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INTERFACE  FOR  A  THIN  D I S P L A Y  

T h i s   i n v e n t i o n   r e l a t e s   to   i n t e r f a c e   c i r c u i t s   f o r  

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

5  EL  d i s p l a y s ,   p l a s m a   d i s p l a y s   or   LED  d i s p l a y s .   M o r e  

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

i n t e r f a c e   c i r c u i t   w h i c h   can   be  u s e d   as  a  c o m p a c t   a n d  

l i g h t w e i g h t   d i s p l a y   d e v i c e   by  u t i l i z i n g   i n t e r f a c e  

1  0  s i g n a l s   of  CRT  d i s p l a y s   t h a t   h a v e   g a i n e d   a  w i d e  

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

l i k e .  

The  p r e s e n t   i n v e n t i o n   s e e k s   to   p r o v i d e   a n  

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

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

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

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

b u f f e r   memory   (RAM)  t h r o u g h   t h e   u s e   of   e i t h e r   a  d i s p l a y  

d a t a   s y n c h r o n i z i n g   s i g n a l   of  t h e   CRT  d i s p l a y   or   s e p a r a t e  

20  v i d e o   s i g n a l s   h a v i n g   t h e i r   c o m p o s i t e   s i g n a l s   s e p a r a t e d .  

The  l i q u i d   c r y s t a l   d i s p l a y   has   r e c e n t l y   b e e n  

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

or   a  word   p r o c e s s o r   by  a  l a r g e - s i z e d   d o t   m a t r i x   p a n e l  

b e c a u s e   i t   i s   c h a r a c t e r i z e d   by  i t s   t h i n n e s s ,   low  v o l t a g e  

25  and  low  p o w e r   c o n s u m p t i o n .   At  p r e s e n t ,   a  l i q u i d   c r y s t a l  
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i n t e r f a c e   c i r c u i t   c a p a b l e   of  b e i n g   c o n n e c t e d   d i r e c t l y  

w i t h   a  CRT  c o n t r o l   c i r c u i t   i s   d e v e l o p e d   so  t h a t   i t   m a y  

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

c o m p u t e r .  

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

a c c o r d i n g   t o   t h e   p r i o r   a r t   i s   d e s i g n e d   so  t h a t   t h e   t h i n  

p a n e l   i s   d r i v e n   e v e n   d u r i n g   th   b l a n k i n g   p e r i o d   of   t h e  

CRT  d i s p l a y .   As  a  r e s u l t ,   t h e   d i s p l a y   d a t a   i s  

s e q u e n t i a l l y   r e a d   o u t   a f t e r   a  f r a m e   b u f f e r   memory  h a s  

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

S i n c e ,   m o r e o v e r ,   t h e   i n t e r f a c e   c i r c u i t   of   t h e  

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

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

c a s e   o f   a  g r a p h i c   d i s p l a y   or   t h e   l i k e .   S p e c i f i c a l l y ,  

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

c o m p a r e d   w i t h   t h a t   of   t h e   CRT  d i s p l a y   b e c a u s e   one   or   t w o  

of   t h e   t h i n   d i s p l a y   d a t a   of   r e d ,   g r e e n   and   b l u e   a r e  

u t i l i z e d   and   d i s p l a y e d   s i m p l y   i n   t h e   ON-OFF  m a n n e r   o n  

t h e   s i m p l e   m a t r i x .   On  t h e   o t h e r   h a n d ,   h o w e v e r ,   t h e  

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

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

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

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

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

s t o r i n g   f u n c t i o n   s u c h   as   a  p a n e l   h a v i n g   b u i l t   t h e r e i n   a n  
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a c t i v e   e l e m e n t   or   a  n o n l i n e a r   e l e m e n t   s u c h   as  a  T F T  

( i . e .   T h i n   F i l m   T r a n s i s t o r ) ,   m e t a l - i n s u l a t i n g   f i l m - m e t a l  

(MIK)  or   m e t a l - s e m i i n s u l a t o r   (MSI  d i s c l o s e d   in   o u r   E P - A -  

2 0 2 0 9 2 A 2 )   or   a  s m e c t i c   l i q u i d   c r y s t a l .  

5  As  h a s   b e e n   d e s c r i b e d   a b o v e ,   t h e   i n t e r f a c e   c i r c u i t  

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

r e q u i r e d   to   p r e p a r e   t h e   f r a m e   b u f f e r   memory  as  a n  

e x t e r n a l   c i r c u i t   to   w r i t e   in   and  r e a d   o u t   t h e   d a t a   u n d e r  

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

1  0  r e q u i r e m e n t   r a i s e s   t h e   p r i c e   of   and  c o m p l i c a t e s   t h e  

c i r c u i t r y   so  t h a t   t h e   c i r c u i t   i s   h a r d   to   be  a s s e m b l e d  

i n t o   a  s m a l l - s i z e d   d i s p l a y   t e r m i n a l .   M o r e o v e r ,   t h r e e  

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

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

15  c o n s t r u c t i n g   t h e   i n t e r f a c e   c i r c u i t   f o r   t h e   c o l o r   t h i n  

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

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

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

t h e r e   i s   p r o v i d e d   an  i n t e r f a c e   f o r   c o n v e r t i n g   s e p a r a t e  

20  v i d e o   s i g n a l s   i n t o   a  d i s p l a y   d a t a   s i g n a l   and   a  t i m i n g  

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

by  c o m p r i s i n g :   t i m i n g   m e a n s   f o r   t a k i n g   a  t i m i n g   so,   as  t o  

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

m e a n s   a c c o r d i n g   to   a  s y n c h r o n i z i n g   s i g n a l ;   d a t a   t r e a t i n g  

25  m e a n s   f o r   g e n e r a t i n g   d e s i r e d   d a t a   f o r   a  t h i n   d i s p l a y  
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p a n e l   u s i n g   s a i d   d i s p l a y   d a t a ;   and  t i m i n g   s i g n a l  

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

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

The  t h i n   d i s p l a y   p a n e l   may  h a v e   a  X-Y  d o t   m a t r i x  

d i s p l a y   e l e c t r o d e   c o n s t r u c t i o n .   In  one   e m b o d i m e n t   t h e  

X - e l e c t r o d e   c o m p r i s e s   an  u n e v e n - n u m b e r e d   e l e c t r o d e   g r o u p  

a n d   an  e v e n - n u m b e r e d   e l e c t r o d e   g r o u p ,   e a c h   of   t h e   g r o u p s  

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

o t h e r .  

P r e f e r a b l y   t h e   d a t a   t r e a t i n g   m e a n s   g i v e   8  b i t s   o f  

d e s i r e d   d a t a   t o   t h e   d r i v e r .  

The  t i m i n g   m e a n s   may  c o m p r i s e   an  h o r i z o n t a l   h o m e  

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

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

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

r e g u l a t i n g   c i r c u i t   f o r   c o n t r o l l i n g   a  t i m i n g   so  as  t o  

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

t r e a t i n g   m e a n s   and   a  c l o c k   c o n t r o l   c i r c u i t   f o r  

g e n e r a t i n g   a  p u l s e   when  b o t h   of   t h e   h o r i z o n t a l   a n d  

v e r t i c a l   d i s p l a y   d a t a   a r e   e f f e c t i v e .   In   one   e m b o d i m e n t  

a t   l e a s t   o n e   o f   t h e   h o r i z o n t a l   and   v e r t i c a l   h o m e  

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

c o u n t i n g   a  r e f e r e n c e   s i g n a l ,   e x t e r n a l   i n p u t   m e a n s   f o r  

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

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

v a l u e   of  s a i d   e x t e r n a l   i n p u t   means   so  t h a t   t h e   d i s p l a y  

p o s i t i o n   i s   a d j u s t e d   by  s a i d   e x t e r n a l   i n p u t   m e a n s .  

A d d i t i o n a l l y   or   a l t e r n a t i v e l y   a t   l e a s t   one  of  t h e  

5  h o r i z o n t a l   and  v e r t i c a l   home  p o s i t i o n   r e g u l a t i n g   c i r c u i t  

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

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

o u t p u t   of  t h e   d e l a y   t i m e   s e t t i n g   means   to   c l o c k   s i g n a l ,  

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

10  o u t p u t   of   t h e   s y n c h r o n i z i n g   m e a n s ,   and  i n i t i a l i z i n g  

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

to   t h e   o u t p u t   of  t h e   c o u n t e r .  

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

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

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

by  c o m p r i s i n g :   t i m i n g   m e a n s   f o r   t a k i n g   a  t i m i n g   so  as   t o  

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

m e a n s   a c c o r d i n g   to   a  s y n c h r o n i z i n g   s i g n a l ;   d a t a   t r e a t i n g  

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

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

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

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

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

The  d a t a   t r e a t i n g   m e a n s   may  c o m p r i s e   a  d a t a  

25  c h a n g i n g   c i r c u i t   f o r   c h a n g i n g   s e r i a l   d a t a   of  t h e   d i s p l a y  
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d a t a   i n t o   p a r a l l e l   d a t a   and  s t o r i n g   t h e   d a t a  

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

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

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

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

of   t h e   s w i t c h i n g   c i r c u i t s .  

In  an  e m b o d i m e n t ,   t h e   d a t a   t r e a t i n g   m e a n s  

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

i n c l u d i n g   an  S / P   c o n v e r t e r   c i r c u i t   f o r   c o n v e r t i n g   R,  G 

and   B  c o l o r   d i s p l a y   s e r i a l   d a t a   in   p a r a l l e l ,   c o l o r  

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

s a i d   S /P   c o n v e r t e r   c i r c u i t   i n t o   m i x e d   c o l o r   d a t a   and  a  

f i r s t   g r o u p   of   s w i t c h i n g   c i r c u i t s   f o r   s w i t c h i n g   s a i d  

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

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

s w i t c h i n g   c i r c u i t s   f o r   s w i t c h i n g   t h e   o u t p u t   of   s a i d   S / P  

c o n v e r t e r   c i r c u i t   of   a t   l e a s t   one  of   s a i d   R,  G  and  B 

d i s p l a y   d a t a .  

The  d a t a   t r e a t i n g   means   may  h a v e   d i s p l a y   m o d e  

s w i t c h i n g   m e a n s   f o r   s e l e c t i v e l y   s w i t c h i n g   ON  and   OFF  t h e  

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

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

c i r c u i t   u n i t .  

The  d a t a   t r e a t i n g   means   may  h a v e   d i s p l a y   d a t a  

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

i n v e n t i o n   t h e r e   i s   p r o v i d e d   an  i n t e r f a c e   f o r   c o n v e r t i n g  

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

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

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

m e a n s   f o r   t a k i n g   a  t i m i n g   so  as  to   i n t r o d u c e   e f f e c t i v e  

d i s p l a y   d a t a   i n t o   d a t a   t r e a t i n g   means   a c c o r d i n g   to   a  

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

g e n e r a t i n g   d e s i r e d   d a t a   f o r   a  t h i n   d i s p l a y   p a n e l  

a c c o r d i n g   t o   m u l t i c o l o r   d i s p l a y   d a t a ;   and  t i m i n g   s i g n a l  

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

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

A c c o r d i n g   t o   a  y e t   f u r t h e r   a s p e c t   of   t h e   p r e s e n t  

i n v e n t i o n   t h e r e   i s   p r o v i d e d   an  i n t e r f a c e   f o r   c o n v e r t i n g  

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

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

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

m e a n s   f o r   t a k i n g   a  t i m i n g   so  as  to   i n t r o d u c e   e f f e c t i v e  

d i s p l a y   d a t a   i n t o   d a t a   t r e a t i n g   means   a c c o r d i n g   to   a  

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

g e n e r a t i n g   d e s i r e d   d a t a   f o r   a  t h i n   d i s p l a y   p a n e l  

a c c o r d i n g   t o   m o n o c h r o m a t i c   d i s p l a y   d a t a ;   and  t i m i n g  

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

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

p a n e l .  
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P r e f e r a b l y   t h e   d a t a   t r e a t i n g   m e a n s   h a s   no  RAMS. 

The  d a t a   t r e a t i n g   means   may  c o m p r i s e   a  d a t a  

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

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

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

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

The  i n v e n t i o n   i s   i l l u s t r a t e d ,   m e r e l y   by  way  o f  

e x a m p l e ,   in   t h e   a c c o m p a n y i n g   d r a w i n g s ,   i n   w h i c h :   -  

F i g u r e   1  i s   a  b l o c k   d i a g r a m   of   one   e m b o d i m e n t   o f  

an  i n t e r f a c e   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 ;  

F i g u r e   2  i s   a  b l o c k   d i a g r a m   of  a  s e c o n d   e m b o d i m e n t  

of   an  i n t e r f a c e   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  

a p p l i c a b l e   t o   b o t h   t h e   m o n o c h r o m a t i c   and   m u l t i c o l o r  

d i s p l a y s ;  

F i g u r e   3  i s   a  b l o c k   d i a g r a m   of   a  t h i r d   e m b o d i m e n t  

of   an  i n t e r f a c e   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  

a p p l i c a b l e   t o   a  c o l o r   d i s p l a y ;  

F i g u r e   4  i s   a  b l o c k   d i a g r a m   of  a  f o u r t h   e m b o d i m e n t  

of   an   i n t e r f a c e   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  

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

F i g u r e   5  i s   a  c i r c u i t   d i a g r a m   of   a  f i f t h  

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

i n v e n t i o n ;  

F i g u r e   6  i s   a  t i m i n g   c h a r t   e x p l a i n i n g   t h e  

o p e r a t i o n   of   t h e   i n t e r f a c e   of   F i g u r e   5 ;  
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F i g u r e   7  shows   one   e m b o d i m e n t   of  an  e l e c t r o d e  

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

u s e   w i t h   an  i n t e r f a c e   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 ;  

F i g u r e   8(A)  shows   an  e m b o d i m e n t   of   a  s y s t e m   f o r  

t h e   m o n o c h r o m a t i c   d i s p l a y ,   and  F i g u r e   8 (B)   shows   a n  

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

F i g u r e   9  shows   a  s i x t h   e m b o d i m e n t   of   an  i n t e r f a c e  

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   f o r   a  m u l t i c o l o r  

d i s p l a y ;  

F i g u r e   1  0  i s   a  t i m i n g   c h a r t   e x p l a i n i n g   t h e  

o p e r a t i o n   of   t h e   i n t e r f a c e   of   F i g u r e   9 ;  

F i g u r e   11  i s   a  c i r c u i t   d i a g r a m   s h o w i n g   a  s y s t e m   o f  

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

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 ;  

F i g u r e   12  i s   a  c i r c u i t   d i a g r a m   s h o w i n g   a  s i x t h  

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

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

s w i t c h   p a r a l l e l   d i s p l a y   d a t a   i n t o   4 - b i t   or   8 - b i t   d a t a ;  

F i g u r e   1  3  i s   a  t i m i n g   c h a r t   e x p l a i n i n g   t h e  

o p e r a t i o n   of  t h e   i n t e r f a c e   of  F i g u r e   1 2 ;  

F i g u r e   14  i s   a  c i r c u i t   d i a g r a m   s h o w i n g   a  s e v e n t h  

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

a r r a n g e m e n t s   ( e . g .   s t r i p e ,   m o s a i c ,   i n v e r s e   m o s a i c   o r  
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t r i a n g l e   a r r a n g e m e n t s )   o f   a  c o l o r   p a n e l ;  

F i g u r e   1  5  s h o w s   v a r i o u s   a r r a n g e m e n t   t y p e s   of   t h e  

c o l o r   d o t s ;  

F i g u r e   16  s h o w s   one   e m b o d i m e n t   of  a  c o l o r  

a r r a n g e m e n t   s e l e c t i n g   c i r c u i t   of   an  i n t e r f a c e   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 ;  

F i g u r e   17  i s   a  b l o c k   d i a g r a m   of  an  e i g h t h  

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

F i g u r e   1  8  i s   a  b l o c k   d i a g r a m   of   a  n i n t h   e m b o d i m e n t  

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

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

X - a x i s   d r i v e r   i n t o   two  s y s t e m s   f o r   u p p e r   and  l o w e r  

e l e c t r o d e s ;  

F i g u r e   1  9  i s   a  t i m i n g   c h a r t   e x p l a i n i n g   t h e  

o p e r a t i o n   of   t h e   i n t e r f a c e   of   F i g u r e   1 8 ;  

F i g u r e   20  shows   t h e   c o n s t r u c t i o n   of  a  c o l o r  

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

a c c o r d i n g   t o   t h e   p r e s e n t   e m b o d i m e n t ;  

F i g u r e   21  i s   a  b l o c k   d i a g r a m   s h o w i n g   a  t e n t h  

e m b o d i m e n t   of   an  i n t e r f a c e   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   f o r   a  c o l o r   l i q u i d   c r y s t a l   d i s p l a y ;  

F i g u r e   22  i s   a  b l o c k   d i a g r a m   of   an  e l e v e n t h  

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

i n v e n t i o n   f o r   m o n o c h r o m a t i c   d i s p l a y .  
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F i g u r e   23  i s   a  b l o c k   d i a g r a m   of  a  t w e l f t h  

e m b o d i m e n t   of   an  i n t e r f a c e   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   w h i c h   c an   be  a d m i t t e d   e v e n   a t   a  low  t r a n s f e r  

s p e e d   by  t r a n s f e r r i n g   d a t a   on  a  8 - b i t   p a r a l l e l   s i g n a l ;  

F i g u r e   24  i s   a  t i m i n g   c h a r t   e x p l a i n i n g   t h e  

o p e r a t i o n   of   t h e   i n t e r f a c e   of   F i g u r e   2 3 ;  

F i g u r e   25  i s   a  b l o c k   d i a g r a m   s h o w i n g   a  s y s t e m   of  a  

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

of  t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   26  i s   a  d i a g r a m   s h o w i n g   e l e c t r o d e  

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

i n t e r f a c e   a c c o r d i n g   to   t h e   p r e s e n t   e m b o d i m e n t ;  

F i g u r e   27  i s   a  b l o c k   d i a g r a m   of   a  t h i r t e e n t h  

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

i n v e n t i o n ;  

F i g u r e   28  i s   a  b l o c k   d i a g r a m   s h o w i n g   a  f o u r t e e n t h  

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

i n v e n t i o n ;  

F i g u r e   29  i s   a  b l o c k   d i a g r a m   s h o w i n g   t h e  

h o r i z o n t a l   and   v e r t i c a l   home  p o s i t i o n   r e g u l a t i n g  

c i r c u i t s   of  an  i n t e r f a c e   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 ;  

F i g u r e   30  i s   a  b l o c k   d i a g r a m   of  a  f i f t e e n t h  

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

i n v e n t i o n ;  
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F i g u r e   31  i s   a  t i m i n g   c h a r t   e x p l a i n i n g   t h e  

o p e r a t i o n   of   t h e   i n t e r f a c e   of   F i g u r e   3 0 ;  

F i g u r e   32  i s   a  b l o c k   d i a g r a m   s h o w i n g   a  s i x t e e n t h  

e m b o d i m e n t   of   an  i n t e r f a c e   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   ; 

F i g u r e   33  i s   a  t i m i n g   c h a r t   e x p l a i n i n g   t h e  

o p e r a t i o n   of   t h e   i n t e r f a c e   of   F i g u r e   3 2 ;  

F i g u r e   34  i s   a  c h a r t   s h o w i n g   t h e   t i m i n g s   of   o u t p u t  

s i g n a l s   of   t h e   i n t e r f a c e   o f   F i g u r e   3 2 ;  

F i g u r e   35  i s   a  b l o c k   d i a g r a m   of  a  s e v e n t e e n t h  

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

i n v e n t i o n ;  

F i g u r e   36  i s   a  t i m i n g   c h a r t   e x p l a i n i n g   t h e  

o p e r a t i o n   of   t h e   i n t e r f a c e   of   F i g u r e   3 5 .  

F i g u r e   1  i s   a  b l o c k   d i a g r a m   of  an  i n t e r f a c e  

a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n .   In   F i g .   1  , 

r e f e r e n c e   l e t t e r s   H s y c   d e n o t e   a  h o r i z o n t a l  

s y n c h r o n i z i n g   s i g n a l ;   l e t t e r s   CK  a  d o t   c l o c k   s i g n a l ;  

l e t t e r s   V s y c   a  v e r t i c a l   s y n c h r o n i z i n g   s i g n a l ;   l e t t e r s  

DATA  a  d i s p l a y   d a t a   s i g n a l .   A  h o r i z o n t a l   home  p o s i t i o n  

r e g u l a t i n g   c i r c u i t   101  i s   u s e d   to   r e g u l a t e   a  s t a n d - b y  

t i m e   f o r   r e g u l a t i n g   a  b l a n k i n g   p e r i o d   c o n t i n u i n g   f r o m  

t h e   i n s t a n t   of   r e c e p t i o n   of   t h e   h o r i z o n t a l   s y n c h r o n i z i n g  

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

to   s h i f t   t h e   h o r i z o n t a l   home  p o s i t i o n   t o   a  l e f t   e n d .   A 
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v e r t i c a l   home  p o s i t i o n   r e g u l a t i n g   c i r c u i t   102  i s   u s e d   t o  

r e g u l a t e   a  s t a n d - b y   p o s i t i o n   f o r   r e g u l a t i n g   a  b l a n k i n g  

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

v e r t i c a l   s y n c h r o n i z i n g   s i g n a l   t i l l   r e c e p t i o n   of   t h e  

e f f e c t i v e   d i s p l a y   d a t a   t h e r e b y   to   s h i f t   t h e   v e r t i c a l  

home  p o s i t i o n   to   t h e   h i g h e s t   o n e .   R e f e r e n c e   n u m e r a l   1 0 3  

d e n o t e s   a  c l o c k   c o n t r o l   c i r c u i t   f o r   r e g u l a t i n g  

g e n e r a t i o n   of   a  c l o c k   s i g n a l   t o   a l l o w   a  c l o c k   f o r  

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

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

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

e f f e c t i v e   d i s p l a y   d a t a   p e r   one   l i n e .   N u m e r a l   1 0 5  
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d e n o t e s   a  d a t a   t r e a t i n g   c i r c u x t   w h i c h   i s   c o n s t r u c t e d  

o f :   a  d a t a   c h a n g i n g   c i r c u i t   f o r   e i t h e r   c h a n g i n g   t h e  

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

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

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

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

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

d i s p l a y   d a t a   ( i . e . ,   r e d ,   g r e e n   and   b l u e   c o l o r   d a t a )   f o r  

e a c h   h o r i z o n t a l   s c a n n i n g   i n t o   a  m o s a i c   p a t t e r n   or   a  

s t r i p e   p a t t e r n   and   t o   e f f e c t   p o s i t i v e   and  n e g a t i v e  

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

f o r   s w i t c h i n g   and  o u t p u t t i n g   t h e   o u t p u t   of   t h e   a f o r e -  

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

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

d i s p l a y   d a t a   i n   a  t i m e   s h a r i n g   m a n n e r ;   and  a  m o n o / m u l t i  

c o l o r   s e l e c t i n g   c i r c u i t   f o r   s e l e c t i n g   t h e   s w i t c h i n g  

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

d i s p l a y   t i m i n g   s i g n a l s .   N u m e r a l   104  d e n o t e s   a  t i m i n g  

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

s i g n a l s   s u c h   as  a  f r a m e   s i g n a l   FRM,  i . e . ,   d a t a   f o r  

s t a r t i n g   t h e   s c a n n i n g ,   a  s h i f t   c l o c k   CP  f o r   s h i f t i n g  

t h e   d i s p l a y   d a t a   or   a  l a t c h   s i g n a l   LOAD  f o r   l a t c h i n g  

t h e   d i s p l a y   d a t a   s h i f t e d .  

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

d i s p l a y   d a t a   a r e   i n p u t t e d   to   t h e   d a t a   t r e a t i n g   c i r c u i t  
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105  and   c h a n g e d   and  t r e a t e d   so  t h a t   t h e y   may  be  r e c e i v e d  

by  a  d r i v e r   and  a r e   t h e n   o u t p u t t e d   to   and  d i s p l a y e d   i n  

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

s i g n a l   g e n e r a t o r   1 0 4 .  

5  F i g .   2  i s   a  b l o c k   d i a g r a m   s h o w i n g   t h e   w h o l e  

c o n s t r u c t i o n   of   one  e m b o d i m e n t   of   an  i n t e r f a c e   c i r c u i t  

a p p l i c a b l e   to   b o t h   t h e   mono  and   m u l t i   c o l o r   d i s p l a y s   . 

In   F i g .   2,  r e f e r e n c e   l e t t e r s   Hsyc  d e n o t e   t h e   h o r i z o n t a l  

s c a n n i n g   s i g n a l ;   l e t t e r s   CK  t h e   d o t   c l o c k   s i g n a l ;  

10  l e t t e r s   Vsyc   t h e   v e r t i c a l   s c a n n i n g   s i g n a l ;   and   l e t t e r s  

RD,  GD  and   BD  c o l o r   v i d e o   s i g n a l s   of  r e d ,   g r e e n   a n d  

b l u e   c o l o r s .  

A  h o r i z o n t a l   home  p o s i t i o n   r e g u l a t i n g   c i r c u i t   2 0 1  

i s   u s e d   t o   r e g u l a t e   a  s t a n d - b y   t i m e   f o r   r e g u l a t i n g   a  

15  b l a n k i n g   p e r i o d   c o n t i n u i n g   f r o m   r e c e p t i o n   of   t h e  

h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l   Hsyc  t i l l   r e c e p t i o n   o f  

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

p o s i t i o n   may  be  s h i f t e d   to   t h e   l e f t   end .   A  v e r t i c a l  

home  p o s i t i o n   r e g u l a t i n g   c i r c u i t   202  i s   u s e d   t o  

20  r e g u l a t e   a  b l a n k i n g   p e r i o d   c o n t i n u i n g   f r o m   r e c e p t i o n   o f  

t h e   v e r t i c a l   s y n c h r o n i z i n g   s i g n a l   Vsyc  t i l l   r e c e p t i o n  

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

p o s i t i o n   may  be  s h i f t e d   to   t h e   h i g h e s t   p o s i t i o n .  

N u m e r a l   203  d e n o t e s   an  AND  c i r c u i t   f o r   r e g u l a t i n g  

25  g e n e r a t i o n   of  t h e   c l o c k   s i g n a l   to   a l l o w   a  c l o c k   f o r  
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g e n e r a t i n g   t i m i n g   s i g n a l   f o r   t h e   d a t a   c h a n g e   and  d i s p l a y  

in   a n d   a f t e r   t h e   h o r i z o n t a l   and  v e r t i c a l   b l a n k i n g  

p e r i o d s -   N u m e r a l   204  d e n o t e s   a  c o u n t e r   f o r   d i v i d i n g  

t h e   f r e q u e n c y   of   t h e   c l o c k   s i g n a l   of   t h e   AND  c i r c u i t  

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

of   o n e   l i n e   and   d o t   c l o c k   s t o p p i n g   means   f o r   c o u n t i n g  

t h e   n u m b e r   of   d o t   c l o c k s   to   r e s e t   t h e   h o r i z o n t a l   h o m e  

p o s i t i o n   r e g u l a t i n g   c i r c u i t   2 0 1 .   N u m e r a l   205  d e n o t e s   a  

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

t h e   d i s p l a y   d a t a   RD,  GD  and   BD  i n t o   p a r a l l e l   d a t a   o r  

f o r   r e a r r a n g i n g   t h e   d i s p l a y   d a t a   RD,  GD  and  BD  i n t o  

m i x e d   c o l o r   d i s p l a y   d a t a .   The  d a t a   c h a n g i n g   c i r c u i t   2 0 5 '  

s t o r e s   t h e   d a t a   t e m p o r a r i l y .   N u m e r a l   206  d e n o t e s   a  d a t a  

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

a f o r e m e n t i o n e d   d i s p l a y   d a t a   RD,  GD  and  BD  i n t o   m o s a i c  

or   s t r i p e   p a t t e r n   f o r   e a c h   h o r i z o n t a l   s c a n n i n g  

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

n e g a t i v e   d i s p l a y s .   N u m e r a l   207  d e n o t e s   a  t i m i n g   s i g n a l  

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

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

c l o c k   CP  or   t h e   l a t c h   s i g n a l   LOAD  to  t h e   d r i v e r   so  a s  

t o   e f f e c t   a  l i q u i d   c r y s t a l   d i s p l a y .   N u m e r a l s   20  8  a n d  

209  d e n o t e   s w i t c h i n g   c i r c u i t s   f o r   s w i t c h i n g   t h e   o u t p u t  

of   t h e   d a t a   c h a n g i n g   c i r c u i t   205  in   a  t i m e   s h a r i n g  

m a n n e r .   E s p e c i a l l y   t h e   s w i t c h i n g   c i r c u i t   20  8  s w i t c h e s  

and   o u t p u t s   t h e   c o l o r   d i s p l a y   d a t a   to  t h e   d r i v e r .   T h e  
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s w i t c h i n g   c i r c u i t   209  s w i t c h e s   t h e   m o n o c h r o m a t i c  

d i s p l a y   d a t a .   N u m e r a l   210  d e n o t e s   a  m o n o / m u l t i   c o l o r  

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

t i m i n g   of   t h e   a f o r e m e n t i o n e d   s w i t c h i n g   c i r c u i t s   2 0 8  

5  and  20  9  ,  t h e   t i m i n g   of   t h e   s h i f t   c l o c k   CP  and   t h e  

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

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

d i s p l a y .   The  a f o r e m e n t i o n e d   s w i t c h i n g   c i r c u i t   20  8  o r  

209  i s   s w i t c h   in   a  t i m e   s h a r i n g   m a n n e r   to   o u t p u t  

10  d i s p l a y   d a t a   UD^  to  UDg  f o r   u p p e r   e l e c t r o d e s   a n d  

d i s p l a y   d a t a   LD^  to   LDg  f o r   l o w e r   e l e c t r o d e s   to   t h e  

d r i v e r .  

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

of   an  i n t e r f a c e   w h i c h   c a n   be  a p p l i e d   to  t h e   c o l o r  

15  d i s p l a y .   F i g .   3  h a s   a  c o n s t r u c t i o n   s i m i l a r   to   t h e  

w h o l e   one   of  F i g .   2  e x c e p t i n g   t h e   m o n o / m u l t i   c o l o r  

s e l e c t i n g   c i r c u i t   210  and   t h e   s w i t c h i n g   c i r c u i t   2 0 9 .  

M o r e o v e r ,   t h e   i n d i v i d u a l   b l o c k s   h a v e   f u n c t i o n s   s i m i l a r  

to   t h o s e   of  F i g .   2,  and   t h e   c o l o r   v i d e o   s i g n a l s   RD,  GD 

20  and  BD  h a v e   t h e i r   d a t a   c h a n g e d   by  a  d a t a   c h a n g i n g  

c i r c u i t   305  and  s u b j e c t e d   to   a  c o l o r   m i x i n g   t r e a t m e n t  

and   a r e   s w i t c h e d   in   a  t i m e   s h a r i n g   m a n n e r   by  a  s w i t c h i n g  

c i r c u i t   308  to   o u t p u t   t h e   u p p e r   e l e c t r o d e   d i s p l a y   d a t a  

UD^  to  UDg  and  t h e   l o w e r   e l e c t r o d e   d i s p l a y   d a t a   UD-j_  t o  

25  UDg  to  t^ie  <3-r iver-   F i g .   4  i s   a  b l o c k   d i a g r a m   s h o w i n g  
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t h e   c o n s t r u c t i o n   o f   an  i n t e r f a c e   w h i c h   can   be  a p p l i e d  

to   t h e   m o n o c h r o m a t i c   l i q u i d   c r y s t a l   d i s p l a y .   F i g .   4 

h a s   a  c o n s t r u c t i o n   s i m i l a r   to   t h e   c o l o r   i n t e r f a c e  

c o n s t r u c t i o n   o f   F i g .   3  e x c e p t i n g   a  d a t a   c o n t r o l   c i r c u i t  

3 0 6 .   M o r e o v e r ,   t h e   i n d i v i d u a l   b l o c k s   h a v e   f u n c t i o n s  

s i m i l a r   t o   t h o s e   of   F i g .   3,  b u t   a  d a t a   c h a n g i n g   c i r c u i t  

405  h a s   no  m e a n s   f o r   m i x i n g   t h e   c o l o r s   of   t h e   d i s p l a y  

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

i n t o   p a r a l l e l   d a t a   by  t h e   d a t a   c h a n g i n g   c i r c u i t   4 0 5 .  

In   t h e   c a s e   o f   a  4 - b i t   o u t p u t ,   t h e   p a r a l l e l   d a t a   a r e  

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

d i s p l a y   d a t a   UD^  to   UT>4  and   UD5  to  UDg  in   p a r a l l e l .   I n  

t h e   c a s e   o f   an  8 - b i t   o u t p u t ,   on  t h e   o t h e r   h a n d ,   t h e   t i m e  

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

UDg  a r e   o u t p u t t e d   i n   p a r a l l e l .   The  t i m i n g   s i g n a l  

g e n e r a t o r   407  l i k e w i s e   g e n e r a t e s   t i m i n g   s i g n a l s   f o r  

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

c o n t r o l   d r i v e   s i g n a l   M,  t h e   s h i f t   c l o c k   CP  and   t h e  

l a t c h   s i g n a l   LOAD  n e c e s s a r y   f o r   t h e   l i q u i d   c r y s t a l  

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

to   t h e   d r i v e r   so  t h a t   t h e   l i q u i d   c r y s t a l   d i s p l a y   may  b e  

e f f e c t e d   by  t h e   d r i v e r .  
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The  e m b o d i m e n t   s h o w n   in  FIG.  5  r e l a t e s   to   an  i n t e r f a c e  

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

and  m u l t i   c o l o r e d   d i s p l a y s .  

F i g .   5"  i s   a  c i r c u i t   d i a g r a m   s h o w i n g   one   e m b o d i m e n t  

5  of  t h e   p r e s e n t   i n v e n t i o n ,   and  F i g .   6  i s   a  t i m i n g   c h a r t  

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

c i r c u i t   o f   F i g .   5 -  

In  F i g .   $  z  r e f e r e n c e   l e t t e r s   Hsyc  d e n o t e   a  

h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l ;   l e t t e r s   V s y c   a  

10  v e r t i c a l   s y n c h r o n i z i n g   s i g n a l ;   l e t t e r s   CK  a  d o t   c l o c k  

s i g n a l ;   and   l e t t e r s   RD,  GD  and  BD  t h e   r e s p e c t i v e   d i s p l a y  

d a t a   of  r e d ,   g r e e n   and   b l u e   c o l o r s .   T h e s e   s i g n a l s  

H s y c ,   V s y c ,   CK,  RD,  GD  and  BD  a r e   e q u i v a l e n t   t o  

i n t e r f a c e   s i g n a l s   t o   be  f e d   t o   a  CRT  d i s p l a y .  

25  R e f e r e n c e   n u m e r a l   50/  d e n o t e s   an  X - a x i s   d i s p l a y   p o s i t i o n  

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

c l o c k s   CK  t o   a d j u s t   t h e   d i s p l a y   p o s i t i o n   in   t h e   X - a x i s  

d i r e c t i o n .   N u m e r a l   5 B £ d e n o t e s   a  Y = a x i s   d i s p l a y   p o s i t i o n  

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

20  h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l s   Hsyc  to   a d j u s t   t h e  

d i s p l a y   p o s i t i o n   in   t h e   Y - a x i s   d i r e c t i o n .   N u m e r a l   503 

d e n o t e s   an  AND  c i r c u i t   w h i c h   i s   made  r e c e p t i v e   of   b o t h  

t h e   o u t p u t s   of   t h e   a f o r e m e n t i o n e d   X - a x i s   and   Y - a x i s  

d i s p l a y   p o s i t i o n   a d j u s t i n g   c i r c u i t s   SOI  and  $04  and  t h e   d o t  

25  c l o c k s   CK.  N u m e r a l   506  d e n o t e s   a  1 /8   f r e q u e n c y   d i v i d e r  

c i r c u i t   f o r   d i v i d i n g   t h e   f r e q u e n c y   of   a  c l o c k   s i g n a l  
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P^ ,   i . e . ,   t h e   o u t p u t   o f   t h e   a f o r e m e n t i o n e d   AND  c i r c u i t   $03 

i n t o   o n e   e i g h t h .   N u m e r a l   507  d e n o t e s   a  f r e q u e n c y   d i v i d e r  

c i r c u i t   f o r   f u r t h e r   d i v i d i n g   t h e   f r e q u e n c y   o f   t h e   o u t p u t  

P2  o f   t h e   1 / 8   f r e q u e n c y   d i v i d e r   c i r c u i t i e s   t o   g e n e r a t e   a  

r e s e t   s i g n a l   P3  f o r   r e s e t t i n g   t h e   a f o r e m e n t i o n e d   X - a x i s  

d i s p l a y   p o s i t i o n   a d j u s t i n g   c i r c u i t a l ? / .   N u m e r a l s   510  , 5 1 1  

a n d 5 l 2   d e n o t e   s h i f t   r e g i s t e r   c i r c u i t s   f o r   s h i f t i n g   t h e  

d i s p l a y   d a t a   o f   r e d ,   g r e e n   and   b l u e   c o l o r s .   N u m e r a l s  

5 1 3 , 5 1 4   a n d 5 l 5   d e n o t e   l a t c h   c i r c u i t s   f o r   t e m p o r a r i l y  

l a t c h i n g   t h e   d i s p l a y   d a t a   o f   t h e   s h i f t   r e g i s t e r s   510  ,  

511  a n d   512.  N u m e r a l s   541  t o   546  d e n o t e   s w i t c h i n g   c i r c u i t s  

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

513  t o 5 1 5   in   a  t i m e   s h a r i n g   m a n n e r   to   o u t p u t   t h e   d i s p l a y  

d a t a   t o   t h e   X - e l e c t r o d e   d r i v e r   c i r c u i t   ( w h i c h   w i l l   b e  

s h o r t l y   r e f e r r e d   to   as   t h e   "X  d r i v e r " )   o f   t h e   l i q u i d  

c r y s t a l   d i s p l a y .   N u m e r a l   528  d e n o t e s   a  s h i f t   r e g i s t e r  

f o r   s w i t c h i n g   t h e   a f o r e m e n t i o n e d   s w i t c h i n g   c i r c u i t s   5 4 1  

to   54  6  in   a  t i m e   s h a r i n g   m a n n e r .  

N u m e r a l s   5 5 4 ,   555  and   556  d e n o t e   E x c l u s i v e   OR  g a t e s   f o r  

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

when   a  s w i t c h   SW-j  i s   i n   ON  s t a t e .  

R e f e r e n c e   n u m e r a l s   524  and   525  d e n o t e   D - t y p e   f l i p - f l o p  

c i r c u i t s   ( w h i c h   w i l l   a l s o   be  s h o r t l y   r e f e r r e d   t o   as  t h e  

" D - t y p e   F / F   c i r c u i t " )   w h i c h   i s   made  r e c e p t i v e   of   t h e  

a f o r e m e n t i o n e d   c l o c k   s i g n a l   "to  g e n e r a t e   a  l a t c h  

s i g n a l   P . .   N u m e r a l 5 2 1   d e n o t e s   a  s e t   - r e s e t   f l i p - f l o p  
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c i r c u i t   f o r   s e t t i n g   o p e r a t i o n s   in   r e s p o n s e   to   t h e  

g e n e r a t i o n   of   t h e   a f o r e m e n t i o n e d   l a t c h   s i g n a l   P ^ .  

N u m e r a l s   516  a n d 5 1 7   d e n o t e   a  D - t y p e   f l i p - f l o p   c i r c u i t   a n d  

a  NOR  c i r c u i t   f o r   g e n e r a t i n g   a  s e t   p u l s e   s i g n a l   Pg  w h e n  

5  t h e   o u t p u t   T2  o f   t h e   a f o r e m e n t i o n e d   Y - a x i s   d i s p l a y   p o s i t i o n  

a d j u s t i n g   c i r c u i t   504-  r i s e s   t o   an  "H"  l e v e l .   N u m e r a l   5 1 8  

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

in  r e s p o n s e   to   t h e   a f o r e m e n t i o n e d   s e t   p u l s e   s i g n a l   P^  . 

N u m e r a l s   547  a n d 5 4 8   d e n o t e   D - t y p e   f l i p - f l o p   c i r c u i t s   f o r  

10  d e l a y i n g   t h e   o u t p u t   o f   t h e   a f o r e m e n t i o n e d   f l i p - f l o p  

c i r c u i t   518.   The  o u t p u t   FRM  of   t h e   a f o r e m e n t i o n e d   D - t y p e  

f l i p - f l o p   c i r c u i t   548  i s   a  f r a m e   s i g n a l .   N u m e r a l 5 2 0  

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

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

15  o u t p u t   o f   t h e   f l i p - f l o p   c i r c u i t 5 2 0   i s   an  a l t e r n a t e  

d r i v e   s i g n a l   M  f o r   a l t e r n a t e l y   d r i v i n g   a  l i q u i d   c r y s t a l .  

On  t h e   o t h e r   h a n d ,   r e f e r e n c e   l e t t e r s   LK  d e n o t e   a  l a t c h  

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

to  t h e   X - a x i s   d r i v e r   c i r c u i t   by  a  l a t c h   c i r c u i t   b u i l t  

20  in   t h e   X - a x i s   d r i v e r   c i r c u i t .   N u m e r a l 5 3 1   n o t e s   a  1 / 4  

f r e q u e n c y   d i v i d e r   c i r c u i t   f o r   d i v i d i n g   t h e   f r e q u e n c y  

of  a  c l o c k   s i g n a l   P^g  i n t o   one   q u a r t e r .   N u m e r a l   5 3 3  

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

of  t h e   o u t p u t   P^^  ° f   t h e   a f o r e m e n t i o n e d   f r e q u e n c y   d i v i d e r  

25  c i r c u i t   531  i n t o   one  h a l f .   N u m e r a l s   53  9  and  54  0  d e n o t e  
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s w i t c h i n g   c i r c u i t s   f o r   s w i t c h i n g   t h e   d i s p l a y   d a t a   o f  

t h e   a f o r e m e n t i o n e d   l a t c h   c i r c u i t 5 1 5 .   N u m e r a l s   535  ,  5 3 6  

a n d 5 3 7   d e n o t e   AND  c i r c u i t s   and   an  OR  c i r c u i t ,   w h i c h  

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

s e l e c t i n g   t h e   s h i f t   c l o c k s   SK  of   a  4 - b i t   p a r a l l e l  

s h i f t   r e g i s t e r   b u i l t   i n   t h e   X - e l e c t r o d e   d r i v e r   c i r c u i t  

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

N e x t ,   t h e   o p e r a t i o n s   o f   o n e   e m b o d i m e n t   o f   t h e  

p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   in  t h e   f o l l o w i n g .  

The   X - a x i s   d i s p l a y   p o s i t i o n   a d j u s t i n g   c i r c u i t   50/  

s t a r t s   t o   c o u n t   t h e   n u m b e r   o f   t h e   d o t   c l o c k s   CK  when  i t  

r e c e i v e s   t h e   h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l   H s y c .  

When  t h i s   c o u n t e d   v a l u e   c o i n c i d e s   w i t h   t h e   s e t   v a l u e   o f  

t h e   b l a n k i n g   p e r i o d   o f   t h e   d i s p l a y   d a t a ,   t h e   o u t p u t   T]L 

of   t h e   a f o r e m e n t i o n e d   X - a x i s   d i s p l a y   p o s i t i o n   a d j u s t i n g  

c i r c u i t   SOI  r i s e s   to   t h e   "H"  l e v e l .   The  s e t t i n g   of   t h i s  

b l a n k i n g   p e r i o d   c a n   be  a d j u s t e d   a t   a  u n i t   o f   o n e   d o t   b y  

e x t e r n a l   s e t t i n g   m e a n s   s u c h   as  a  d i g i t a l   s w i t c h .   T h e  

Y - a x i s   d i s p l a y   p o s i t i o n   a d j u s t i n g   c i r c u i t 5 0 4   s t a r t s   t o  

c o u n t   t h e   n u m b e r   of   t h e   h o r i z o n t a l   s y n c h r o n i z i n g  

s i g n a l s   Hsyc   when   i t   r e c e i v e s   t h e   v e r t i c a l   s y n c h r o n i z i n g  

s i g n a l   V s y c .   When  t h i s   c o u n t e d   v a l u e   c o i n c i d e s   w i t h   t h e  

s e t   v a l u e   of   t h e   b l a n k i n g   p e r i o d   of   t h e   d i s p l a y   d a t a   i n  

t h e   Y - a x i s   d i r e c t i o n ,   t h e   o u t p u t   T2  of   t h e   a f o r e m e n t i o n e d  

Y - a x i s   d i s p l a y   p o s i t i o n   a d j u s t i n g   c i r c u i t   504  r i s e s   t o  
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t h e   "H"  l e v e l .   The  s e t t i n g   of   t h i s   b l a n k i n g   p e r i o d   c a n  

be  s i m i l a r l y   a d j u s t e d   a t   a  u n i t   of   one  d o t   by  e x t e r n a l  

s e t t i n g   m e a n s   s u c h   as  a  d i g i t a l   s w i t c h .   When  b o t h   t h e  

o u t p u t s   T^  and   T2  o f   t h e   a f o r e m e n t i o n e d   X - a x i s   a n d  

Y - a x i s   p o s i t i o n   a d j u s t i n g   c i r c u i t s   r i s e   to   t h e   "H"  

l e v e l ,   a  d i s p l a y   s t a r t   (or   home  p o s i t i o n )   i s   t a k e n   s o  

t h a t   t h e   c l o c k   s i g n a l   P-̂   i s   o u t p u t t e d   f r o m   t h e   AND 

c i r c u i t   503.  The  c l o c k   s i g n a l   P^  i s   i n p u t t e d   t o   t h e   1 / 8  

f r e q u e n c y   d i v i d e r   c i r c u i t   506  and   t h e   s h i f t   r e g i s t e r s   51  0  , 

511  and  512.   The  d i s p l a y   d a t a   RD,  GD  and  BD  a r e   s h i f t e d  

f o r   e a c h   c l o c k   by  t h e   s h i f t   r e g i s t e r s   510  ,  511  a n d 5 1 2  

so  t h a t   t h e   a f o r e m e n t i o n e d   c l o c k   s i g n a l   P^  may  be  t h e  

s h i f t   c l o c k .   The  o u t p u t   P2  of   t h e   1 /8   f r e q u e n c y   d i v i d e r  

c i r c u i t   SD6  c a u s e s   t h e   D - t y p e   f l i p - f l o p   c i r c u i t 5 2 4   a n d  

t h e   NOR  c i r c u i t 5 2 5   to   g e n e r a t e   t h e   l a t c h   s i g n a l   P ^ ,  

e a c h   t i m e   e i g h t   c l o c k   s i g n a l s   P^  a r e   i n p u t t e d ,   a n d  

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

s h i f t   r e g i s t e r s   510,   511  a n d 5 1 2   in   t h e   l a t c h   c i r c u i t s 5 l 3 ,  

514  and  515  t h e r e b y   to   c o n d u c t   t h e   S/P  c o n v e r s i o n s .  

The  l a t c h   s i g n a l   P^  i s   i n v e r t e d   by  an  i n v e r t e r   526  

to   s e t   t h e   f l i p - f l o p   c i r c u i t 5 2 1   so  t h a t   an  AND  c i r c u i t  

522  s t a r t s   to   o u t p u t   t h e   c l o c k   s i g n a l   P-j_q-  T h i s   c l o c k  

s i g n a l   P,  q  h a s   i t s   f r e q u e n c y   d i v i d e d   by  a  1 / 2   f r e q u e n c y  

d i v i d e r   c i r c u i t   527  and  i s   i n p u t t e d   as  t h e   s h i f t   c l o c k  

of  t h e   s h i f t   r e g i s t e r   528 .   The  s h i f t   r e g i s t e r   528  u s e s  
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t h e   o u r p u t   o f   a  NOR  c i r c u i t   529  as  t h e   s h i f t   d a t a   s o  

t h a t   i t :   o p e r a t e s   as   a  q u a t e r n a r y   r i n g   c o u n t e r   to   g e n e r a t e  

s w i t c h i n g   c o n t r o l   s i g n a l s   P5  ,  Pg  and  P?  .  As  a  r e s u l t ,  

t h e   s w i t c h i n g   c i r c u i t s   541,   5*42  and   54  3,  and   54  4,  545  and  54  6 

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

d a t a   (UDQ  to   UD3)  and   (LDQ  to   LD^)  in   p a r a l l e l .   T h e  

c l o c k   s i g n a l   P1Q  h a s   i t s   f r e q u e n c y   d i v i d e d   i n t o   o n e  

h a l f   by  a  f l i p - f l o p   c i r c u i t   523  to   o u t p u t   a  c l o c k   s i g n a l  

F u r t h e r m o r e ,   t h e   a f o r e m e n t i o n e d   f l i p - f l o p   523  i s  

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

d a t a   o f   t h e   s h i f t   r e g i s t e r   52  8  by  an  i n v e r t e r   530  so  t h a t  

i t   o u t p u t s   t h r e e   c l o c k s   of   t h e   c l o c k   s i g n a l   P0  i n  

r e s p o n s e   t o   e i g h t   c l o c k s   of   t h e   c l o c k   s i g n a l   P1Q  t o  

g e n e r a t e   t h e   s h i f t   c l o c k s   SK  t h r o u g h   t h e   AND  c i r c u i t   53  6 

and  t h e   OR  c i r c u i t   537.  The  o u t p u t s   of   t h e   l a t c h  

c i r c u i t s   515  ,  514  a n d 5 1 3   a r e   i n p u t t e d   in   t h e   f o l l o w i n g  

m a n n e r   t o   t h e   s w i t c h i n g   c i r c u i t s   541  to   546  t o   p r e p a r e  

t h e   m i x e d   R,  G  and   B  ( i . e . ,   r e d ,   g r e e n   and   b l u e )   c o l o r  

d i s p l a y   d a t a .   The  s w i t c h i n g   c i r c u i t s   541  t o   546  a r e  

c o n s t r u c t e d   of   4 - b i t   p a r a l l e l   t r a n s m i s s i o n   g a t e s   a n d  

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

t a b l e   i f   t h e i r   i n p u t s   a r e   t h e   8 t h   b i t s   R^  ,  G.̂   and   B̂  ̂ t o  

Rg,  Gg  a n d   Bg  f r o m   t h e   1 s t   b i t s   of   t h e   l a t c h   c i r c u i t s  

50-5,514  a n d 5 1 3 .  
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—  —  
B l t s   1 s t   B i t   2nd  B i t   3 r d   B i t   4 t h   B i t  

N a m e s  

S w i t c h i n g   C i r c u i t   541  R1  Bi  G2  R3 

S w i t c h i n g   C i r c u i t   542  G1  R2  B2  G3 

S w i t c h i n g   C i r c u i t   543  B3  ■  G4  R5  B5 

S w i t c h i n g   C i r c u i t   544  R4  B4  G5  1  R6  i 
i  i 

S w i t c h i n g   C i r c u i t   545  Gg  R?  •  B^  Gg 

S w i t c h i n g   C i r c u i t   546  Bg  G?  Rg  Bg 

As  d e s c r i b e d   a b o v e ,   t h e   s w i t c h i n g   c i r c u i t s   541  ,  543  

and  54  5,  and  54  2  ,  544  and   54  6  a r e   g r o u p e d   i n t o   t h e   u p p e r  

d i s p l a y   d a t a   LTD̂   to   UD^  and   t h e   l o w e r   d i s p l a y   d a t a   LDq 

to  LD3,  and  t h e   c o l o r   d i s p l a y   d a t a   RD,  GD  and   BD  a r e  

5  i n p u t t e d   a l t e r n a t e l y   and   s e p a r a t e l y   f rom  t h e   1 s t   b i t s .  

As  a  r e s u l t ,   t h e   d i s p l a y   d a t a   UDQ  to   UD3  g e n e r a t e   t h e  

o u t p u t s   [R^,  B^,  G2  and   R3)  (B3  ,  G4  -  -  -  and   so  o n )  

w h e r e a s   t h e   d i s p l a y   d a t a   LDq  to   LD3  g e n e r a t e   t h e  

o u t p u t s   (G^,  R2,  B2  and   G3)  and   (R3,  B4  -  -  -  and  s o  

10  on)  • 

N e x t ,   t h e   t i m i n g   s i g n a l s   t o   t h e   l i q u i d   c r y s t a l  

d i s p l a y   w i l l   be  d e s c r i b e d   in   t h e   f o l l o w i n g .  

The  o u t p u t   T2  of   t h e   Y - a x i s   d i s p l a y   p o s i t i o n  

a d j u s t i n g   c i r c u i t   504-is  i n v e r t e d   by  an  i n v e r t e r   SOS, 

15  when  i t   r i s e s   to   t h e   "H"  l e v e l ,   so  t h a t   t h e   s e t   p u l s e  

PQ  i s   c e n e r a t e d   by  t h e   D - t y p e   f l i p - f l o p   c i r c u i t   516  a n d  

t h e   NOR  c i r c u i t   517  to   s e t   t h e   f l i p - f l o p   c i r c u i t   5 1 8 .  
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- m e n ,   t n e   n u m o e r   or  t n e   c l o c J c   s i g n a l s   P2  t h e   a f o r e -  

m e n t i o n e d   1 / 8   f r e q u e n c y   d i v i d e r   c i r c u i t 5 D 6 i s   c o u n t e d  

(up  to   7 0 0 ,   f o r   e x a m p l e )   by  t h e   f r e q u e n c y   d i v i d e r  

c i r c u i t   5 0 7 u n t i l   t h e   d i s p l a y   d a t a   in   t h e   X - a x i s   d i r e c t i o n  

a r e   i n p u t t e d .   A f t e r   t h i s ,   t h e   r e s e t   s i g n a l   P3  i s  

g e n e r a t e d   by  a  D - t y p e   f l i p - f l o p   c i r c u i t   S0Q  a n d   a  NOR 

c i r c u i t   SOd  to   r e s e t   t h e   X - a x i s   d i s p l a y   p o s i t i o n   a d j u s t i n g  

c i r c u i t   SOI,  t h e   1 / 8   f r e q u e n c y   d i v i d e r   c i r c u i t   S06,  t h e  

f r e q u e n c y   d i v i d e r   c i r c u i t   507  a n d   t h e   f l i p - f l o p   c i r c u i t  

p .8 .   T h i s   r e s e t   s i g n a l   p3  i s   u s e d   as  b o t h   a  l a t c h   s i g n a l  

LK  f o r   a  l a t c h   c i r c u i t   b u i l t   in   t h e   a f o r e m e n t i o n e d  

X - e l e c t r o d e   d r i v e r   c i r c u i t   ( i . e . ,   t h e   X  d r i v e r )   and   a  

s h i f t   c l o c k   YSCL  f o r   a  s h i f t   r e g i s t e r   b u i l t   i n   t h e  

Y - e l e c t r o d e   d r i v e r   c i r c u i t   ( i . e . ,   t h e   Y  d r i v e r ) .  

The  o u t p u t   o f   t h e   a f o r e m e n t i o n e d   f l i p - f l o p   c i r c u i t   518  

i s   d e l a y e d   by  t h e   D - t y p e   f l i p - f l o p   c i r c u i t s   547  and   548 

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

s c a n n i n g   o f   t h e   Y - e l e c t r o d e   d r i v e r   c i r c u i t   ( i . e . ,   t h e  

Y  d r i v e r )   .  The  a f o r e m e n t i o n e d   f r a m e   s i g n a l   FRM  has   i t s  

f r e q u e n c y   d i v i d e d   by  t h e   1 / 2   f r e q u e n c y   d i v i d e r   c i r c u i t  

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

to   t h e   X - e l e c t r o d e   a n d   Y - e l e c t r o d e   d r i v e r   c i r c u i t s ,   t o  

r e v e r s e   t h e   p o l a r i t y   of   t h e   d r i v e   v o l t a g e .  

The  d e s c r i p t i o n   t h u s   f a r   made  i s   d i r e c t e d   to   t h e  

c a s e   o f   t h e   c o l o r   d i s p l a y .   N e x t ,   t h e   c a s e   o f   t h e  

m o n o c h r o m a t i c   d i s p l a y   w i l l   be  d e s c r i b e d   in   t h e   f o l l o w i n g .  
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The  c l o c k   s i g n a l   P1Q  i s   i n p u t t e d   to  t h e   1 / 4  

f r e q u e n c y   d i v i d e r   c i r c u i t 5 3 1   to   o u t p u t   t h e   1 / 4   d i v i d e d  

f r e q u e n c y   o u t p u t   P - ^ /   w h i c h   f u r t h e r   has   i t s   f r e q u e n c y  

d i v i d e d   i n t o   one   h a l f   by  t h e   1 / 2   f r e q u e n c y   d i v i d e r  

5  c i r c u i t   53  3  to  o u t p u t   t h e   s w i t c h i n g   c o n t r o l   s i g n a l s   P 1 4  

and  P15  o f   t h e   s w i t c h i n g   c i r c u i t s   539  and  540.  T h e  

r e v e r s e d   o u t p u t   of  t h e   d i v i d e d   f r e q u e n c y   o u t p u t   P13  o f  

t h e   a f o r e m e n t i o n e d   1 / 4   f r e q u e n c y   d i v i d e r   c i r c u i t   531  i s  

f e d   t h r o u g h   t h e   AND  c i r c u i t   535  and  t h e   OR  c i r c u i t   537  

LO  to   o u t p u t   t h e   m o n o c h r o m a t i c   s h i f t   c l o c k s   SK  of   t h e  

a f o r e m e n t i o n e d   X - e l e c t r o d e   d r i v e r   c i r c u i t   ( i . e . ,   t h e  

X  d r i v e r ) .   E x c l u s i v e   OR  c i r c u i t s   547  ,  548  a n d 5 4 9   a r e  

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

t h e   p o l a r i t y   o f   t h e   a f o r e m e n t i o n e d   d i s p l a y   d a t a   RD,  GD 

15  and  BD  so  t h a t   t h e   p o l a r i t y   of   t h e s e   d a t a   RD,  GD  a n d  

BD  can   be  r e v e r s e d ,   when   a  s w i t c h   SW.̂   i s   t u r n e d   o n ,  

and  o t h e r w i s e   r e s t o r e d   to   s w i t c h   t h e   d i s p l a y s   N E G A / P o s i .  

On  t h e   o t h e r   h a n d ,   a  s w i t c h   SW.,  i s   u s e d   to   s e l e c t   t h e  

c o l o r   and   m o n o c h r o m a t i c   d i p s l a y s .   When  t h i s   s w i t c h  

20  SW2  i s   t u r n e d   o f f ,   t h e   r e v e r s e d   o u t p u t   of  t h e   o u t p u t  

P^2  ° f   t h e   a f o r e m e n t i o n e d   1 / 4   f r e q u e n c y   d i v i d e r   c i r c u i t  

531  i s   f e d   t h r o u g h   t h e   s e l e c t i n g   g a t e   c i r c u i t   535  and   t h e  

OR  c i r c u i t   537  to   g e n e r a t e   t h e   s h i f t   c l o c k s   SK  f o r   t h e  

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

25  t h e   o u t o u t s   of  t h e   a f o r e m e n t i o n e d   s w i t c h i n g   c i r c u i t s   539  



28 
0  2 4 4   9 7 8  

and.54U  t h e r e b y   to   r a x s e   t h e   o u t p u t s   of  t h e   s w i t c h i n g  

c i r c u i t s   541  t o   546  t o   h i g h   i m p e d a n c e s .   When  t h e   s w i t c h  

SW2  i s   t u r n e d   o n ,   on  t h e   c o n t r a r y ,   t h e   c l o c k   s i g n a l   P 0  8 
of  t h e   a f o r e m e n t i o n e d   f l i p - f l o p   c i r c u i t   523  i s   f e d   t h r o u g h  

t h e   AND  c i r c u i t   53  6  a n d   t h e   OR  c i r c u i t   53  7  t o   g e n e r a t e   t h e  

s h i f t   c l o c k s   SK  f o r   t h e   c o l o r   d i s p l a y   and   a t   t h e   s a m e  

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

541  to   546  t h e r e b y   t o   s w i t c h   t h e   o u t p u t s   o f   t h e   s w i t c h i n g  

c i r c u i t s   53  9  and   540  t o   h i g h   i m p e d a n c e s .  

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

m o d e s   c a n   be  s w i t c h e d   b e t w e e n   t h e   c o l o r   and   m o n o c h r o m a t i c  

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

s e l e c t i n g   t e r m i n a l   S2«  The  d i s p l a y s   N E G A / P o s i   c a n  

a l s o   be  s e l e c t e d   by  s e t t i n g   t h e   v o l t a g e   l e v e l   o f   a  

s e l e c t i n g   t e r m i n a l   S^  . 

F i g .   6  (A}  i s   a  t i m i n g   c h a r t   s h o w i n g   t h e   o u t p u t s   T ^  

and  T2  o f   t h e   X - a x i s   a n d   Y - a x i s   d i s p l a y   p o s i t i o n  

a d j u s t i n g   c i r c u i t s .   F i g .   6(B)  shows   t h e   t i m i n g   of   t h e  

c l o c k   s i g n a l s   B±  and   P3 ;   F i g .   6(C)  shows   t h e   t i m i n g   o f  

t h e   s w i t c h i n g   c o n t r o l   s i g n a l s   P5 ,   pg  and  P?  a n d   t h e  

d i s p l a y   d a t a   DDQ  to   UT>3  and   LDQ  to   LD3  ;  F i g .   6 ( D )  

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

LD0  to   LD3;  and   F i g .   6 (E)   s h o w s   t h e   t i m i n g   t h e   s h i f t  

c l o c k s   CK,  t h e   l a t c h   c l o c k s   LK,  t h e   f r a m e   s i g n a l   FRM 

and  t h e   AC  d r i v e   s i g n a l   M,  i . e . ,   t h e   t i m i n g   s i g n a l s  
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to  be  f e d   to   t h e   d r i v e r   c i r c u i t s   of   t h e   l i q u i d   c r y s t a l  

d i s p l a y   . 

F i g .   7  s h o w s   one  e m b o d i m e n t   of   t h e   e l e c t r o d e  

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

5  c a s e   of   t h e   c o l o r   d i s p l a y   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 .   The  c o l o r   a r r a y   o r d e r   of   t h e   e l e c t r o d e s  

s h o u l d   n o t   be  l i m i t e d   to   t h a t   of  t h e   p r e s e n t   i n v e n t i o n .  

F i g .   8  s h o w s   s y s t e m   c o n s t r u c t i o n s   of  t h e   e m b o d i m e n t   o f  

t h e   p r e s e n t   i n v e n t i o n .   F i g .   8(A)  shows   an  e x a m p l e   o f  

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

and  F i g .   8(B)   s h o w s   an  e x a m p l e   of   t h e   s y s t e m   c o n s t r u c t i o n  

f o r   t h e   c o l o r   d i s p l a y .   In  v i e w   of   F i g .   8 ,   t h e   p r e s e n t  

i n v e n t i o n   c o u l d   be  u n d e r s t o o d   more   d e e p l y .  

15  As  h a s   b e e n   d e s c r i b e d   h e r e i n b e f o r e ,   a c c o r d i n g   t o  

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

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

can  be  made   on  r e a l   t i m e   by  u s i n g   t h e   i n t e r f a c e   s i g n a l s  

of  t h e   CRT  d i s p l a y .   T h e r e   can   be  a t t a i n e d   t h e   f o l l o w i n g  

20  o u t s t a n d i n g   e f f e c t s .   (1)  S i n c e   no  f r a m e   b u f f e r   m e m o r y  

i s   r e q u i r e d ,   t h e   s m a l l - s i z e d   i n e x p e n s i v e   l i q u i d   c r y s t a l  

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

t h e   g a t e   a r r a y .   (2)  The  i n t e r f a c e   c i r c u i t   f o r   t h e  

c o l o r   d i s p l a y   n o n e x i s t i n g   in  t h e   p r i o r   a r t   c an   b e  

25  p r o v i d e d   to   i n c r e a s e   t h e   a t t r a c t i o n   of   t h e   l i q u i d  
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c r y s t a x   d i s p l a y .   (3)  Trie  d i s p l a y   modes   c a n   be  s e l e c t e d  

b e t w e e n   t h e   m o n o c h r o m a t i c   and   c o l o r   d i s p l a y s   by  t h e  

s i n g l e   i n t e r f a c e   c i r c u i t .   (4)  S i n c e   t h e   same   d r i v e r  

c i r c u i t   as   t h a t   o f   t h e   p r i o r   a r t   can   be  u s e d ,   i t   i s  

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

f o r   t h e   c o l o r   d i s p l a y .  

M o r e o v e r ,   t h e   p r e s e n t   i n v e n t i o n   i s   e s p e c i a l l y  

e f f e c t i v e   f o r   a  new  l i q u i d   c r y s t a l   p a n e l   o f   s t r o n g  

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

e l e m e n t   e v e n   f o r   t h e   b l a n k i n g   p e r i o d ,   s u c h   as  an  a c t i v e  

m a t r i x   h a v i n g   b u i l t   t h e r e i n   a  n o n - l i n e a r   r e s i s t a n c e  

e l e m e n t ,   e . g . ,   MSI  o r   MIM,  an  a c t i v e   m a t r i x   o r   a  TFT 

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

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

FIG.   9  s h o w s   an  e m b o d i m e n t   of   an  i n t e r f a c e   c i r c u i t   a c c o r d i n g  

t o   t h e   i n v e n t i o n   w h i c h   c a n   be   a p p l i e d   t o   a  t h i n   d i s p l a y  

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

i n t e r f a c e   s i g n a l   of   t h e   c o l o r   CRT.  
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F i g .   10  i s   a  t i m i n g   c h a r t   f o r   s u p p l e m e n t i n g   t h e  

e x p l a n a t i o n   of  t he   o p e r a t i o n s   of  t he   c i r c u i t   of  F i g .   9  . 

In  F i g .   <?  :  r e f e r e n c e   l e t t e r s   Hsyc  d e n o t e   a  

h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l ;   l e t t e r s   Vsyc  a  v e r t i -  

5  c a l   s y n c h r o n i z i n g   s i g n a l ;   l e t t e r s   CK  d o t   c l o c k   s i g n a l s ;  

and  l e t t e r s   RD,  GD  and  BD  d i s p l a y   d a t a   in   r e d ,   g r e e n  

and  b l u e   c o l o r s ,   r e s p e c t i v e l y .  

T h e s e   s i g n a l s   H s y c ,   V s y c ,   CK,  RD,  GD  and  BD  a r e  

s i m i l a r   to  i n t e r f a c e   s i g n a l s   to  t he   CRT  d i s p l a y .  

LO  R e f e r e n c e   n u m e r a l   90/  d e n o t e s   an  X - a x i s   d i s p l a y   p o s i t i o n  

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

c l o c k s   CK  to  a d j u s t   t h e   d i s p l a y   r e g i o n   (o r   p o s i t i o n )  

in   t h e   X - a x i s   d i r e c t i o n .   N u m e r a l   ^ d e n o t e s   a  Y - a x i s  

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

15  n u m b e r   of  t h e   h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l s   H s y c  

to  a d j u s t   t h e   d i s p l a y   r e g i o n   ( o r   p o s i t i o n )   in   t h e   Y - a x i s  

d i r e c t i o n .   N u m e r a l s   ?04  and  ^05  d e n o t e   1 /8   and  1 / 8 0  

c o u n t e r   c i r c u i t s   f o r   c o u n t i n g   e f f e c t i v e   d o t   c l o c k s   <t> .̂ 

25 
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i \ u m e r a i s   <f±i  ,  il<l  a n a f l j   d e n o t e   S /P   c o n v e r t e r   c i r c u i t s  

f o r   c o n v e r t i n g   t h e   s e r i a l   d i s p l a y   d a t a   RD,  GD  and  BD 

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

d a t a .   N u m e r a l s   £ U ,   91  5  a n d ? l 6   d e n o t e   l a t c h   c i r c u i t s  

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

of   t h e   a f o r e m e n t i o n e d   S /P   c o n v e r t e r   c i r c u i t s   911  ,  9 1 2  

and  913-   N u m e r a l s ? ! ?   t o ? 2 2   d e n o t e   s w i t c h i n g   c i r c u i t s  

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

m e n t i o n e d   l a t c h   c i r c u i t s ? !   4  t o 9 l 6   in   a  t i m e   s h a r i n g  

m a n n e r   to   o u t p u t   p a r a l l e l   d i s p l a y   d a t a   UT^  to  UD^  a n d  

LD.  to   LD^  to  l i q u i d   c r y s t a l   d r i v e r   c i r c u i t s .   N u m e r a l  

?23  d e n o t e s   a  4 - b i t   s h i f t   r e g i s t e r   c i r c u i t   f o r   s w i t c h i n g  

t h e   a f o r e m e n t i o n e d   s w i t c h i n g   c i r c u i t s   ?17  to   922  in   a  

t i m e   s h a r i n g   m a n n e r .   L e t t e r s   SK  d e n o t e   a  s h i f t   c l o c k  

s i g n a l   f o r   s h i f t i n g   t h e   p a r a l l e l   d i s p l a y   d a t a   UD1  t o  

UD^  and   LD^  to  LD^  of   t h e   s h i f t   r e g i s t e r   c i r c u i t   b u i l t  

i n   t h e   X - a x i s   d r i v e r   c i r c u i t .   L e t t e r s   LK  d e n o t e   a  

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

UDĵ   to   UD^  and  LD^  to  LD^  in   t h e   l a t c h   c i r c u i t s   b u i l t  

i n   t h e   X - a x i s   d r i v e r   c i r c u i t .   L e t t e r s   FRM  d e n o t e  

s c a n n i n g   s t a r t   d a t a   f o r   s t a r t i n g   t he   s c a n   i n   t h e   Y - a x i s  

d i r e c t i o n .   L e t t e r   M  d e n o t e s   an  a l t e r n a t i n g   d r i v e  

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

f l o w i n g   an  AC  c u r r e n t   . 

N e x t   ,  t h e   o p e r a t i o n s   of  t h e   p r e s e n t   i n v e n t i o n  
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w i l l   be  d e s c r i b e d   in   t he   f o l l o w i n g .   When  t h e   h o r i z o n t a l  

s y n c h r o n i z i n g   s i g n a l   Hsyc  i s   i n p u t t e d   to  t h e   X - a x i s  

d i s p l a y   p o s i t i o n   a d j u s t i n g   c i r c u i t ^ / ,   t h e   o u t p u t   XT 

of  t h i s   c i r c u i t   90/  i s   r e s e t   a t   "L"  to  r i s e   to  "H"  a f t e r  

5  a  l a p s e   of  a  p r e d e t e r m i n e d   t i m e ,   as  shown  in   t h e   t i m i n g  

c h a r t   (A)  in   F i g . / 0 .   T h i s   t i m e   w i d t h   LW1  can   c h a n g e  

t h e   d i s p l a y   s t a r t   p o s i t i o n   in   t he   X - a x i s   d i s p l a y   d i r e c -  

t i o n   by  a r b i t r a r i l y   a d j u s t i n g   t h e   c o u n t e d   v a l u e   o f  

t h e   d c t   c l o c k s   CK  of  t h e   b u i l t - i n   v a r i a b l e   c o u n t e r .  

10  M o r e o v e r ,   t h e   h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l   H s y c  

s e t s   an  R-S  f  l i p - f l o p   906so   t h a t   t he   o u t p u t   T^  of  t h i s  

f l i p - f l o p   906  r i s e s   to  t h e   v a l u e   "H"  .  As  a  r e s u l t ,   t h e  

o u t p u t   ^   of   an  AND  c i r c u i t   902  g e n e r a t e s   t h e   d o t   c l o c k s  

f o r   t h e   X - a x i s   e f f e c t i v e   d i s p l a y   p e r i o d   a t   t h e   t i m i n g  

15  shown  i n   F i g .   / 0 ( A ) .   The  Y - a x i s   d i s p l a y   p o s i t i o n   a d j u s t i n g  

c i r c u i t   907  i s   a l s o   made  to  h a v e   a  s i m i l a r   c o n s t r u c t i o n  

and  has   i t s   o u t p u t   YT  r e s e t   a t   t he   v a l u e   " L " ,   w h e n  

i t   r e c e i v e s   t h e   v e r t i c a l   s y n c h r o n i z i n g   s i g n a l   V s y c ,  

and  c a u s e d   to  r i s e   to  t h e   v a l u e   "H"  a f t e r   a  l a p s e   o f  

20  p r e d e t e r m i n e d   t i m e   p e r i o d ,   as  shown  in  t h e   t i m i n g   c h a r t  

(5)  in   F i g . / O .   T h i s   t i m e   w i d t h   LW2  can   a d j u s t   t h e  

d i s p l a y   s t a r t   p o s i t i o n   in   t h e   Y - a x i s   d i r e c t i o n   by  a r b i t -  

r a r i l y   a d j u s t i n g   t h e   c o u n t e d   v a l u e   of  t h e   h o r i z o n t a l  

s y n c h r o n i z i n g   s i g n a l s   Hsyc  of  t h e   b u i l t - i n   v a r i a b l e  

25  c o u n t e r .   M o r e o v e r ,   t h e   v e r t i c a l   s y n c h r o n i z i n g   s i g n a l  
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Vsyc   s e t s   an  R-S  f  l i p - f l o p   ^ s o   t h a t   the   o u t p u t   T  2 
of  t h i s   f l i p - f l o p   S t a k e s   t h e   v a l u e   "H"  .  As  a  r e s u l t ,  

an  AX2  c i r c u i t   90£  o u t p u t s   t h e   h o r i z o n t a l   s y n c h r o n i z i n g  

s i g n a l s   Hsyc  of   t h e   Y - a x i s   e f f e c t i v e   d i s p l a y   p e r i o d  

a t   t h e   t i m i n g   s h o w n   in   F i g .   / 0 ( B ) .   W h i l e   t h e   o u t p u t  

T2  of   t h e   R-S  f  l i p - f l o p   ? 0 ? i s   a t   t h e   v a l u e   "H",   t h e  

AND  c i r c u i t   903  g e n e r a t e s   t h e   d o t   c l o c k s   <f>z  of   t he   e f f e c -  

t i v e   d i s p l a y   p e r i o d .   T h e s e   d o t   c l o c k s   <t>̂   a r e   i n p u t t e d  

as  t h e   s h i f t   c l o c k s   of   t h e   S /P   c o n v e r t e r   c i r c u i t s   9 1 1 ,  

?12  and   913  c o n s t r u c t e d   of   8 - b i t   s h i f t   r e g i s t e r s .   As  

a  r e s u l t ,   t h e   s e r i a l   d a t a   of   t h e   d i s p l a y   d a t a   RD,  GD 

and  ED  f o r   t h e   e f f e c t i v e   d i s p l a y   p e r i o d s   of   t h e   r e d ,  

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

and  a r e   o u t p u t   t e d   to   t h e   l a t c h   c i r c u i t s   914  ,  915  a n d  

916.  The  a f o r e m e n t i o n e d   d o t   c l o c k s   <f>̂   of   t h e   e f f e c t i v e  

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

of   e i g h t   by  t h e   1 / 8   c o u n t e r   to   g e n e r a t e   a  c a r r y   s i g n a l  

T h i s   c a r r y   s i g n a l   <t>̂   i s   a  l a t c h   s i g n a l   f o r   t h e  

a f o r e m e n t i o n e d   l a t c h   c i r c u i t s   914,   9.15  a n d 9 l 6 .   T h e  

c a r r y   s i g n a l   6^  i s   a l s o   i n p u t t e d   to  t he   1 / 8 0   c o u n t e r  

905  so  t h a t   i t   i s   d i v i d e d   by  a  f a c t o r   of  e i g h t y   to  g e n e r a t e  

a  c a r r y   s i g n a l   6^  t h e r e b y   to  r e s e t   the   a f o r e m e n t i o n e d  

R-S  f l i p - f l o p ? 0 6 -   As  a  r e s u l t ,   t he   o u t p u t   T1  of  t h i s  

f l i p - f l o p   906  i s   r e s e t   a t   t h e   v a l u e   "L"  to  i n t e r r u p t  

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

the   o u t p u t s   of  t he   l a t c h   c i r c u i t s   914  ,  915  a n d ^ l 6   a r e  

i n p u t t e d   to  t h e   s w i t c h i n g   c i r c u i t s < ? 1 7   t o 9 2 2 .   T h e s e  

s w i t c h i n g   c i r c u i t s 9 l 7   t o 9 2 2   a r e   c o n s t r u c t e d   i n t o   a  

4 - b i t   p a r a l l e l   t r a n s m i s s i o n   g a t e .   I f   t h e   i n p u t   o f  

t h i s   t r a n s m i s s i o n   g a t e   f a l l s   a t   t h e   e i g h t h   b i t   of  R ^ ,  

G1  and  B1  to  Rg,  Gg  and  Bg  f r o m   t he   1 s t   b i t   of   t h e  

l a t c h   c i r c u i t s   914  ,  ?15  a n d 9 l 6 ,   t h e   i n p u t   s i g n a l s   o f  

t h e   s w i t c h i n g   c i r c u i t s   917  to  922  a r e   r e a r r a n g e d   in   t h e  

f o l l o w i n g   t a b l e :  

1 s t   b i t   2nd  b i t   3rd  b i t   4 t h   b i t  

S w i t c h i n g  
C i r c u i t   917  

S w i t c h i n g  
C i r c u i t   9 1 9  

S w i t c h i n g  
C i r c u i t a l  

S w i t c h i n g  
C i r c u i t   9 1 8  

S w i t c h i n g  
C i r c u i t   9 2 0  

S w i t c h i n g  
C i r c u i t 9 2 2  

Rl  Bl  G2  R3 

B-3  G^  Rj.  B5- 

G6  R7  B7  G8 

Gl  R2  B2  G3 

R4  B4  G5  R6 

B6  G7  R8  B8 

As  s e e n   f r o m   t h e   a b o v e   t a b l e ,   t he   s w i t c h i n g   c i r c u i t s  

a r e   g r o u p e d   i n t o   t h e   c i r c u i t s   0,17  ,  ?19  and  921  and  t h e  

c i r c u i t s   9 l 8 ,   920  and  922,   and  t h e   d i s p l a y   d a t a   RD,  GD 

and  BD  a r e   i n p u t t e d   a l t e r n a t e l y   and  s e p a r a t e l y   f r o m  
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t h e   1 s t   b i t .   The  s w i t c h i n g   s i g n a l s   of  t h e   a f o r e m e n t i o n e d  

s w i t c h i n g   c i r c u i t s   917  to<?22  a r e   g e n e r a t e d   by  t h e   l i -  

b i t   s h i f t   r e g i s t e r 9 2 3 .   A  1 / 4   c o u n t e r 9 2 4   q u a r t e r s   t h e  

c l o c k   «J1Q,  w h i c h   i s   p r e p a r e d   by  d i v i d i n g   t h e   f r e q u e n c y  

of   t h e   d o t   c l o c k   6^  i n t o   h a l v e s   by  a  1 /2   c o u n t e r   9 3 1 ,  

to   g e n e r a t e   a  c a r r y   s i g n a l   ?$g,  as  shown  in   F i g .   / 0 ( C ) .  

T h i s   c a r r y   s i g n a l   sz5g  i s   i n p u t t e d   to  the   s h i f t   r e g i s t e r  

923  t c   g e n e r a t e   o u t p u t s   0^  to  Q^.  T h e s e   o u t p u t s   Q 

to   Q_  g e n e r a t e   t h e   o u t p u t   "H"  In  a  t i m e   s h a r i n g   m a n n e r ,  

b u t   t h e   o u t p u t s   Q2  to   a r e   u t i l i z e d   as  t h e   s w i t c h i n g  

s i g n a l s   of   t h e   s w i t c h i n g   c i r c u i t s   917  to  922.  The  o u t p u t  

I s   r e s e r v e d   as  an  o u t p u t   d a t a   p a u s e   p e r i o d .   A s  

a  r e s u l t ,   t h e   s w i t c h i n g   c i r c u i t s   917  to  922  a r e   s w i t c h e d  

In  a  t i m e   s h a r i n g   m a n n e r ,   i . e .   , 9 1 7   a n d 9 l 8 , q i 9   and  9 2 0 ,  

and  921  and   922  to  s i m u l t a n e o u s l y   o u t p u t   t h e   p a r a l l e l  

d i s p l a y   d a t a   UT^  to   UD^  and  LD^  to  LD^.  The  o u t p u t  

SK  of   an  AND  c i r c u i t   927  b e t w e e n   t h e   i n v e r t e d   o u t p u t  

o f   t h e   o u t p u t   Q1  of  t h e   s h i f t   r e g i s t e r 9 2 3   and  t h e   s h i f t  

c l o c k   of   t h e   s h i f t   r e g i s t e r   923  o u t p u t s   t h e   4 - b i t  

p a r a l l e l   d a t a   UT^  to   UD^  and   LD^  to  LD^  as  t h e   s h i f t  

c l o c k s   of   t h e   ( 4 - b i t   p a r a l l e l )   s h i f t   r e g i s t e r s   b u i l t  

i n   t h e   X - a x i s   e l e c t r o d e   d r i v e r   c i r c u i t .   The  t i m i n g  

c h a r t   i n   F i g .   / 0 ( D )   s h o w s   t h e   t i m i n g   of  I n t e r f a c e   s i g n a l s  

to   t h e   X - a x i s   and  Y - a x i s   e l e c t r o d e   d r i v e r   c i r c u i t s .  

The  s h i f t   c l o c k s   SK  a r e   i n p u t t e d   to  a  1 / 4 8 0   c o u n t e r   9 2 8  
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so  t h a t   t he   c a r r y   s i g n a l   LK  h a v i n g   a  1 / 4 8 0   f r e q u e n c y  

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

4 - b i t   p a r a l l e l   s h i f t   r e g i s t e r   b u i l t   in  t h e   a f o r e m e n t i o n e d  

X - a x i s   e l e c t r o d e   d r i v e r   c i r c u i t .   An  R-S  f l i p - f l o p  

c i r c u i t   929  i s   s e t   by  t h e   s i g n a l   Vsyc  and  r e s e t   by  t h e  

l a t c h   s i g n a l   LK  to  o u t p u t   t h e   Y - a x i s   e l e c t r o d e   s c a n n i n g  

s t a r t   s i g n a l   FRM  h a v i n g   t he   t i m i n g   shown  in   F i g .   ( 0 ( D ) .  

A  1 / 2   c o u n t e r   930  g e n e r a t e s   t h e   s i g n a l   h a v i n g   one  h a l f  

f r e q u e n c y   of  t he   a f o r e m e n t i o n e d   s i g n a l   FRM  to  i n v e r t  

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

be  a p p l i e d   to  t h e   l i q u i d   c r y s t a l .  

F i g .   /  /  i s   a  c i r c u i t   d i a g r a m   s h o w i n g   t h e   s y s t e m  

c o n s t r u c t i o n   of  t he   c o l o r   l i q u i d   c r y s t a l   d i s p l a y   a c c o r d -  

i n g   tc   one  e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n .   R e f -  

e r e n c e   n u m e r a l l l 6 0   d e n o t e s   t h e   a f o r e m e n t i o n e d   i n t e r f a c e  

c i r c u i t ;   n u m e r a l / 1 5 0   a  Y - a x i s   e l e c t r o d e   d r i v e r   c i r c u i t ;  

n u m e r a l   J|40  an  X - a x i s   e l e c t r o d e   d r i v e r   c i r c u i t   h a v i n g  

t h e   X - e l e c t r o d e   of  a  c o l o r   l i q u i d   c r y s t a l   d i s p l a y   p a n e l  

| |44  l e d   ou t   u p w a r d ;   n u m e r a l | | 4 9   an  X - a x i s   e l e c t r o d e   d r i v e r  

c i r c u i t   h a v i n g   t h e   X - e l e c t r o d e   l e d   out   d o w n w a r d .   T h e  

X - a x i s   e l e c t r o d e   d r i v e r   c i r c u i t s   1140  a n d | | 4 9   a r e   c o n s t -  

r u c t e d   of  4 - b i t   p a r a l l e l   s h i f t   r e g i s t e r s   | |4 l   and  1(46, 

l a t c h   c i r c u i t s   |{42  a n d | { 4 7 ,   and  l i q u i d   c r y s t a l   d r i v e r  

u n i t s   ff-  3  and  |{48.  The  p a r a l l e l   d i s p l a y   d a t a   UD1  t o  

UDa  and  LD..  to  LD ,̂  a r e   i n p u t t e d   s i m u l t a n e o u s l y   to  t h e  
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p a r a l l e l   s h i f t   r e g i s t e r s   \$1  a n d f | 4 6 ,   s h i f t e d   b y  

t h e   s h i f t   c l o c k s   SK  and  l a t c h e d   by  t h e   l a t c h   c l o c k s  

LK.  The  o u t p u t s   t h u s   l a t c h e d   by  t h e   l a t c h   c i r c u i t s  

J|42  and | {47   c o n d u c t   t h e   d r i v e s   in   a c c o r d a n c e   w i t h   t h e  

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

c o l o r e d   by  t h e   l i q u i d   c r y s t a l   d r i v e r s / / " *   3  and  J /45 ,  

r e s p e c t i v e l y .  

As  h a s   b e e n   d e s c r i b e d   h e r e i n b e f o r e ,   a c c o r d i n g   t o  

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

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

by  u s i n g   t h e   i n t e r f a c e   s i g n a l   of   t he   CRT  d i s p l a y   b u t  

n o t   t h e   memory   c i r c u i t   s u c h   as  t h e   RAM.  T h u s ,   t h e  

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

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

be  niade  l i g h t ,   t h i n   and  s m a l l   so  t h a t   i t   c an   be  u s e d  

as  t h e   f l a t   d i s p l a y   t e r m i n a l .   S i n c e   t h e   IC  of   t h e  

d r i v e r   c i r c u i t   to   be  u s e d   can   be  s i m i l a r   to   t h a t   o f  

t h e   m o n o c h r o m a t i c   one   of   t h e   p r i o r   a r t ,   a n o t h e r   o u t -  

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

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

F i g .   12  i s   a  c i r c u i t   d i a g r a m   s h o w i n g   one   e m b o d i m e n t  

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

f u n c t i o n   to   s w i t c h   p a r a l l e l   d i s p l a y   d a t a   i n t o   4 - b i t   o r  
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8 - b i t   d a t a .   F i g .   13  i s   a  t i m i n g   c h a r t   f o r   s u p p l e m e n t i n g  

t h e   d e s c r i p t i o n   of   t h e   o p e r a t i o n s   of   F i g .   1 2 .  

The  c i r c u i t   shown  in   F i g .   12  has   a  c o n s t r u c t i o n  

s i m i l a r   to   t h a t   of  F i g .   5  e x c e p t i n g   a  p o r t i o n ,   and  t h e  

5  common  c o m p o n e n t s   c o n d u c t   s i m i l a r   o p e r a t i o n s   . 

R e f e r e n c e   n u m e r a l s   1 2 1 0 ,   1211  and  1212  d e n o t e   S / P  

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

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

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

10  o u t p u t s   of   t h e   s h i f t   r e g i s t e r s .  

N u m e r a l   1221  d e n o t e s   a  s e t / r e s e t   f l i p - f l o p  

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

f i r s t   p u l s e   s i g n a l   P2.   N u m e r a l s   1257  and  1258   d e n o t e  

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

15  and  l o w e r   d r i v e r s ,   r e s p e c t i v e l y ,   f o r   o u t p u t t i n g   t h e  

d i s p l a y   d a t a   in   4 - b i t   p a r a l l e l   in   a  t i m e   s h a r i n g  

m a n n e r .   N u m e r a l s   1260  and  1259  d e n o t e   s w i t c h i n g  

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

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

20  in   8 - b i t   p a r a l l e l   in   a  t i m e   s h a r i n g   m a n n e r .   R e f e r e n c e  

l e t t e r s   SW2  d e n o t e s   a  s e l e c t i n g   s w i t c h   f o r   s e l e c t i n g  

w h e t h e r   t h e   a f o r e m e n t i o n e d   4 - b i t   or  8 - b i t   p a r a l l e l  

o u t p u t   i s   to   be  o u t p u t t e d   to   t h e   d r i v e r .  

The  f i r s t   o u t p u t   P2  of   a  1 /8   d i v i d e r   1206  s e t s   t h e  

25  f l i p - f l o p   c i r c u i t   1 2 2 1 .   As  a  r e s u l t ,   an  AND  c i r c u i t  
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1222   s t a r t s   t h e   o u t p u t   of   a  c l o c k   s i g n a l   P t_q .  

When  t h e   s e l e c t i n g   s w i t c h   SW2  i s   OFF,  t h e   g a t e   i s  

ON  by  t h e   s w i t c h i n g   c i r c u i t   1 2 5 1 .   As  a  r e s u l t ,   t h e  

f r e q u e n c y   i s   d i v i d e d   by  a  f l i p - f l o p   c i r c u i t   1227  of   t h e  

1 / 2   d i v i d e r   and   i s   i n p u t t e d   as  t h e   c l o c k   o f   a  q u a t e r n a r y  

r i n g   c o u n t e r   1 2 2 8 .   T h i s   q u a t e r n a r y   r i n g   c o u n t e r   1 2 2 8  

u s e s   t h e   o u t p u t   o f   a  NOR  c i r c u i t   1229  as  i t s   d a t a .  

The  q u a t e r n a r y   r i n g   c o u n t e r   1228  g e n e r a t e s   s w i t c h i n g  

c o n t r o l   s i g n a l s   P5,   pg  and  P?  in   a  t i m e   s h a r i n g   m a n n e r  

and   s w i t c h e s   on  t h e   s w i t c h i n g   c i r c u i t s   1 2 5 7 ,   1259  a n d  

1260  i n   a  t i m e   s h a r i n g   m a n n e r   to   o u t p u t   t h e   d i s p l a y  

d a t a   UD1  t o   DD4,  LDX  to   LD4,  UD5  to   UDg  and   LD5  to   LDg 

i n   p a r a l l e l .   M o r e o v e r ,   t h e   c l o c k   s i g n a l   P1Q  h a s   i t s  

f r e q u e n c y   d i v i d e d   i n t o   two  h a l v e s   by  a  f l i p - f l o p   c i r c u i t  

1223  so  t h a t   a  s h i f t   c l o c k   s i g n a l   SK  of   t h e   p a r a l l e l  

d a t a   i s   o u t p u t t e d .   The  f l i p - f l o p   c i r c u i t   1223  i s  

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

q u a t e r n a r y   r i n g   c o u n t e r   1228  by  an  i n v e r t e r   1 2 3 0 ,   t o  

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

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

of   t h e   c l o c k   s i g n a l   P10-   The  o u t p u t   P2  of   t h e   1 / 8  

d i v i d e r   1206   i s   g a t e d   on  by  a  s w i t c h i n g   c i r c u i t   1 2 5 3  

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

S/P  c h a n g i n g   c i r c u i t s   1 2 1 0 ,   1211  and  1212  t o   l a t c h   t h e  

s h i f t e d   d a t a   e v e r y   e i g h t   s h o t s   of   t h e   c l o c k   s i g n a l   P,  . 
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The  o u t p u t s   of  t h e   a f o r e m e n t i o n e d   S/P  c h a n g i n g  

; i r c u i t s   1 2 1 0 ,   1211   and   1212  a r e   i n p u t t e d   a l t e r n a t e l y   b i t  

ay  b i t   i n t o   t h e   s w i t c h i n g   c i r c u i t s   1257  and  1258  so  t h a t  

t h e y   may  be  t h e   m i x e d   c o l o r   d i s p l a y   d a t a   of   R,  G  and   B 

( i . e . ,   r e d ,   g r e e n   and  b l u e   c o l o r s ) .   The  s w i t c h i n g  

c i r c u i t   1257  o u t p u t s   t h e   u p p e r   d i s p l a y   d a t a   UD1  to   UD4 

g r o u p e d ,   and  t h e   s w i t c h i n g   c i r c u i t   1258  o u t p u t s   t h e  

l o w e r   d i s p l a y   d a t a   LD^  to   LD4  g r o u p e d .  

The  c o l o r   d i s p l a y   d a t a   RD,  GD  and  BD  a r e   i n p u t t e d  

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

s w i t c h i n g   c i r c u i t s   1257  and   1 2 5 8 .   As  a  r e s u l t ,   t h e  

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

r e s p o n s e   to   t h e   o u t p u t s   P^ ,   pg  and  P7  of  t h e   a f o r e -  

m e n t i o n e d   q u a t e r n a r y   r i n g   c o u n t e r   1228  so  t h a t   t h e  

s w i t c h i n g   c i r c u i t   1257  g e n e r a t e s   t h e   o u t p u t s   of   ( R - ^  

B1,  G2  and  R3)  and  (B3,  G4,  ,  and  so  on)  and   s o  

on.   On  t h e   o t h e r   h a n d ,   t h e   s w i t c h i n g   c i r c u i t   1 2 5 8  

g e n e r a t e s   t h e   o u t p u t s   (G-^,  R2  ,  B2  and  G3)  and  (R4,  B4 

,  and   so  on)  to   t h e   d i s p l a y   d a t a   LD^  t o   LD4  a t   t h e  

same  t i m i n g   as  t h a t   of   t h e   s w i t c h i n g   c i r c u i t   1 2 5 7 .  

( N o t e :   t h e   n u m e r a l   i n d i c a t e s   w h a t   b i t   t h e   d a t a   f a l l s   a t . )  

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

a r e   t r a n s f e r r e d   in   t h e   4 - b i t   p a r a l l e l   to   t h e   u p p e r  

d r i v e r   and  t h e   l o w e r   d r i v e r .  

N e x t ,   t h e   f o l l o w i n g   d e s c r i p t i o n   i s   d i r e c t e d   to   t h e  
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c a s e   i n   w h i c h   t h e   s w i t c h   SW2  i s   ON.  In  t h e   8 - b i t  

p a r a l l e l   o u t p u t   mode  a t   t h i s   t i m e ,   t h e   s w i t c h i n g  

c i r c u i t s   1259  and  1260  a r e   s e l e c t e d   and  a c t i v a t e d   t o  

o u t p u t   t h e   u p p e r   d i s p l a y   d a t a   UT^  to   UDg  and  t h e   l o w e r  

d i s p l a y   d a t a   LD.^  to   LDg  i n   a  t i m e   s h a r i n g   m a n n e r .   T h e  

o u t p u t   P2  o f   t h e   1 /8   d i v i d e r   1206  has   i t s   f r e q u e n c y  

d i v i d e d   i n t o   two  h a l v e s   by  a  f l i p - f l o p   c i r c u i t   1252  a n d  

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

1253  to   t h e   S /P   c h a n g i n g   c i r c u i t s   1 2 1 0 ,   1211  and   1 2 1 2 .  

As  a  r e s u l t ,   t h e s e   S /P   c h a n g i n g   c i r c u i t s   1 2 1 0 ,   1211  a n d  

1212  l a t c h   t h e   d i s p l a y   d a t a   o f   16  b i t s .   On  t h e   o t h e r  

h a n d ,   t h e   o u t p u t   P1Q  of   t h e   AND  c i r c u i t   1222  h a s   i t s  

f r e q u e n c y   d i v i d e d   i n t o   two  h a l v e s   by  t h e   f l i p - f l o p  

c i r c u i t   1250  and   f u r t h e r   s i m i l a r l y   d i v i d e d   t h r o u g h   t h e  

s w i t c h i n g   c i r c u i t   1251   by  t h e   f l i p - f l o p   c i r c u i t   1227  t o  

o p e r a t e   t h e   q u a t e r n a r y   r i n g   c o u n t e r   1228  so  t h a t   t h e  

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

t h e   f l i p - f l o p   c i r c u i t   1 2 2 3 .   The  s w i t c h i n g   c i r c u i t s  

1259  and   1260  r e c e i v e   t h e   1 6 - b i t   d i s p l a y   d a t a   o f   t h e  

a f o r e m e n t i o n e d   S /P   c h a n g i n g   c i r c u i t s   1 2 1 0 ,   1211   a n d  

1212  a l t e r n a t e l y   f o r   e a c h   one   b i t .   The  s w i t c h i n g  

c i r c u i t   1260  o u t p u t s   t h e   u p p e r   d i s p l a y   d a t a   UD^  to   UDg 

g r o u p e d ,   and  t h e   s w i t c h i n g   c i r c u i t   1259  o u t p u t s   t h e  

l o w e r   d i s p l a y   d a t a   LD^  t o   LDg  g r o u p e d .   The  c o l o r  

d i s p l a y   d a t a   RD,  GD  and  BD  of   t h e   S/P  c h a n g i n g   c i r c u i t s  
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.210,   1211  and  1212  a r e   l i k e w i s e   i n p u t t e d   to   t h e  

w i t c h i n g   c i r c u i t s   1260  and  1259  a l t e r n a t e l y   f r o m   t h e  

i i r s t   b i t .   As  a  r e s u l t ,   t h e   d i s p l a y   d a t a   a r e   o u t p u t t e d  

.n  a  t i m e   s h a r i n g   m a n n e r   by  t h e   o u t p u t s   P5,  Pg  and  P ?  

5f  t h e   a f o r e m e n t i o n e d   q u a t e r n a r y   r i n g   c o u n t e r   1228  s o  

; h a t   t h e   s w i t c h i n g   c i r c u i t   1260  g e n e r a t e s   o u t p u t s   ( F ^ ,  

3X,  G2,  R3,  B3,  G4,  R5  and  B5)  ,  (Gg,  R?,  B?  ,  G g ,  

and  so  on)  ,  ,  and  so  on .   On  t h e   o t h e r   h a n d ,   t h e  

s w i t c h i n g   c i r c u i t   1259  g e n e r a t e s   t h e   o u t p u t s   ( G ^   R 2 ,  

B2,  B3,  R4,  B4,  G5  and  Rg)  ,  (Bg,  G?,  Rg  ,  —   ,  and   s o  

3n)  f  f  and  so  on  to   t h e   d i s p l a y   d a t a   a t   t h e   s a m e  

t i m i n g   as  t h a t   of   t h e   c i r c u i t   1 2 6 0 .   ( N o t e :   t h e  

n u m e r a l   i n d i c a t e s   w h a t   b i t   t h e   d a t a   f a l l s   a t . )  

As  has   b e e n   d e s c r i b e d   a b o v e ,   t h e   8 - b i t   p a r a l l e l  

mode  c an   be  s e l e c t e d   by  t u r n i n g   on  t h e   s w i t c h   SW2  ,  a n d  

t h e   4 - b i t   p a r a l l e l   mode  can   be  s e l e c t e d   by  t u r n i n g   o f f  

t h e   s w i t c h   SW2>  The  d i s p l a y   d a t a   i s   i n v e r t e d   t o  

e f f e c t   an  NEGA  d i s p l a y   by  t u r n i n g   on  a  s w i t c h   SW^,  a n d  

t h e   P o s i   d i s p l a y   can   be  e f f e c t e d   by  t u r n i n g   o f f   t h e  

s w i t c h   SW^. 

In  t h e   t i m i n g   c h a r t   of   F i g .   13,  (A)  s h o w s   t h e  

t i m i n g   of  t h e   o u t p u t s   T^  and  T2  of  t h e   h o r i z o n t a l   a n d  

v e r t i c a l   home  p o s i t i o n   r e g u l a t i n g   c i r c u i t s .   (B)  s h o w s  

t h e   t i m i n g   of  c l o c k   s i g n a l s   P^  and  P3;  (C)  t h e   t i m i n g  

of   t h e   t i m i n g   s i g n a l s   to   t h e   d r i v e r s   of  t h e   l i q u i d  
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c r y s t a l   d i s p l a y   s u c h   as  t h e   s w i t c h i n g   s i g n a l s   P5,   P g  
and  P?  and   t h e   d i s p l a y   d a t a   DDQ  to   UD3  and  LDQ  t o  

LD3;  and   (D)  t h e   t i m i n g   of   t h e   s h i f t   c l o c k   CP,  t h e  

l a t c h   c l o c k   LK,  t h e   f r a m e   s i g n a l   FRM  and  t h e   c o n t r o l  

i r i v e   s i g n a l   M. 

As  h a s   b e e n   d e s c r i b e d   h e r e i n b e f o r e ,   a c c o r d i n g   t o  

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

D i t s   c a n   be  e a s i l y   s e l e c t e d   to   t h e   4 - b i t   or   8 - b i t   s o  

t h a t   t h e   4 - b i t   o r   8 - b i t   p a r a l l e l   d r i v e r   c an   b e  

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

s p e e d   t o   e n h a n c e   t h e   a p p l i c a b i l i t y   r e m a r k a b l y .  

As  a  r e s u l t ,   t h e   4 - b i t   d r i v e r   c a n n o t   be  u s e d   i n  

:he  p r i o r   a r t ,   b u t   two  of   t h e m   can   be  u s e d   i f   t h e y  

i r e   in   p a r a l l e l   to   h a v e   an  8 - b i t   c o n s t r u c t i o n .   S i n c e  

:he  d r i v e r   h a v i n g   t h e   same  c o n s t r u c t i o n   as  t h a t   o f  

:he  p r i o r   a r t   c an   be  u s e d   as  i t   i s ,   t h e r e   i s   n o  

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

: o l o r   d i s p l a y .  

A l t h o u g h   t h e   p r e s e n t   i n v e n t i o n   has   b e e n   d e s c r i b e d  

>nly  to   t h e   c h a n g e   f r o m   t h e   4 - b i t   to   8 - b i t ,   i t   can   b e  

t p p l i e d   to   a n o t h e r   c h a n g e   f r o m   t h e   8 - b i t   to   1 6 - b i t  

>ut  s h o u l d   n o t   be  l i m i t e d   t h e r e t o .  

The  p r e s e n t   i n v e n t i o n   can   n a t u r a l l y   be  a p p l i e d  

:o  e l e m e n t s   o t h e r   t h a n   t h e   l i q u i d   c r y s t a l   o n e s .  
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F i g .   14  i s   a  c i r c u i t   d i a g r a m   s h o w i n g   one   e m b o d i m e n t  

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

c o l o r   d o t   a r r a n g e m e n t s   ( e . g . ,   s t r i p e ,   m o s a i c ,   i n v e r s e  

m o s a i c   or   t r i a n g l e   a r r a n g e m e n t s )   of   a  c o l o r   p a n e l .  

The  c i r c u i t   s h o w n   in   FIG.  14  h a s   a  c o n s t r u c t i o n   s i m i l a r   t o  

t h a t   of   FIG.  5  e x c e p t i n g   a  p o r t i o n ,   and   t h e   common  c o m p o n e n t s  

h a v e   s i m i l a r   o p e r a t i o n s .  

R e f e r e n c e   n u m e r a l   1450  d e n o t e s   a  c o l o r   a r r a n g e -  

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

of   t h e   r e d ,   g r e e n   and  b l u e   c o l o r   d o t s   to   c o r r e s p o n d  

to   c h o s e   of   t h e   c o l o r   d o t s   o f   t h e   s t r i p e   (o f   F i g .  

1 5 ( A ) ) ,   t h e   m o s a i c   ( F i g .   1 5 ( B ) )   and  t h e   i n v e r s e  

m o s a i c   ( F i g .   1 5 ( C ) ) .  

In   F i g .   15  s h o w i n g   t h e   a r r a n g e m e n t   t y p e s   of   t h e  

c o l o r   d o t s :   (A)  s h o w s   t h e   s t r i p e   t y p e   ( e . g . ,   t h e  

p a r a l l e l   a r r a y   of   R,  G  and  B)  ;  (B)  shows   t h e   m o s a i c  

t y p e   ( e . g . ,   d o w n w a r d   to   t h e   r i g h t   of   R  y  G  and   B)  ; 

(C)  s h o w s   t h e   i n v e r s e   m o s a i c   t y p e   ( e . g . ,   d o w n w a r d  

to  t h e   l e f t   of   R,  G  and  B)  . 

F i g .   16  shows   one  e m b o d i m e n t   of  t h e   c o l o r   a r -  

r a n g e m e n t   s e l e c t i n g   c i r c u 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   . 
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R e f e r e n c e   n u m e r a l s   1 6 6 4 ,   1665  and  1666  d e n o t e  

s w i t c h i n g   c i r c u i t s   w h i c h   a r e   s w i t c h e d   in  t h e   o r d e r  

of   c o n n e c t i o n   t o   o u t p u t   t h e   d i s p l a y   d a t a   RD,  GD  a n d  

BD  to   d i s p l a y   d a t a   o u t p u t   t e r m i n a l s   D ^   D2  and   D3  . 

N u m e r a l s   1 6 5 1 ,   1652   and   1653  d e n o t e   D - t y p e   f l i p - f l o p s  

( i . e . ,   D - t y p e   F / F   c i r c u i t s )   and   a  NOR  c i r c u i t   f o r  

g e n e r a t i n g   a  t e r n a r y   r i n g   c o u n t e r .   N u m e r a l s   1 6 5 5  

t o   165S   d e n o t e   t r a n s m i s s i o n   g a t e   c i r c u i t s   f o r   c h a n g i n g  

t h e   o u t p u t s   o f   t h e   D - t y p e   f l i p - f l o p   c i r c u i t s   of   t h e  

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

t e r m i n a l   S4 .   A  s e l e c t i n g   t e r m i n a l   S3  i s   u s e d   i n   c a s e  

t h e   a r r a n g e m e n t   i s   f i x e d   a t   t h e   s t r i p e   t y p e .   T h e  

s e l e c t i n g   t e r m i n a l   S4  i s   u s e d   t o   s e l e c t   t h e   m o s a i c  

t y p e   o r   t h e   i n v e r s e   m o s a i c   t y p e .   N e x t ,   t h e   o p e r a t i o n s  

of   F i g .   16  w i l l   be  d e s c r i b e d ,   i n   t h e   f o l l o w i n g .  

I n   t h e   c a s e   of   t h e   s t r i p e   t y p e ,   i . e . ,   i n   t h e  

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

c r y s t a l   p a n e l   s h o w n   i n   F i g .   7  o r   1 5 ( A ) ,   t h e   s e l e c t i n g  

t e r m i n a l   S3  i s   s e t   a t   a  v o l t a g e   l e v e l   "H"  .  As  a  

r e s u l t ,   t h e   D - t y p e   f l i p - f l o p   c i r c u i t s   1651  and   1 6 5 2  

of  t h e   t e r n a r y   r i n g   c o u n t e r   a r e   r e s e t .   As  a  r e s u l t ,  

b o t h   t h e   s w i t c h i n g   c i r c u i t s   1665  and  1666  a r e   t u r n e d  

o f f .   The   o u t p u t   of   a  NOR  c i r c u i t   1654  t a k e s   an  " L "  

l e v e l   so  t h a t   t h e   s w i t c h i n g   c i r c u i t   1664  i s   t u r n e d  

on  t o   o u t p u t   t h e   d i s p l a y   d a t a   RD,  GD  and  BD  t o   t h e  
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D^,  T>2  and   . 

N e x t ,   t h e   d o t   c o l o r   a r r a n g e m e n t   of  t h e   m o s a i c  

t y p e   of  F i g .   15(B)  w i l l   be  d e s c r i b e d   in   t h e   f o l l o w i n g .  

The  s e l e c t i n g   t e r m i n a l   S3  i s   s e t   a t   t h e   "L"  l e v e l ,  

5  and   t h e   s e l e c t i n g   t e r m i n a l   S4  i s   s e t   a t   t h e   "H"  l e v e l .  

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

t h e   v e r t i c a l   s y n c h r o n i z i n g   s i g n a l   Vsyc  and  t h e n   p e r f o r m s  

i t s   t e r n a r y   r i n g   c o u n t i n g   o p e r a t i o n   when  i t   r e c e i v e s  

t h e   h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l   Hsyc  as  i t s   c l o c k  

10  i n p u t .   T h e n ,   t h e   t r a n s m i s s i o n   g a t e s   1655  and  1 6 5 7  

a r e   t u r n e d   on.   As  a  r e s u l t ,   t h e   s w i t c h i n g   c i r c u i t s  

1 6 6 4 ,   1665  and   1666  a r e   t u r n e d   on  c o n s e c u t i v e l y   a n d  

c y c l i c a l l y   e a c h   t i m e   t h e y   r e c e i v e   t h e   h o r i z o n t a l  

s y n c h r o n i z i n g   s i g n a l   H s y c ,   so  t h a t   t h e   o u t p u t   t e r m i n a l s  

15  D^,  T>2  a n a   D3  h a v e   t h e i r   o r d e r   c h a n g e d ,   as  f o l l o w s ,  

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

BD,  GD  and   BD  -  -  -  1 s t   L i n e ;  

BD,  RD  and   GD  -  -  -  2nd  L i n e ;   a n d  

GD,  BD  and  RD  -  -  -  3 r d   L i n e .  

20  N e x t ,   l e t   t h e   c a s e   of  t h e   i n v e r s e   m o s a i c   t y p e  

shown  i n   F i g .   15(C)  be  c o n s i d e r e d   in   t h e   f o l l o w i n g .  

B o t h   t h e   s e l e c t i n g   t e r m i n a l s   and  a r e   s e t   a t  

t h e   "L"  l e v e l .   T h e n ,   t h e   t r a n s m i s s i o n   g a t e s   1656  a n d  

1658  a r e   t u r n e d   on.   As  a  r e s u l t ,   t h e   o u t p u t   t e r m i n a l s  

25  D^,  D2  and   D3  o u t p u t   t h e   d i s p l a y   d a t a   f o r   e a c h   l i n e  
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d i s p l a y ,   as  x o i l o w s :  

RD,  GD  and   BD  -  -  -  1 s t   L i n e ;  

GD,  BD  a n d   RD  2nd  L i n e ;   a n d  

BD,  RD  and   GD  -  -  -  3 r d   L i n e .  

T h e s e   d i s p l a y   d a t a   a r e   i n p u t t e d   f o r   S/P  c h a n g i n g   a s  

t h e   i n p u t   d a t a   of   t h e   i n d i v i d u a l   s h i f t   r e g i s t e r s  

and   a r e   c h a n g e d ,   i n t o   p a r a l l e l   d a t a ,   as  h a s   b e e n  

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

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

c i r c u i t s   and   a r e   d r i v e n   by  t h e   X - a x i s   d r i v e r s .  

As  h a s   b e e n   d e s c r i b e d   h e r e i n b e f o r e ,   a c c o r d i n g  

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

s e l e c t e d   a t   any   t i m e   by  t h e   s e l e c t i n g   t e r m i n a l s   e v e n  

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

s u c h   a s   t h e   s t r i p e   t y p e ,   t h e   m o s a i c   t y p e   and   t h e  

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

t h a t   t h e   p r e s e n t   e m b o d i m e n t   c a n   be  a p p l i e d   t o   s i d e  

p u r p o s e s   .  

F i g .   17  i s   a  c i r c u i t   d i a g r a m   s h o w i n g   a n o t h e r  

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

d i s p l a y .   In   F i g .   17 ,   a  h o r i z o n t a l   home  p o s i t i o n  

r e g u l a t i n g   c i r c u i t   1701  i s   made   r e c e p t i v e   of  t h e  

h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l   Hsyc  and  h a s   a  p r e -  

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

c o l o r   d i s p l a y   d a t a .   A  v e r t i c a l   home  p o s i t i o n   r e g u l a t i n g  
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c i r c u i t   1702  i s   made  r e c e p t i v e   of  t he   v e r t i c a l   s y n -  

c h r o n i z i n g   s i g n a l   Vsyc   and  has   a  p r e d e t e r m i n e d   d e l a y  

t i m e   f r o m   t h e   t i m i n g   of   t h e   s i g n a l   Vsyc  to   t a k e   t i m i n g  

w i t h   t h e   d i s p l a y   d a t a .   A  v a r i a b l e   c o u n t e r   17  03  c o u n t s  

5  t h e   n u m b e r   of  t h e   c l o c k   s i g n a l s   CK  and  a c c o r d i n g l y  

t h e   n u m b e r   of  t h e   h o r i z o n t a l   d o t   c l o c k s .   A  f l i p -  

f l o p   c i r c u i t   1704  d i v i d e s   t h e   f r e q u e n c y   of  t h e   o u t p u t  

c l o c k   s i g n a l   CK  of  an  AND  c i r c u i t   1 7 1 7 .   S w i t c h i n g  

c i r c u i t s   1732  and   1733  a r e   s w i t c h i n g   c i r c u i t s   f o r  

10  s e l e c t i n g   t h e   c o l o r   v i d e o   s i g n a l s   DR.,  DG  and   DB  i n  

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

c i r c u i t   1734  or  1 7 3 5 .   A  l a t c h   c i r c u i t   173  6  f u r t h e r  

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

s h a r i n g   m a n n e r ,   to   o u t p u t   t h e m   in  p a r a l l e l .  

15  N e x t ,   t h e   o p e r a t i o n s   w i l l   be  d e s c r i b e d   i n   t h e  

f o l l o w i n g .  

When  t h e   h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l   H s y c  

i s   i n p u t t e d   t o   a  m o n o s t a b l e   m u l t i v i b r a t o r   1709  o f  

t h e   h o r i z o n t a l   home  p o s i t i o n   r e g u l a t i n g   c i r c u i t   1 7 0 1 ,  

20  t h e   o u t p u t   of  t h e   m o n o s t a b l e   m u l t i v i b r a t o r   17  09  f a l l s  

t o   t h e   "0"  l e v e l   w i t h   a  d e l a y   t i m e   w h i c h   i s   d e t e r m i n e d  

by  t h e   t i m e   c o n s t a n t   of   a  c a p a c i t o r   1714  and   a  v a r i a b l e  

r e s i s t o r   1 7 1 5 .   S i n c e   a  f l i p - f l o p   c i r c u i t   1710  i s  

s e t   by  t h e   s i g n a l   H s y c ,   t h e   o u t p u t   of  a  NOR  c i r c u i t  

25  1712  r i s e s   to   t h e   "1"  l e v e l .   The  v e r t i c a l   home  p o s i t i o n  
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r e g u l a t i n g   c i r c u i t   1702   a l s o   h a s   a  s i m i l a r   c o n s t r u c t i o n  

and   o u t p u t s   t h e   "1"  l e v e l   to   t h e   AND  c i r c u i t   1 7 1 7  

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

s i g n a l   V s y c .   As  a  r e s u l t ,   a f t e r   t h e   o u t p u t s   of  t h e  

5  h o r i z o n t a l   home  p o s i t i o n   r e g u l a t i n g   c i r c u i t   1701  a n d  

t h e   v e r t i c a l   home  p o s i t i o n   r e g u l a t i n g   c i r c u i t   1 7 0 2  

c o i n c i d e   t o   t h e   "1"  l e v e l ,   t h e   AND  c i r c u i t   1717  o u t p u t s  

t h e   c l o c k   s i g n a l s   CK.  The  n u m b e r   of  t h e s e   c l o c k  

s i g n a l s   CK  i s   c o u n t e d   by  t h e   v a r i a b l e   c o u n t e r   1 7 0 3 .  

10  In   c a s e   t h e   c o u n t e d   v a l u e   of  t h e   v a r i a b l e   c o u n t e r  

1703  i s   s e t   a t   640 ,   a  c a r r y   s i g n a l   CL-̂   i s   g e n e r a t e d  

i n   r e s p o n s e   to   t h e   6 4 0 t h   c l o c k   s i g n a l   CK.  S i n c e   t h e  

c a r r y   s i g n a l   CL^  s e t s   t h e   o u t p u t   of   t h e   f l i p - f l o p  

c i r c u i t   1710  a t   t h e   "1"  l e v e l ,   t h e   AND  c i r c u i t   1 7 1 7  

15  i n t e r r u p t s   t h e   o u t p u t   o f   t h e   c l o c k   s i g n a l s   CK.  On  

t h e   o t h e r   h a n d ,   t h e   r e d ,   g r e e n   and  b l u e   v i d e o   s i g n a l s  

DR,  DG  a n d   DB  a r e   i n p u t t e d   to   D - t y p e   f l i p - f l o p   c i r c u i t s  

1 7 2 9 ,   1 7 3 0   and   1731  and   a r e   o u t p u t t e d   w i t h   a  d e l a y  

of   t h e   h a l f   p e r i o d   of   t h e   a f o r e m e n t i o n e d   d o t   c l o c k  

20  s i g n a l s   CK.  The  o u t p u t s   of   t h e   f l i p - f l o p   c i r c u i t s  

1 7 2 9 ,   1730   a n d   1731  a r e   i n p u t t e d   to   t h e   s w i t c h i n g  

c i r c u i t s   1732  and   1733  and   a r e   s e l e c t i v e l y   s w i t c h e d  

u n t i l   t h e y   a r e   l a t c h e d   by  t h e   l a t c h   c i r c u i t   1734  o r  

1 7 3 5 .   The   c o n t r o l   s i g n a l s   of   t h e s e   s w i t c h i n g   c i r c u i t s  

25  1732  and   1733  a r e   s w i t c h e d   a l t e r n a t e l y   in   r e s p o n s e  
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to   e a c h   i n p u t   of  t h e   c l o c k   s i g n a l s   by  t h e   o u t p u t   o f  

t h e   f l i p - f l o p   c i r c u i t   1704  w h i c h   i s   made  r e c e p t i v e  

of   t h e   c l o c k   s i g n a l s   CK  of   t h e   AND  c i r c u i t   1 7 1 7 .  

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

5  1734  and   1735  a r e   g e n e r a t e d   by  AND  c i r c u i t s   1726  a n d  

17  25.  The  o u t p u t   CL2  of  t h e   AND  c i r c u i t   1725  i s   d e -  

l a y e d   by  t h e   d e l a y   c i r c u i t   1727  and  i s   i n p u t t e d  

as  t h e   l a t c h   p u l s e   of   t h e   l a t c h   c i r c u i t   1 7 3 6 .   T h e  

l a t c h   c i r c u i t   1736  l a t c h e s   t h e   v i d e o   s i g n a l s   of   t h e  

10  a f o r e m e n t i o n e d   l a t c h   c i r c u i t s   1734  and  1735  s i m u l -  

t a n e o u s l y   t o   o u t p u t   t h e   v i d e o   s i g n a l s   R^,  G^,  B ^ ,  

R2'  G2  an<^  B2  s i m u l t a n e o u s l y   t o   tlrie  d r i v e r   of   t h e  

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

M o r e o v e r ,   t h e   o u t p u t   CL2  of  t h e   AND  c i r c u i t   1 7 2 5  

15  i s   d e l a y e d   by  a  d e l a y   c i r c u i t   172  8  c o n s t r u c t e d   of  t h e  

D - t y p e   f l i p - f l o p   and  i s   o u t p u t t e d   as  a  s h i f t   c l o c k  

s i g n a l   SC  f o r   t h e   v i d e o   s i g n a l s   R^  to  B2  of  t h e   l i q u i d  

c r y s t a l   d i s p l a y   d r i v e r .  

The   c a r r y   s i g n a l   CL^  of  t h e   a f o r e m e n t i o n e d   v a r i a b l e  

20  c o u n t e r   1703  i s   d e l a y e d   by  a  d e l a y   c i r c u i t   1706  c o n -  

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

t h e   o u t p u t   LD  as  t h e   d a t a   l a t c h   s i g n a l   f o r   one   l i n e  

to   t h e   l i q u i d   c r y s t a l   d r i v e r .  

When  t h e   v e r t i c a l   s y n c h r o n i z i n g   s i g n a l   Vsyc   i s  

25  i n p u t t e d ,   t h i s   s i g n a l   a c t i n g   as  t h e   d a t a   f o r   s t a r t i n g  
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t h e   c r i v e   of   t h e   f i r s t   s c a n n i n g   l i n e   i s   i n p u t t e d   to   a  

NOR  c i r c u i t   1722  so  t h a t   t h e   o u t p u t   of  a  NOR  c i r c u i t  

1721  i s   s e t   a t   " 1 " .   And ,   t h e   l a t c h   s i g n a l   LD  of   t h e  

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

p e r i o d   o f   t h e   c l o c k   s i g n a l   CK  by  a  d e l a y   c i r c u i t  

1707  c o n s t r u c t e d   of   t h e   D - t y p e   f l i p - f l o p   c i r c u i t   a n d  

i s   i n p u t t e d   t o   t h e   NOR  c i r c u i t   1721  so  t h a t   i t   r e s e t s  

t h e   o u t p u t   of   t h e   NOR  c i r c u i t   1721  a t   " 0 " .   The   o u t -  

p u t   s i g n a l   FRM  of   t h i s   NOR  c i r c u i t   1721  i s   o u t p u t t e d  

as  t h e   d a t a   ( i . e ,   t h e   f r a m e   s i g n a l )   f o r   s t a r t i n g   t h e  

s c a n n i n g   a t   t h e   common  s i d e   o f   t h e   l i q u i d   c r y s t a l  

d r i v e r   t o   t h e   l i q u i d   c r y s t a l   d r i v e r .   M o r e o v e r ,   t h e  

o u t p u t   FRM  of   t h e   a f o r e m e n t i o n e d   NOR  c i r c u i t   1 7 2 1  

h a s   i t s   f r e q u e n c y   d i v i d e d   by  a  f l i p - f l o p   c i r c u i t   1 7 1 1  

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

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

c o n t r o l   s i g n a l   M  f o r   t h e   c o n t r o l   d r i v e .  

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

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

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

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

a n d   w h i c h   i s   c o m p a t i b l e   w i t h   t h e   CRT  d i s p l a y .  

F i g s .   18  t o   20  show  a n o t h e r   e x a m p l e   i n   w h i c h  

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

s e p a r a t i n g   an  X - a x i s   d r i v e r   i n t o   two  s y s t e m s  
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f o r   u p p e r   and  l o w e r   e l e c t r o d e s .   A  D - t y p e   f l i p - f l o p  

( w h i c h   w i l l   be  s h o r t l y   r e f e r r e d   to   as  a  " D - t y p e   F F " )  

1806  and   a  NOR  c i r c u i t   1812  a r e   c i r c u i t s   f o r   g e n e r a t i n g  

a  d a t a   h o l d   s i g n a l   HP  f o r   h o l d i n g   t h e   d a t a   t o   a  s e g -  

5  m e n t   d r i v e r .   A  D - t y p e   FF  c i r c u i t   1801 ,   a  NOR  c i r c u i t  

1813  and   an  FF  c i r c u i t   1814  a r e   c i r c u i t s   f o r   g e n e r a t -  

i n g   t h e   f r a m e   s i g n a l   FRM.  An  FF  c i r c u i t   1815  i s   a  

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

s i o n   c o n t r o l   s i g n a l   DF  f o r   a l t e r n a t e l y   d r i v i n g   a  

10  l i q u i d   c r y s t a l .   An  FF  c i r c u i t   1807  i s   a  c i r c u i t  

f o r   d i v i d i n g   t h e   f r e q u e n c y   of   an  e f f e c t i v e   h o r i z o n t a l  

d o t   s i g n a l   &2.  A  D - t y p e   FF  c i r c u i t s   180  8  and   a  NOR 

c i r c u i t   1810  a r e   c i r c u i t s   f o r   g e n e r a t i n g   a  s h i f t   c l o c k  

USK  f o r   t r a n s f e r r i n g   d a t a   UST  to   t h e   s h i f t   r e g i s t e r  

15  of   t h e   u p p e r   s e g m e n t   d r i v e r .   A  D - t y p e   FF  c i r c u i t  

1809  and   a  NOR  c i r c u i t   1811  a r e   c i r c u i t s   f o r   g e n e r a t i n g  

a  s h i f t   c l o c k   LSK  f o r   t r a n s f e r r i n g   d a t a   LST  to   t h e  

s h i f t   r e g i s t e r   of  t h e   l o w e r   s e g m e n t   d r i v e r .   A  D - t y p e  

FF  c i r c u i t   1923  and  a  NOR  c i r c u i t   1824  a r e   c i r c u i t s  

20  f o r   g e n e r a t i n g   a  s e t   s i g n a l   to   t h e   s e t / r e s e t   c i r c u i t s  

of   FF  c i r c u i t s   1825  and  1 8 2 6 .   D e l a y   c i r c u i t s   1 9 2 7  

and  1S2  8  a r e   c i r c u i t s   f o r   d e l a y i n g   t h e   a f o r e m e n t i o n e d  

d a t a   s h i f t   c l o c k s   USK  and  LSK  to   g e n e r a t e   a  r e s e t  

s i g n a l   to   t h e   FF  c i r c u i t s   1925  and  1826 .   T r a n s m i s s i o n  

25  g a t e s   1816  and  1819 ,   1817  and  1 8 2 0 ,   and  1818   and   1 8 2 1  
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a r e   s w i t c h i n g   c i r c u i t s   f o r   s h a r i n g   t h e   r e d ,   g r e e n  

and  b l u e   v i d e o   s i g n a l s   ' b e t w e e n   t h e   r e d ,   g r e e n   a n d  

b l u e   UR,  UG  and  UB  of   t h e   u p p e r   s e g m e n t   d r i v e r   a n d  

t h e   r e d ,   g r e e n   and   b l u e   LR,  LG  and   LB  of   t h e   l o w e r  

s e g m e n t   d r i v e r .   The  p r e s e n t   e m b o d i m e n t   h a s   t h e   c o m -  

p o n e n t s   r e c i t e d   a b o v e .  

N e x t ,   t h e   o p e r a t i o n s   o f   F i g .   18  w i l l   be  d e s c r i b e d  

i n   t h e   f o l l o w i n g .   F i g .   19  i s   a  t i m i n g   c h a r t   of   F i g .  

18.   In   F i g .   18,   a  v e r t i c a l   home  p o s i t i o n   r e g u l a t i n g  

c i r c u i t   1802  i s   a  c i r c u i t   f o r   s e t t i n g   t h e   e f f e c t i v e  

d i s p l a y   p e r i o d   i n   t h e   Y - a x i s   d i r e c t i o n   and  h a s   b u i l t  

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

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

c h r o n i z i n g   s i g n a l   V s y c   and   a  c o u n t e r   c i r c u i t   f o r  

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

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

The  h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l   Hsyc  i s   i n p u t t e d  

as  the-   c l o c k   i n p u t   t o   t h e   v e r t i c a l   home  p o s i t i o n   r e -  

g u l a t i n g   c i r c u i t   1 8 0 2 .   The  o u t p u t   T  of  t h i s   v e r t i c a l  

home  p o s i t i o n   r e g u l a t i n g   c i r c u i t   1802  i s   an  o u t p u t  

s i g n a l   a t   t h e   "H"  l e v e l   f o r   t h e   p e r i o d   of   t h e   e f f e c t i v e  

d i s p l a y   r e g i o n   i n   t h e   Y - a x i s   d i r e c t i o n ,   as  shown  i n  

F i g .   19.   As  a  r e s u l t ,   t h e   o u t p u t   j5  of   an  AND  c i r c u i t  

1803  i n p u t s   t h e   h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l   H s y c  

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



55 
0  2 4 4   9 7 8  

t h e   Y - a x i s   d i r e c t i o n   t o   a  h o r i z o n t a l   home  p o s i t i o n  

r e g u l a t i n g   c i r c u i t   1 8 0 4 .   T h i s   h o r i z o n t a l   home  p o s i t i o n  

r e g u l a t i n g   c i r c u i t   1804  has   t h e   same  c o n s t r u c t i o n  

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

5  c i r c u i t   1802  and  h a s   b u i l t   t h e r e i n   a  c o u n t e r   c i r c u i t  

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

r e c e i v e s   t h e   h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l   H s y c  

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

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

10  t h e   c l o c k   i n p u t .   The  o u t p u t   of   t h e   h o r i z o n t a l  

home  p o s i t i o n   r e g u l a t i n g   c i r c u i t   1804  i s   an  o u t p u t  

s i g n a l   a t   t h e   "H"  l e v e l   f o r   t h e   p e r i o d   of  t h e   e f f e c t i v e  

d i s p l a y   r e g i o n   i n   t h e   X - a x i s   d i r e c t i o n ,   as  s h o w n   i n  

F i g .   19.   As  a  r e s u l t ,   an  AND  c i r c u i t   1805  o u t p u t s  

15  t h e   d o t   c l o c k   s i g n a l   ^   i n   t h e   e f f e c t i v e   d i s p l a y   r e g i o n .  

The  r e d ,   g r e e n   and   b l u e   v i d e o   s i g n a l s   RD,  GD  and   BD 

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

UR,  UG  and  UB  and  l o w e r   v i d e o   s i g n a l   d a t a   LR,  LG  a n d  

LB  by  s w i t c h   c i r c u i t s ,   w h i c h   a r e   c o n s t r u c t e d   o f  

20  t r a n s m i s s i o n   g a t e s   1816  and  1 8 1 9 ,   1817  and  1 8 2 0 ,   a n d  

1818  and   1 8 2 1 ,   and  a r e   o u t p u t t e d   to   t h e   u p p e r   a n d  

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

a f o r e m e n t i o n e d   t r a n s m i s s i o n   g a t e s   1816  to   1821  a r e  

s h a r e d   by  an  o u t p u t   s i g n a l   <b   ̂ w h i c h   has   i t s   f r e q u e n c y  

25  d i v i d e d   i n t o   one   h a l f   by  t h e   d o t   c l o c k   s i g n a l  
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The  D - t y p e   FF  c i r c u i t   180  8  and  t h e   NOR  c i r c u i t   1 8 1 0  

g e n e r a t e   a  s h i f t   c l o c k   USR,  w h i c h   i s   to   be  u s e d   a s  

t h e   s h i f t   c l o c k   of   t h e   s h i f t   r e g i s t e r   b u i l t   i n   t h e  

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

t h e   Q  o u t p u t   of   t h e   FF  c i r c u i t   1 8 0 7 .   In  r e s p o n s e  

to   t h e   f a l l   o f   t h e   Q  o u t p u t   o f   t h e   D - t y p e   FF  c i r c u i t  

1 8 0 7 ,   a  s h i f t   c l o c k   LSK  i s   g e n e r a t e d   to   p r o v i d e   a  

s h i f t   c l o c k   f o r   t h e   s h i f t   r e g i s t e r   b u i l t   in   t h e   l o w e r  

s e g m e n t   d r i v e r .  

A  D - t y p e   FF  c i r c u i t   1823  and  a  NOR  c i r c u i t   1 8 2 4  

g e n e r a t e   a  s e t   p u l s e   f o r   s e t t i n g   t h e   s h i f t   d a t a  

i n   r e s p o n s e   to   t h e   f a l l   of   «51  to   s e t   FF  c i r c u i t s  

1825  and   1826  a t   t h e   "H"  l e v e l .   S i n c e   t h e s e   FF  c i r c u i t s  

1825   and   1826  a r e   r e s e t   by  t h e   f i r s t   s h o t s   of   t h e   s h i f t  

c l o c k   USK  of   t h e   u p p e r   s e g m e n t   d r i v e r   and  t h e   s h i f t  

c l o c k   LSK  of   t h e   l o w e r   s e g m e n t   d r i v e r ,   t h e   o u t p u t s  

LSK  and   LST  of   t h e   a f o r e m e n t i o n e d   FF  c i r c u i t s   1 8 2 5  

and   1826   p r o v i d e   t h e   d a t a   o f   t h e   s h i f t   r e g i s t e r s  

o f   t h e   u p p e r   and   l o w e r   s e g m e n t   d r i v e r s .   The  D - t y p e  

FF  c i r c u i t   1801  and   t h e   NOR  c i r c u i t   1813  g e n e r a t e  

a  s e t   p u l s e   s i g n a l   <t>̂   a t   t h e   f a l l   of  t h e   o u t p u t   T^  o f  

t h e   a f o r e m e n t i o n e d   h o r i z o n t a l   home  p o s i t i o n   r e g u l a t i n g  

c i r c u i t   1802  t o   s e t   t h e   FF  c i r c u i t   1814 .   The  D - t y p e  

FF  c i r c u i t   1806  and  t h e   NOR  c i r c u i t   1812  g e n e r a t e   t h e  

d a t a   h o l d   p u l s e   HP  a t   t h e   f a l l   of  t h e   a f o r e m e n t i o n e d  
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h o r i z o n t a l   home  p o s i t i o n   r e g u l a t i n g   c i r c u i t   T2  t o  

h o l d   t h e   d a t a   of   t h e   u p p e r   and   l o w e r   s e g m e n t   d r i v e r s .  

M o r e o v e r ,   t h e   d a t a   i s   a l s o   d e l a y e d   by  a  d e l a y   c i r c u i t  

1830  a n d   i s   a p p l i e d   as  t h e   r e s e t   s i g n a l   of   t h e   F F  

c i r c u i t   1814   to   r e s e t ,   t h e   FF  c i r c u i t   1 8 1 4 .   T h e r e f o r e ,  

t h e   o u t p u t   FRM  of   t h e   FF  c i r c u i t   1814  p r o v i d e s   t h e  

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

common  d r i v e r   as   t h e   f r a m e   s i g n a l ,   f o r   s t a r t i n g   t h e  

s c a n n i n g .   The  FF  c i r c u i t   1815  d i v i d e s   t h e   f r e q u e n c y  

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

i n v e r s i o n   s i g n a l   DF  f o r .   i n v e r t i n g   t h e   p o l a r i t y   o f  

t h e   d r i v e   v o l t a g e   to   t h e   u p p e r   and  l o w e r   s e g m e n t  

d r i v e r s   and   t h e   common  d r i v e r   f o r   e a c h   f r a m e   t h e r e b y  

to  s w i t c h   t h e   p o l a r i t y .  

F i g .   20  shows   t h e   w h o l e   c o n s t r u c t i o n   of   a  c o l o r  

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

of  t h e   p r e s e n t   e m b o d i m e n t . .   In  F i g .   20:  r e f e r e n c e  

2042  d e n o t e s   an  u p p e r   s e g m e n t   d r i v e r ;   n u m e r a l   2 0 4 3  

a  l o w e r   s e g m e n t   d r i v e r ;   n u m e r a l   2041  a  common  d r i v e r ;  

and  n u m e r a l   2060  a  c o l o r   l i q u i d   c r y s t a l   d i s p l a y   p a n e l .  

The  u p p e r   and   l o w e r   s e g m e n t   d r i v e r s   1042  and  20  43 

a r e   c o n s t r u c t e d   of   s h i f t   r e g i s t e r s .   2044  and  2 0 5 2 ,  

s w i t c h i n g   c i r c u i t s   2 0 4 5 ,   2 0 4 6 ,   2050  and  2 0 5 1 ,   w a v e -  

f o r m   p o l a r i t y   c o n v e r t i n g   c i r c u i t s   2048  and  2 0 5 3 ,   a n d  

d a t a   h o l d   c i r c u i t s   2047.  and  2 0 4 9 .   The  h o r i z o n t a l  
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e l e c t r o d e s   R,  ,  G_  and  B,  t o   R . ,   G.  and  B.  of   t h e   c o l o r  1 1   1  4  4  4 

l i q u i d   c r y s t a l   p a n e l   2060  a r e   c o n n e c t e d   w i t h   t h e   u p p e r  

a n d   l o w e r   s e g m e n t   d r i v e r s   and   a r e   d r i v e n   v e r t i c a l l y .  

The   s h i f t   d a t a   UST  and   LST  of   t h e   s h i f t   r e g i s t e r s  

2044   a n d   2052  a r e   s h i f t e d   by  t h e   s h i f t   c l o c k s   USK 

and   LSK.   The  o u t p u t s   to   Q4  of   t h e   s h i f t   r e g i s t e r s  

2044   a n d   2052  a r e   c o n t r o l l e d   s e q u e n t i a l l y   by  t h e  

s w i t c h i n g   c i r c u i t s   2045  and  2050  to   s a m p l e   and  h o l d  

t h e   d a t a .   A f t e r   t h i s ,   i n   r e s p o n s e   to   t h e   d a t a   h o l d  

s i g n a l   HP,  t h e   d a t a   h o l d   c i r c u i t   2047  h o l d s   t h e   a n a l o g  

v o l t a g e   of   one   h o r i z o n t a l   s c a n n i n g   l i n e   t o   d r i v e  

t h e   S  e l e c t r o d e s   Rn  ,  G,  and   B-  t o   R . ,   G„  and   B , .  1 1   1  4  4  4 

The   common  d r i v e r   2041  i s   f e d   w i t h   t h e   f r a m e   s i g n a l  

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

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

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

c i r c u i t s   2048   and   2053  c o n t r o l s   t o   c o n v e r t   t h e   p o l a r i t y  

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

o f   t h e   p o l a r i t y   c o n v e r t i n g   s i g n a l   DF  to  e f f e c t   t h e  

c o n t r o l   d r i v e .  

A c c o r d i n g   to   t h e   p r e s e n t   e m b o d i m e n t ,   t h e   c o l o r  

v i d e o   s i g n a l s   a r e   s h a r e d   and  t r a n s f e r r e d   to   t h e   u p p e r  

a n d   l o w e r   s i d e s   so  t h a t   t h e   p i t c h   i n t e r v a l   b e t w e e n  

t h e   c o l o r   p a n e l   X - a x i s   e l e c t r o d e s   and  t h e   d r i v e r   c a n  

be  e n l a r g e d   t o   f a c i l i t a t e   t h e   c o n n e c t i o n   t h e r e b e t w e e n .  
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M o r e o v e r ,   t h e   t r a n s f e r   c l o c k   f r e q u e n c y   of  t h e   d a t a  

can   be  r e d u c e d   to   one  h a l f   so  t h a t   t h e   IC  p r i c e   c a n  

be  d r o p p e d .   S t i l l   m o r e o v e r ,   t h e   d r i v e r   i s   l a i d   o u t  

a t   t h e   u p p e r   and  l o w e r   s i d e s   so  t h a t   t h e   p a t t e r n  

5  d e s i g n   and   m o u n t i n g   of   t h e   p e r i p h e r y   of   t h e   d r i v e r  

can   be  f a c i l i t a t e d .  

F i g .   21  i s   a  b l o c k   d i a g r a m   s h o w i n g   a  f u r t h e r  

e m b o d i m e n t   of   t h e   i n t e r f a c e   f o r   t h e   c o l o r   l i q u i d  

c r y s t a l   d i s p l a y .   In   F i g .   21,   s h i f t   r e g i s t e r s   2 1 1 2 ,  

LO  2113  a n d   2114  a r e   c i r c u i t s   f o r   s h i f t i n g   t h e   o u t p u t  

s i g n a l s   of   l a t c h   c i r c u i t s .   2 1 0 9 ,   2110  and  2111  f o r  

e a c h   one   b i t   in   r e s p o n s e   to   s h i f t   c l o c k   s i g n a l s   j64,  

$5C  and   AND  c i r c u i t s   2 1 1 5 ,   2116  and  2117  a r e  
b  6 

s e l e c t i n g   g a t e   c i r c u i t s   f o r   s e l e c t i v e l y   e x t r a c t i n g  

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

2 1 1 2 ,   2113  and  2 1 1 4 .   A  s h i f t   r e g i s t e r   2119  i s   a  c i r c u i t  

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

s e l e c t i n g   g a t e   c i r c u i t s .   A  l a t c h   c i r c u i t   2120  i s  

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

20  a f o r e m e n t i o n e d   s h i f t   r e g i s t e r   2119  to   o u t p u t   t h e  

m i x e d   c o l o r   d i s p l a y   d a t a   in   p a r a l l e l .   A  f r a m e   s i g n a l  

g e n e r a t o r   2123  i s   a  c i r c u i t   f o r   g e n e r a t i n g   a  f r a m e  

s i g n a l .   A  s h i f t   c l o c k   g e n e r a t o r   2124  i s   a  c i r c u i t  

f o r   g e n e r a t i n g   s h i f t   c l o c k s   f o r   s e q u e n t i a l l y   t r a n s -  

25  f e r r i n g   t h e   m i x e d   c o l o r   d i s p l a y   d a t a   i n p u t t e d   to   a n  
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X - a x i s   d r i v e r   2 1 2 7 .   A  l a t c h   c l o c k   g e n e r a t o r   2 1 2 5  

i s   a  c i r c u i t   f o r   g e n e r a t i n g   a  l a t c h   s i g n a l   f o r   l a t c h -  

i n g   t h e   d a t a   i n p u t t e d   t o   t h e   X - a x i s   d r i v e r   2127  a n d  

a  Y - a x i s   d r i v e r   2129  .  A  c o n t r o l   s i g n a l   g e n e r a t o r  

2126  i s   a  c i r c u i t   f o r   s w i t c h i n g   t h e   p o l a r i t y   o f   t h e  

d r i v e   s i g n a l s   of   t h e   X - a x i s   d r i v e r   2127  and   t h e   Y -  

a x i s   d r i v e r   2129  so  as   t o   d r i v e   a  c o l o r   l i q u i d   c r y s t a l  

p a n e l   2128   i n   a  c o n t r o l l e d   m a n n e r   .  The  c o l o r   l i q u i d  

c r y s t a l   p a n e l   2128  i s   a  p a n e l   h a v i n g   r e d ,   g r e e n   a n d  

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

The  X - a x i s   d r i v e r   2127  and   t h e   Y - a x i s   d r i v e r   2 1 2 9  

a r e   c i r c u i t s   f o r   d r i v i n g   t h e   X - e l e c t r o d e s   and   Y -  

e l e c t r o d e s   of   t h e   c o l o r   l i q u i d   c r y s t a l   p a n e l   2 1 2 8 ,  

r e s p e c t i v e l y .   A  f r e q u e n c y   m u l t i p l i e r   2130  i s   a  c i r c u i t  

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

t h r e e   t i m e s   as   h i g h   as   t h a t   of   t h e   c l o c k   s i g n a l   i>^- 

N e x t ,   t h e   o p e r a t i o n   of   t h e   p r e s e n t   e m b o d i m e n t  

w i l l   be  d e s c r i b e d   i n   t h e   f o l l o w i n g .  

The   l a t c h   s i g n a l   $5̂   i s   a  c a r r y   s i g n a l   w h i c h   i s  

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

«52  by  t h e   1 /8   d i v i d e r   2 1 0 5 .   The  o u t p u t   s i g n a l s   o f  

t h e   l a t c h   c i r c u i t s   2 1 0 9 ,   2110  a n d   2111  a r e   t h e   s i g n a l s  

g">2  w h i c h   a r e   i n v e r t e d   f r o m   t h e   l a t c h   s i g n a l   j6.  b y  

t h e   i n v e r t e r   2 1 2 1 ,   a n d   a r e   t r a n s f e r r e d   i n   p a r a l l e l  

t o   t h e   s h i f t   r e g i s t e r s   2 1 1 2 ,   2113  and  2 1 1 4 .   T h e  
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i n d i v i d u a l   c o l o r   d i s p l a y   d a t a   t r a n s f e r r e d   to   t h e   a f o r e -  

m e n t i o n e d   s h i f t   r e g i s t e r s   2 1 1 2 ,   2113  and  2114  a r e  

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

c l o c k s   i>  4,  «&5  and   and   a r e   i n p u t t e d   to   t h e   AND 

5  c i r c u i t s   2 1 1 5 ,   2116  a n d   2 1 1 7 ,   r e s p e c t i v e l y .   A  r i n g  

c o u n t e r   2122  i s   made  r e c e p t i v e   of  t h e   o u t p u t   of   t h e  

f r e q u e n c y   m u l t i p l i e r   2 1 3 0 ,   w h i c h   u s e s   t h e   PLL  c i r c u i t  

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

t h a t   of   t h e   a f o r e m e n t i o n e d   c l o c k   s i g n a l   (fo^i  t o   o u t p u t  

10  t h e   c l o c k   s i g n a l s   <t  ^,  ^   and   <t>   ̂ in   t i m e   s e r i e s   t o  

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

s h i f t   r e g i s t e r s   2 1 1 2 ,   2113  and   2 1 1 4 .  

As  a  r e s u l t ,   t h e   OR  c i r c u i t   2118  o u t p u t s   t h e  

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

15  and   so  on  s e q u e n t i a l l y   and   s e l e c t i v e l y   f r o m   t h e  

s h i f t   r e g i s t e r s   2 1 1 2 ,   2113  and  2 1 1 4 .   The  o u t p u t  

s i g n a l   of   t h e   a f o r e m e n t i o n e d   OR  c i r c u i t   2118  i s   i n -  

p u t t e d   t o   t h e   s h i f t   r e g i s t e r   2119  and  i s   s h i f t e d   a n d  

s t o r e d   f o r   e a c h   one  c l o c k   s i g n a l   b e c a u s e   t h e   c l o c k  

20  s i g n a l   1S  u s e d   as  t h e   s h i f t   c l o c k   s i g n a l .   T h e  

l a t c h   c i r c u i t   2120  l a t c h e s   t h e   o u t p u t   s i g n a l   of   t h e  

a f o r e m e n t i o n e d   s h i f t   r e g i s t e r   2119  in   p a r a l l e l   i n  

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

o u t p u t   t h e   m i x e d   c o l o r   d i s p l a y   d a t a   to  t h e   X - a x i s  

25  d r i v e r   2 1 2 7 .   The  s h i f t   c l o c k   g e n e r a t o r   2124  g e n e r a t e s  
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t h e   s h i f t   c l o c k   s i g n a l   by  t h e   c o u n t e r ,   w h i c h   i s  

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

£g  i n t o   1 / 8 ,   b e c a u s e   t h e   c o l o r   d i s p l a y   d a t a   o f   t h e  

a f o r e m e n t i o n e d   l a t c h   c i r c u i t   2120  i s   s h i f t e d   t o   t h e  

8 - b i t   m i x e d   c o l o r   d i s p l a y   d a t a   p a r a l l e l   t o   t h e   s h i f t  

r e g i s t e r   o f   t h e   X - a x i s   d r i v e r   2 1 2 7 .   The  l a t c h   c l o c k  

g e n e r a t o r   125  i s   c o n s t r u c t e d   of   a  c o u n t e r   f o r   d i v i d i n g  

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

s h i f t   c l o c k   g e n e r a t o r   124  i n t o   1 / 8 0   and   o u t p u t s   t h e  

l a t c h   s i g n a l   t o   t h e   l a t c h   c i r c u i t   b u i l t   i n   t h e   X -  

a x i s   d r i v e r   2127  when   t h e   m i x e d   c o l o r   d i s p l a y   d a t a  

s h i f t e d   t o   t h e   s h i f t   r e g i s t e r   of   t h e   X - a x i s   d r i v e r  

2127   t a k e s   640  x  3  d o t s .   On  t h e   o t h e r   h a n d ,   t h e  

f r a m e   s i g n a l   g e n e r a t o r   2123  f e e d s   t h e   f r a m e   s i g n a l  

to   t h e   s h i f t   r e g i s t e r   of   t h e   Y - a x i s   d r i v e r   2129  w h e n  

i t   r e c e i v e s   t h e   v e r t i c a l   s y n c h r o n i z i n g   s i g n a l   V s y c .  

T h a t   f r a m e   s i g n a l   g e n e r a t o r   2123  i s   c o n s t r u c t e d   o f  

a  o n e - s h o t   m u l t i v i b r a t o r ,   and   i t s   f r a m e   s i g n a l   i s  

a  d a t a   s i g n a l   f o r   t h e   Y - a x i s   d r i v e r   2 1 2 9 .   M o r e o v e r ,  

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

g e n e r a t o r   2125  i s   i n p u t t e d   as   t h e   s h i f t   c l o c k   s i g n a l  

of  t h e   d a t a   to   t h e   Y - a x i s   d r i v e r   2127  t o   s h i f t   t h e  

d a t a .   The  X - a x i s   d r i v e r   2127  and   t h e   Y - a x i s   d r i v e r  

2129  h a v e   b u i l t   t h e r e i n   t h e   d r i v e r s   f o r   d r i v i n g   t h e  

X-  and   Y - e l e c t r o d e s   o f   t h e   c o l o r   l i q u i d   c r y s t a l   p a n e l  
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212  8  sc  t h a t   t h e y   g e n e r a t e   s e l e c t i o n   s i g n a l s ,   w h e n  

the   d a t a   a r e   a t   " 1 " ,   a n d   n o n - s e l e c t i o n   s i g n a l s ,   w h e n  

t h e   d a t a   a r e   a t   n 0 " ,   f o r   t h e i r   d r i v i n g   o p e r a t i o n s .  

F i g .   23  i s   a  c i r c u i t   d i a g r a m   s h o w i n g   a  f u r t h e r  

e m b o d i m e n t   of  t h e   i n t e r f a c e   w h i c h   can  be  a d m i t t e d  

e v e n   a t   a  low  t r a n s f e r   s p e e d   by  t r a n s f e r r i n g   d a t a  

on  a  8 - b i t   p a r a l l e l   s i g n a l ,   and   F i g .   24  i s   a  t i m i n g  

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

of  t h e   c i r c u i t   of  F i g .   2 3 .  

In   F i g .   23:   r e f e r e n c e   n u m e r a l   2310  d e n o t e s   a  

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

t h e   o u t p u t   #5  of   an  AND  c i r c u i t   2308  a t   200  or   4 0 0 ;  

n u m e r a l s   2317  and   2318  b u f f e r s   f o r   c l a s s i f y i n g   t h e  

8 - b i t   o u t p u t   d a t a   of   a-  l a t c h   c i r c u i t   2314  i n t o   o d d  

and  e v e n   b i t s   t o   a m p l i f y   t h e   d i s p l a y   d a t a   UD^  t o   UD4 

and  LD^  to   LD^  i n   t h e   u p p e r   and   l o w e r   e x t r a c t i o n  

e l e c t r o d e   d r i v e r s   of  t h e   X - e l e c t r o d e s   of  t h e   l i q u i d  

c r y s t a l   d i s p l a y ;   and  l e t t e r s   s h i f t   c l o c k   s i g n a l s   f o r  

s h i f t i n g   t h e   p a r a l l e l   d i s p l a y   d a t a   UT^  to   UD4  a n d  

LD^  to   LD4  to   t h e   4 - b i t   p a r a l l e l   s h i f t   r e g i s t e r   c i r -  

c u i t s   b u i l t   in   t h e   X - a x i s   d r i v e r .   L e t t e r s   LK  d e n o t e  

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

UD^  to   UD4  and   LD^  t o   LD4  in   t h e   l a t c h   c i r c u i t   b u i l t  

in   t h e   X - a x i s   d r i v e r .   L e t t e r s   FRM  d e n o t e   s c a n n i n g  

s t a r t i n g   d a t a   f o r   s t a r t i n g   t h e   s c a n n i n g   of  t h e   Y - a x i s  
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FIG.   22  s h o w s   an  e m b o d i m e n t   of   an  i n t e r f a c e   f o r   m o n o c h r o m a t i c  

d i s p l a y .   In   FIG.   22 ,   a  4  - b i t   s h i f t   r e g i s t e r   2205  i s   a  c i r c u i t  

f o r   c o n v e r t i n g   a  v i d e o   s i g n a l   VD  c o m i n g   i n   s e r i e s   i n t o   a  

p a r a l l e l   s i g n a l .   A  q u a r t e r i n g   c o u n t e r   2204   i s   a  c i r c u i t   f o r  

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

s a i d   4 - b i t   s h i f t   r e g i s t e r   2 2 0 5 .   A  v i d e o   s i g n a l   VD  i s   i n p u t t e d  

to   t h e   4  - b i t   s h i f t   r e g i s t e r   2205  f o r   s h i f   t c l o c k i n g   t h e   o u t p u t  

of   t h e   AND  c i r c u i t   2 2 1 7 .   As  a  r e s u l t ,   t h e   d a t a   i s   s h i f t e d   a n d  

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

10  h a n d ,   t h e   q u a r t e r i n g   c o u n t e r   2204  i s   a  f r e q u e n c y   d i v i d e r  

c i r c u i t   m a d e   r e c e p t i v e   of  t h e   c l o c k   s i g n a l s   of   t h e   AND  c i r c u i t  

2217   f o r   g e n e r a t i n g   a  c a r r y   s i g n a l   CL2  i n   r e s p o n s e   t o   t h e  

f o u r t h   c l o c k   s i g n a l .   T h i s   c a r r y   s i g n a l   CL2  l a t c h e s   t h e   d a t a  

of   t h e   a f o r e m e n t i o n e d   4 - b i t   s h i f t   r e g i s t e r   2205 .   The  4 - b i t  

15  v i d e o   d a t a   DQ  t o   D3  t h u s   l a t c h e d   a r e   o u t p u t t e d   f r o m   t h e   4 - b i t  

s h i f t   r e g i s t e r   2 2 0 5 .   The  c a r r y   s i g n a l   CL2  of   t h e  

a f o r e m e n t i o n e d   q u a r t e r i n g   c o u n t e r   2204  i s   d e l a y e d   by  a  D - t y p e  

f l i p - f l o p   c i r c u i t   2208  and   i s   o u t p u t t e d   as  a  s h i f t   c l o c k  

s i g n a l   SC  f o r   a  d a t a   s h i f t   r e g i s t e r   of  a  l i q u i d   c r y s t a l   d r i v e r  

-°  c i r c u i t .   The  c i r c u i t   s h o w n   i n   FIG.  22  h a s   a  c o n s t r u c t i o n  

s i m i l a r   t o   t h a t   of   F IG .   17  e x c e p t   a  p o r t i o n .  
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F i g .   23  i s   a  c i r c u i t   d i a g r a m   s h o w i n g   a  f u r t h e r  

e m b o d i m e n t   of  t h e   i n t e r f a c e   w h i c h   can  be  a d m i t t e d  

e v e n   a t   a  low  t r a n s f e r   s p e e d   by  t r a n s f e r r i n g   d a t a  

on  a  8 - b i t   p a r a l l e l   s i g n a l ,   and   F i g .   24  i s   a  t i m i n g  

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

of  -the  c i r c u i t   of  F i g .   2 3 .  

In  F i g .   23:   r e f e r e n c e   n u m e r a l   2310  d e n o t e s   a  

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

t h e   o u t p u t   «S5  of   an  AND  c i r c u i t   2308  a t   200  or   4 0 0 ;  

10  n u m e r a l s   2317  and   2318   b u f f e r s   f o r   c l a s s i f y i n g   t h e  

8 - b i t   o u t p u t   d a t a   of   a  - l a t c h   c i r c u i t   2314  i n t o   o d d  

and  e v e n   b i t s   t o   a m p l i f y   t h e   d i s p l a y   d a t a   XJD  ̂ t o   UD4 

and  LD^  to   LD4  i n   t h e   u p p e r   and   l o w e r   e x t r a c t i o n  

e l e c t r o d e   d r i v e r s   of  t h e   X - e l e c t r o d e s   of  t h e   l i q u i d  

15  c r y s t a l   d i s p l a y ;   and   l e t t e r s   s h i f t   c l o c k   s i g n a l s   f o r  

s h i f t i n g   t h e   p a r a l l e l   d i s p l a y   d a t a   UD^  to   UD4  a n d  

LD1  to   LD^  to   t h e   4 - b i t   p a r a l l e l   s h i f t   r e g i s t e r   c i r -  

c u i t s   b u i l t   in   t h e   X - a x i s   d r i v e r .   L e t t e r s   LK  d e n o t e  

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

9n  UD,  t o   UD,  and   LD..  t o   LD.  i n   t h e   l a t c h   c i r c u i t   b u i l t  
1  4  1  4 

in   t h e   X - a x i s   d r i v e r .   L e t t e r s   FRM  d e n o t e   s c a n n i n g  

s t a r t i n g   d a t a   f o r   s t a r t i n g   t h e   s c a n n i n g   of  t h e   Y - a x i s  

25 
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e l e c t r o d e s   of  t h e   l i q u i d   c r y s t a l   d i s p l a y   p a n e l .   L e t t e r  

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

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

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

The   h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l   Hsyc   s e t s  

an  R-S  f l i p - f l o p   230  6  so  t h a t   t h e   o u t p u t   T^  of   t h i s  

f l i p - f l o p   t a k e s   t h e   "H"  l e v e l .   As  a  r e s u l t ,   t h e  

o u t p u t   eS1  of   an  AND  c i r c u i t   2302  g e n e r a t e s   d o t   c l o c k s  

f o r   an  X - a x i s   e f f e c t i v e   d i s p l a y   p e r i o d   a t   t h e   t i m i n g  

shown   i n   F i g .   24(A)   .  A  v e r t i c a l   home  p o s i t i o n   r e -  

g u l a t i n g   c i r c u i t   2307  a l s o   h a s   a  s i m i l a r   c o n s t r u c t i o n  

and   h a s   i t s   o u t p u t   Y ,̂  r e s e t   a t   "L"  ,  as  s h o w n   i n   F i g .  

2 4 ( B ) ,   w h e n   t h e   v e r t i c a l   s y n c h r o n i z i n g   s i g n a l   V s y c  

i s   i n p u t t e d ,   t o   r i s e   t o   t h e   "H"  l e v e l   a f t e r   l a p s e  

of   a  p r e d e t e r m i n e d   t i m e   p e r i o d .   T h i s   p e r i o d   Lw2 

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

i n   t h e   Y - a x i s   d i r e c t i o n   by  a r b i t r a r i l y   r e g u l a t i n g  

t h e   v a l u e   of   t h e   b u i l t - i n   v a r i a b l e   c o u n t e r .  

M o r e o v e r ,   t h e   v e r t i c a l   s y n c h r o n i z i n g   s i g n a l   V s y c  

s e t s   an  R-S  f l i p - f l o p   2309  so  t h a t   t h e   o u t p u t   T 2  

of   t h i s   f l i p - f l o p   2309  t a k e s   t h e   "H"  l e v e l .   As  a  

r e s u l t ,   t h e   AND  c i r c u i t   230  8  g e n e r a t e s   t h e   o u t p u t  

t>  ̂ of  t h e   Y - a x i s   e f f e c t i v e   d i s p l a y   p e r i o d   a t   t h e  

t i m i n g   shown   i n   F i g ,   2 4 ( B ) .   The  v a r i a b l e   c o u n t e r  
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2310  o u t p u t s   t h e   c a r r y   s i g n a l   #g  a t   t h e   c o u n t e d   v a l u e  

200,   when   a  s w i t c h   2334  i s   ON,  and  a t   t h e   c o u n t e d  

v a l u e   400  when   t h e   s w i t c h   i s   OFF.  W h i l e   t h e   o u t p u t  

T2  of  t h e   R-S  f l i p - f l o p   230  9  i s   a t   t h e   "H"  l e v e l ,   a n  

AND  c i r c u i t   2303  g e n e r a t e s   t h e   d o t   c l o c k   j62  of  t h e  

e f f e c t i v e   d i s p l a y   p e r i o d .   T h i s   d o t   c l o c k   $2  i s   i n -  

p u t t e d   as  t h e   s h i f t   c l o c k   of  an  S/P  c h a n g i n g   c i r c u i t  

2311  c o n s t r u c t e d   of  an  8 - b i t   s h i f t   r e g i s t e r .  

As  a  r e s u l t ,   t h e   s e r i a l   d a t a   of  t h e   d i s p l a y  

d a t a   D  a r e   c h a n g e d   to   p a r a l l e l   d a t a ,   w h i c h   a r e   o u t -  

p u t t e d   t o   t h e   l a t c h   c i r c u i t   2 3 1 4 .   The  d o t   c l o c k   o f  

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

f r e q u e n c y   d i v i d e d   i n t o   1 /8   by  t h e   1 /8   c o u n t e r   t o  

g e n e r a t e   t h e   c a r r y   s i g n a l   <t>̂   •  T h i s   c a r r y   s i g n a l  

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

c i r c u i t   2 3 1 4 .   The  c a r r y   s i g n a l   6^  i s   f u r t h e r   i n p u t t e d  

to   a  1 / 8 0   c o u n t e r   2305  to   h a v e   i t s   f r e q u e n c y   d i v i d e d  

i n t o   1 / 8 0   so  t h a t   t h e   c a r r y   s i g n a l   fa  ̂   i s   g e n e r a t e d  

to   r e s e t   t h e   a f o r e m e n t i o n e d   R-S  f l i p - f l o p   230  6.  A s  

a  r e s u l t ,   t h e   o u t p u t   T^  i s   r e s e t   a t   t h e   "L"  l e v e l  

to   i n t e r r u p t   t h e   g e n e r a t i o n   of  t h e   do t   c l o c k   . 

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

t h e   o u t p u t   of   t h e   l a t c h   c i r c u i t   2314  i s   f e d   to   t h e  

X - a x i s   d r i v e r   f r o m   t h e   b u f f e r s   2317  and  2 3 1 8 .   T h e  

odd  b i t   o u t p u t   of  t h e   l a t c h   c i r c u i t   2314  i s   i n p u t t e d  
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to   t h e   b u f f e r   2317   t o   o u t p u t   t h e   d i s p l a y   d a t a   UD^ 

to  UD4,  w h e r e a s   t h e   e v e n   b i t   o u t p u t   i s   i n p u t t e d   t o  

t h e   b u f f e r   2318   t o   o u t p u t   t h e   d i s p l a y   d a t a   LD^  t o  

LD4.  The   t i m i n g   c h a r t   (D)  of   F i g .   24  shows   t h e   t i m i n g  

of   t h e   i n t e r f a c e   s i g n a l s   to   t h e   X - a x i s   and  Y - a x i s  

d r i v e r s   . 

The   s h i f t   c l o c k   SK  i s   i n p u t t e d   to   a  1 / 8 0   c o u n t e r  

2328  sc   t h a t   t h e   c a r r y   s i n g a l   LK  h a v i n g   i t s   f r e q u e n c y  

d i v i d e d   i n t o   1 / 8 0   b e c o m e s   a  l a t c h   s i g n a l   f o r   l a t c h i n g  

t h e   o u t p u t   of   t h e   4 - b i t   p a r a l l e l   s h i f t   r e g i s t e r   b u i l t  

i n   t h e   a f o r e m e n t i o n e d   X - a x i s   d r i v e r .   An  R-S  f l i p -  

f l o p   2329   i s   a  c i r c u i t   to   be  s e t   by  t h e   s i g n a l   V s y c  

and  r e s e t   by  t h e   l a t c h   s i g n a l   LK  to   o u t p u t   t h e   s i g n a l  

FRM  f o r   s t a r t i n g   t h e   s c a n n i n g   of  t h e   Y - a x i s   e l e c t r o d e s  

a t   t i m i n g   s h o w n   i n   F i g .   24(D)  . 

A  1 / 2   d i v i d e r   2330   g e n e r a t e s   t h e   s i g n a l   M,  w h i c h  

i s   p r e p a r e d   by  d i v i d i n g   t h e   f r e q u e n c y   of  t h e   a f o r e -  

m e n t i o n e d   FRM  s i g n a l   i n t o   1 / 2 ,   t o   i n v e r t   f o r   e a c h  

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

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

F i g .   25  i s   a  b l o c k   d i a g r a m   s h o w i n g   t h e   s y s t e m  

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

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

X - a x i s   d r i v e r s   2540  a n d   2545  a r e   c o n s t r u c t e d   of  4 -  

b i t   p a r a l l e l   s h i f t   r e g i s t e r s   2541  and  2 5 4 6 ,   l a t c h  
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c i r c u i t s   2542  and   2 5 4 7 ,   and  l i q u i d   c r y s t a l   d r i v e r s  

2543  and   2 5 4 8 .   The  p a r a l l e l   d i s p l a y   d a t a   UT^  to   UT>4 

and   LD1  to  LD4  a r e   i n p u t t e d   s i m u l t a n e o u s l y   t o   t h e  

4 - b i t   p a r a l l e l   s h i f t   r e g i s t e r s   2541  and  2 5 4 6 ,   s h i f t e d  

i n   r e s p o n s e   to   t h e   s h i f t   c l o c k s   SK  and  l a t c h e d   b y  

t h e   l a t c h   c i r c u i t s   2542   and  2547  in   r e s p o n s e   t o   t h e  

l a t c h   c l o c k s   LK.  The  o u t p u t s   t h u s   l a t c h e d   by  t h e  

l a t c h   c i r c u i t s   2542  and   2547  e f f e c t   t h e   d r i v e s   i n  

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

f i l t e r   e l e c t r o d e s   c o l o r e d   by  t h e   l i q u i d   c r y s t a l   d r i v e r s  

254  8  and   2 5 4 5 ,   r e s p e c t i v e l y .  

F i g .   26  i s   a  d i a g r a m   s h o w i n g   t h e   e l e c t r o d e   c o n -  

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

e m b o d i m e n t .   In   F i g .   26 ,   t h e   odd  n u m b e r   X - a x i s   e l e c t r o d e s  

X l '   X3'  X5'  ~  ~  an<^  SO  °n  a r e   u s e ^   as  ^ e   u P P e r  

l e a d   e l e c t r o d e s ,   and   t h e   e v e n   n u m b e r   e l e c t r o d e s   X 2 ,  

X4,  -  -  - ,   and   so  on  a r e   u s e d   as  t h e   l o w e r   l e a d  

e l e c t r o d e s ,   and   t h e s e   u p p e r   and   l o w e r   l e a d   e l e c t r o d e s  

a r e   d r i v e n   by  d i f f e r e n t   X - a x i s   d r i v e r s   . 

As  has   b e e n   d e s c r i b e d   a b o v e ,   a c c o r d i n g   t o   t h e  

p r e s e n t   e m b o d i m e n t ,   t h e   d i s p l a y   d a t a   can  be  t r a n s f e r r e d  

in   8 - b i t   p a r a l l e l   to.  t h e   u p p e r   and   l o w e r   e l e c t r o d e s  

so  t h a t   t h e   s p e e d   of  t h e   t r a n s f e r   s h i f t   c l o c k   s i g n a l  

can   be  r e t a r d e d   two  t i m e s .   S i n c e ,   m o r e o v e r ,   t h e  

p i t c h   i n t e r v a l   of  t h e   X - a x i s   e l e c t r o d e s   of   t h e   l i q u i d  

c r y s t a l   p a n e l   can   be  e n l a r g e d   two  t i m e s ,   t h e   c o n n e c t i o n  

b e t w e e n   t h e   l i q u i d   c r y s t a l   p a n e l   and   t h e   X - a x i s   d r i v e  
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o u t p u t   c a n   be  f a c i l i t a t e d .  

Fi<?-  27  i s   a  c i r c u i t   d i a g r a m   s h o w i n g   one   e m b o d i -  

m e n t   o f   t h e   p r e s e n t   i n v e n t i o n .   In  F i g .   27,  r e f e r e n c e  

n u m e r a l   2701  d e n o t e s   an  X - a x i s   d i s p l a y   p o s i t i o n   a d j u s t -  

i n g   c i r c u i t ,   and   n u m e r a l 2 7 0 2   d e n o t e s   a  Y - a x i s   d i s p l a y  

p o s i t i o n   a d j u s t i n g   c i r c u i t .   The  X - a x i s   d i s p l a y  

p o s i t i o n   a d j u s t i n g   c i r c u i t ^ /   i s   c o n s t r u c t e d   o f   e x -  

t e r n a l   s e t t i n g   m e a n s   2321  s u c h   as  a  d i g i t a l   s w i t c h ,  

a  c o u n t e r   c i r c u i t y   2  f o r   c o u n t i n g   t h e   n u m b e r   o f  

clocZ<  s i g n a l s   CK,  a  g r o u p   o f   e x c l u s i v e   OR  c i r c u i t s  

c o n s t r u c t i n g   t o g e t h e r   a  c o i n c i d e n c e   d e t e c t i n g   c i r -  

c u i t ;   a  g r o u p   of   NOR  c i r c u i t s 2 7 2 4   ,  a  g r o u p   o f   NAND 

c i r c u i t s 2 ? 2 5   ,  and   a  NOR  c i r c u i t 2 7 2 9 .   The  Y - a x i s  

d i s p l a y   p o s i t i o n   a d j u s t i n g   c i r c u i t 2 7 0 2 i s   c o n s t r u c t e d ,  

l i k e   t h e   a f o r e m e n t i o n e d   X - a x i s   d i s p l a y   p o s i t i o n  

a d j u s t i n g   c i r c u i t ,   o f   a  c o u n t e r   c i r c u i t   f o r   c o u n t -  

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

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

d e t e c t i n g   a  c o i n c i d e n c e .  

N e x t ,   t h e   o p e r a t i o n s   o f   F i g .   27  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  d e s c r i b e d   i n   t h e   f o l l o w i n g .   W h e n  

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

to   t h e   X - a x i s   d i s p l a y   p o s i t i o n   a d j u s t i n g   c i r c u i t  

27KL,  a  f l i p - f l o p   c i r c u i t   (o r   an  F / F   c i r c u i t   )2fU0  h a s  

i t s   o u t p u t   s e t   a t   an   "H"  l e v e l   so  t h a t   a  c l o c k  

s i g n a l   CK  i s   o u t p u t t e d   f r o m   an  AND  c i r c u i t e d   a n d  
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i n p u t t e d   to   t h e   c o u n t e r   c i r c u i t 2 7 2 2 .   The  o u t p u t   o f  

t h e   c o u n t e r   c i r c u i t 2 7 2 2   and   t h e   o u t p u t   of  t h e   e x -  

t e r n a l   s e t t i n g   means2721  a r e   i n p u t t e d   to   t h e   g r o u p e d  

e x c l u s i v e   OR  c i r c u i t s 2 7 2   3  ,  t h e   o u t p u t s   of  w h i c h   a r e  

o u t p u t t e d   t h r o u g h   t h e   g r o u p e d   NOR  c i r c u i t s 2 7 2 4   a n d  

t h e   g r o u p e d   NAND  c i r c u i t s 2 7 2 5   to   t h e   NOR  c i r c u i t 2 7 2 9 .  

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

e x t e r n a l   s e t t i n g   means2721   s u c h   as  t h e   d i g i t a l   s w i t c h  

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

c i r c u i t 2 7 2 2   c o i n c i d e   w i t h   e a c h   o t h e r ,   t h e   o u t p u t   R^ 

of   t h e   NOR  c i r c u i t 2 7 2 9   r i s e s   to   t h e   "H"  l e v e l   t o  

r e s e t   t h e   a f o r e m e n t i o n e d   f l i p - f l o p   c i r c u i t Z E O   . 

As  a  r e s u l t ,   t h e   o u t p u t   Q  of  t h e   f l i p - f l o p   c i r c u i t  

2720  i s   d r o p p e d   to  an  "L"  l e v e l .   S i n c e   a  f l i p - f l o p  

c i r c u i t 2 7 3 0   i s   r e s e t ,   t h e   o u t p u t   of  a  NOR  c i r c u i t 2 7 3 1  

t a k e s   t h e   "H"  l e v e l .   T h e n ,   t h i s   "H"  s i g n a l   i s   i n -  

p u t t e d   to   t h e   d a t a   i n p u t   of   a  D - t y p e   f l i p - f l o p  

c i r c u i t 2 7 3 2   to   o u t p u t   a  s i g n a l   T^  f rom  t h e   o u t p u t  

t e r m i n a l   Q  to   an  AND  c i r c u i t   2703.  On  t h e   o t h e r   h a n d ,  

t h e   Y - a x i s   d i s p l a y   p o s i t i o n   a d j u s t i n g   c i r c u i t 2 7 B 2 h a s  

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

a d j u s t i n g   c i r c u i t 2 7 0 /   to   c o u n t   t h e   n u m b e r   of   t h e  

h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l s   Hsyc  in   r e s p o n s e  

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

V s y c .   When  t h e   c o u n t e d   v a l u e   c o i n c i d e s   w i t h   t h e  
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s e t   v a i u e   or   t n e   e x t e r n a l   i n p u t   m e a n s ,   t h e   c o u n t e r  

c i r c u i t   i s   r e s e t   i n   r e s p o n s e   to   t h e   c o i n c i d e n c e  

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

to   i n p u t   t h e   "H"  s i g n a l   to   t h e   AND  c i r c u i t   2 7 0 3 .  

J u s t   a t   t h i s   t i m e ,   t h e   d i s p l a y   s t a r t   (o r   t h e   h o m e  

p o s i t i o n )   i s   t a k e n   t o   o u t p u t   t h e   s h i f t   c l o c k   SP  a n d  

a  c l o c k   s i g n a l   P  T h i s   c l o c k   s i g n a l   Pn  h a s   i t s   ̂ 2  
f r e q u e n c y   d i v i d e d   i n t o   one   e i g h t h   by  a  1 / 8   f r e -  

q u e n c y   d i v i d e r   c i r c u i t y   4  to   g e n e r a t e   l a t c h   p u l s e s  

LP  by  a  D - t y p e   f l i p - f l o p   c i r c u i t 2 7 3 9   and  a  NOR  c i r -  

c u i t ^   0  so  t h a t   t h e   o u t p u t   o f   a  s h i f t   r e g i s t e r   3205 

( w h i c h   s h o u l d   be  r e f e r r e d   to   i n   F i g .   32)  i s   l a t c h e d  

in   a  l a t c h   c i r c u i t   320?  ( w h i c h   s h o u l d   a l s o   be  r e f e r r e d  

to   i n   F i g .   32)  t o   e x e c u t e   t h e   s e r i a l / p a r a l l e l   c o n -  

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

1 /8   f r e q u e n c y   d i v i d e r   c i r c u i t ^   4  i s   f u r t h e r   i n p u t t e d  

to   a  f r e q u e n c y   d i v i d e r   c i r c u i t 2 C 5   to   c o u n t   t h e  

n u m b e r   ( e . g . ,   672)   o f   e f f e c t i v e   d i s p l a y   d o t s   i n   t h e  

X - a x i s   d i r e c t i o n .   I n   r e s p o n s e   to   t h e   o u t p u t   o f   t h e  

f r e q u e n c y   d i v i d e r   c i r c u i t 2 7 3 5 ,   r e s e t   p u l s e s   P1  a r e  

g e n e r a t e d   by  a  D - t y p e   f l i p - f l o p   c i r c u i t ^   6  and   a  

NOR  c i r c u i t 2 7 3 7   t o   r e s e t   t h e   f l i p - f l o p   c i r c u i t 2 B 0 ,  

t h e   1 / 8   f r e q u e n c y   d i v i d e r   c i r u c i t 2 S 3 4   and   t h e   f r e -  

q u e n c y   d i v i d e r   c i r c u i t 2 7 3 5 .   On  t h e   o t h e r   h a n d ,   t h e  

s h i f t   c l o c k   SP  i s   i n p u t t e d   as  a  s h i f t   c l o c k   t o   t h e  
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a f o r e m e n t i o n e d   s h i f t   r e g i s t e r   ( w h i c h   s h o u l d   a l s o  

be  r e f e r r e d   to   in   F i g .   3 2 ) .   M o r e o v e r ,   t h e   s h i f t  

c l o c k   SP  h a s   i t s   f r e q u e n c y   d i v i d e d   i n t o   one   s i x -  

t e e n t h   by  a  1 / 1 6   f r e q u e n c y   d i v i d e r   c i r c u i t 2 7 1 2   t o  

g e n e r a t e   a  s e t   s i g n a l   f o r   a  f l i p - f l o p   c i r c u i t y   5 

by  a  D - t y p e   f l i p - f l o p   c i r c u i t 2 ? l l   and  a  NOR  c i r c u i t  

2743.  When  t h e   f l i p - f l o p   c i r c u i t 2 ? i 5   i s   s e t ,   an  AND 

c i r c u i t 2 7 4 6   g e n e r a t e s   t h e   c l o c k   s i g n a l   P^  t o   i n p u t  

i t   t o   a  1 /4   f r e q u e n c y   d i v i d e r   c i r c u i t 2 ? 1 7 .   T h e  

o u t p u t   CP  of   t h i s   1 /4   f r e q u e n c y   d i v i d e r   c i r c u i t 2 7 4 7  

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

d a t a   Dq  to   D^  ( w h i c h   s h o u l d   a l s o   be  r e f e r r e d   to   i n  

F i g .   32)  i n t o   t h e   s h i f t   c l o c k   of   a  4 - b i t   p a r a l l e l  

s h i f t   r e g i s t e r   b u i l t   in   a  l i q u i d   c r y s t a l   d r i v e r  

c i r c u i t   I C .  

The  o u t p u t   of   t h e   1 /4   f r e q u e n c y   d i v i d e r   c i r -  

c u i t ^ ?   f u r t h e r   h a s   i t s   f r e q u e n c y   d i v i d e d   by  a  

f l i p —   f l o p   c i r c u i t 2 T 1 8   to   g e n e r a t e   s w i t c h i n g   s i g n a l s  

GP^  and   GP2  so  t h a t   t h e   8 - b i t   o u t p u t   of   t h e   a f o r e -  

m e n t i o n e d   l a t c h   c i r c u i t   320<"Hwhich  s h o u l d   a l s o   b e  

r e f e r r e d   t o   in   F i g .   32)  i s   s w i t c h e d   f o r   e a c h   4  b i t s  

in   p a r a l l e l   to   o u t p u t   t h e   4 - b i t   p a r a l l e l   d i s p l a y  

d a t a   Dq  t o   D^  -  F i g .   33  i s   a  t i m i n g   c h a r t   s h o w i n g  

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

a c c o r d i n g   to   t h e   e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n  
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s h o w n   i n   F i g .   27-  In  F i g .   33,   t h e   o u t p u t   Q  i s   s e t  

a t   t h e   "H"  l e v e l   i n   r e s p o n s e   to   t h e   h o r i z o n t a l  

s y n c h r o n i z i n g   s i g n a l   Hsyc   by  t h e   f l i p - f l o p   c i r c u i t  

2720  ( w h i c h   s h o u l d   be  r e f e r r e d   to   in   F i g .   27)  and  i s  

r e s e t   by  t h e   o u t p u t   R  of   t h e   NOR  c i r c u i t   2729  o f  

t h e   c o i n c i d e n c e   d e t e c t i n g   c i r c u i t   so  t h a t   t h e   o u t -  

p u t   Q  of  t h e   D - t y p e   f l i p - f l o p   c i r c u i t 2 7 3 2   t h e n  

g e n e r a t e s   t h e   s i g n a l   T^.   As  a  r e s u l t ,   t h e   c l o c k  

s i g n a l   P2  c a n   h a v e   i t s   f r e q u e n c y   d i v i d e d   by  t h e  

f r e q u e n c y   d i v i d e r   c i r c u i t 2 7 3 5   to   s e t   and  r e s e t   t h e  

f l i p - f l i p   c i r c u i t 2 7 3 0   and   t h e   f r e q u e n c y   d i v i d e r  

c i r c u i t 2 7 3 5   i n   r e s p o n s e   to   t h e   r e s e t   s i g n a l   P  .  As  

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

s i g n a l   LP  h a s   b e e n   g e n e r a t e d ,   t h e   s h i f t   c l o c k   CP  o f  

t h e   4 - b i t   p a r a l l e l   d a t a   and   t h e   s w i t c h i n g   s i g n a l s  

GPX  a n d   GP2  of   t h e   4 - b i t   p a r a l l e l   d a t a   DQ  to   D3  a r e  

g e n e r a t e d .  

F i g .   32  i s   a  d i a g r a m   s h o w i n g   t h e   o v e r a l l   c o n -  

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

In   F i g .   32 :   t h e   l e t t e r s   Hsyc   d e n o t e   t h e   h o r i -  

z o n t a l   s y n c h r o n i z i n g   s i g n a l s ;   t h e   l e t t e r s   Vsyc   t h e  

v e r t i c a l   s y n c h r o n i z i n g   s i g n a l s ;   t h e   l e t t e r s   CK  t h e  

d o t   c l o c k   s i g n a l s ;   and   t h e   l e t t e r   D  t h e   d i s p l a y   d a t a .  

T h e s e   s i g n a l s   H s y c ,   V s y c ,   CK  and  D  a r e   s i m i l a r   t o  

t h e   i n t e r f a c e   s i g n a l s   of   t h e   CRT  d i s p l a y .   R e f e r e n c e  
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n u m e r a l   320/  d e n o t e s   an  X - a x i s   d i s p l a y   p o s i t i o n   a d -  

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

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

(or   t h e   home  p o s i t i o n )   i n   t h e   X - a x i s   d i r e c t i o n .  

N u m e r a l 3 2 Q 2 d e n o t e s   a  Y - a x i s   d i s p l a y   p o s i t i o n   a d j u s t -  

i n g   c i r c u i t   f o r   c o u n t i n g   t h e   n u m b e r   of   t h e   h o r i z o n t a l  

s y n c h r o n i z i n g   s i g n a l s   Hsyc   t o   a d j u s t   t h e   d i s p l a y  

s t a r t   (or   t h e   home  p o s i t i o n )   i n   t h e   Y - a x i s   d i r e c t i o n .  

N u m e r a l   3203  d e n o t e s   an  AND  c i r c u i t   f o r   g e n e r a t i n g   t h e  

d o t   c l o c k s   CK  when  t h e   o u t p u t s   of  t h e   X - a x i s   a n d  

Y - a x i s   d i s p l a y   p o s i t i o n   a d j u s t i n g   c i r c u i t s   c o i n c i d e  

w i t h   e a c h   o t h e r .   N u m e r a l   3 2 0 4 d e n o t e s   m e a n s   c o n -  

s t r u c t e d   of   a  f r e q u e n c y   d i v i d e r   c i r c u i t   or   t h e   l i k e  

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

t h e   a f o r e m e n t i o n e d   X - a x i s   d i s p l a y   p o s i t i o n   a d j u s t -  

i n g   c i r c u i t .   N u m e r a l 3 2 0 5 " d e n o t e s   a  s h i f t   r e g i s t e r  

f o r   s h i f t i n g   t h e   s e r i a l   d a t a   D.  Numera l320?   d e n o t e s  

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

s h i f t   r e g i s t e r   3205".  N u m e r a l   3 2 0 6 d e n o t e s   a  f r e q u e n c y  

d i v i d e r   c i r c u i t   f o r   d i v i d i n g   t h e   f r e q u e n c y   of   t h e  

s h i f t   c l o c k   SP  to   g e n e r a t e   i n   t h e   l a t c h   c i r c u i t   3209 

t h e   l a t c h   s i g n a l ,   t h e   GP^  and   GP2  f o r   s w i t c h i n g  

c i r c u i t s 3 2 0 7 a n d 3 2 0 # , a n d   t h e   d a t a   s h i f t   c l o c k   C P .  

N u m e r a l 3 2 / 0   d e n o t e s   a  t i m i n g   s i g n a l   g e n e r a t o r   c i r -  

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

l a t c h i n g   t h e   AC  d r i v e   s i g n a l   M,  t h e   f r a m e   s t a r t i n g  

s i g n a l   FRM  and   t h e   d i s p l a y   d a t a   t r a n s f e r r e d   to   t h e  

d r i v e r .   The  n u m e r a l s   3207  a n d 3 2 0 £ d e n o t e   s w i t c h i n g  

c i r c u i t s   f o r   a l t e r n a t e l y   t u r n i n g   on  and  o f f   e v e r y  

4  b i t s   of   t h e   8 t h   b i t s   o f   t h e   l a t c h   o u t p u t   o f   t h e  

l a t c h   c i r c u i t 3 2 0 ? t o   o u t p u t   t h e   d i s p l a y   d a t a   i n   4 

b i t s   . 

N e x t ,   t h e   o p e r a t i o n s   of   F i g .   32  w i l l   be  d e s c r i b e d  

i n   t h e   f o l l o w i n g .  

When  t h e   h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l   H s y c  

i s   i n p u t t e d   t o   t h e   X - a x i s   d i s p l a y   p o s i t i o n   a d j u s t i n g  

c i r c u i t   3201,  t h e   n u m b e r   o f   t h e   c l o c k   s i g n a l s   CK  i s  

c o u n t e d   by  t h e   c o u n t e r   c i r c u i t   b u i l t   t h e r e i n .   W h e n  

t h e   c o u n t e d   n u m b e r   c o i n c i d e s   w i t h   t h e   s e t   c o u n t  

v a l u e ,   m o r e o v e r ,   t h e   X - a x i s   d i s p l a y   p o s i t i o n   a d j u s t -  

i n g   c i r c u i t 3 2 0 /   o u t p u t s   t h e   s i g n a l   T^.  When  t h e  

v e r t i c a l   s y n c h r o n i z i n g   s i g n a l   Vsyc  i s   l i k e w i s e   i n -  

p u t t e d   to   t h e   Y - a x i s   d i s p l a y   p o s i t i o n   a d j u s t i n g  

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

s i g n a l s   Hsyc   i s   c o u n t e d   by  t h e   c o u n t e r   c i r c u i t   b u i l t  

t h e r e i n .   When  t h e   c o u n t e d   n u m b e r   c o i n c i d e s   w i t h  

t h e   s e t   c o u n t   v a l u e ,   m o r e o v e r ,   t h e   Y - a x i s   d i s p l a y  

p o s i t i o n   a d j u s t i n g   c i r c u i t 3 2 0 2 o u t p u t s   t h e   s i g n a l   T 2 .  

S i n c e   t h e   AND  c i r c u i t 3 2 0 3 h a s   r e c e i v e d   t h e  
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a f o r e m e n t i o n e d   s i g n a l s   and   T2  and  c l o c k s   CK,  i t  

g e n e r a t e s   t h e   c l o c k   s i g n a l   P2  and  t h e   s h i f t   c l o c k  

s i g n a l   SP  when  b o t h   t h e   s i g n a l s   and  T2  t a k e   t h e  

"H"  l e v e l .   The  f i r s t   c l o c k   s i g n a l   when  b o t h   t h e  

5  two  s i g n a l s   T1  and   T2  r i s e   to   t h e   "H"  l e v e l   p r o -  

v i d e s   t h e   d i s p l a y   s t a r t   (o r   t h e   home  p o s i t i o n )   . 

When  t h e   c l o c k   s i g n a l   P2  i s   i n p u t t e d   to   t h e   f r e -  

q u e n c y   d i v i d e r   c i r c u i t   3204so  t h a t   t h e   d a t a   o f   o n e  

l i n e   i n   t h e   X - a x i s   d i s p l a y   d i r e c t i o n   a r e   t r a n s -  

10  f e r r e d ,   t h e   r e s e t   s i g n a l   P^  i s   g e n e r a t e d   t o   r e s e t  

t h e   X - a x i s   d i s p l a y   p o s i t i o n   a d j u s t i n g   c i r c u i t   320/  t o  

i n t e r r u p t   t h e   i n p u t   of   t h e   c l o c k   s i g n a l   P2  . 

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

c l o c k   s i g n a l   SP  i s   i n p u t t e d   as  t h e   s h i f t   c l o c k   o f  

15  t h e   s h i f t   r e g i s t e r   3205  to   s h i f t   t h e   d i s p l a y   d a t a   D .  

M o r e o v e r ,   t h e   s h i f t   c l o c k   s i g n a l   SP  i s   i n p u t t e d   t o  

t h e   f r e q u e n c y   d i v i d e r   c i r c u i t   3206to  g e n e r a t e   t h e   1 / 8  

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

a f o r e m e n t i o n e d   s h i f t   r e g i s t e r 3 2 0 5 i s   l a t c h e d   i n   t h e  

20  l a t c h   c i r c u i t   3209.  The  8 t h   b i t   d a t a   of  t h e   l a t c h  

c i r c u i t   320?are   i n p u t t e d   a t   t h e   u n i t   of   4  b i t s   to   t h e  

s w i t c h i n g   c i r c u i t 3 2 0 7 a n d   t h e   s w i t c h i n g   c i r c u i t 3 2 0 8   t o  

g e n e r a t e   t h e   p a r a l l e l   d i s p l a y   d a t a   DQ  to   D3  of   4 

b i t s   w h i c h   w e r e   s w i t c h e d   by  t h e   s w i t c h i n g   s i g n a l s  

25  GP,  and  GP9  ( i . e . ,   t h e   i n v e r t e d   s i g n a l   of   t h e   s i g n a l  
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GP^J  o f   t h e   a f o r e m e n t i o n e d   f r e q u e n c y   d i v i d e r   c i r -  

c u i t   320^.  M o r e o v e r   ,  t h i s   f r e q u e n c y   d i v i d e r   c i r c u i t  

3206  g e n e r a t e s   t h e   s h i f t   c l o c k   s i g n a l   CP  so  as   t o  

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

t h e   s h i f t   r e g i s t e r   b u i l t   in   t h e   d r i v e r .   The  t i m i n g  

s i g n a l   g e n e r a t o r   c i r c u i t 3 2 L 0   g e n e r a t e s   t h e   d r i v e r  

l a t c h   s i g n a l   LOAD,  t h e   f r a m e   s i g n a l   FRM  and   t h e   AC 

d r i v e   s i g n a l   M  to   c a u s e   t h e   l i q u i d   c r y s t a l   d r i v e r  

c i r c u i t   (o r   t h e   d r i v e r )   to   g e n e r a t e   t h o s e   i n t e r f a c e  

s i g n a l s .  

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

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

d i s p l a y   d a t a   a r e   t h e   4  b i t s   DQ  to   D3.  The  p r e s e n t  

i n v e n t i o n   s h o u l d   n o t   be  l i m i t e d   t h e r e t o   b u t   can   b e  

a p p l i e d   to   t h e   c a s e s   of   8  b i t s   and   16  b i t s .   M o r e -  

o v e r ,   t h e   r e s e t   m e a n s   3 2 0 4 s h o u l d   n o t   be  l i m i t e d   t o  

t h e   f r e q u e n c y   d i v i d e r   c i r c u i t   b u t   may  r e s e t   t h e  

X - a x i s   d i s p l a y   p o s i t i o n   a d j u s t i n g   c i r c u i t 3 2 0 / ,   w h e n  

t h e   d a t a   o f   one   l i n e   i n   t h e   X - a x i s   d i r e c t i o n   a r e  

t r a n s f e r r e d ,   to   i n t e r r u p t   t h e   i n p u t   of   t h e   s i g n a l  

P 2 -  

F i g .   34  i s   a  c h a r t   s h o w i n g   t h e   t i m i n g s   o f   t h e  

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

3 2 .  

I n c i d e n t a l l y ,   in   t h e   f o r e g o i n g   e m b o d i m e n t ,   t h e  



0  2 4 4   9 7 8  

79 

ii  s p l a y   d a t a   D  a r e   s u b j e c t e d   to   t h e   s e r i a l /  

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

to  t h e   d r i v e r   so  as   to   d i v i d e   t h e   f r e q u e n c y   of  t h e  

s h i f t   c l o c k   CP  i n t o   one   q u a r t e r .   H o w e v e r ,   t h e  

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

I r i v e r   . 

The  i n t e r f a c e   c i r c u i t   o f   t h e   p r e s e n t   i n v e n t i o n  

can  be  u s e d   i n   a  v a r i e t y   of   p l a n e   d i s p l a y s   s u c h   a s  

a  l i q u i d   c r y s t a l   p a n e l   ( w h i c h   s h o u l d   be  r e f e r r e d  

to  i n   J a p a n e s e   P a t e n t   L a i d - O p e n   Nos .   9 4 0 8 6 / 1 9 8 6   a n d  

1 7 4 5 0 9 / 1 9 8 6 ,   f o r   e x a m p l e )   u s i n g   a  n o n l i n e a r   r e s i s -  

t i v e   f i l m   s u c h   as  s i l i c o n   o x i d e   or   n i t r i d e   f i l m ,  

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

s u c h   as   MIM  or   TFT,  a  s m e c t i c   l i q u i d   c r y s t a l   p a n e l ,  

a  s i m p l e   m a t r i x   TN  p l a s m a   d i s p l a y ,   or   an  EL  d i s p l a y .  

I f   t h e   i n t e r f a c e   c i r c u i t   i s   u s e d   in  an  u n s t o r a b l e  

d i s p l a y   p a n e l   s u c h   as   t h e   s i m p l e   m a t r i x   TN  l i q u i d  

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

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

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

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

e l i m i n a t e d   in   c a s e   t h e   i n t e r f a c e   c i r c u i t   i s   u s e d   i n  

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

MSI,   TFT  and  s m e c t i c   l i q u i d   c r y s t a l   p a n e l .  
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F I G .   28  s h o w s   a n o t h e r   e m b o d i m e n t   of  t h e   i n v e n t i o n .  

I n   r e s p o n s e   t o   a  1 /8   d i v i d e r   2834  of  F i g .   2 8 ,  

as  h a s   b e e n   d e s c r i b e d   a b o v e ,   a  l a t c h   s i g n a l   LP  i s  

g e n e r a t e d   by  a  D - t y p e   f l i p - f l o p   c i r c u i t   2839  and   a  

NOR  c i r c u i t   2 8 4 0 .   On  t h e   o t h e r   h a n d ,   t h e   o u t p u t   o f  

t h e   1 / 8   d i v i d e r   34  h a s   i t s   f r e q u e n c y   d i v i d e d   by  a  

d i v i d e r   2 8 3 5 .   The   f i r s t   o u t p u t   p .   of  t h i s   d i v i d e r  b 
2835  i s   t h e   1 / 1 6   s i g n a l   of   t h e   c l o c k   s i g n a l   P 2 «  

T h a t   d i v i d e d   s i g n a l   Pg  i s   u s e d   to   g e n e r a t e   a  s e t  

p u l s e   P4  by  a  D - t y p e   f l i p - f l o p   2 8 4 5 .   As  a  r e s u l t ,  

an  AND  c i r c u i t   2846   g e n e r a t e s   t h e   c l o c k   s i g n a l   ? 5 .  

And,   a  1 / 4   d i v i d e r   2847  d i v i d e s   t h e   f r e q u e n c y   of   t h e  

c l o c k   s i g n a l   P$  i n t o   1 / 4   t o   g e n e r a t e   t h e   s h i f t   c l o c k  

s i g n a l   CP.  As  h a s   b e e n   d e s c r i b e d   a b o v e ,   t h e   s h i f t  

c l o c k   s i g n a l   CP  b e c o m e s   t h e   s h ' i f t   c l o c k   of   t h e   4 - b i t  

p a r a l l e l   s h i f t   r e g i s t e r ,   w h i c h   i s   b u i l t   i n   a  l i q u i d  

c r y s t a l   d r i v e r   IC,   as   t h e   s h i f t   c l o c k   s i g n a l   of   t h e  

4 - b i t   d i s p l a y   d a t a   DQ  t o   D3  .  A  f l i p - f l o p   c i r c u i t  

2848   d i v i d e s   t h e   f r e q u e n c y   of   t h e   s h i f t   c l o c k   s i g n a l  

CP  t o   g e n e r a t e   s w i t c h i n g   s i g n a l s   GP-ĵ   and   G P 2 .  

F i g .   29  i s   a  c i r c u i t   d i a g r a m   s h o w i n g   a  f u r t h e r  

e m b o d i m e n t   of   t h e   h o r i z o n t a l   and   v e r t i c a l   home  p o s i t i o n  

r e g u l a t i n g   c i r c u i t s .   In   F i g .   29 ,   t h e   h o r i z o n t a l   h o m e  
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p o s i t i o n   r e g u l a t i n g   c i r c u i t   i s   c o n s t r u c t e d   o f :   d e l a y -  

t i m e   s e t t i n g   m e a n s   c o m p o s e d   of  a  m o n o s t a b l e   m u l t i -  

v i b r a t o r   2940  so  as   t o   d e t e r m i n e   t h e   d e l a y   t i m e   b y  

t h e   t i m e   c o n s t a n t   of   a  c a p a c i t o r   2956  and  a  v a r i a b l e  

r e s i s t o r   2 9 5 7 ;   s y n c h r o n i z i n g   m e a n s   u s i n g   a  D - t y p e  

f l i p - f l o p   2944  f o r   s y n c h r o n i z a t i o n   w i t h   t h e   c l o c k  

s i g n a l   CK  in   r e s p o n s e   t o   t h e   o u t p u t   of  an  AND  c i r c u i t  

2 9 4 2 ;   c o u n t i n g   m e a n s   u s i n g   a  v a r i a b l e   c o u n t e r   2 9 4 6  

e n a b l e d   to   c o u n t   t h e   n u m b e r   of   t h e   c l o c k   s i g n a l   o u t -  

p u t s   o f   an  AND  c i r c u i t   2945  to   s e t   t h e   c o u n t e d   n u m b e r  

i n   a  v a r i a b l e   m a n n e r ;   and  i n i t i a l i z i n g   m e a n s   u s i n g  

a  f l i p - f l o p   c i r c u i t   2947  f o r   i n i t i a l i z a t i o n   i n   r e s p o n s e  

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

c o u n t e r .   L i k e w i s e ,   t h e   v e r t i c a l   home  p o s i t i o n   r e -  

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

m e a n s   u s i n g   a  m o n o s t a b l e   m u l t i v i b r a t o r   2 9 4 8 ;   s y n c h r o n i z i n g  

m e a n s   u s i n g   a  D - t y p e   f l i p - f l o p   2952 ;   c o u n t i n g   m e a n s  

u s i n g   a  s c a n n i n g   n u m b e r   c o u n t e r   2954  e n a b l e d   to   s e t  

t h e   c o u n t e d   v a l u e   i n   a  v a r i a b l e   m a n n e r ;   and  i n i t i a l i z -  

i n g   m e a n s   u s i n g   a  D - t y p e   f l i p - f l o p   f o r   i n i t i a l i z a t i o n  

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

n u m b e r   c o u n t e r .  

N e x t ,   t h e   o p e r a t i o n s   of  t h e   h o r i z o n t a l   h o m e  

p o s i t i o n   r e g u l a t i n g   c i r c u i t   w i l l   be  d e s c r i b e d   i n  

t h e   f o l l o w i n g .   In   r e s p o n s e   to   t h e   h o r i z o n t a l   s y n -  
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c h r c - i z i n g   s i g n a l   H s y c r   t h e   f l i p - f l o p   2  947  i s   r e s e t  

so  t h a t   t h e   o u t p u t   t a k e s   t h e   "0"  l e v e l .   The  o u t -  

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

t h e   - 1 "   l e v e l   and   f e l l   to   t h e   "0"  l e v e l   a f t e r   l a p s e  

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

p e r i o d   o f   t h e   "1"  l e v e l   i s   d e t e r m i n e d   by  t h e   t i m e  

c o n s t a n t   C  x  R  of   t h e   c a p a c i t o r   2956  and   t h e   v a r i a b l e  

r e s i s t o r   2 9 5 7 .   As  a  r e s u l t ,   a f t e r   t h e   p r e d e t e r m i n e d  

t i m e   p e r i o d ,   t h e   o u t p u t   of  a  NOR  c i r c u i t   2941  t a k e s  

t h e   "1"   l e v e l   and   i s   i n p u t t e d   v i a   t h e   AND  c i r c u i t  

2942   t o   t h e   D - t y p e   f l i p - f l o p   2 9 4 4 .   As  a  r e s u l t ,   t h e  

o u t p u t   Q2  of   t h e   D - t y p e   f l i p - f l o p   c i r c u i t   2944  i s  

s y n c h r o n i z e d   by  t h e   c l o c k   CK  and   o u t p u t t e d   to   t h e  

AND  c i r c u i t   2 9 4 5 .   As  a  r e s u l t ,   t h e   f i n e   c h a n g e s  

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

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

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

m e a n s .   The   c l o c k   s i g n a l   CK  h a v i n g   p a s s e d   t h r o u g h  

t h e   AND  c i r c u i t   2945  i s   i n p u t t e d   to   t h e   v a r i a b l e  

c o u n t e r   2 9 4 6 .   In   t h e   c a s e   of   t h e   d i s p l a y   h o r i z o n t a l  

d o t   n u m b e r   6 4 0 ,   t h e   c a r r y   s i g n a l   i s   g e n e r a t e d   by  t h e  

6 4 0 t h   c l o c k   s i g n a l   CK,  i f   t h e   c o u n t e d   v a l u e   i s   s e t  

a t   6 4 0 ,   and   i s   i n p u t t e d   to   t h e   c l o c k   s i g n a l   of   t h e  

f l i p - f l o p   c i r c u i t   2 9 4 7 .   As  a  r e s u l t ,   t h e   o u t p u t   Q1 

of  t h e   f l i p - f l o p   c i r c u i t   2947  t a k e s   t h e   "1"  l e v e l   t o  
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E e l l   t h e   o u t p u t   of  t h e   NOR  c i r c u i t   2941  to   t h e   " 0 "  

L e v e l .   As  a  r e s u l t ,   t h e   o u t p u t   Q2  of  t h e   D - t y p e  

f l i p - f l o p   t a k e s   t h e   "0"  l e v e l   so  t h a t   t h e   g e n e r a t i o n  

Df  t h e   c l o c k   CK  i s   i n t e r r u p t e d   by  t h e   AND  c i r c u i t  

2945 .   As  d e s c r i b e d   a b o v e ,   t h e   p r e d e t e r m i n e d   t i m e  

p e r i o d   c a n   be  made  a r b i t r a r i l y   v a r i a b l e   by  u s i n g   t h e  

o u t p u t   ?  of  t h e   m o n o s t a b l e   m u l t i v i b r a t o r   2940  so  t h a t  

t he   d i s p l a y   p o s i t i o n   in   t h e   h o r i z o n t a l   .  (o r   X - a x i s )  

d i r e c t i o n   can   be  e a s i l y   r e g u l a t e d .  

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

can   l i k e w i s e   be  r e g u l a t e d   e a s i l y .   I f   t h e   v e r t i c a l  

s y n c h r o n i z i n g   s i g n a l   V s y c   i s   i n p u t t e d ,   a  f l i p - f l o p  

c i r c u i t   2  955  i s   r e s e t   so  t h a t   t h e   o u t p u t   Q3  t a k e s   t h e  

"0"  l e v e l .   The  o u t p u t   R  of  t h e   m o n o s t a b l e   m u l t i -  

v i b r a t o r   i s   made  to   r i s e   to   t h e   "1"  l e v e l   and   i s  

made  to   f a l l   to   t h e   "0"  l e v e l   a f t e r   l a p s e   of  a  p r e -  

d e t e r m i n e d   t i m e   p e r i o d .   The  h o l d   t i m e   of  t h i s   " 1 "  

l e v e l   can   l i k e w i s e   be .   v a r i e d   by  a d j u s t i n g   a  v a r i a b l e  

r e s i s t o r   2  959 .   A f t e r   t h e   p r e d e t e r m i n e d   t i m e ,   t h e  

o u t p u t   of   a  NOR  c i r c u i t   2  949  t a k e s   t h e   "1"  l e v e l   a n d  

i s   i n p u t t e d   t h r o u g h   an  AND  c i r c u i t   2  950  to   a  D - t y p e  

f l i p - f l o p   2 9 5 2 .   As  a  r e s u l t ,   t h e   o u t p u t   Q4  of  t h e  

D - t y p e   f l i p - f l o p   c i r c u i t   2952  i s   s y n c h r o n i z e d   w i t h  

t h e   h o r i z o n t a l   s y n c h r o n i z i n g   s i g n a l   Hsyc  and  o u t p u t t e d  

to  an  AND  c i r c u i t   2 9 5 3 .   The  h o r i z o n t a l   s y n c h r o n i z i n g  
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s i g n a l   Hsyc   h a v i n g   p a s s e d   t h r o u g h   t h e   AND  c i r c u i t  

2953  i s   i n p u t t e d   to   t h e   v a r i a b l e   c o u n t e r   2 9 5 4 .   I n  

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

t h e   d i s p l a y   i s   4 0 0 ,   t h e   c a r r y   s i g n a l   i s   g e n e r a t e d  

i n   r e s p o n s e   t o   t h e   4 0 0 t h   h o r i z o n t a l   s y n c h r o n i z i n g  

s i g n a l   H s y c ,   i f   t h e   c o u n t e d   v a l u e   i s   s e t   a t   4 0 0 ,  

and   i s   i n p u t t e d   t o   t h e   c l o c k   s i g n a l   of  t h e   f l i p - f l o p  

c i r c u i t :   2 9 5 5 .   As  a  r e s u l t ,   t h e   o u t p u t   of  t h e   f l i p -  

f l o p   c i r c u i t   55  t a k e s   t h e   "1"  l e v e l   to  d r o p   t h e   o u t -  

p u t   of   t h e   NOR  c i r c u i t   2949  t o   t h e   "0"  l e v e l .   A s  

a  r e s u l t ,   t h e   o u t p u t   of  t h e   D - t y p e   f l i p - f l o p   t a k e s  

t h e   "0*  l e v e l   so  t h a t   t h e   g e n e r a t i o n   of  t h e   h o r i z o n t a l  

s y n c h r o n i z i n g   s i g n a l   H s y n c   i s   i n t e r r u p t e d   by  t h e   AND 

c i r c u i t   2 9 5 3 .   L i k e   t h e   h o r i z o n t a l   home  p o s i t i o n   r e -  

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

t h e   v e r t i c a l   (o r   Y - a x i s )   d i r e c t i o n   can   be  e a s i l y  

r e g u l a t e d   by  r e g u l a t i n g   t h e   v a r i a b l e   r e s i s t o r   2 9 4 8  

of  t h e   m o n o s t a b l e   m u l t i v i b r a t o r   2 9 4 8 .   And,   t h e   o u t p u t  

HDC  of   an  AND  c i r c u i t   2960  i s   a  h o r i z o n t a l   d o t   c l o c k  

in   t h e   e f f e c t i v e   d i s p l a y   a r e a   so  t h a t   an  i m a g e   c a n  

be  d i s p l a y e d   i n   t h e   l i q u i d   c r y s t a l   d i s p l a y   by  m a k i n g  

u s e   of   t h e   c l o c k   HDC  and   t h e   d i s p l a y   d a t a .  

F i g .   30  i s   a  c i r c u i t   d i a g r a m   s h o w i n g   a  f u r t h e r  

e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n .   F i g .   31  i s   a  

t i m i n g   c h a r t   of  F i g .   30 .   R e f e r e n c e   n u m e r a l   3  013  d e n o t e s  
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a  1 /8   a  d i v i d e r   f o r   d i v i d i n g   t h e   f r e q u e n c y   of  t h e  

d o t   c l o c k   P^  to  f e e d   a  l a t c h   s i g n a l   to  a  l a t c h   c i r c u i t  

3 0 0 8 .   N u m e r a l   3018  d e n o t e s   .  a  1 /4   d i v i d e r   f o r   g e n e r a t i n g  

a  l a t c h   s i g n a l   and  t h e n   c o u n t i n g   t h e   n u m b e r   of  t h e  

d o t   c l o c k s   P^  to   f e e d   t h e   s h i f t   c l o c k   CP  to  a  4 - b i t  

p a r a l l e l   s h i f t   r e g i s t e r   b u i l t   in   t h e   d r i v e r .   N u m e r a l  

3019  d e n o t e s   a  f l i p - f l o p   c i r c u i t   f o r   d i v i d i n g   t h e  

f r e q u e n c y   of  t h e   o u t p u t   of  t h e   1 /4   d i v i d e r   i n t o   1 / 2 .  

N u m e r a l s   300  9  and  3010  d e n o t e ,   s w i t c h i n g   c i r c u i t s   f o r  

s w i t c h i n g   t h e   8 - b i t   p a r a l l e l   s i g n a l   of  t h e   a f o r e m e n -  

t i o n e d   l a t c h   c i r c u i t   30  0  8  f o r   e v e r y   f o u r   b i t s   to   o u t p u t  

t h e   d i s p l a y   d a t a   DQ  to  D^.  A  D - t y p e   f l i p - f l o p   c i r c u i t  

3012  and   a  NOR  c i r c u i t   3014  a r e   s e t   p u l s e   g e n e r a t o r s  

f o r   g e n e r a t i n g   t h e   s e t   s i g n a l   P2  when  t h e   o u t p u t   o f  

t h e   v e r t i c a l   home  p o s i t i o n   r e g u l a t i n g   c i r c u i t   3 0 0 2  

t a k e s   t h e   "H"  l e v e l .   A  f l i p - f l o p   c i r c u i t   3015  i s   a  

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

~P  2  an&  r e s e t t i n g   i n   r e s p o n s e   to   t h e   r e s e t   s i g n a l  

R^  to  g e n e r a t e   t h e   f r a m e   d a t a   P^  .  N u m e r a l   3016  d e n o t e s  

a  D - t y p e   f l i p - f l o p   c i r c u i t   f o r   c l o c k i n g   t h e   r e s e t  

s i g n a l   R^  by  u s i n g   t h e   f r a m e   d a t a   P^  as  i t s   d a t a .  

A  f l i p - f l o p   c i r c u i t   3017  d i v i d e s   t h e   f r e q u e n c y   of  t h e  

o u t p u t   of  t h e   D - t y p e   f l i p - f l o p   c i r c u i t   3 0 1 6 .  

The  p r e s e n t   e m b o d i m e n t   has   t h e   c o n s t r u c t i o n   t h u s  

f a r   d e s c r i b e d .   H e r e ,   t h e   o u t p u t   M  of  t h e   f l i p - f l o p  



86 

0   2 4 4   9 7 8  

c i r c u i t   3017   i s   a  c o n t r o l   s i g n a l   f o r   i n v e r t i n g   t h e  

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

e a c h   f r a m e .   The  o u t p u t   FRM  of   t h e   D - t y p e   f l i p - f l o p  

c i r c u i t   3016   i s   b o t h   a  f r a m e   s i g n a l   f o r   s t a r t i n g   t o  

5  s c a n   t h e   f i r s t   common  e l e c t r o d e   of   t h e   Y - a x i s   d r i v e r .  

The  LOAD  s i g n a l   i s   a  l a t c h   c i r c u i t   f o r   l a t c h i n g   t h e  

d i s p l a y   d a t a   Dq  t o   D^  i n   t h e   b u i l t - i n   l a t c h   c i r c u i t ,  

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

t h e   X - a x i s   e l e c t r o d e s ,   a r e   s h i f t e d   by  t h e   s h i f t   c l o c k  

10  CP  to   t h e   4 - b i t   p a r a l l e l   s h i f t   r e g i s t e r   b u i l t   i n   t h e  

X - a x i s   d r i v e r ,   and   a  s h i f t   c l o c k   of  t h e   s h i f t   r e g i s t e r ,  

w h i c h   i s   b u i l t   in   t h e   Y - a x i s   d r i v e r ,   to  s c a n   a  n e x t  

Y - e l e c t r o d e .   N e x t ,   t h e   o p e r a t i o n s   of  t h e   p r e s e n t  

e m b o d i m e n t   w i l l   be  d e s c r i b e d   i n   t h e   f o l l o w i n g .  

15  A  f l i p - f l o p   c i r c u i t   3005  and  a  NOR  c i r c u i t   3 0 0 6  

g e n e r a t e   t h e   r e s e t   s i g n a l   R^  and  r e s e t   a  h o r i z o n t a l  

home  p o s i t i o n   r e g u l a t i n g   c i r c u i t   3001  to   d r o p   t h e  

o u t p u t   s i g n a l   T^  to   t h e   "L"  l e v e l .   The  d i s p l a y   d a t a  

D  a r e   t r a n s f e r r e d   t o   a  s h i f t   r e g i s t e r   3007  by  u s i n g  

20  t h e   d o t   c l o c k   P^  as  t h e   s h i f t   c l o c k   i n p u t .   In   r e s p o n s e  

to   t h e   l a t c h   s i g n a l   h a v i n g   i t s   f r e q u e n c y   d i v i d e d   b y  

t h e   1 / 8   d i v i d e r   3  013 ,   t h e   l a t c h   c i r c u i t   3008  c o n v e r t s  

t h e   d i s p l a y   d a t a   o f   t h e   s h i f t   r e g i s t e r   3007  to   8 - b i t  

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

25  t h e   1 / 4   d i v i d e r   3018   d i v i d e s   t h e   d o t   c l o c k   P..  i n t o  
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1/4   to   o u t p u t   t h e   s h i f t   c l o c k   CP  f o r   s h i f t i n g   t h e  

4 - b i t   p a r a l l e l   d a t a   DQ  to   D3  to   t h e   4 - b i t   p a r a l l e l  

s h i f t   r e g i s t e r   b u i l t   i n   t h e   l i q u i d   c r y s t a l   d r i v e r .  

When  t h e   v e r t i c a l   home  p o s i t i o n   r e g u l a t i n g  

5  c i r c u i t   3002  g e n e r a t e s   t h e   o u t p u t   s i g n a l   T2,  t h e   D -  

t y p e   f l i p - f l o p   c i r c u i t   3012  and  t h e   NOR  c i r c u i t   3 0 1 4  

g e n e r a t e   t h e   s e t   p u l s e   P2  f o r   s e t t i n g   t h e   f l i p - f l o p  

c i r c u i t   3 0 1 5 .  

T h i s   s e t   s i g n a l   P2  s e t s   t h e   f l i p - f l o p   c i r c u i t  

10  3015  t o   r a i s e   t h e   f r a m e   d a t a   s i g n a l   P3  to  t h e   "H"  

l e v e l .   T h i s   f r a m e   d a t a   s i g n a l   P^  i s   f ed   as  t h e   d a t a  

i n p u t   of   t h e   D - t y p e   f l i p - f l o p   c i r c u i t   3 0 1 6 .   N e x t ,  

when   t h e   a f o r e m e n t i o n e d   r e s e t   s i g n a l   R  ̂ i s   g e n e r a t e d ,  

t h e   f l i p - f l o p   c i r c u i t   3015  i s   r e s e t .   S i m u l t a n e o u s l y  

15  w i t h   t h i s ,   t h e   D - t y p e   f l i p - f l o p   c i r c u i t   3016  has   i t s  

d a t a   s h i f t e d   to   r a i s e   t h e   f r a m e   s i g n a l   FRM  to  t h e  

"H"  l e v e l .   T h i s   f r a m e   s i g n a l   FRM  i s   d r o p p e d   to   t h e  

"L"  l e v e l   in   r e s p o n s e   to   t h e   s u b s e q u e n t   r e s e t   s i g n a l  

R^.  As  a  r e s u l t ,   t h e   a f o r e m e n t i o n e d   f r a m e   s i g n a l  

20  FRM  has   j u s t   t h e   same  p u l s e   w i d t h   as  t h e   p e r i o d   o f  

t h e   r e s e t   s i g n a l   R^  ( i . e . ,   t h e   LOAD  s i g n a l )   and  i s  

f e d   as  t h e   d a t a   of   t h e   s h i f t   r e g i s t e r   b u i l t   in   t h e  

Y - a x i s   d r i v e r .   M o r e o v e r ,   a b s o l u t e l y   t h e   same  r e s e t  

s i g n a l   ( i . e ^ ,   t h e   LOAD  s i g n a l )   i s   i n p u t t e d   as  t h e  

25  s h i f t   c l o c k   of  t h a t   s h i f t   r e g i s t e r   so  t h a t   t h e .   l i q u i d  
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c r y s t a l   c a n   be  d r i v e n   by  t h e   s c a n n i n g   s i g n a l s   t i m e d  

a l l   o v e r   t h e   common  e l e c t r o d e s .   I n c i d e n t a l l y ,   t h e  

a f o r e m e n t i o n e d   v e r t i c a l   f l y - b a c k   p e r i o d   can   be   a r b i t r a r i l y  

s e t   by  t h e   v e r t i c a l   home  p o s i t i o n   r e g u l a t i n g   c i r c u i t  

3 0 0 2 .  

As  h a s   b e e n   d e s c r i b e d   h e r e i n b e f o r e ,   a c c o r d i n g   t o  

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

s h i f t   r e g i s t e r   of   t h e   Y - a x i s   d r i v e r   t h r o u g h   t h e   D -  

t y p e   f l i p - f l o p   (o r   t h e   s h i f t   r e g i s t e r )   .  As  a  r e s u l t ,  

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

f r o m   t h e   f i r s t   one   to   t h e   l a s t   o n e .   As  a  r e s u l t ,   i t  

i s   p o s s i b l e   to   s o l v e   t h e   p r o b l e m   of   t h e   d i s p l a y   q u a l i t y  

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

and   l a s t   common  e l e c t r o d e   l i n e s   a r e   a b n o r m a l l y   d e n s e  

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

t h e   o b s e r v e r .  
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F IG .   35  i s   a  c i r c u i t   d i a g r a m   s h o w i n g   a n o t h e r   e m b o d i m e n t  

of  t h e   i n v e n t i o n .   In   FIG.  35,  Hsyc   i n p u t t e d   i n t o   a  D - t y p e  

f l i p - f l o p   3551  i s   s y n c h r o n i z e d   by  c l o c k   s i g n a l   CK  a n d  

o u t p u t t e d   to   a  D - t y p e   f l i p - f l o p   3552 .   A  NOR  c i r c u i t   3 5 5 5  

5  g e n e r a t e s   a  f i r s t   p u l s e   by  t h e   r i s e   e d g e   of  H s y c .   The  f i r s t  

p u l s e   r e s e t s   a  D - t y p e   f l i p - f l o p   3557  of  a  h o r i z o n t a l   h o m e  

p o s i t i o n   r e g u l a t i n g   c i r c u i t   3501  ,  so  t h a t   a  NOR  c i r c u i t   3 5 6 0  

p u t s   o u t   c l o c k   CK.  A  c o u n t e r   3561  c o u n t s   up  t h e   c l o c k   CK. 

When  c o u n t e d   v a l u e   of   t h e   c o u n t e r   3561  b e c o m e s   e q u a l   to   t h e  

10  s e t t i n g   v a l u e   of  an  e x t e r n a l   s e t t i n g   means   3 5 6 2 ,   a  

c o i n c i d e n c e   c i r c u i t   3563  w h i c h   c o m p r i s e s   an  e x c l u s i v e   OR  a n d  

a  NAND  g e n e r a t e s   a  c o i n c i d e n c e   s i g n a l .   The  s i g n a l   r e v e r s e s  

t h e   o u t p u t   of   t h e   f l i p - f l o p   3557  and  s t o p s   s u p p l y   of  t h e  

c l o c k   CK  t o   t h e   c o u n t e r   3561 .   T h e r e f o r e   i t   i s   p o s s i b l e   t o  

15  r e g u l a t e   t h e   h o r i z o n t a l   b l a n k i n g   p e r i o d .   The  v e r t i c a l  

b l a n k i n g   p e r i o d   may  be  r e g u l a t e d   by  c o u n t i n g   t h e   p u l s e  

s i g n a l   P1  5  of   t h e   f i r s t   p u l s e   g e n e r a t i n g   m e a n s   t h r o u g h   a  

c o u n t e r   3567  and   u s i n g   t h e   o u t p u t   of  a  c o i n c i d e n c e   c i r c u i t  

3569  s i m i l a r l y .   The  s e t t i n g   of   t h e   h o r i z o n t a l   o r   v e r t i c a l  

20  b l a n k i n g   p e r i o d   may  be   r e g u l a t e d   by  t h e   d o t   i n   X  or   Y  a x i s  

d i r e c t i o n .   When  b o t h   of  t h e   o u t p u t s   Q  of  t h e   f l i p - f l o p s  

3557  and   3565  b e c o m e   "L",  a  d i s p l a y   s t a r t   (home  p o s i t i o n )   i s  

t a k e n   so  t h a t   a  NOR  c i r c u i t   3559  g e n e r a t e s   c l o c k   s i g n a l   P1  . 

The  c l o c k   P1  i s   i n p u t t e d   i n t o   a  1 /8   d i v i d e r   3506  and  S / P  

25  c h a n g i n g   c i r c u i t s   3 5 1 0 ,   3511  and  3 5 1 2 .  

When  t h e   d i s p l a y   d a t a   f o r   1  l i n e   a r e   t r a n s f e r r e d ,   H s y c  

f a l l   d o v n ,   C o n s e q u e n t l y ,   a  s e c o n d   p u l s e   g e n e r a t i n g   m e a n s  

w h i c h   c o m p r i s e s   a  D - t y p e   f l i p - f l o p   3553  and  a  NOR  c i r c u i t  
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3554   g e n e r a t e s   p u l s e   s i g n a l   P16.   The  p u l s e   P1  6  r e v e r s e s   t h e  

o u t p u t   Q  of   a  f l i p - f l o p   c i r c u i t   3 5 5 8 ,   so  t h a t   t h e   NOR 

c i r c u i t   3559   s t o p s   t h e   g e n e r a t i o n   of  c l o c k   s i g n a l   PI  .  
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1  .  An  i n t e r f a c e   f o r   c o n v e r t i n g   s e p a r a t e   v i d e o   s i g n a l s  

i n t o   a  d i s p l a y   d a t a   s i g n a l   and  a  t i m i n g   s i g n a l   f o r  

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

c o m p r i s i n g :   t i m i n g   m e a n s   ( 1 0 1 , 1 0 2 , 1 0 3 )   f o r   t a k i n g   a  

t i m i n g   so  as  to   i n t r o d u c e   e f f e c t i v e   d i s p l a y   d a t a   i n t o  

d a t a   t r e a t i n g   m e a n s   ( 1 0 5 )   a c c o r d i n g   to  a  s y n c h r o n i z i n g  

s i g n a l   ( H s y c ) ;   d a t a   t r e a t i n g   means   ( 1 0 5 )   f o r   g e n e r a t i n g  

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

d a t a ;   and  t i m i n g   s i g n a l   g e n e r a t i n g   means   ( 1 0 4 )   f o r  

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

m e a n s   of   t h e   t h i n   d i s p l a y   p a n e l .  

2.  An  i n t e r f a c e   as  c l a i m e d   in   c l a i m   1  c h a r a c t e r i s e d  

15  in   t h a t   t h e   t h i n   d i s p l a y   p a n e l   has   a  X-Y  d o t   m a t r i x  

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

3.  An  i n t e r f a c e   as   c l a i m e d   in   c l a i m   2  c h a r a c t e r i s e d  

in   t h a t   t h e   X - e l e c t r o d e   c o m p r i s e s   an  u n e v e n - n u m b e r e d  

e l e c t r o d e   g r o u p   and   an  e v e n - n u m b e r e d   e l e c t r o d e   g r o u p ,  

20  e a c h   of  t h e   g r o u p s   b e i n g   l e d   o u t   f rom  o p p o s i t e   s i d e s   o f  

t h e   p a n e l   to   e a c h   o t h e r .  

4.  An  i n t e r f a c e   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in   t h a t   t h e   d a t a   t r e a t i n g   m e a n s   g i v e   8 

b i t s   of  d e s i r e d   d a t a   to   t h e   d r i v e r   m e a n s .  

25  5.  An  i n t e r f a c e   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m  
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c h a r a c t e r i s e d   in   t h a t   t h e   t i m i n g   means   c o m p r i s e   a  

h o r i z o n t a l   home  p o s i t i o n   r e g u l a t i n g   c i r c u i t   ( 1 0 1 )   f o r  

c o n t r o l l i n g   a  t i m i n g   so  as   to   i n t r o d u c e   h o r i z o n t a l  

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

( 1 0 5 ) ,   a  v e r t i c a l   home  p o s i t i o n   r e g u l a t i n g   c i r c u i t   ( 1 0 2 )  

f o r   c o n t r o l l i n g   a  t i m i n g   so  as  to   i n t r o d u c e   v e r t i c a l  

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

a  c l o c k   c o n t r o l   c i r c u i t   ( 1 0 3 )   f o r   g e n e r a t i n g   a  p u l s e  

when  b o t h   of   t h e   h o r i z o n t a l   and  v e r t i c a l   d i s p l a y   d a t a  

a r e   e f f e c t i v e .  

6.  An  i n t e r f a c e   as   c l a i m e d   in   c l a i m   5  c h a r a c t e r i s e d  

in   t h a t   a t   l e a s t   one   of   t h e   h o r i z o n t a l   and   v e r t i c a l   h o m e  

p o s i t i o n   r e g u l a t i n g   c i r c u i t   ( F i g u r e   27)  c o m p r i s e s   a  

c o u n t e r   ( 2 7 2 2 )   f o r   c o u n t i n g   a  r e f e r e n c e   s i g n a l   (CK) 

e x t e r n a l   i n p u t   m e a n s   (2721  )  f o r   a r b i t r a r i l y   s e t t i n g   t h e  

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

d e t e c t i n g   c i r c u i t   ( 2 7 2 3 - 5 )   f o r   d e t e c t i n g   a  c o i n c i d e n c e  

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

s a i d   e x t e r n a l   i n p u t   m e a n s   so  t h a t   t h e   d i s p l a y   p o s i t i o n  

i s   a d j u s t e d   by  s a i d   e x t e r n a l   i n p u t   m e a n s .  

7.  An  i n t e r f a c e   as   c l a i m e d   in   c l a i m   5  o r   6 

c h a r a c t e r i s e d   i n   t h a t   a t   l e a s t   one   of   t h e   h o r i z o n t a l   a n d  

v e r t i c a l   home  p o s i t i o n   r e g u l a t i n g   c i r c u i t   ( F i g u r e   2 9 )  

c o m p r i s e s   d e l a y   t i m e   s e t t i n g   means   ( 2 9 4 0 , 2 9 5 6 - 7 )   f o r  

s e t t i n g   d e s i r e d   d e l a y   t i m e ,   s y n c h r o n i z i n g   m e a n s   ( 2 9 4 4 )  
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f o r   s y n c h r o n i z i n g   t h e   o u t p u t   of  t h e   d e l a y   t i m e   s e t t i n g  

m e a n s   t o   c l o c k   s i g n a l   (CK)f  a  c o u n t e r   ( 2 9 4 6 )   f o r  

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

s y n c h r o n i z i n g   m e a n s ,   and   i n i t i a l i z i n g   m e a n s   ( 2 9 4 7 )   f o r  

5  i n i t i a l i z i n g   t h e   s y n c h r o n i z i n g   m e a n s   a c c o r d i n g   to   t h e  

o u t p u t   of   t h e   c o u n t e r   ( 2 9 4 6 ) .  

8.  An  i n t e r f a c e   f o r   e i t h e r   m o n o c h r o m a t i c   o r  

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

t i m i n g   means   ( 1 0 1 , 1 0 2 , 1 0 3 )   f o r   t a k i n g   a  t i m i n g   so  as  t o  

1  0  i n t r o d u c e   e f f e c t i v e   d i s p l a y   d a t a   i n t o   d a t a   t r e a t i n g  

m e a n s   ( 1 0 5 )   a c c o r d i n g   to   a  s y n c h r o n i z i n g   s i g n a l   ( H s y c ) ;  

d a t a   t r e a t i n g   m e a n s   ( 1 0 5 )   f o r   g e n e r a t i n g   d e s i r e d   d a t a  

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

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

15  and  t i m i n g   s i g n a l   g e n e r a t i n g   means   ( 1 0 4 )   f o r   g e n e r a t i n g  

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

t h e   t h i n   d i s p l a y   p a n e l .  

9.  An  i n t e r f a c e   as  c l a i m e d   in   any   p r e c e d i n g   c l a i m  

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

20  a  d a t a   c h a n g i n g   c i r c u i t   ( 2 0 5 )   f o r   c h a n g i n g   s e r i a l   d a t a  

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

d a t a   t e m p o r a r i l y ,   a  f i r s t   s w i t c h i n g   c i r c u i t   ( 2 0 8 )   f o r  

g i v i n g   m o n o c h r o m a t i c   d a t a   to   t h e   d r i v e r   m e a n s ,   a  s e c o n d  

s w i t c h i n g   c i r c u i t   ( 2 0 9 )   f o r   g i v i n g   m u l t i c o l o r   d a t a   t o  

25  t h e   d r i v e r   and  a  c o l o r   s e l e c t i n g   c i r c u i t   ( 2 1 0 )   f o r  
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s e l e c t i n g   one   of   t h e   s w i t c h i n g   c i r c u i t s   ( 2 0 8 r 2 0 9 ) .  

10 .   An  i n t e r f a c e   as   c l a i m e d   in   c l a i m   8  or   9 

c h a r a c t e r i s e d   in   t h a t   t h e   d a t a   t r e a t i n g   m e a n s   ( F i g u r e   5 )  

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

5  i n c l u d i n g   an  S /P   c o n v e r t e r   c i r c u i t   ( 5 1 0 , 5 1 1 , 5 1 2 )   f o r  

c o n v e r t i n g   R,  G  and   B  c o l o r   d i s p l a y   s e r i a l   d a t a   i n  

p a r a l l e l ,   c o l o r   m i x i n g   and  b l e n d i n g   m e a n s   ( 5 1 3 , 5 1 4 , 5 1 5 )  

f o r   c o n v e r t i n g   t h e   o u t p u t   of   s a i d   S /P   c o n v e r t e r   c i r c u i t  

I n t o   m i x e d   c o l o r   d a t a   and  a  f i r s t   g r o u p   of   s w i t c h i n g  

10  c i r c u i t s   ( 5 4 2 - 5 4 5 )   f o r   s w i t c h i n g   s a i d   m i x e d   c o l o r   d a t a ,  

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

i n c l u d i n g   a  s e c o n d   g r o u p   of   s w i t c h i n g   c i r c u i t s   ( 5 3 9 , 5 4 0 )  

f o r   s w i t c h i n g   t h e   o u t p u t   of   s a i d   S /P   c o n v e r t e r   c i r c u i t  

o f   a t   l e a s t   one   o f   s a i d   R,  G  and   B  d i s p l a y   d a t a .  

15  11 .   An  i n t e r f a c e   as   c l a i m e d   in   c l a i m   10  c h a r a c t e r i s e d  

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

s w i t c h i n g   m e a n s   (SW2)  f o r   s e l e c t i v e l y   s w i t c h i n g   ON  a n d  

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

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

20  p r o c e s s i n g   c i r c u i t   u n i t .  

12 .   An  i n t e r f a c e   as   c l a i m e d   in   c l a i m   10  or   11 

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

d i s p l a y   d a t a   r e v e r s i n g   means   (SW1  )  f o r   r e v e r s i n g   s a i d  

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

25  13 .   An  i n t e r f a c e   f o r   c o n v e r t i n g   s e p a r a t e   m u l t i c o l o r  
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v i d e o   s i g n a l s   i n t o   a  d i s p l a y   d a t a   s i g n a l   and  a  t i m i n g  

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

c h a r a c t e r i s e d   by  c o m p r i s i n g :   t i m i n g   m e a n s   ( 1 0 1 , 1 0 2 , 1 0 3 )  

f o r   t a k i n g   a  t i m i n g   so  as  to   i n t r o d u c e   e f f e c t i v e   d i s p l a y  

d a t a   i n t o   d a t a   t r e a t i n g   m e a n s   ( 1 0 5 )   a c c o r d i n g   to   a  

s y n c h r o n i z i n g   s i g n a l   ( H s y c ) ;   d a t a   t r e a t i n g   m e a n s   ( 1 0 5 )  

f o r   g e n e r a t i n g   d e s i r e d   d a t a   f o r   a  t h i n   d i s p l a y   p a n e l  

a c c o r d i n g   to   m u l t i c o l o r   d i s p l a y   d a t a ;   and   t i m i n g   s i g n a l  

g e n e r a t i n g   means   ( 1 0 4 )   f o r   g e n e r a t i n g   t i m i n g   s i g n a l s  

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

p a n e l .  

14.   An  i n t e r f a c e   as  c l a i m e d   in   any  of   c l a i m s   8  to   1  3 

c h a r a c t e r i s e d   in   t h a t   t h e   t h i n   d i s p l a y   p a n e l   h a s   a  X-Y 

d o t   m a t r i x   d i s p l a y   e l e c t r o d e   c o n s t r u c t i o n ,   t h e   X -  

e l e c t r o d e   of  w h i c h   c o m p r i s e s   an  u n e v e n - n u m b e r e d  

e l e c t r o d e   g r o u p   and  an  e v e n - n u m b e r e d   e l e c t r o d e   g r o u p ,  

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

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

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

e l e c t r o d e   g r o u p   and  f o r   t h e   e v e n - n u m b e r e d   e l e c t r o d e  

g r o u p .  

15.   An  i n t e r f a c e   as  c l a i m e d   in   c l a i m   13  or   14  

c h a r a c t e r i s e d   in   t h a t   t h e   d a t a   t r e a t i n g   m e a n s   h a v e   a  

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

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

16 .   An  i n t e r f a c e   as  c l a i m e d   in   any   of   c l a i m s   13  to   1 5  

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

f i r s t   S /P   c o n v e r t e r   c i r c u i t s   f o r   c o n v e r t i n g ,   R,  G  and   B 

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

f o r   s h i f t i n g   t h e   p a r a l l e l   R,  G  and   B  c o l o r   d i s p l a y   d a t a ,  

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

o u t p u t   o f   t h e   s h i f t   r e g i s t e r s   and   s e c o n d   S /P   c o n v e r t e r  

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

g a t e   c i r c u i t s   i n   p a r a l l e l .  

17 .   An  i n t e r f a c e   f o r   c o n v e r t i n g   s e p a r a t e   m o n o c h r o m a t i c  

v i d e o   s i g n a l s   i n t o   a  d i s p l a y   d a t a   s i g n a l   and   a  t i m i n g  

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

c h a r a c t e r i s e d   by  c o m p r i s i n g   t i m i n g   m e a n s   ( 1 0 1 , 1 0 2 , 1 0 3 )  

f o r   t a k i n g   a  t i m i n g   so  as   to   i n t r o d u c e   e f f e c t i v e   d i s p l a y  

d a t a   i n t o   d a t a   t r e a t i n g   m e a n s   ( 1 0 5 )   a c c o r d i n g   t o   a  

s y n c h r o n i z i n g   s i g n a l   ( H s y c ) ;   d a t a   t r e a t i n g   m e a n s   ( 1 0 5 )  

f o r   g e n e r a t i n g   d e s i r e d   d a t a   f o r   a  t h i n   d i s p l a y   p a n e l  

a c c o r d i n g   to   m o n o c h r o m a t i c   d i s p l a y   d a t a ;   and   t i m i n g  

s i g n a l   g e n e r a t i n g   m e a n s   ( 1 0 4 )   f o r   g e n e r a t i n g   t i m i n g  

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

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

18 .   An  i n t e r f a c e   as  c l a i m e d   i n   any   p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   i n   t h a t   d a t a   t r e a t i n g   means   ( 1 0 5 )   h a s   n o  

RAMS. 
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19.  An  i n t e r f a c e   as  c l a i m e d   in  any  of  c l a i m   8  to   1  8 

c h a r a c t e r i s e d   in   t h a t   t h e   d a t a   t r e a t i n g   m e a n s   ( F i g u r e   2 )  

c o - p r i s e s   a  d a t a   c h a n g i n g   c i r c u i t   ( 2 0 5 )   f o r   c h a n g i n g  

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

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

( 2 1 0 )   f o r   g i v i n g   m o n o c h r o m a t i c   or  m u l t i c o l o r   d a t a   to   t h e  

i r i v e r   means   . 
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