f   t h e  

p a n e l ( s e e   Fig.  7),  each  group  having  the  same  number  of  w i r e s ,  t h e  

groups  being  aggrega ted   into  modules  of  a  cons t an t   group  s ize ,   a b s o l u t e  

c a r t e s i a n   c o o r d i n a t e s   being  t r a n s l a t e d   into  module,  or  module  and  g roup  

i d e n t i t i e s ,   for  v e r t i c a l   and  h o r i z o n t a l   wi res ,   r e s p e c t i v e l y .  

8.  A  system  as  claimed  in  claim  7,  wherein  the  groups  of  wires  of  each  

module  are  s e l e c t a b l e   by  means  of  the  c u r r e n t l y   loaded  s t a t e   of  a  s h i f t  

r e g i s t e r   (see  Fig.  7)  of  the  kind  which  is  loaded  s e r i a l l y   by  p a i r s   o f  

b i t s ,   cor responding   to  an  even  and  an  odd  group  of  wi res ,   but  read  i n  

p a r a l l e l ,   the  r e g i s t e r s   cor responding   to  one  wire  o r i e n t a t i o n   b e i n g  

loaded  before   those  co r responding   to  the  o ther   wire  o r i e n t a t i o n .  

9.  A  system  as  claimed  in  claim  8,  wherein  for  w r i t i n g ,   as  opposed  t o  

e ras ing ,   the  s h i f t   r e g i s t e r s   of  at  l e a s t   one  o r i e n t a t i o n   of  wires  a r e  

pre-   and/or  pos t -padded   to  obtain  c o r r e c t   d i s p l a y   element  a l i g n m e n t .  

10.  A  system  as  claimed  in  any  of  claims  7,  8  or  9,  wherein  t h e  n u m b e r  

of  groups  between  the  s t a r t   and  the  f i n i s h   of  an  erase   ope ra t ion   i s  

c a l c u l a t e d .  

11.  A  system  as  claimed  in  claim  9,  wherein  the  adap te r   inc ludes   a 

c h a r a c t e r   gene ra to r   (28)  and  an  a s s o c i a t e d   c h a r a c t e r   memory  (100) 

s to r ing   c h a r a c t e r   i n fo rma t ion   of  a  p r ede t e rmined   pel  width,  the  sys t em 

p roces so r   being  capable  of  spec i fy ing   c h a r a c t e r   widths  g r ea t e r   or  l e s s  

than  the  s tored   p rede te rmined   pel  width,   the  p i c o p r o c e s s o r   c a l c u l a t i n g  

the  p o s i t i o n   of  data  to  be  d i sp layed   wi thin   the  module  s p e c i f i e d   f o r  

such  d i sp lay ,   the  p i c o p r o c e s s o r   being  r e spons ive   to  the  c h a r a c t e r   w i d t h  



s p e c i f i e d   by  the  system  m i c r o p r o c e s s o r   to  cause  the  c h a r a c t e r   g e n e r a t o r  

to ,   e i t h e r ,   t r u n c a t e   the  c h a r a c t e r   i n f o r m a t i o n   from  the  c h a r a c t e r  

g e n e r a t o r   memory  if  the  s p e c i f i e d   width  is  l e s s   than  the  s p e c i f i e d   p e l  

width ,   or  to  pad  the  c h a r a c t e r   i n f o r m a t i o n   from  the  c h a r a c t e r   g e n e r a t o r  

memory  with  a d d i t i o n a l   pe l s   i f   the  s p e c i f i e d   c h a r a c t e r   width  is  g r e a t e r  

than  the  p r e d e t e r m i n e d   pel   width,   for  i n s e r t i o n   in to   the  wire  s e l e c t i n g  

s h i f t   r e g i s t e r s .  
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