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A b s t r a c t  

The p a p e r  d e s c r i b e s  a  new a d d r e s s i n g  t e c h n i q u e  
i n  which  more t h a n  o n e  a d d r e s s  l i n e  is s e l e c t e d  
s i m u l t a n e o u s l y .  It r e q u i r e s  a  lower  s u p p l y  v o l t a g e  
a n d  g i v e s  b e t t e r  b r i g h t n e s s  u n i f o r m i t y  o f  p i x e l s  a s  
compared t o  t h e  c o n v e n t i o n a l  t e c h n i q u e s .  

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

The a n a l y s i s  o f  s c a n n i n g  l i m i t a t i o n s  o f  root-mean- 
s q u a r e  ( r m s )  r e s p o n d i n g  L i q u i d  C r y s t a l  D i s p l a y s  
(LCDs) by A l t  a n d  P l e s h k o  [ l  I  is a n  i m p o r t a n t  m i l e -  
s t o n e  i n  t h e  a d d r e s s i n g  o f  m a t r i x  LCDs. The A l t  
a n d  P l e s h k o  Technique  (APT) a c h i e v e s  a  maximum 
s e l e c t  i o n  r a t i o ,  VON/VOFF The m o d i f i e d  a d d r e s s i n g  

waveforms p r o p o s e d  by Kawakami e t  a l .  [ 2 ]  h a s  t h e  
same s e l e c t i o n  r a t i o ,  b u t  r e q u i r e s  a  lower  s u p p l y  
v o l t a g e  a s  compared t o  t h a t  o f  APT. T h i s  t e c h n i q u e  
i s  w i d e l y  u s e d  due t o  i t s  low s u p p l y  v o l t a g e  r e q u i r e -  
ment a n d  w i l l  be r e f e r r e d  t o  a s  Improved A l t  a n d  
P l e s h k o  Technique  ( IAPT) .  Both APT a n d  IAPT a r e  
b a s e d  o n  l i n e - b y - l i n e  s e l e c t i o n  o f  t h e  a d d r e s s  
l i n e s  ( r o w s )  i n  a  m a t r i x  LCD. The B i n a r y  A d d r e s s i n g  
Technique  (BAT) a n d  t h e  Hybr id  A d d r e s s i n g  Technique  
(HAT) p r o p o s e d  e a r l i e r  [3 ,4  1 a r e  based  o n  s e l e c t i n g  
more t h a n  o n e  a d d r e s s  l i n e  a t  a  g i v e n  i n s t a n t  o f  
t i m e .  However, t h e  s e l e c t i o n  r a t i o  o f  t h e s e  t e c h -  
n i q u e s  i s  lower  t h a n  t h a t  of  APT. A g e n e r a l i z e d  
a d d r e s s i n g  t e c h n i q u e  proposed  h e r e  h a s  t h e  same 
s e l e c t i o n  r a t i o  a s  t h a t  o f  APT y e t ,  r e q u i r e s  a  
l o w e r  s u p p l y  v o l t a g e  a n d  a c h i e v e s  a  b e t t e r  b r i g h t -  
n e s s  u n i f o r m i t y  of p i x e l s  a s  compared t o  APT a s  
w e l l  a s  IAPT. 

Technique  

The N r o w s  t o  be m u l t i p l e x e d  i n  a  d i s p l a y  a r e  d i v i -  
ded  i n t o  (N/ '1 n o n - i n t e r s e c t i n g  s u b g r o u p s ,  e a c h  
c o n s i s t i n g  o f  L a d d r e s s  l i n e s .  The d a t a  t o  be d i s -  
p l a y e d  i n  t h e  s e l e c t e d  subgroup  i n  a n y  o n e  o f  t h e  
co lumns  i s  a n  1 - b i t  word r e p r e s e n t e d  by,  

w h e r e i n ,  l o g i c  0  a n d  l o g i c  1  r e p r e s e n t  t h e  OFF a n d  
ON p i x e l s  r e s p e c t i v e l y .  The r o w - s e l e c t  p a t t e r n  is 
a g a i n  a n  $ - b i t  word r e p r e s e n t e d  by,  

The v a l u e  o f  k r a n g e s  from 0  t o  [(N/') - 1 ] c o r r e s p o n -  
d i n g  t o  t h e  s e l e c t e d  subgroups .  

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

i )  One sub-group i s  s e l e c t e d  a t  a  t i m e  f o r  
a d d r e s s i n g  ; 

i i )  An !&bit word is c h o s e n  a s  t h e  row- 
s e l e c t  p a t t e r n  ; 

i i i )  The r o w - s e l e c t  v o l t a g e s  a r e  -V f o r  l o g i c  0  

a n d  +V f o r  l o g i c  1 ,  w h i l e  t h e  (N- 0 u n s e l e c t e d  

i v )  The r o w - s e l e c t  a n d  t h e  d a t a  p a t t e r n s  i n  
t h e  s e l e c t e d  subgroup  a r e  compared b i t - b y - b i t  
u s i n g  d i g i t a l  c o m p a r a t o r s ,  v i z . ,  exclusive-OR 
g a t e s  ; 

V) The number of mismatches  i between t h e s e  two 
p a t t e r n s  i s  d e t e r m i n e d  by c o u n t i n g  t h e  number 
o f  exclusive-OR g a t e s  w i t h  l o g i c  1  o u t p u t .  

The s t e p s  ( i v )  a n d  ( v )  c a n  be  summarized 
a s  f o l l o w s :  

v i )  The column v o l t a g e  i s  c h o s e n  t o  be  Vi, i f  t h e  

number of mismatches  is i ; 

v i i )  The column v o l t a g e  f o r  e a c h  column i n  t h e  
m a t r i x  is d e t e r m i n e d  i n d e p e n d e n t l y  by r e p e a -  
t i n g  t h e  s t e p s  ( i v )  - ( v i ) ;  

v i i i )  Both  t h e  row a n d  column v o l t a g e s  a r e  a p p l i e d  
s i m u l t a n e o u s l y  t o  t h e  m a t r i x  d i s p l a y  f o r  
a  t i m e  d u r a t i o n  T; 

i x )  A new row-se lec t  p a t t e r n  is chosen  a n d  t h e  
column v o l t a g e s  a r e  d e t e r m i n e d  u s i n g  s t e p s  
( i v )  - ( v i ) .  The new row a n d  column v o l t a g e s  
a r e  a p p l i e d  t o  t h e  d i s p l a y  f o r  a n  e q u a l  
d u r a t i o n  o f  t i m e  a t  t h e  e n d  o f  T; 

X )  A C y c l e  is comple ted  when a l l  t h e  subgroups  

( =  N/!L ) a r e  s e l e c t e d  w i t h  a l l  t h e  2 '  row- 
s e l e c t  p a t t e r n s  once ;  

x i )  The d i s p l a y  is  r e f r e s h e d  by r e p e a t i n g  t h i s  
c y c l e  c o n t i n u o u s l y .  

The t i m e  d u r a t i o n  T  s h o u l d  be  s m a l l  a s  compared 
t o  t h e  r e s p o n s e  t i m e  o f  t h e  d i s p l a y ,  i n  o r d e r  t o  
e n s u r e  t h e  rms  b e h a v i o r  o f  t h e  d i s p l a y .  T h i s  t e c h -  
n i q u e  is s i m i l a r  t o  HAT [ & ]  e x c e p t  f o r  t h e  c h o i c e  
o f  t h e  column v o l t a g e s  a n d  w i l l  be r e f e r r e d  t o  
a s  Improved H y b r i d  A d d r e s s i n g  Technique  (IHAT). 
The IHAT h a s  t h e  f o l l o w i n g  freedom i n  t h e  c h o i c e  
o f  t h e  r o w - s e l e c t  sequence  a n d  t h e  subgroup  s e l e c -  
t i o n  a s  g i v e n  below:- 

- The sequence  i n  which t h e  2' r o w - s e l e c t  p a t t e r n s  
a r e  a p p l i e d  t o  t h e  subgroup  c a n  be i n  .any 
o r d e r ,  v i z . ,  n a t u r a l  b i n a r y ,  g r a y  code  o r  
random. 

- A s u b g r o u p  c a n  be s e l e c t e d  w i t h  2' r o w - s e l e c t  
p a t t e r n s  c o n s e c u t i v e l y  b e f o r e  s e l e c t i n g  t h e  
n e x t  subgroup .  Here j c a n  range from 0 t o  a .  

- The o r d e r  i n  which t h e  s u b g r o u p s  a r e  s e l e c t e d  
c a n  a l s o  be  changed  as l o n g  a s  a l l  t h e  subgroups  

a r e  s e l e c t e d  w i t h  a l l  t h e  2' r o w - s e l e c t  p a t t e r n s .  r o w s  a r e  grounded  ; 
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