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(54)  Frame  buffer  memory  controller. 
  A  frame  buffer  memory  controller  (24)  allows  rapid 
image  updating  while  maintaining  screen  refresh  data  flow 
rate.  One  frame  buffer  memory  controller  (24)  controls  one 
or  more  pixel  depth  columns  comprising  one  or  more  frame 
buffer  memory  chips  (22)  per  pixel.  Each  frame  buffer 
memory  controller  (24)  listens  on  a  display  processor  bus 
(26)  for  read,  write  or  read-modify-write  commands  addres- 
sed  to  a  pixel,  or  memory  chip,  under  its  control.  Such 
commands,  along  with  the  associated  addresses  and  data, 
are  stored  in  a  first-in,  first-out  (FIFO)  buffer  (35)  for 
execution  during  the  first  free  memory  cycle. 





B a c k g r o u n d   of   t h e   I n v e n t i o n  

F i e l d   of  t h e   I n v e n t i o n .  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   t o   f r a m e   b u f f e r  

memory  s y s t e m s   f o r   r a s t e r   d i s p l a y s ,   and  more  p a r t i c u -  

l a r l y   to   a  f r a m e   b u f f e r   memory  c o n t r o l l e r   f o r   a l l o w i n g  

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

r e f r e s h   d a t a   f l o w   r a t e .  

D e s c r i p t i o n   of  t h e   P r i o r   A r t .  

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

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

memory  h a s   d e c r e a s e d .   The  image   t o   be  d i s p l a y e d   i s  

r e p r e s e n t e d   in   a  l a r g e   memory  t h a t   s a v e s   a  d i g i t a l  

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

p i c t u r e   e l e m e n t ,   or  p i x e l ,   on  t h e   s c r e e n .   By  p r o p e r l y  

r e c o r d i n g   t h e   d a t a   in   t h e   memory  an  a r b i t r a r y   i m a g e  

can  be  d i s p l a y e d ,   m a k i n g   t h e   d i s p l a y   h a r d w a r e  

i n s e n s i t i v e   to   image   c o n t e n t .   The  f r a m e   b u f f e r   m e m o r y  
i s   e q u i p p e d   w i t h   h a r d w a r e   to   g e n e r a t e   a  v i d e o   s i g n a l  

t o   r e f r e s h   t h e   d i s p l a y   and  w i t h   a  memory  p o r t   to   a l l o w  

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

f r a m e   b u f f e r   memory  in  o r d e r   to   c h a n g e   t h e   image   b e i n g  

d i s p l a y e d .  

I n t e r a c t i v e   g r a p h i c s   a p p l i c a t i o n s   r e q u i r e   r a p i d  

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

r a p i d   c h a n g e s   to   t h e   f r a m e   b u f f e r   memory .   A l t h o u g h   t h e  

s p e e d   of   t h e   h o s t   p r o c e s s o r   and  d i s p l a y   p r o c e s s o r   i s  

c l e a r l y   i m p o r t a n t   to   h i g h   p e r f o r m a n c e ,   so  a l s o   a r e   t h e  

p r o p e r t i e s   of   t h e   memory  s y s t e m ,   s u c h   as  u p d a t e  

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

or   d a t a   p r o c e s s o r   may  a c c e s s   e a c h   p i x e l .   For   a  g i v e n  

memory  t e c h n o l o g y   t h e   i m p l i c i t   g e o m e t r y   of  f r a m e  

b u f f e r   memory  a c c e s s   can   a f f e c t   t h i s   r a t e .   C o n v e n -  

t i o n a l   p i x e l   memory  s y s t e m s   a r r a n g e   w o r d s   o f  



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

t o   s i x t e e n ,   t w e n t y ,   t h i r t y - t w o ,   or   some  o t h e r   f i x e d  

n u m b e r   of   p i x e l s   in   a  h o r i z o n t a l   s c a n   l i n e   on  a  

d i s p l a y .   O t h e r   s y s t e m s   u s e   a r r a y s   of  p i x e l s ,   s u c h   a s  

4x4 ,   4 x 5 ,   8x8 ,   e t c .   f o r   e a c h   f r a m e   b u f f e r   w o r d .  

A  c o n v e n t i o n a l   f r a m e   b u f f e r   memory  w r i t e s   p i x e l s  

a l o n g   a  h o r i z o n t a l   l i n e   v e r y   r a p i d l y ,   b u t   i s   s l o w   f o r  

m o s t   o t h e r   d i r e c t i o n s .   Fo r   a  f r a m e   b u f f e r   memory   w i t h  

a  16  p i x e l   w i d e   by  1  p i x e l   h i g h   w o r d ,   l e t   t h e   a v e r a g e  
t i m e   t o   do  a  memory  w r i t e   be  T  s e c o n d s   ( i n c l u d i n g   t h e  

d e l a y   c a u s e d   by  i n t e r s p e r s e d   d i s p l a y   r e f r e s h   r e a d s ) .  
Then   h o r i z o n t a l   l i n e s   can   be  w r i t t e n   a t   a  r a t e   as  h i g h  

as  1 6 / T   p i x e l s   p e r   s e c o n d .   S i n c e   t h e   b e g i n n i n g   and  e n d  

of   t h e   l i n e s   w i l l   g e n e r a l l y   n o t   l i e   on  w o r d  

b o u n d a r i e s ,   t h e   a c t u a l   r a t e   w i l l   be  l e s s   t h a n   1 6 / T   o n  

a v e r a g e .   Now  c o n s i d e r   a  v e r t i c a l   l i n e ,   or   any  l i n e  

s t e e p e r   t h a n   45  d e g r e e s .   E v e r y   p i x e l   w r i t t e n   w i l l   l i e  

in   a  d i f f e r e n t   w o r d .   The  p i x e l   r a t e   i s   t h u s   1 /T   p i x e l s  

p e r   s e c o n d .   A v e r a g i n g   t h e   p i x e l   d r a w i n g   r a t e   o v e r   a l l  

v e c t o r   a n g l e s   and  i g n o r i n g   t h e   end  e f f e c t s   g i v e s  

r o u g h l y   1 . 3 6 / T   p i x e l s   p e r   s e c o n d .   F r a m e   b u f f e r  

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

p i x e l s   i m p r o v e   on  t h e   a v e r a g e   p i x e l   w r i t i n g   r a t e .   F o r  

a   f r a m e   b u f f e r   memory  w i t h   a  4  p i x e l   w i d e   by  4  p i x e l  

h i g h   word   and   a v e r a g e   w r i t i n g   t i m e   T,  e x c e p t   f o r   t h e  

b e g i n n i n g   and  end  of  l i n e s ,   4  p i x e l s   can   be  w r i t t e n   o n  

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

t h e   l i n e .   The  p i x e l   w r i t i n g   r a t e   t h u s   a p p r o a c h e s   4 / T  

) p i x e l s   p e r   s e c o n d .  

What  i s   d e s i r e d   i s   a  m e a n s   f o r   s p e e d i n g   up  t h e  

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



Summary  of  t h e   I n v e n t i o n  

A c c o r d i n g l y ,   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  

Frame  b u f f e r   memory  c o n t r o l l e r   w h i c h   a l l o w s   r a p i d  

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

f low  r a t e .   One  f r a m e   b u f f e r   memory  c o n t r o l l e r   c o n t r o l s  

one  or   more   p i x e l   d e p t h   c o l u m n s   c o m p r i s i n g   one  or   m o r e  

f r a m e   b u f f e r   memory  c h i p s   p e r   p i x e l .   Each   f r a m e   b u f f e r  

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

f o r   r e a d ,   w r i t e   or   r e a d - m o d i f y - w r i t e   c o m m a n d s  

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

c o n t r o l .   Such   commands ,   a l o n g   w i t h   t h e   a s s o c i a t e d  

a d d r e s s e s   and  d a t a ,   a r e   s t o r e d   in   a  f i r s t - i n ,  

f i r s t - o u t   (FIFO)  b u f f e r   f o r   e x e c u t i o n   d u r i n g   t h e   f i r s t  

f r e e   memory  c y c l e .   The  r e s u l t   i s ,   f o r   e x a m p l e ,   a  l i n e  

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

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

p r e s e n t   i n v e n t i o n   w i l l   be  a p p a r e n t   f rom  t h e   f o l l o w i n g  

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

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

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

F i g .   1  i s   a  b l o c k   d i a g r a m   v i ew   of  a  f r a m e   b u f f e r  

memory  a c c o r d i n g   to   the   p r e s e n t   i n v e n t i o n .  

F i g s .   2A  t h r o u g h   2D  a r e   e x a m p l e s   of  v a r i o u s  

g e o m e t r i e s   f o r   f r a m e   b u f f e r   memory  a c c e s s .  

F i g .   3  i s   a  b l o c k   d i a g r a m   v i e w   of  a  f r a m e   b u f f e r  

memory  c o n t r o l l e r   for   t h e   f r a m e   b u f f e r   memory  of  F i g .  

1 .  



F i g .   4  i s   an  i l l u s t r a t i o n   of  t h e   o p e r a t i o n   of  t h e  

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

D e s c r i p t i o n   of  t h e   P r e f e r r e d   E m b o d i m e n t  

R e f e r r i n g   now  to   F i g .   1  a  f r a m e   b u f f e r   memory   2 0  

i s   shown  g e n e r a l l y .   The  f r a m e   b u f f e r   memory  20  h a s   a  

p l u r a l i t y   o f   memory  d e v i c e s   22,  t y p i c a l l y   r a n d o m  

a c c e s s   m e m o r i e s   (RAM),  e a c h   RAM  c o r r e s p o n d i n g   t o   o n e  

p l a n e   of  one   p i x e l   b i t   in   a  d i s p l a y   or   f r a m e   b u f f e r ,  

word  as  shown  in  F i g s .   2A  t h r o u g h   2D.  Fo r   a  c o n v e n -  

t i o n a l   memory   g e o m e t r y   as  shown  in  F i g .   2A  t h e   n u m b e r  

of  RAMs  22  i s   l x 1 6 x n   w h e r e   n  i s   t h e   n u m b e r   of   p l a n e s  

( n u m b e r   of   b i t s   p e r   p i x e l ) .   A  1 0 2 4 x 1 0 2 4   r a s t e r   d i s p l a y  

w o u l d   r e q u i r e   s u c h   RAMs  to   h a v e   a  64K  c a p a c i t y .  

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

d i s p l a y   w o r d   a  f r a m e   b u f f e r   memory  c o n t r o l l e r   24  

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

26.  E a c h   f r a m e   b u f f e r   memory  c o n t r o l l e r   24  r e c o g n i z e s  

a d d r e s s e s   f r o m   t h e   d i s p l a y   p r o c e s s o r   bus   2 6  w h i c h  

p e r t a i n   t o   t h e   RAMs  22  u n d e r   i t s   c o n t r o l .   T h e  

a s s o c i a t e d   c o m m a n d s / d a t a   a r e   t h e n   r o u t e d   to   t h e  

a p p r o p r i a t e   RAM  22  and  l o c a t i o n   w i t h i n   t h a t   RAM 

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

a d d r e s s   bus   28  a n d / o r   d a t a   bus   30  f rom  t h e   f r a m e  

b u f f e r   memory   c o n t r o l l e r   24.  Da ta   t o   be  d i s p l a y e d   i s  

t r a n s f e r r e d   v i a   t h e   f r a m e   b u f f e r   memory  c o n t r o l l e r   24 

to   a  d i g i t a l - t o - a n a l o g   c o n v e r t e r   32  f o r   c o n v e r s i o n   t o  

v i d e o   d a t a .   The  e x a m p l e   shown  f o r   F i g .   1  i s  

i l l u s t r a t i v e   of  t h e   c o n f i g u r a t i o n   f o r   a  1 6 - p i x e l  

d i s p l a y   word   of  4 - b i t s ,   or  p l a n e s ,   p e r   p i x e l .   I n s e r t e d  

b e t w e e n   t h e   FBMCs  24  and  DAC  32  may  be  a  c o l o r   map  33 

f o r   d e t e r m i n i n g   t h e   c o l o r   of  e a c h   p i x e l .  



F i g .   1  s h o w s   t h e   p i x e l   d a t a   f o r   d i s p l a y   r e f r e s h  

c o m i n g   f r o m   t h e   FBMCs  24.  H o w e v e r ,   v i d e o   RAMs  22,  s u c h  

as  t h e   TMS  4161  by  T e x a s   I n s t r u m e n t s   I n c . ,   D a l l a s ,  

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

be  u s e d   e q u a l l y   w e l l .   In  e i t h e r   c a s e   t h e   c o l o r   map  33  

or   o t h e r   l o g i c   may  be  i n s e r t e d   in  t h e   p i x e l   d a t a   p a t h  
b e f o r e   t h e   DAC  32.  As  shown  t h e   p i x e l   d a t a   o u t p u t s   o f  

t h e   FBMCs  24  a r e   b u s s e d   t o g e t h e r   o n t o   one  s e t   of  w i r e s  

(one   w i r e   p e r   p l a n e ) .   U n d e r   t h i s   s c h e m e   e a c h   FBMC  24 

d r i v e s   t h e   p i x e l   d a t a   bus  f o r   one  p i x e l   c l o c k ,   t h e n  

t r i s t a t e s   i t s   o u t p u t s   to   a l l o w   t h e   n e x t   FBMC  to   s e n d  

i t s   p i x e l   d a t a .   T h i s   i s   p r a c t i c a l   f o r   low  r e s o l u t i o n  

d i s p l a y s   w i t h   s l o w   p i x e l   c l o c k s .   For   h i g h e r   r e s o l u t i o n  

d i s p l a y s   t h e   p i x e l   d a t a   o u t p u t s   f rom  e a c h   FBMC  a r e   n o t  

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

r e g i s t e r   p e r   p l a n e .   Each   s h i f t   r e g i s t e r   r e c e i v e s   o n e  

b i t ,   or   as   many  b i t s   as  t h e r e   a r e   p i x e l s   in   t h e  

d i s p l a y   w o r d   c o n t r o l l e d   by  t h e   FBMC  24,  f rom  e a c h  

FBMC.  O t h e r   v a r i a t i o n s   a r e   p o s s i b l e ,   s u c h   a s  

i n c o r p o r a t i n g   t h e   s h i f t   r e g i s t e r s   w i t h i n   t h e   FBMCs  24 

so  t h a t   t h e   p i x e l   d a t a   o u t p u t   f rom  e a c h   FBMC  s h i f t s  

i n t o   t h e   n e x t   one ,   w i t h   t h e   f i n a l   o u t p u t   c o n n e c t i n g   t o  

t h e   c o l o r   map  33  or   DAC  3 2 .  

The  f r a m e   b u f f e r   memory  c o n t r o l l e r   24  i s   shown  i n  

some  d e t a i l   in  F i g .   3.  An  a d d r e s s   r e c o g n i z e r   c i r c u i t  

34  i s   c o n n e c t e d   to   t h e   d i s p l a y   c o n t r o l l e r   bus   26  t o  

d e t e r m i n e   t h o s e   o p e r a t i o n s   d i r e c t e d   to   t h e   p i x e l s  

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

c o n t r o l l e r .   The  r e c o g n i z e d   a d d r e s s   i s   s t o r e d   in   a  

p o r t i o n   36  of  a  FIFO  b u f f e r   35  when  an  a s s o c i a t e d  

command  i s   r e c e i v e d .   D u r i n g   a  s c r e e n   r e f r e s h   c y c l e  

d a t a   i s   r e a d   f rom  t h e   RAMs  22,  t r a n s f e r r e d   v i a   a  l a t c h  

38  to   a  s e c o n d   FIFO  b u f f e r   40,  and  t h e n c e   to   an  o u t p u t  



b u f f e r   42  t o   p r o v i d e   t h e   a p p r o p r i a t e   p i x e l   d a t a .  

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

c i r c u i t   44  and  t h e   p i x e l s   a r e   a d d r e s s e d   s e q u e n t i a l l y  

v i a   a  r e f r e s h   a d d r e s s   c o u n t e r   46.  An  a d d r e s s  

m u l t i p l e x e r   48  p a s s e s   t h e   a d d r e s s e s   f rom  t h e   r e f r e s h  

a d d r e s s   c o u n t e r   46  t o   t h e   RAMs  22  d u r i n g   t h e   r e f r e s h  

c y c l e ,   and  p a s s e s   t h e   a d d r e s s e s   f rom  t h e   f i r s t   F I F O  

b u f f e r   36  t o   t h e   RAMs  22  f o r   i m a g e   c h a n g e s   d u r i n g   f r e e  

memory   c y c l e s .   The  a d d r e s s   r e c o g n i z e r   c i r c u i t   34  m a y  
be  r e p l a c e d   by  an  e x t e r n a l   a d d r e s s   d e c o d e r   37  on  t h e  

d i s p l a y   p r o c e s s o r   bus   26  w h i c h   r o u t e s   t h e  

c o m m a n d / d a t a / a d d r e s s e s   t o   t h e   a p p r o p r i a t e   FBMCs  2 4 .  

When  a  c o m m a n d / d a t a   word  on  t h e   d i s p l a y   bus   26  i s  

r e c o g n i z e d   as  a p p l y i n g   to   t h e   RAMs  22  a s s o c i a t e d   w i t h  

t h e   p a r t i c u l a r   f r a m e   b u f f e r   memory   c o n t r o l l e r   24  b y  

t h e   a d d r e s s   r e c o g n i z e r   c i r c u i t   34,   t h e   c o m m a n d / d a t a  

i n f o r m a t i o n   i s   s t o r e d   in   r e s p e c t i v e   p o r t i o n s   5 0 , 5 2   o f  

t h e   FIFO  b u f f e r   35  a l o n g   w i t h   t h e   a d d r e s s   i n f o r m a t i o n .  

At  t h e   f i r s t   f r e e   memory  c y c l e   t h e   a p p r o p r i a t e   RAM  22  

i s   a c c e s s e d   a c c o r d i n g   to   t h e   f i r s t - i n   a d d r e s s   in   t h e  

a d d r e s s   b u f f e r   36,  and  t h e   a s s o c i a t e d   command  in   t h e  

command  b u f f e r   50  i s   e x e c u t e d ,   d a t a   in   t h e   w r i t e  

b u f f e r   52  b e i n g   w r i t t e n   i n t o   t h e   RAM,  or   d a t a   b e i n g  

r e a d   f rom  t h e   RAM  and  e i t h e r   s t o r e d   in   t h e   r e a d   b u f f e r  

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

d i s p l a y   bus   26  or   f o r   m o d i f i c a t i o n   and  r e w r i t e   i n t o  

t h e   RAM  v i a   a  r e a d - m o d i f y - w r i t e   (RMW)  l o g i c   c i r c u i t  

5 6 .  

In  o p e r a t i o n   t h e   f r a m e   b u f f e r   memory  20  c a n  

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

26  f rom  t h e   d i s p l a y   p r o c e s s o r   e v e n   w h i l e   p i x e l   d a t a   i s  

b e i n g   r e a d   f rom  t h e   memory  u n i t s   22  to   r e f r e s h   t h e  

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



The  c o m m a n d / d a t a   i n f o r m a t i o n   t o g e t h e r   w i t h   RAM  a d d r e s s  

i s   s t o r e d   in   t h e   FIFO  b u f f e r   35  and  a c t e d   u p o n   a t   t h e  

f i r s t   f r e e   memory  c y c l e .   T h u s ,   t h e   i m a g e   on  t h e  

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

e a c h   p i x e l   can  be  t r a n s m i t t e d   to   t h e   f r a m e   b u f f e r  

memory  v i a   t h e   f r a m e   b u f f e r   memory  c o n t r o l l e r s   w h i l e  

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

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

24  can   be  w r i t i n g   p i x e l s   s i m u l t a n e o u s l y   e v e n   when  t h e  

p i x e l s   b e i n g   w r i t t e n   a r e   n o t   on  a  s i n g l e   h o r i z o n t a l  

l i n e .  

G i v e n   t h e   same  memory  t e c h n o l o g y   and  d i s p l a y  

r e f r e s h   o v e r h e a d   ( same  a v e r a g e   w r i t e   t i m e   of  T 

s e c o n d s )   and   t h e   same  word   s i z e   (16  p i x e l s )   a  f r a m e  

b u f f e r   memory   20  as  shown  in   F i g .   1  can   w r i t e   p i x e l s  

a t   a  r a t e   a p p r o a c h i n g   1 6 / T   p e r   s e c o n d .   T h i s   s p e e d  

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

memory  20  i n t o   16  s e p a r a t e   p i e c e s ,   one  f o r   e a c h   p i x e l  

in  t h e   f r a m e   b u f f e r   w o r d .   E a c h   p i e c e   of   t h e   memory   2 0  

h a s   s e p a r a t e   a d d r e s s   and  d a t a   l i n e s   c o n t r o l l e d   by  a  

s e p a r a t e   f r a m e   b u f f e r   memory   c o n t r o l l e r   24 .   T h u s  

memory  a c c e s s e s   a r e   no  l o n g e r   l i m i t e d   t o   f i x e d   f r a m e  

b u f f e r   w o r d s .   At  any  moment   e a c h   of  t h e   16  FBMCs  24  

may  be  w r i t i n g   a  p i x e l   t o   a  d i f f e r e n t   f r a m e   b u f f e r  

w o r d .  

To  a c h i e v e   t h i s   p e r f o r m a n c e   i m p r o v e m e n t ,   e a c h  

f r a m e   b u f f e r   memory  c o n t r o l l e r   24  has   a  FIFO  b u f f e r   3 5  

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

p r o c e s s o r   in   a d d i t i o n   to   t h e   s e p a r a t e   a d d r e s s   and  d a t a  

l i n e s   to   t h e   RAMS  22  c o n t r o l l e d   by  i t .   T h i s   F I F O  

b u f f e r   35  s e r v e s   two  p u r p o s e s .   F i r s t ,   i t   a l l o w s  

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

p r o c e s s o r   w h i l e   t h e   f r a m e   b u f f e r   memory   20  i s   b u s y  



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

n e g l i g i b l e   i f   v i d e o   RAMs  a r e   u s e d .   The  s e c o n d   and  m o r e  

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

s o r   c o m m a n d s   to   a d d r e s s   t h e   same  f r a m e   b u f f e r   m e m o r y  
c o n t r o l l e r   24  ( same  one  of   t h e   16  p i e c e s   of  f r a m e  

b u f f e r   memory   20)  w i t h o u t   w a i t i n g   f o r   e a c h   m e m o r y  

c y c l e   t o   f i n i s h   b e f o r e   s e n d i n g   t h e   n e x t   command.   On 

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

e a c h   p i e c e   of   t h e   memory  ( e a c h   f r a m e   b u f f e r   m e m o r y  
c o n t r o l l e r   24)  a t   an  e q u a l   r a t e .   Over   s h o r t   p e r i o d s   o f  

t i m e ,   h o w e v e r ,   one  or   a  few  FBMCs  24  may  r e c e i v e   m o s t  

of  t h e   c o m m a n d s .   The  FIFO  b u f f e r   35  s m o o t h e s   o u t   t h i s  

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

k e e p   b u s y   m o s t   of  t h e   t i m e .  

C o n s i d e r   an  e x a m p l e   as   shown  in   F i g .   4  w i t h   a  1 6  

p i x e l   w i d e   by  1  p i x e l   h i g h   f r a m e   b u f f e r   w o r d .   F u r t h e r  

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

f r a m e   b u f f e r   memory  w i t h   s l o p e   of   3  ( f o r   e v e r y   o n e  

p i x e l   t o   t h e   r i g h t   t h e   l i n e   g o e s   3  p i x e l s   u p ) .   L e t   t h e  

l i n e   r u n   f r o m   1 0 0 , 2 0 0   t o   1 5 0 , 5 0 .   The  f i r s t   two  p i x e l  
w r i t e   c o m m a n d s   a d d r e s s   f r a m e   b u f f e r   memory  c o n t r o l l e r  

(FBMC)  n u m b e r   5,  t h e   n e x t   t h r e e   p i x e l   w r i t e s   a d d r e s s  

FBMC  n u m b e r   6,  and  so  on.  I f   t h e   p i x e l   w r i t e   c o m m a n d s  

a r e   s e n t   a t   t h e   r a t e   of  1 6 / T   p e r   s e c o n d ,   e a c h   FBMC 

j u s t   f i n i s h e s   i t s   l a s t   w r i t e   when  i t   i s   a g a i n  

a d d r e s s e d   w i t h   t h r e e   more   p i x e l   w r i t e   c o m m a n d s .  

The  a b o v e   e x a m p l e   r e q u i r e s   t h e   FBMCs  24  to   h a v e   a  

FIFO  b u f f e r   35  of  l e n g t h   3  or   l a r g e r   t o   run   a t   t h e  

f u l l   1 6 / T   r a t e .   For   s t e p p e r   l i n e s   ( c l o s e r   t o   v e r t i c a l )  

t h e   r e q u i r e d   FIFO  b u f f e r   s i z e   i s   l a r g e r .   Assume  s o m e  

r e a s o n a b l e   FIFO  b u f f e r   s i z e   of  32  w o r d s   p e r   FBMC  2 4 .  

Then  l o n g   l i n e s   w i t h   s l o p e   much  o v e r   32  f i l l   t h e   F I F O  

b u f f e r   35  of   one  FBMC  24,  r e q u i r i n g   t h e   d i s p l a y  



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

h a v e   b e e n   e x e c u t e d   b e f o r e   c o n t i n u i n g .   S h o r t   v e r t i c a l  

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

in   s u c c e s s i o n   a d d r e s s   t h e   same  FBMC  24.   Thus   a  f e w  

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

16 /T   p i x e l s   p e r   s e c o n d .   For   t y p i c a l   p i c t u r e s   t h i s  

f r a c t i o n   i s   v e r y   s m a l l ,   and  can  be  made  t o   a p p r o a c h  

z e r o   by  i n c r e a s i n g   t h e   FIFO  b u f f e r   s i z e .   For   r a n d o m  

s h o r t   v e c t o r s   t h i s   e x a m p l e   s y s t e m   y i e l d s   r o u g h l y   1 3 / T  

to   14/T  p i x e l s   p e r   s e c o n d   w i t h   i t s   32  word   FIFO  b u f f e r  

3 5 .  

A l l   p e r f o r m a n c e   e s t i m a t i o n s   a r e   p r o p o r t i o n a l   t o  

1 / T .   I f   v i d e o   RAM's  a r e   u s e d   w h e r e   d i s p l a y   r e f r e s h  

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

w r i t e   c y c l e   t i m e .   I f   r e a d - m o d i f y - w r i t e s   a r e   b e i n g  

d o n e ,   t h e n   T  i s   t h e   r e a d - m o d i f y - w r i t e   c y c l e   t i m e .   I f  

n o r m a l   RAMs  22  a r e   u s e d   in   t h e   f r a m e   b u f f e r   memory  20  

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

t i m e   u s e d   f o r   t h e   d i s p l a y   r e f r e s h   r e a d s .   I f   r e f r e s h  

r e a d s   t a k e   50%  of  t h e   RAMs'  t i m e ,   t h e n   T  i s   i n c r e a s e d  

by  a  f a c t o r   of   two  and  p e r f o r m a n c e   d e c r e a s e s   by  a  

f a c t o r   of  t w o .   In  e i t h e r   c a s e ,   h o w e v e r ,   t h e   r e l a t i v e  

i n c r e a s e   in   p e r f o r m a n c e   o b t a i n e d   by  u s i n g   FBMCs  24  i s  

t h e   s a m e .  

O t h e r   d i s p l a y   word  c o n f i g u r a t i o n s   work   e q u a l l y  

w e l l ,   s u c h   as  a  4  by  4  p i x e l   a r r a y   or   any  o t h e r   s i z e  

as  shown  in  F i g s .   2b  and  2c.  In  f a c t ,   t h e   4  by  4  p i x e l  

a r r a y   has   a  s l i g h t   a d v a n t a g e   in  t h a t   v e r t i c a l   l i n e s  

w o u l d   a d d r e s s   4  d i f f e r e n t   FBMCs  24.  I t   t h e r e f o r e   r e -  

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



FIFO  b u f f e r   35  and  c a u s e   t h e   d i s p l a y   p r o c e s s   t o   w a i t  

( f o r   a  g i v e n   FIFO  b u f f e r   s i z e ) .  

A l s o   t h e   c o n v e n t i o n a l   o r g a n i z a t i o n   may  be  m i x e d  

w i t h   t h e   FBMC  c o n c e p t   to   g i v e   a  c o m b i n a t i o n  

i m p l e m e n t a t i o n .   For   e x a m p l e ,   a  20  p i x e l   f r a m e   b u f f e r  

word   may  be  o r g a n i z e d   as  10  p i x e l s   w i d e   by  2  p i x e l s  

h i g h   w i t h   5  FBMCs  24  e a c h   c o n t r o l l i n g   a  2  by  2  p i x e l  

s q u a r e   w i t h i n   t h e   w o r d .   T h i s   r e d u c e s   t h e   n u m b e r   o f  

FBMCs  24  r e q u i r e d   f rom  20  to   5.  Fo r   d r a w i n g   v e c t o r s ,  
e a c h   FBMC  24  can   w r i t e   2  p i x e l s   a t   a  t i m e   f rom  i t s   2 

by  2  a r r a y .   S i n c e   t h e r e   a r e   5  FBMCs  24  w r i t i n g  

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

5 * 2 / T  =   1 0 / T   p i x e l s   p e r   s e c o n d .   I f   a l l   20  FBMCs  24  

w e r e   u s e d   t h e   r a t e   w o u l d   h a v e   a p p r o a c h e d   2 0 / T .   I f   1 0 / T  

p i x e l s   p e r   s e c o n d   i s   s u f f i c i e n t   t o   k e e p   up  w i t h   t h e  

d i s p l a y   p r o c e s s o r ,   h o w e v e r ,   c o s t   can   be  s a v e d   by  u s i n g  

o n l y   5  FBMCs  24  i n s t e a d   of   2 0 .  

T h u s ,   t h e   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  f r a m e  

b u f f e r   memory  w h i c h   i m p r o v e s   image   u p d a t e   b a n d w i d t h   b y  

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

f i r s t - i n ,   f i r s t - o u t   b u f f e r   f o r   e a c h   p i x e l ,   or  s m a l l  

g r o u p   of  p i x e l s ,   w i t h i n   a  f r a m e   b u f f e r   w o r d .  



1.  A  f r a m e   b u f f e r   memory  c  h  a  r  a  c  t   e  r  i  z  e  d  

b y  

a  p l u r a l i t y   of  memory  u n i t s   ( 2 2 ) ,   each  of  s a i d  

memory  u n i t s   c o r r e s p o n d i n g   to  one  b i t   of  a  p i x e l  

w i t h i n   a  f r ame   b u f f e r   w o r d ;  

a  p l u r a l i t y   of  f r ame   b u f f e r   memory  c o n t r o l l e r s  

( 2 4 ) ,   each   of  s a i d   f r a m e   b u f f e r   memory  c o n t r o l -  

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

u n i t s   on  a  f i r s t - i n ,   f i r s t - o u t   b a s i s ;   a n d  

means   for   a d d r e s s i n g   each   of  s a i d   f r ame   b u f f e r  

memory  c o n t r o l l e r s   (24)   f rom  a  d i s p l a y   p r o c e s s o r  
v i a   a  d i s p l a y   bus  ( 2 6 ) .  

2.  A  f r a m e   b u f f e r   memory  as  r e c i t e d   in  c l a i m   1 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   s a i d   f r a m e  

b u f f e r   memory  c o n t r o l l e r s   (24)   each   c o m p r i s e :  

means   (34)   fo r   r e c o g n i z i n g   i n f o r m a t i o n   on  s a i d  

d i s p l a y   bus  (26)  d i r e c t e d   to  s a i d   s u b s e t   of  m e m o r y  
u n i t s   c o n t r o l l e d   by  s a i d   f r a m e   b u f f e r   m e m o r y  
c o n t r o l l e r   ( 2 4 ) ;  

means   (35)   for   p r e s e r v i n g   s a i d   i n f o r m a t i o n   f o r  

e x e c u t i o n   on  a  f i r s t - i n ,   f i r s t - o u t   as  a v a i l a b l e  

b a s i s ;   a n d  

means   ( 3 8 , 4 0 , 4 2 )   fo r   t r a n s f e r r i n g   d a t a   to  s a i d  

memory  u n i t s   (22)  f rom  s a i d   p r e s e r v i n g   means   ( 3 5 ) .  

3.  A  f r a m e   b u f f e r   memory  as  r e c i t e d   in  c l a i m   1  o r  

2,  c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   s a i d   s u b s e t  

c o m p r i s e s   n  of  s a i d   memory  u n i t s   (22)  where   n 

is   the   number  of  b i t s   fo r   e ach   s a i d   p i x e l ,   e a c h  

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

4.  A  f r a m e   b u f f e r   memory  as  r e c i t e d   in  one  of  c l a i m s  

1  to  3,  c  h  a  r  a  c   t  e   r  i  z  e  d   in  t h a t   s a i d  

s u b s e t   c o m p r i s e s   m  x  n  of  s a i d   memory  u n i t s   ( 2 2 )  



w h e r e   m  is   the   number   of  s a i d   p i x e l s   c o n t r o l l e d  

by  s a i d   f r a m e   b u f f e r   memory  c o n t r o l l e r   (24)   a n d  

n  is   t he   number   of  b i t s   fo r   each   s a i d   p i x e l ,   e a c h  

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

5.  A  f r a m e   b u f f e r   memory  c o n t r o l l e r ,  

c  h  a  r  a  c  t  e  r  i  z  e  d   b y :  

means   (34)   fo r   r e c o g n i z i n g   i n f o r m a t i o n   on  a  d i s -  

p l a y   bus  ( 2 6 ) ,   s a i d   i n f o r m a t i o n   b e i n g   a d d r e s s e d  

to  a  s u b s e t   of  a  p l u r a l i t y   of  memory  u n i t s   ( 2 2 ) ;  

means   (35)   fo r   t e m p o r a r i l y   s t o r i n g   s a i d   i n f o r m a t i o n  

on  a  f i r s t - i n ,   f i r s t - o u t   b a s i s ;   a n d  

means   ( 3 8 , 4 0 , 4 2 )   f o r   t r a n s f e r r i n g   s a i d   i n f o r m a t i o n  

f rom  s a i d   s t o r i n g   means   to  s a i d   s u b s e t .  

6.  A  f r a m e   b u f f e r   memory  c o n t r o l l e r   as  r e c i t e d   i n  

c l a i m   5,  c  h  a  r  a  c  t   e  r  i  z  e  d   by  m e a n s  

f o r   a d d r e s s i n g   s a i d   s u b s e t   to  t r a n s f e r   s a i d   i n f o r -  

m a t i o n   to  a  v i d e o   d i s p l a y   on  a  n o n - i n t e r f e r e n c e  

b a s i s   w i t h   s a i d   t r a n s f e r r i n g   m e a n s .  
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