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©  Writing  information  in  a  display  device. 

  Information  is  written  in  a  display  device  (10)  wherein 
the  information  written  remains  thereon  for  viewing.  The 
display  device  is  of  the  type  where  the  brightness  of  the 
information  on  the  display  surface  increases  with  the  length 
of  time  during  which  it  is  written  which  defines  the  writing 
time  of  the  information.  The  brightness  reaches  a  maximum 
level  after  the  writing  time  exceeds  a  predetermined  time 
period  defining  a  saturation  time.  The  information  is  written 
on  the  display  surface  of  such  type  of  device  for  a  writing 
time  which  is  less  than  the  saturation  time.  If  so  desired,  the 
same  information  can  be  written  repeatedly  at  the  same 
address  to  increase  the  brightness  of  the  information  to  the 
desired  level.  Alternatively,  information  can  be  written  once 
for  a selected  writing  time  to  achieve  any  level  of  brightness 
desired.  In  such  manner  a  grey  scale  of  brightness  for 
displaying  images  may  be  implemented  (fig.  1). 





T h i s   i n v e n t i o n   r e l a t e s   in  g e n e r a l   to  t h e  

a d d r e s s i n g   of  image  d i s p l a y s   and  in  p a r t i c u l a r   to  t h e  

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

" r e m e m b e r i n g "   the   i m a g e s   w r i t t e n .  

Two  t y p e s   of  d e v i c e s   have   b e e n   u s e d   f o r  

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

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

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

is  s a i d   to  have   no  memory  c a p a b i l i t y .   A  common  d i s p l a y  

d e v i c e   of  t h i s   t y p e   is  the   c a t h o d e   r ay   t u b e   ( C R T ) .   To  

w r i t e   an  i m a g e   at   the   p r o p e r   a d d r e s s   on  t h e   CRT  s c r e e n   in  a  

p r o c e s s   known  as  a d d r e s s i n g ,   an  e l e c t r o n   beam  is   d i r e c t e d  

at   s u c h   a d d r e s s .   The  CRT  s c r e e n   c o n t a i n s   a  f l u o r e s c e n t  

m a t e r i a l ,   u s u a l l y   p h o s p h o r ,   w h i c h   f l u o r e s c e s   when  s t r u c k  

by  an  e l e c t r o n   beam.   Once  the   s t r i k i n g   s t o p s ,   h o w e v e r ,  

the   b r i g h t n e s s   of  t he   image  t h u s   f o r m e d   d e c a y s   r a p i d l y .  

T h u s ,   to   m a i n t a i n   an  image   on  s u c h   a  d e v i c e   t h e   i m a g e   h a s  

to  be  c o n t i n u o u s l y   r e f r e s h e d .  

A  s e c o n d   t y p e   of  f r e q u e n t l y   u s e d   image   d i s p l a y s  

has  l o n g   a d d r e s s i n g   t i m e s ,   t y p i c a l l y   of  the   o r d e r   o f  

m i l l i s e c o n d s ,   b u t   has   memory  c a p a b i l i t y .   In  t h i s   t y p e  o f  

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

a d d r e s s i n g   s t o p s   so  t h a t   t he   image   need   n o t   be  r e f r e s h e d .  

One  e x a m p l e   of  the   s e c o n d   t y p e   of  image   d i s p l a y s   is   t h e  

e l e c t r o p n o r e t i c   image  d i s p l a y   ( E P I D ) .   An  EPID  d e v i c e  

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

o r g a n i c   f l u i d   s u c h   as  x y l e n e .   The  s u s p e n s i o n   i s  



c o n t a i n e d   b e t w e e n   a  f r o n t ,   a  back  and  s i d e   p a n e l s ,   t h e  

o u t s i d e   s u r f a c e   of  the   f r o n t   p a n e l   s e r v i n g   as  t he   d i s p l a y  

s u r f a c e .  

The  EPID  s u s p e n s i o n   f l u i d   is   n o r m a l l y   dyed  t o  

become  o p a q u e   for   m a s k i n g   the   p a r t i c l e s   w h i c h   a r e   a w a y  

from  t he   d i s p l a y   s u r f a c e .   The  s u s p e n s i o n   is   p l a c e d  

b e t w e e n   two  s e t s   of  e l e c t r o d e s ,   one  s e t   n e a r   the   b a c k  

p a n e l   and  t he   o t h e r   s e t   n e a r   the   f r o n t   p a n e l .   By  a p p l y i n g  

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

e l e c t r o d e s   of  the   two  s e t s   of  e l e c t r o d e s   t he   c h a r g e d  

p a r t i c l e s   a r e   c a u s e d   to  move  f rom  the   back   p a n e l   t o w a r d s  

the  f r o n t   p a n e l .   When  t he   p a r t i c l e s   r e a c h   the   f r o n t  

p a n e l ,   t h e y   a r e   not   masked   by  the   s u s p e n s i o n   f l u i d .   T h e y  

can  t h e n   be  s e e n   a t   l o c a t i o n s   on  t he   d i s p l a y   s u r f a c e  

d e t e r m i n e d   by  the   l o c a t i o n s   of  t he   p a r t i c u l a r   e l e c t r o d e s  

s e l e c t e d   f o r   a p p l i c a t i o n   of  v o l t a g e s .   In  s u c h   m a n n e r ,  
t he   a p p l i c a t i o n   of  v o l t a g e s   to  s e l e c t e d   e l e c t r o d e s  

g e n e r a t e s   i m a g e s   on  the   d i s p l a y   s u r f a c e .   The  c o l o r s   o f  

t he   p a r t i c l e s   and  of  the  dye   in  t he   s u s p e n s i o n   f l u i d   a r e  

c h o s e n   so  t h a t   the   i m a g e s   c r e a t e d   w i l l   have   g o o d  

b r i g h t n e s s   and  c o n t r a s t .   The  EPID  t y p e   d e v i c e   i s  

d i s c l o s e d   in  U .S .   P a t e n t   Nos .   3 , 6 6 8 , 1 0 6 ;   3 , 8 9 2 , 5 6 3 ;  

4 , 0 4 1 , 4 8 1 ;   4 , 0 9 3 , 5 3 4   and  4 , 2 0 3 , 1 0 6 .   The  a b o v e   s i x  

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

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

the   EPID  t y p e   d e v i c e .  

In  t he   CRT,  a d d r e s s i n g   i s   a c c o m p l i s h e d   . b y  

m o v i n g   the   e l e c t r o n   beam  so  t h a t   i t   s t r i k e s   a  d i s p l a y  
s u r f a c e   a t   t he   l o c a t i o n   whe re   t he   d e s i r e d   image   i s   to  b e  

d i s p l a y e d .   In  the   EPID  t y p e   d e v i c e   a d d r e s s i n g   i s  

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

the   d e s i r e d   a d d r e s s   of  the   image  on  t he   d i s p l a y   s u r f a c e .  



B e c a u s e   of  t he   l i m i t a t i o n s   in  two  d i m e n s i o n a l   a d d r e s s i n g  

(X-Y  a d d r e s s i n g )   u s i n g   e l e c t r o d e s ,   the   a d d r e s s i n g   o f  

images   in  EPID  d e v i c e s   is  p e r f o r m e d   s e q u e n t i a l l y .   I n  

o t h e r   w o r d s ,   t h e   i m a g e s   to  be  w r i t t e n   on  a  s e c t i o n   of  t h e  

s c r e e n   c o v e r e d   by  a   number   of  p i x e l   l i n e s   a re   w r i t t e n   o n e  

p i x e l   l i n e   a t   a  t i m e .  

For  t he   CRT  type   of  image  d i s p l a y s   w i t h   v e r y  

s h o r t   a d d r e s s i n g   t i m e s   ( m i c r o s e c o n d s ) ,   the  s e q u e n t i a l  

a d d r e s s i n g   of  a  l a r g e   amoun t   of  i n f o r m a t i o n   r e q u i r e s  

l i t t l e   t ime   so  t h a t   i t   c a u s e s   l i t t l e   i n c o n v e n i e n c e   to  t h e  

v i e w e r .   With   d i s p l a y   d e v i c e s   r e q u i r i n g   long  a d d r e s s i n g  

t i m e s   such  as  in  EPID  t y p e   d i s p l a y s   t h i s   is  not   the   c a s e .  

In  the  EPID  t y p e   d e v i c e   long  a d d r e s s i n g   t i m e s   (of  t h e  

o r d e r   of  10  m i l l i s e c o n d s )   a re   r e q u i r e d   in  o r d e r   to  m o v e  

enough   c h a r g e d   p a r t i c l e s   from  the   back  p a n e l   of  the   d e v i c e  

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

c o n t r a s t .   A  d i s p l a y   s u r f a c e   may  c o n t a i n   100  or  m o r e  

p i x e l   l i n e s .   I f  a   l a r g e   amount   of  i n f o r m a t i o n   is  to  b e  

w r i t t e n   a l l   t h e   p i x e l   l i n e s   must   be  a d d r e s s e d .   I n  

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

w r i t t e n   s e q u e n t i a l l y   to  t he   f u l l   b r i g h t n e s s   and  c o n t r a s t  

b e f o r e   the  n e x t   p i x e l   l i n e   is  w r i t t e n   so  t h a t   1  s e c o n d   i s  

r e q u i r e d   to  w r i t e   a  f u l l   s c r e e n   of  t e x t   or  o t h e r   i m a g e s   o n  

an  EPID  d e v i c e .   The  l e n g t h y   w r i t i n g   t ime   b e c o m e s  

' p a r t i c u l a r l y   t r o u b l e s o m e   when  a  v i e w e r   d e s i r e s   to  o n l y  

skim  or  s c r o l l   a  t e x t   such  as  i n s t a n c e s   at   which   t h e  

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

d o c u m e n t .   I t   i s   t h e r e f o r e   d e s i r a b l e   to  p r o v i d e   a  m e t h o d  

for   w r i t i n g   i m a g e s   w h i c h   a l l o w s   a  v i e w e r   to  s c r o l l   a  l o n g  

d o c u m e n t .   I t   i s   a l s o   d e s i r a b l e   to  p r o v i d e   a  method   w h i c h  

a l l o w s   more  f l e x i b i l i t y   t han   the   c o n v e n t i o n a l   me thod   o f  

a d d r e s s i n g   and  w r i t i n g   i m a g e s .  



A c c o r d i n g   to  t h e   i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  

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

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

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

s t o p s ,   w h e r e i n   t he   b r i g h t n e s s   of  t h e   i n f o r m a t i o n   on  t h e  

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

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

t i m e   d e f i n e s   t h e   w r i t i n g   t i m e   of  t h e   i n f o r m a t i o n   a d d  

w h e r e i n   t h e   b r i g h t n e s s   r e a c h e s   a  maximum  l e v e l   a f t e r   t h e  

w r i t i n g   t i m e   e x c e e d s   a  p r e d e t e r m i n e d   t i m e   p e r i o d  

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

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

f i r s t   w r i t i n g   t ime   l e s s   t h a n   t h e   s a t u r a t i o n   t i m e .  

I f   so  d e s i r e d ,   t h e   same  i n f o r m a t i o n   can   b e  

w r i t t e n   r e p e a t e d l y   a t   t h e   same  a d d r e s s   to   i n c r e a s e   t h e  

b r i g h t n e s s   of  t h e   i n f o r m a t i n   t o   t h e   d e s i r e d   l e v e l .  

A l t e r n a t i v e l y ,   i n f o r m a t i o n   c a n   be  w r i t t e n   o n c e   f o r   a  

s e l e c t e d   w r i t i n g   t i m e   to   a c h i e v e   any  l e v e l   of  b r i g h t n e s s  

d e s i r e d .   In  such   m a n n e r   a  g r e y   s c a l e   of  b r i g h t n e s s   f o r  

d i s p l a y i n g   i m a g e s   may  be  i m p l e m e n t e d .  

The  i n v e n t i o n   w i l l   be  b e t t e r   u n d e r s t o o d   f r o m  

t h e   f o l l o w i n g   d e s c r i p t i o n ,   g i v e n   by  way  of  e x a m p l e   a n d  

w i t h   r e f e r e n c e   to   F i g . 1   of   t h e   a c c o m p a n y i n g   d r a w i n g s ,  

w h i c h   i s   an  e x p l o d e d   p e r s p e c t i v e   v i e w   of  an  EPID  c e l l  

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

of  t h i s   i n v e n t i o n .  

As  s h o w n   in  F i g . 1 ,   EPID  c e l l   10  c o m p r i s e s   a  

f r o n t   p a n e l   12  and  a  b a c k   p a n e l   14.  S u b s t a n t i a l l y  

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

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

12  t o   s e r v e   as  a  s e t   of  a n o d e s  1 6   (A1,  A2,  . . . ,   Am),  m 

b e i n g   a  p o s i t i v e   i n t e g e r .   S u b s t a n t i a l l y   p a r a l l e l   s t r i p s  
18  (C1 ,   C1,  . . . ,   C n ) ,   n  b e i n g   a  p o s i t i v e   i n t e g e r ,   of  a  

c o n d u c t i v e  



m a t e r i a l   a r e   d e p o s i t e d   on  the  i n s i d e   s u r f a c e   of  back  p a n e l  

14  to  s e r v e   as  a  s e t   of  c a t h o d e s .   Each  s t r i p   a n o d e   i s  

e l e c t r i c a l l y   i s o l a t e d   from  a d j a c e n t   s t r i p   a n o d e s   and  e a c h  

s t r i p   c a t h o d e   is  e l e c t r i c a l l y   i s o l a t e d   from  a d j a c e n t  

s t r i p   c a t h o d e s .   On  top  of  c a t h o d e s   18  is  d e p o s i t e d   a  

l a y e r   of  e l e c t r i c a l l y   i n s u l a t i n g   m a t e r i a l   20.  On  top   o f  

l a y e r   20  a r e   d e p o s i t e d   p  s u b s t a n t i a l l y   p a r a l l e l   s t r i p s   22 

(Gl ,   G2,  . . . ,   Gp)  of  c o n d u c t i v e   m a t e r i a l   to  s e r v e   as  t h e  

g r i d   e l e c t r o d e s ,   p  b e i n g   a  p o s i t i v e   i n t e g e r .   A d j a c e n t  

g r i d   e l e c t r o d e s   a re   a l s o   e l e c t r i c a l l y   i s o l a t e d   from  e a c h  

o t h e r .  

The  p o r t i o n s   of  i n s u l a t i n g   l a y e r   20  e x p o s e d   i n  

b e t w e e n   t he   g r i d   e l e c t r o d e s   a r e   e t c h e d   away  in  a  

c o n v e n t i o n a l   manner   to  e x p o s e   s m a l l   s e c t i o n s   of  t h e  

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

c e l l   10  is  v i e w e d   from  the  f r o n t   t h r o u g h   f r o n t   p a n e l   1 2 ,  

the   g r i d   e l e c t r o d e s   22  o v e r l a p   c a t h o d e s   18  in  s q u a r e   o r  

r e c t a n g u l a r   s e c t i o n s .   D a l i s a   in  U .S .   P a t e n t   N o .  

4 , 2 0 3 , 1 0 6   d i s c l o s e s   an  EPID  c e l l   s o m e w h a t   s i m i l a r   to  t h a t  

d e s c r i b e d   a b o v e .  

The  e l e c t r o p h o r e t i c   s u s p e n s i o n   is  e n c l o s e d  

b e t w e e n   the   f r o n t   p a n e l ,   back   p a n e l   and  s i d e   p a n e l s   ( n o t  

shown)  of  t he   c e l l .   When  v o l t a g e s   of  the   a p p r o p r i a t e  

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

EPID  c e l l   10  is  made  to  d i s p l a y   d e s i r a b l e   i m a g e s .   In  a  

p r e f e r r e d   e m b o d i m e n t   the  number   of  m  s t r i p s   of  a n o d e s  

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

of  t e x t   or  o t h e r   images   t h r o u g h   t he   f r o n t   p a n e l   12.  To 

d i s p l a y   a  c h a r a c t e r   such  as  a  l e t t e r   of  the   a l p h a b e t ,   t h e  

d i s p l a y   s c r e e n   must  be  a d d r e s s e d   so  t h a t   p i g m e n t  

p a r t i c l e s   w i l l   a p p e a r   on ly   in  some  p a r t s   and  not   in  o t h e r  

p a r t s   of  the   a r e a   of  the  s c r e e n   for   d i s p l a y i n g   t h e  

c h a r a c t e r   so  t h a t   the  c o n t r a s t   f o r m e d   b e t w e e n   the  p a r t s   a t  



which   t h e r e   a r e   p a r t i c l e s   and  the   p a r t s   a t   w h i c h   t h e r e   a r e  

no  p a r t i c l e s   w i l l   d i s p l a y   the   d e s i r e d   c h a r a c t e r .   T h u s  

each   c h a r a c t e r   l i n e   mus t   be  f u r t h e r   d i v i d e d   i n t o   s m a l l e r  

u n i t s   known  as  p i x e l s   for   a d d r e s s i n g   in  o r d e r   to  d i s p l a y  

c h a r a c t e r s .   The  a d d r e s s i n g   of  p i x e l s   is  e x p l a i n e d   i n  

more  d e t a i l   b e l o w .   The  o u t s i d e   s u r f a c e   of  f r o n t   p a n e l   12  

is  the  d i s p l a y   s u r f a c e   t h r o u g h   wh ich   i m a g e s   a re   v i e w e d .  

In  the  p r e f e r r e d   e m b o d i m e n t   t h e r e   may  be  27  s t r i p   a n o d e s  

for  d i s p l a y i n g   27  l i n e s   of  c h a r a c t e r s   or  i m a g e s   a t   t h e  

d i s p l a y   s u r f a c e .   T h e r e   a re   many  more  s t r i p   c a t h o d e s   a n d  

s t r i p   g r i d s   t h a n   s t r i p   a n o d e s .   In  the   p r e f e r r e d  

e m b o d i m e n t   t h e r e   a re   ove r   200  c a t h o d e s   and  g r i d s .  

The  s q u a r e   or  r e c t a n g u l a r   s e c t i o n   on  t h e  

d i s p l a y   s u r f a c e   c o r r e s p o n d i n g   to  the   a r e a   whe re   a  

c a t h o d e   and  a  g r i d   i n t e r s e c t   is  c a l l e d   a  p i x e l   and  e a c h  

c a t h o d e   Ci  d e f i n e s   a  p i x e l   l i n e   P i ,   i  =  1 ,  2 ,   . . . ,   n.  E a c h  

a n o d e ,   t h u s ,   m a t c h e s   a  number   of  c a t h o d e s   and  the   s a m e  

number  of  p i x e l   l i n e s .   The  anode   Al  fo r   e x a m p l e   m a t c h e s  

c a t h o d e s   C l - C 9   and  p i x e l   l i n e s   P l - P 9   as  shown  in  F i g .   1 .  

The  a r e a   32  on  the   d i s p l a y   s u r f a c e   c o r r e s p o n d i n g   to  a  

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

for   d i s p l a y i n g   one  image   or  c h a r a c t e r .   As  shown  in  F i g .   1 

a r e a   32  c o n t a i n s   81  s m a l l e r   r e c t a n g u l a r   or  s q u a r e  
s e c t i o n s   e a c h   c o r r e s p o n d i n g   to  a  p i x e l .   P i x e l   34 '   f o r  

e x a m p l e   may  c o r r e s p o n d   to  the  o v e r l a p   b e t w e e n   ca thode   C7 

and  g r id   GG  as  shown  in  the  F i g a l .   By  apply ing   the  a p p r o p r i a t e  

v o l t a g e s   to  t he   s e l e c t e d   a n o d e s ,   g r i d s   and  c a t h o d e s ,   t h e  

a p p r o p r i a t e   i m a g e s   may  be  d i s p l a y e d   in  each   i n d i v i d u a l  

p i x e l   such   as  p i x e l s   34  a c r o s s   the   e n t i r e   d i s p l a y   s u r f a c e  

12a.   D a l i s a   e t   a l ,   in  U.S.   P a t e n t   No.  4 , 2 0 3 , 1 0 6 ,  

d e s c r i b e   c e r t a i n   v o l t a g e s   and  the  t e c h n i q u e   for   a p p l y i n g  

such  v o l t a g e s   to  the   e l e c t r o d e s   for   d i s p l a y i n g   d e s i r e d  

images   in  e a c h   i n d i v i d u a l   p i x e l .  



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

s u r f a c e   12a  can  now  be  d e s c r i b e d .   T y p i c a l l y   such   i m a g e s  

a r e   w r i t t e n   from  one  s i d e   of  the   s u r f a c e   to  the  o t h e r ,  

such   as  f rom  top  to  b o t t o m .   T h u s ,   the   a p p r o p r i a t e  

v o l t a g e s   may  be  a p p l i e d   to  a n o d e   Al ,   c a t h o d e   Cl  and  g r i d s  

G l -Gp   to  w r i t e   the  top  p i x e l   l i n e   P l . o f   d i s p l a y   s u r f a c e  

12a .   Then   the   a p p r o p r i a t e   v o l t a g e s   a re   a p p l i e d   t o  

c a t h o d e   C2  and  a l l   the   g r i d s   to  w r i t e   t he   n e x t   to  the   t o p  
l i n e   P2.  T h i s   p r o c e s s   is  t h e n   r e p e a t e d   u n t i l   we  r e a c h   t h e  

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

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

Cn  so  t h a t   the  images   a re   w r i t t e n   from  the   b o t t o m   l i n e   o f  

the   d i s p l a y   s u r f a c e   Pn  t o w a r d s   t he   top  l i n e   P l .  

The  c o n v e n t i o n a l   a d d r e s s i n g   m e t h o d   in  EPID 

c e l l s   is  to  a p p l y   the  a p p r o p r i a t e   v o l t a g e s   for   a  t i m e  

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

s u s p e n s i o n   t o w a r d s   each   p i x e l   l i n e ,   s u c h   as  l i n e   P l ,   s o  

t h a t   t h e   i m a g e s   w r i t t e n   t h e r e b y   a p p e a r   in  f u l l   b r i g h t n e s s  

and  c o n t r a s t   b e f o r e   the   n e x t   l i n e   is  w r i t t e n .   A f t e r   thE 

f i r s t   l i n e   P1  of  i m a g e s   is   w r i t t e n   the   a p p r o p r i a t e  

v o l t a g e s   a r e   then   a p p l i e d   to  c a t h o d e   C2,  the  g r i d s   a n d  

anode   Al  for   w r i t i n g   the   s e c o n d   l i n e   of  i m a g e s   a g a i n   t o  

the   f u l l   b r i g h t n e s s   and  c o n t r a s t .   In  o r d e r   to  w r i t e   a 

p i x e l   l i n e   to  the  f u l l   b r i g h t n e s s   and  c o n t r a s t   a  t i m e  

p e r i o d   on  the  o r d e r   of  10  m i l l i s e c o n d s   is  r e q u i r e d .  

T h u s ,   i f   200  p i x e l   l i n e s   a r e   to  be  w r i t t e n ,   i t   w i l l  

r e q u i r e   2  s e c o n d s   to  c o m p l e t e l y   w r i t e   a l l   the   p i x e l   l i n e s  

Pl  to  P 2 0 0 .  

For  many  v i e w i n g   p u r p o s e s ,   h o w e v e r ,   f u l l  

b r i g h t n e s s   and  c o n t r a s t   may  no t   be  r e q u i r e d .   T h u s ,   w h e n  

EPID  c e l l   10  is  used  to  d i s p l a y   t e x t u a l   m a t e r i a l   in  w o r d  

p r o c e s s i n g ,   the  v i e w e r   may  o n l y   w i sh   to  f i n d   t h e  

a p p r o p r i a t e   p a r a g r a p h   or  page   in  a  long   d o c u m e n t .   T h u s  



the   v i e w e r   is  i n t e r e s t e d   no t   in  r e a d i n g   e a c h   i n d i v i d u a l  

word  on  the   d i s p l a y   s u r f a c e   bu t   o n l y   in  the  g e n e r a l  

c o n t e n t   of  i m a g e s   on  a  l a r g e   number   of  p i x e l   l i n e s .   F o r  

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

c o n t r a s t   t h a n   the  maximum  may  be  a d e q u a t e .   F a i n t e r   b u t  

a d e q u a t e   i m a g e s   a re   a c h i e v e d   by  a d d r e s s i n g   each   p i x e l  

l i n e   P l - P n   for   a  t ime   p e r i o d   l e s s   t h a n   the   s a t u r a t i o n   t i m e  

p e r i o d .   I f   the   v i e w e r   w i s h e s   to  r e a d   e a c h   i n d i v i d u a l  

word  of  the   d i s p l a y   so  t h a t   g r e a t e r   b r i g h t n e s s   a n d  

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

p i x e l   l i n e s   can  s i m p l y   be  w r i t t e n   a g a i n   at  the  s a m e  

a d d r e s s   to  the  d e s i r e d   b r i g h t n e s s   and  c o n t r a s t .   T h e  

p r o c e s s   of  w r i t i n g   an  image  a l r e a d y   w r i t t e n   at  the  s a m e  

a d d r e s s   is  r e f e r r e d   to  be low  as  " o v e r w r i t i n g . "   A l t e r n a -  

t i v e l y ,   if  the  v i e w e r   w i s h e s   to  d i s c a r d   the  i m a g e s  

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

the   v i e w e r   w i l l   have  s p e n t   l e s s   t ime   in  t he   p r o c e s s .   T h e  

d i f f e r e n t   a p p l i c a t i o n s   and  a d v a n t a g e s   of  the   i n v e n t i o n  

a re   e x p l a i n e d   b e l o w .  

U s i n g   the   a b o v e - d e s c r i b e d   m e t h o d ,   e i t h e r   a  

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

as  the   c h a r a c t e r   l i n e   c o r r e s p o n d i n g   to  anode   A1  can  b e  

w r i t t e n   to  the   d e s i r e d   b r i g h t n e s s   and  c o n t r a s t .   E a c h  

i n d i v i d u a l   p i x e l   l i n e   in  such   c h a r a c t e r   l i n e   can  b e  

m u l t i p l y   w r i t t e n .   Assume  for   the   p u r p o s e   of  d i s c u s s i o n  

t h a t   10  m i l l i s e c o n d s   is  the   t ime   r e q u i r e d   to  a c h i e v e   f u l l  

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

Each  i n d i v i d u a l   c a t h o d e   among  c a t h o d e s   C1-C9  c o r r e s p o n d -  

ing  to  the  c h a r a c t e r   l i n e   is  f i r s t   w r i t t e n   or  a d d r e s s e d  

for   a  t ime  p e r i o d   l e s s   t h a n   10  m i l l i s e c o n d s   to  w r i t e   t h e  

p i x e l   l i n e s   P l - P 9 .   T h i s   w i l l   c a u s e   the   9  p i x e l   l i n e s   t o  

d i s p l a y   a  f a i n t   i m a g e .   Then  the   same  p i x e l   l i n e s   P 1 - P 9  

a re   a d d r e s s e d   a  s e c o n d   t ime  for   a  t i m e   p e r i o d   l e s s   t h a n  



the   s a t u r a t i o n   t ime  to  i n c r e a s e   t he   b r i g h t n e s s   a n d  

c o n t r a s t   of  t he   i m a g e s   a l r e a d y   w r i t t e n .  T h u s ,   to  t h e  

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

Al  w i l l   be  b r o u g h t   to  f u l l   b r i g h t n e s s   and  c o n t r a s t  

u n i f o r m l y .   In  c o n t r a s t ,   if  the   p r i o r   a r t   me thod   o f  

w r i t i n g   is   u s e d ,   one  s i d e   of  the   c h a r a c t e r   l i n e   w i l l   b e  

w r i t t e n   f i r s t   b e f o r e   the  r e m a i n i n g   p a r t   of  t h e   l i n e .   F o r  

e x a m p l e ,   p i x e l   l i n e   P1  may  be  w r i t t e n   to  f u l l   b r i g h t n e s s  

and  c o n t r a s t   and  t h e n   the  n e x t   p i x e l   l i n e   P2  and  t h e n  

l i n e s   P 3 - P 9 .  

S i m i l a r l y   the  e n t i r e   s c r e e n   may  be  w r i t t e n   f o r  

a  w r i t i n g   t i m e   p e r i o d   l e s s   t han   the   s a t u r a t i o n   t ime   a n d  

t h e n   o v e r w r i t t e n   to  b r i n g   the  e n t i r e   s c r e e n   u n i f o r m l y   t o  

i n c r e a s e d   b r i g h t n e s s   and  c o n t r a s t .   B r i n g i n g   the  image  t o  

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

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

the   v i e w e r   t h a n   the   c o n v e n t i o n a l   m e t h o d .  

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

the   s a t u r a t i o n   t i m e ,   i t  i s  

p o s s i b l e   f o r   t he   v i e w e r   to  s c r o l l   i n f o r m a t i o n   in  a  f a s t e r  

and  s m o o t h e r   manner   t h a n   the  c o n v e n t i o n a l   m e t h o d .   D u r i n g  

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

t o w a r d s   t he   top   of  the   d i s p l a y   s u r f a c e   by  one  c h a r a c t e r  

l i n e   a t   a  t i m e .   T h i s   means  t h a t   e ach   i n d i v i d u a l  

c h a r a c t e r   l i n e   has  to  be  e r a s e d   and  r e w r i t t e n   so  t h a t   t h e  

e n t i r e   d i s p l a y   s u r f a c e   mus t   s i m p l y   be  e r a s e d   a n d  

r e w r i t t e n .   I f   each   i n d i v i d u a l   l i n e   is  w r i t t e n   to  t h e  

f u l l   b r i g h t n e s s   b e f o r e   the  n e x t   p i x e l   l i n e   is  w r i t t e n   a  

f u l l   1  or  2  s e c o n d s   may  be  r e q u i r e d   to  w r i t e   the  e n t i r e  

d i s p l a y   s u r f a c e .   Thus ,   the  v i e w e r   w i l l   have   to  w a i t   1  o r  

2  s e c o n d s   fo r   the  c h a r a c t e r   l i n e s   to  be  s h i f t e d   by  o n e  

c h a r a c t e r   l i n e .   For  s c r o l l i n g   p u r p o s e s   the  v i e w e r   d o e s  

not   need  to  see   each   c h a r a c t e r   l i n e   in  i t s   f u l l   b r i g h t n e s s  



b e f o r e   d e c i d i n g   to  c o n t i n u e   s c r o l l i n g .   By  r e d u c i n g   t h e  

a d d r e s s i n g   t ime   f rom  10  m i l l i s e c o n d s   to  say   2 

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

been  d i s p l a y e d   in  0 .2  or  0 .4   s e c o n d s   so  t h a t   t he   v i e w e r  

can  d e c i d e   w h e t h e r   to  c o n t i n u e   s c r o l l i n g   a f t e r   o n l y   0 . 2   o r  

0 .4  s e c o n d s .   I t   is  f o u n d   t h a t   a d d r e s s i n g   t i m e s   on  t h e  

o r d e r   of  o n e - f i f t h   of  t he   s a t u r a t i o n   t ime   may  be  a d e q u a t e  

for   the   p u r p o s e   of  s c r o l l i n g .  

F a s t e r   and  s m o o t h e r   image  c h a n g e s   on  the   s c r e e n  

o t h e r   t h a n   s c r o l l i n g   can  a l s o   be  a c h i e v e d   i n c l u d i n g  

movement   of  w indows   or  g r a p h i c   a n i m a t i o n .   To  a c c o m p l i s h  

s u c h   c h a n g e   the   c h a r a c t e r   l i n e s   on  w h i c h   the  c h a n g e s   o c c u r  

are   s i m p l y   e r a s e d   and  r e w r i t t e n   for   t ime   p e r i o d s   l e s s   t h a n  

the  s a t u r a t i o n   t ime   to  s p e e d   up  the  a d d r e s s i n g   p r o c e s s .  
For  many  of  s u c h   v i e w i n g   p u r p o s e s   f u l l   b r i g h t n e s s   a n d  

c o n t r a s t   a re   a g a i n   no t   n e c e s s a r y .  
The  d e s c r i p t i o n   a b o v e   r e l a t e s   t n  

a p p l i c a t i o n   to  an  EPID  c e l l   w i t h   a  number   of  s t r i p   a n o d e s ,  

such  as  27  s t r i p   a n o d e s .   I t   w i l l   be  u n d e r s t o o d   t h a t   t h e  

i n v e n t i o n   may  be  a p p l i e d   to  an  EPID  c e l l   w h i c h   i n c l u d e s   a  

d i f f e r e n t   number   of  s t r i p   a n o d e s ,   or  even  o n l y   one  a n o d e  

( t h a t   i s ,   m  in  Am  m a y  b e   any  p o s i t i v e   i n t e g e r ,   i n c l u d i n g  

1 ) .   The  d e s c r i p t i o n   above  has  been  given  in  the  c o n t e x t   of  a n  
a d d r e s s i n g   s cheme   where   t he   c o n s e c u t i v e l y   w r i t t e n   l i n e s  

on  the  d i s p l a y ,   or  p i x e l   l i n e s ,   c o r r e s p o n d   to  s t r i p  

c a t h o d e   l i n e s ;   t h a t   i s ,   Pi  c o r r e s p o n d s   to  Ci,   i = l , . . . ,   n .  
I t   w i l l   be  u n d e r s t o o d   t h a t   the  t e c h n i q u e   d e s c r i b e d   above  is  e q u a l l y  

a p p l i c a b l e   in  the   c o n t e x t   of  an  a d d r e s s i n g   s cheme   w h e r e  

the  p i x e l   l i n e s   c o r r e s p o n d   to  the  s t r i p   g r i d   l i n e s  

i n s t e a d ;   t h a t   i s ,   Pi  c o r r e s p o n d s   to  Gi,  i = l , . . . ,   p.  I n  

such  a d d r e s s i n g   scheme  and  where   the  g r i d   l i n e s   a r e  
v e r t i c a l   as  shown  in  F i g .   1,  i t   may  be  d e s i r a b l e   to  r o t a t e  

the  EPID  c e l l   a b o u t   an  a x i s   p e r p e n d i c u l a r   to  s u r f a c e   12  



f o r   90  d e g r e e s   so  t h a t   t h e  g r i d   l i n e s   and  hence   the  p i x e l  

l i n e s   w i l l   a g a i n   be  h o r i z o n t a l   f o r   t he   c o n v e n i e n c e   o f  

v i e w e r s .  

I t   is  a l s o  

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

b r i g h t n e s s   and  c o n t r a s t .   To  i n c r e a s e   t he   b r i g h t n e s s   of  a 

p a r t i c u l a r   p i x e l   i t   is   s i m p l y   o v e r w r i t t e n   r e p e a t e d l y .   I n  

one  i m p l e m e n t a t i o n   of  t he   m e t h o d ,   d u r i n g   e a c h   of  a  n u m b e r  

of  p a s s e s   in  a d d r e s s i n g ,   each   i n d i v i d u a l   p i x e l   a d d r e s s e d  

is  w r i t t e n   fo r   s u b s t a n t i a l l y   t he   same  t ime   p e r i o d .   To 

i n c r e a s e   the  b r i g h t n e s s   of  a  p a r t i c u l a r   p i x e l   such  p i x e l  

is  s i m p l y   o v e r w r i t t e n   r e p e a t e d l y .   For   o t h e r   p i x e l s   w h e r e  

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

o v e r w r i t t e n   or  o v e r w r i t t e n   for   f e w e r   p a s s e s .   Thus ,   i f   a n  

image   is   w r i t t e n   w i t h   n  p a s s e s   of  e q u a l   d u r a t i o n ,   t h e r e  

can  be  n  +  1  s h a d e s   b e t w e e n   l i g h t   and  d a r k ,   r a n g i n g   from  no  

p a s s   to  n  p a s s e s .   In  an  a l t e r n a t i v e   i m p l e m e n t a t i o n   o f  

t he   m e t h o d ,   a l l   the   p i x e l s   to  be  w r i t t e n   a r e   w r i t t e n   o n l y  

once   in  a  s i n g l e  p a s s ,   bu t   the  w r i t i n g   t i m e   of  each  p i x e l  

may  d i f f e r .   The  u n e q u a l   d u r a t i o n s   of  t h e   a d d r e s s i n g  

p a s s e s   may  be  c h o s e n ,   fo r   e x a m p l e ,   f r o m   a  s e t   of  d i f f e r e n t  

w r i t i n g   t i m e s ,   so  t h a t   the   b r i g h t n e s s   o f  t h e   i n f o r m a t i o n  

d i s p l a y e d   is  s e l e c t a b l e   from  u p   to  n+1  l e v e l s   for   n 

p a s s e s .   The  s e t   of  d i f f e r e n t   w r i t i n g   t i m e s   may  b e  

s e l e c t e d   from  m u l t i p l e s   of  a  b a s e   t i m e   p e r i o d   such  as  1 

m i l l i s e c o n d .   The  s e t   of  w r i t i n g   t i m e s   may  c o n v e n i e n t l y  

be  a  b i n a r y   p r o g r e s s i o n   of  a d d r e s s i n g   t i m e s   ( 1 ,  2 ,   4,  8 ,  

16,  . . .   2n  m i c r o s e c o n d s ) .   The  two  s c h e m e s   can  b e  

c o m b i n e d   to  a c h i e v e   up  to  2n  g r e y   l e v e l s .   In  the  c o m b i n e d  

s c h e m e ,   s e l e c t e d   p i x e l s   may  be  o v e r w r i t t e n   r e p e a t e d l y   a n d  

fo r   u n e q u a l   d u r a t i o n s .  

Some  of  the   d i f f e r e n t   modes   d e s c r i b e d   above  c a n  

be  c o m b i n e d .   T h u s ,   a f t e r   the  v i e w e r   has  s c r o l l e d   a 



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

s c r o l l i n g   and  r ead   the  i n f o r m a t i o n   more  c a r e f u l l y   t h e  

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

and  t he   d i s p l a y   s u r f a c e   is  s i m p l y   m u l t i p l y   o v e r w r i t t e n  

r e p e a t e d l y   so  t h a t   the  b r i g h t n e s s   and  c o n t r a s t   i n c r e a s e  

u n i f o r m l y   to  the  max imum.  

In  the  EPID  type   d e v i c e ,   a d d r e s s i n g   t i m e s   o f  

the  o r d e r   of  one  or  two  m i l l i s e c o n d s   have  been   found   t o  

a c h i e v e   s u f f i c i e n t   b r i g h t n e s s   fo r   p u r p o s e s   such   a s  

s c r o l l i n g .   I f   an  image  is  o v e r w r i t t e n   r e p e a t e d l y ,   i t   i s  

found  t h a t   the   b r i g h t n e s s   a c h i e v e d   b e a r s   a  g e n e r a l l y  

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

w r i t t e n .   T h u s ,   two  s t r i k e s   of  one  m i l l i s e c o n d   each   may 
be  e q u i v a l e n t   to  one  s t r i k e   fo r   two  m i l l i s e c o n d s .   I t  

w i l l   be  u n d e r s t o o d ,   h o w e v e r ,   t h a t   t h e   i n v e n t i o n   a s  
d e f i n e d   in  t h e   a p p e n d e d   c l a i m s   i s   n o t   l i m i t e d   t o   E P I D  

t y p e   d e v i c e s ,   or  d e v i c e s   w h e r e   t h e   b r i g h t n e s s   i s  

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



1.  A  m e t h o d   f o r   w r i t i n g   i n f o r m a t i o n   i n  

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

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

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

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

t h e   l e n g t h   of  t i m e   d u r i n g ' w h i c h   t h e   i n f o r m a t i o n   i s  

w r i t t e n ,   w h e r e i n   s a i d   l e n g t h   of  t i m e   d e f i n e s   t h e   w r i t i n g  

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

r e a c h e s   a  maximum  l e v e l   a f t e r   t h e   w r i t i n g   t i m e   e x c e e d s   a  

p r e d e t e r m i n e d   t i m e   p e r i o d   d e f i n i n g   a  s a t u r a t i o n   t i m e ,  

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

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

t h e   s a t u r a t i o n   t i m e .  

2.  A  m e t h o d   as  c l a i m e d   in   c l a i m   1 ,  

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

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

3.  A  m e t h o d   as  c l a i m e d   in   c l a i m   2 ,  

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

as  t h e   f i r s t   i n f o r m a t i o n   and  has   s u b s t a n t i a l l y   t h e   s a m e  

a d d r e s s   as  t h e   f i r s t   i n f o r m a t i o n   so  t h a t   w r i t i n g   of  t h e  

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

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

4.  A  m e t h o d   as  c l a i m e d   in  c l a i m   2 ,  

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

f i r s t   i n f o r m a t i o n .  

5.  A  m e t h o d   as  c l a i m e d   in   c l a i m   4 ,  

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

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

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



6.  A  m e t h o d   as   c l a i m e d   in  c l a i m   5 ,  

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

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

d i s p l a y e d   w i t h   t h e   d e s i r e d   b r i g h t n e s s .  

7.  A  m e t h o d   as  c l a i m e d   in  c l a i m   5  or  6 ,  

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

i n f o r m a t i o n   to   i n c r e a s e   t h e   b r i g h t n e s s   of  t h e  ' f i r s t   o r  

t he   s e c o n d   i n f o r m a t i o n .  

8.  A  m e t h o d   as   c l a i m e d   in   c l a i m   4 ,  

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

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

w r i t t e n ,   and  w h e r e i n   t h e   f i r s t   and  s e c o n d   w r i t i n g   t i m e s  

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

can  be  s k i m m e d   or   s c r o l l e d   q u i c k l y   a n d   so  t h a t   t h e  

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

a d e q u a t e   f o r   s k i m m i n g   or  s c r o l l i n g .  

9.  A  m e t h o d   as  c l a i m e d   in   c l a i m   2 ,  

f u r t h e r   c o m p r i s i n g   t h e   s t e p s   of  s e q u e n t i a l l y   w r i t i n g   u p  
to   n  i n f o r m a t i o n ,   n  b e i n g   an  i n t e g e r ,   w h e r e   t h e   i t h  

i n f o r m a t i o n   i s   w r i t t e n   f o r   t h e   i t h   w r i t i n g   t i m e ,   a n d  

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

d i f f e r e n t   w r i t i n g   t i m e s ,   so  t h a t   t h e   b r i g h t n e s s   of  t h e  

i n f o r m a t i o n   d i s p l a y e d   i s   s e l e c t a b l e   f r o m   up  t o   n + 1  

l e v e l s .  

10.  A  m e t h o d   as  c l a i m e d   in   c l a i m   9 ,  

w h e r e i n   s a i d   s e t   of  d i f f e r e n t   w r i t i n g   t i m e s   i s   f o r m e d  

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



11.  A  m e t h o d   as   c l a i m e d   in  c l a i m  1 0 ,  

w h e r e i n   s a i d   s e t   of  d i f f e r e n t   w r i t i n g   t i m e s   i s   f o r m e d  

f r o m   m u l t i p l e s   of  2  of  t h e   p r e d e t e r m i n e d   b a s e   t i m e  

p e r i o d .  

12.  A  m e t h o d   as   c l a i m e d   in   c l a i m   2 ,  

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

t o   n  i n f o r m a t i o n ,   n  b e i n g   an  i n t e g e r ,   w h e r e i n   a t   l e a s t  

some  of  t h e   n  i n f o r m a t i o n   a r e   s u b s t a n t i a l l y   t h e   same  a n d  

h a v e   s u b s t a n t i a l l y   t h e   same  a d d r e s s   and  w h e r e i n   e a c h   o f  

t h e   n  i n f o r m a t i o n   i s   w r i t t e n   f o r   s u b s t a n t i a l l y   t h e   s a m e  

w r i t i n g   t i m e ,   so  t h a t   a  s e l e c t e d   i n f o r m a t i o n   may  b e  

w r i t t e n   r e p e a t e d l y   f o r   up  t o   n  t i m e s   and   so  t h a t   t h e  

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

n  +  1  l e v e l s ,   w h e r e i n   t h e   t i + 1 ) t h   l e v e l   i s   s e l e c t e d   b y  

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

13.  A  m e t h o d   as   c l a i m e d   in   c l a i m   2 ,  

f u r t h e r   c o m p r i s i n g   t h e   s t e p s   of  s e q u e n t i a l l y   w r i t i n g   u p  
to   n  i n f o r m a t i o n ,   n  b e i n g   an  i n t e g e r ,   w h e r e i n   a t   l e a s t  

some  of  t h e   n  i n f o r m a t i o n   a r e   s u b s t a n t i a l l y   t h e   same  a n d  

h a v e   s u b s t a n t i a l l y   t h e   same  a d d r e s s   and  w h e r e i n   a t   l e a s t  

two  of  t h e   n  i n f o r m a t i o n   a r e   w r i t t e n   f o r   u n e q u a l   w r i t i n g  

t i m e s ,   so  t h a t   a  s e l e c t e d   i n f o r m a t i o n   may  be  w r i t t e n  

r e p e a t e d l y   f o r   up  to   n - t i m e s   and  so  t h a t   t h e   b r i g h t n e s s  

of  i n f o r m a t i o n   d i s p l a y e d   i s   s e l e c t e d   f r o m   2n  l e v e l s .  

14.  A  m e t h o d   as   c l a i m e d   in   a n y   one   o f  

c l a i m s   1  t o   5,   w h e r e i n   t h e   f i r s t   a n d   s e c o n d   w r i t i n g  

t i m e s   a r e   of  t h e   o r d e r   of  2  m i l l i - s e c o n d s .  
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