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©  Digital  contrast  control  circuit  for  display  unit. 
digital  contrast  control  circuit  for  a  display  unit 

according  to  the  present  invention  has  an  up/down  counter 
(45)  for  performing  up-  or  down-count  operations  in  re- 
sponse  to  a  contrast  control  key  signal  supplied  from  a 
contrast  control  key  arranged  on  a  keyboard  (43).  A  digital 
contrast  output  from  the  up/down  counter  is  supplied  to  a 
D/A  converter  (49)  arranged  within  a  liquid  crystal  display 
unit  (47).  The  D/A  converter  converts  the  digital  contrast 
output  to  an  analog  contrast  signal. 



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  a  d i g i t a l   c o n t r a s t  

c o n t r o l   c i r c u i t   f o r   a  d i s p l a y   u n i t .  

R e c e n t   d e v e l o p m e n t s   in  m i c r o c o m p u t e r s   a r e   r a p i d .  

A l o n g   w i t h   t h i s ,   e x t e n s i v e   s t u d i e s   on  h a n d - h e l d  

c o m p u t e r s   have  b e e n   m a d e .   In  a  h a n d - h e l d   c o m p u t e r   o f  

t h i s   t y p e ,   as  shown  in  F i g .   1,  a  c e n t r a l   p r o c e s s i n g   u n i t  

(CPU)  9,  a  d i r e c t   memory   a c c e s s   c o n t r o l l e r   13  f o r  

p e r f o r m i n g   h i g h - s p e e d   d a t a   t r a n s f e r ,   a  main   memory   15,  a  

k e y b o a r d   c o n t r o l l e r   19  f o r   c o n t r o l l i n g   a  k e y b o a r d   u n i t  

17,   a  f l o p p y   d i s k   c o n t r o l l e r   23  f o r   c o n t r o l l i n g   a  m i c r o  

f l o p p y   d i s k   u n i t   21,  a  c o m m u n i c a t i o n   c o n t r o l l e r   33  f o r  

c o n t r o l l i n g   a  modem  31,  and  a  d i s p l a y   c o n t r o l l e r   (LCDC) 
37  f o r   c o n t r o l l i n g   a  d i s p l a y   u n i t   (LCD  m o d u l e )   35  a r e  

c o n n e c t e d   t h r o u g h   an  a d d r e s s   bus  1,  a  d a t a   bus  3  and  a  
c o n t r o l   bus  5 .  

The  d i s p l a y   u n i t   35  c o n v e n t i o n a l l y   c o m p r i s e s   a  

l o w - p o w e r   l i q u i d   c r y s t a l   d i s p l a y .   In  o r d e r   to  c o n t r o l  

t h e   c o n t r a s t   of  t he   c o n v e n t i o n a l   l i q u i d   c r y s t a l   d i s p l a y  
u n i t   35,  a  c o n t r a s t   c o n t r o l   l i n e   41  of  the   l i q u i d  

c r y s t a l   d i s p l a y   u n i t   35  is   c o n n e c t e d   to  the   s l i d e r   of  a  

p o t e n t i o m e t e r   39  to  c h a n g e   the   v o l t a g e   on  the   c o n t r a s t  

c o n t r o l   l i n e   41  as  shown  in  F i g .   2 .  

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

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

a  d i s p l a y   u n i t ,   r e s u l t i n g   in  i n c o n v e n i e n c e .   I n  



a d d i t i o n ,   s i n c e   the  u s e r   f r e q u e n t l y   a d j u s t s   c o n t r a s t ,  

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

c o n t r o l .  

An  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is   to  p r o v i d e   a  

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

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

To  a c h i e v e   the  a b o v e   o b j e c t ,   a  d i g i t a l   c o n t r a s t  

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

p r e s e n t   i n v e n t i o n   c o m p r i s e s :  

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

k e y s ,   f o r   g e n e r a t i n g   an  i n c r e m e n t   s i g n a l   when  s a i d   f i r s t  

key  is  d e p r e s s e d   and  a  d e c r e m e n t   s i g n a l   when  s a i d   s e c o n d  

key  is  d e p r e s s e d ;  

c o u n t i n g   means   f o r   r e c e i v i n g   the   i n c r e m e n t   a n d  

d e c r e m e n t   s i g n a l s   f rom  s a i d   key  i n p u t   m e a n s ,  

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

and  d e c r e m e n t i n g   the   c o u n t   in  r e s p o n s e   to  the   d e c r e m e n t  

s i g n a l ;   a n d  

a  D/A  c o n v e r t e r   f o r   c o n v e r t i n g   a  d i g i t a l   o u t p u t  

g e n e r a t e d   by  s a i d   c o u n t i n g   means   to  an  a n a l o g   s i g n a l .  

A  more   c o m p l e t e   u n d e r s t a n d i n g   of  t h e   a d v a n t a g e s ,  

s t r u c t u r e   and  o p e r a t i o n   of  t he   p r e s e n t   i n v e n t i o n   may  b e  

had  by  r e f e r r i n g   to  the   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  t a k e n   in  c o n j u n c t i o n   w i t h   the  a c c o m p a n y i n g  

d r a w i n g s ,   in  w h i c h :  

F i g .   1  is  a  b l o c k   d i a g r a m   s h o w i n g   an  e x a m p l e   o f  

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

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

a p p l i e s ;  

F i g .   2  is  a  s c h e m a t i c   v iew  of  a  p r i o r   a r t   d i s p l a y  

c o n t r a s t   c o n t r o l   c i r c u i t ;   a n d  

F i g .   3  is   a  b l o c k   d i a g r a m   s h o w i n g   an  e m b o d i m e n t   o f  

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

F i g .   3  is   a  b l o c k   d i a g r a m   of  a  d i g i t a l   c o n t r a s t  

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

e m b o d i m e n t   of  the   p r e s e n t   i n v e n t i o n .   R e f e r r i n g   t o  

F i g .   3,  a  k e y b o a r d   43  has   two  keys   ( n o t   shown)   f o r  



c o n t r o l l i n g   the   c o n t r a s t .   The  f i r s t   c o n t r a s t   key  s e r v e s  

to  e m p h a s i z e   the   c o n t r a s t .   When  the   f i r s t   key  i s  

c o n t i n u o u s l y   d e p r e s s e d ,   the   c o n t r a s t   is  c o n t i n u o u s l y  

i n c r e a s e d .   The  s e c o n d   c o n t r a s t   key  s e r v e s   t o  

d e e m p h a s i z e   the   c o n t r a s t .   When  the   s e c o n d   c o n t r a s t   k e y  

i s   c o n t i n u o u s l y   d e p r e s s e d ,   t he   c o n t r a s t   is  c o n t i n u o u s l y  

d e c r e a s e d .   An  up  s i g n a l   g e n e r a t e d   upon  d e p r e s s i o n   o f  

the   f i r s t   c o n t r a s t   key  or  a  down  s i g n a l   g e n e r a t e d   u p o n  
d e p r e s s i o n   of  the   s e c o n d   c o n t r a s t   key  is  s u p p l i e d   to  a n  

up  or  down  i n p u t   t e r m i n a l ,   r e s p e c t i v e l y ,   of  an  u p / d o w n  

c o u n t e r   45.  The  u p / d o w n   c o u n t e r   45  p e r f o r m s   an  up-   o r  

d o w n - c o u n t   o p e r a t i o n   upon  r e c e p t i o n   of  the   up  or  d o w n  

s i g n a l ,   r e s p e c t i v e l y ,   f rom  the   k e y b o a r d   43.  A  d i g i t a l  

c o u n t   o u t p u t   from  the   u p / d o w n   c o u n t e r   45  is  s u p p l i e d   t o  

a  D/A  c o n v e r t e r   49.  The  D/A  c o n v e r t e r   49  c o n v e r t s   t h e  

d i g i t a l   c o u n t   o u t p u t   f rom  the   u p / d o w n  c o u n t e r   45  to  a n  

a n a l o g   s i g n a l .   The  a n a l o g   s i g n a l   f r o m   the   D/A  c o n v e r t e r  

49  is  s u p p l i e d   to  a  c o n t r a s t   c i r c u i t   51  in  a  l i q u i d  

c r y s t a l   d i s p l a y   m o d u l e   (LCD  m o d u l e )   47,  t h e r e b y  

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

In  the   a b o v e   e m b o d i m e n t ,   t h e   u p / d o w n   c o u n t e r  

c o m p r i s e s   a  h a r d w a r e   c o u n t e r .   H o w e v e r ,   the   u p / d o w n  

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

h a r d w a r e   c o u n t e r .   T h a t   i s ,   in  F i g .   1,  the   CPU  9  m a y  
c o u n t   the   i n c r e m e n t   and  d e c r e m e n t   s i g n a l s   s u p p l i e d   f r o m  

s a i d   key  i n p u t   means   and  s t o r e s   t he   c o u n t e d   v a l u e   i n t o  

t he   main   memory  1 5 .  

In  the   e m b o d i m e n t   d e s c r i b e d   a b o v e ,   the   d i s p l a y  

c o n t r a s t   c o n t r o l   c i r c u i t   of  t he   p r e s e n t   i n v e n t i o n   i s  

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

H o w e v e r ,   t he   p r e s e n t   i n v e n t i o n   may  be  a p p l i e d   to  a n y  

d i s p l a y   u n i t   in  any  d e v i c e .  

Whi l e   the   d i s p l a y   c o n t r a s t   c o n t r o l   c i r c u i t   f o r  

d i s p l a y   u n i t   has  been   d e s c r i b e d   in  r e f e r e n c e   to  a  

p a r t i c u l a r   e m b o d i m e n t ,   and  as  b e i n g   used   to  a  c e r t a i n  

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

m o d i f i c a t i o n s ,   a l t e r a t i o n s ,   and  m a n i p u l a t i o n s   may  b e  



made  and  p r a c t i c e d   by  t h o s e   h a v i n g   o r d i n a r y   s k i l l   in  t h e  
a r t   w i t h o u t   d e p a r t i n g   f rom  the   s p i r i t   and  s c o p e   of  t h e  
p r e s e n t   i n v e n t i o n .  



1.  A  d i g i t a l   c o n t r a s t   c o n t r o l   c i r c u i t   f o r   a  

d i s p l a y   u n i t ,   c o m p r i s i n g :  

key  i n p u t   means   ( 4 3 ) ,   h a v i n g   at  l e a s t   f i r s t   a n d  

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

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

s a i d   s e c o n d   key  is  d e p r e s s e d ;  

c o u n t i n g   means   (45)   fo r   r e c e i v i n g   the   i n c r e m e n t  

and  d e c r e m e n t   s i g n a l s   f rom  s a i d   key  i n p u t   m e a n s ,  

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

and  d e c r e m e n t i n g   the   c o u n t   in  r e s p o n s e   to  the   d e c r e m e n t  

s i g n a l ;   a n d  

a  D/A  c o n v e r t e r   (49)   f o r   c o n v e r t i n g   a  d i g i t a l  

o u t p u t   g e n e r a t e d   by  s a i d   c o u n t i n g   means   to  an  a n a l o g  

s i g n a l .  

2.  A  c i r c u i t   a c c o r d i n g   to  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   c o u n t i n g   means   c o m p r i s e s :  

a  c e n t r a l   p r o c e s s i n g   e l e m e n t   (9)  f o r   c o u n t i n g   t h e  

i n c r e m e n t   and  d e c r e m e n t   s i g n a l s   s u p p l i e d   f rom  s a i d   k e y  

i n p u t   means   ( 4 3 ) ;   a n d  

s t o r a g e   means   (15)   fo r   s t o r i n g   the   c o u n t .  

3.  A  c i r c u i t   a c c o r d i n g   to  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   c o u n t i n g   means   (45)   c o m p r i s e s   an  u p / d o w n  

c o u n t e r .  
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