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©  Switching  circuits  and  matrix  device  using  same. 
The  invention  relates  to  switching  circuits  and  matrix 

device  using  same  and  having  the  form  of  a  flat  panel 
comprising  a  control  device  and  a  smectic  liquid  crystal 
display  including  pixels  arranged  in  a  coordinate  matrix  of 
400  rows  and  720  columns.  The  control  device  includes 
several  driver  units  located  along  the  four  sides  of  the 
rectangular  matrix  and  serially  interconnected  along  each 
side  so  as  to  constitute  bidirectional  shift  registers  for  serial 
control  data  and  information.  Each  driver  unit  controls  30 
odd  or 30  even  numbered  lines  (rows  or  columns)  and  is  able 
to  apply  to  these  lines  for  a  predetermined  duration  DC 
voltages  equal  to  either  -150  Volts,  -30  Volts,  0  Volt,  +30 
Volts or  +150  Volts  in  function  of  these  data  and  information. 





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

and  an  a s s o c i a t e d   c o n t r o l   d e v i c e ,   s a i d   c o o r d i n a t e   m a t r i x  

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

( r o w s ,   c o l u m n s )   d e f i n i n g   c r o s s p o i n t s ,   s a i d   c o n t r o l   d e v i c e  

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

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

n a l s   c o u p l e d   to  d i s t i n c t   o n e s   of  the   lines  of  at  l e a s t   one  o f  

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

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

s u p p l y   i n p u t   s i g n a l s   to  s a i d   d r i v e r   u n i t s .  

Such  a  d e v i c e   i s   a l r e a d y   known  in  t he   a r t ,   e . g .  

f rom  t h e   UK  p a t e n t   a p p l i c a t i o n  G B   2 120  4 4 0 A .   Therein,   d r i v e r   u n i t s  

a re  on  oppos i te   sides  of t ie  coo rd ina t e   matrix  thereby  bene f i t i ng   from  a  

spac ing  be tween   adjacent  unit  t e r m i n a l s   which  is  twice  t h a t  b e t w e e n   m a t r i x  

l i n e s .   However,  the  lines  on  o p p o s i t e   s ides   are  used  f o r   d i s t i n c t   f u n c t i o n s .  
An  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   is   to  p r o v i d e   a  

m a t r i x   d e v i c e   of  t he   a b o v e   t y p e   bu t   wh ich   e n a b l e s   the   u s e   o f  

i d e n t i c a l   d r i v e r   u n i t s   h a v i n g   a  maximum  number  of  t e r m i n a l s  

per   u n i t   s u r f a c e   and  a b l e   to   be  c o u p l e d   to  t he   s i g n a l   s o u r c e  

by  a  min imum  of  e q u i p m e n t .  

A c c o r d i n g   to   t h e   i n v e n t i o n ,   t h i s   o b j e c t   is  a c h i e v e d  

due  to   t h e   f a c t   t h a t   e a c h   of  s a i d   d r i v e r   u n i t s   i n c l u d e s  

a  p l u r a l i t y   of  d r i v e r   c i r c u i t s   each   h a v i n g   one  of  s a i d   l i n e  

o u t p u t   t e r m i n a l s   and  i n t e r c o n n e c t e d   so  as  to   form  a  s h i f t  

r e g i s t e r ,   shift  control  means  to  shift  said  input  s ignals   through  said  s h i f t  

regis ter ,   and  direction  means  for  controll ing  the  d i rec t ion  of  said  s h i f t .  



Another  c h a r a c t e r i s t i c   of  the  present   imen t ion   is  that   said  i n p i t  

s i g n a l s   fnr  said  one  series  of  lines  being  fed  from  said  input   s i g n a l   source  t o  

a  same  s i d e   of   s a i d   m a t r i x   d e v i c e   t h r o u g h   c o n n e c t o r   t e r m i n a l s .  

By  t h e   u s e   of  s h i f t   r e g i s t e r s   w h i c h   a r e   f ed   f r o m  

a  same  s i d e   of  t h e   m a t r i x ,   t h e   number   of  c o n n e c t o r   t e r m i n a l s  

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

is  r e d u c e d .   On  t h e   o t h e r   h a n d ,   b e c a u s e   t h e s e   s h i f t   r e g i s t e r s  

a r e   b i d i r e c t i o n a l   t h e y   can  be  fed   f r o m   a  same  s i d e   of   t h e  

m a t r i x   and  t h e   d r i v e r   u n i t s   can   be  made  i d e n t i c a l   and  a r r a n g e d  

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

m a t r i x .   A n o t h e r   a d v a n t a g e   of  such   a  d r i v e r   u n i t   i s   t h a t ,   w h e n  

i n t e g r a t e d   on  a  c h i p ,   o u t p u t   t e r m i n a l s   can   be  a r r a n g e d   o n  

t h e   f o u r   s i d e s   t h e r e o f .  

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

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

The  d r i v e r   u n i t s   c o u l d   be  i d e n t i c a l   i f  

so  a r r a n g e d   t h a t   most   of  t h e i r   l i n e   o u t p u t   t e r m i n a l s   w o u l d  

f a c e   t h e   m a t r i x   and  t h e   i n p u t   s i g n a l s   we re   f ed   to   t h e   s h i f t  

r e g i s t e r s   f rom  o p p o s i t e   s i d e s   of   t h i s   m a t r i x .   H o w e v e r ,   i n  

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

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

s h i f t e d   t h r o u g h   t h e   shif t   r e g i s t e r s   in   r e v e r s e   o r d e r .   A n o t h e r  

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

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

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

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

H o w e v e r ,   in   t h i s   c a s e   t he   s i d e   of  t h e   c h i p   f a c i n g   t h e   m a t r i x  

can   not  h a v e   t e r m i n a l s   so  t h a t   t h e   t o t a l   number   of  t e r m i n a l s  

p e r   u n i t   s u r f a c e   wou ld   t h e n   be  c o n s i d e r a b l y   r e d u c e d .   To  b e  

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

of  t e r m i n a l s   pe r   s u r f a c e   in   c a s e   t h e   d r i v e r   u n i t   i s   i n t e g r a t e d  

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

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

by  t h e   d i m e n s i o n s   of   t he   p a c k a g e   w h e r e i n   t he   c h i p   may  h a v e  

to  be  m o u n t e d .   M o r e o v e r ,   a  s u b s t a n t i a l l y   s q u a r e   c h i p   is   p r e f e r r e d  



s i n c e   i t   has  a  b e t t e r   m e c h a n i c a l   r e s i s t a n c e .  

I t   s h o u l d   a l s o   be  no ted   t h a t   i n s t e a d   of   u s i n g  

i d e n t i c a l   d r i v e r   u n i t s   i t   is  p o s s i b l e   to  use   " m i r r o r - i m a g e "  

d r i v e r   u n i t s .   A l t h o u g h   a  s i n g l e   t ype   of  d r i v e r   u n i t   has  a  

more  complex   d e s i g n ,   i t   has  t he   a d v a n t a g e   t h a t   i t   c a n   b e  

m a n u f a c t u r e d ,   t e s t e d   and  s t o c k e d   at  l e s s   c o s t   t h a n   two  s e p a r a t e  

c h i p s ,   even   t h o u g h   t h e   l a t t e r   can  b e n e f i t   f.rom  a  p a r t l y   common 

d e s i g n   s i n c e   a  m i r r o r   s y m m e t r y   is  p r e s e n t .  

The  p r e s e n t   i n v e n t i o n   relates  also  to  a  s i g n a l   switching 

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

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

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

Such  a  s w i t c h i n g   c i r c u i t   is  a l r e a d y   known  in  t h e  

a r t   and  is  g e n e r a l l y   r e a l i z e d   by  means  of  two  c o m p l e m e n t a r y  

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

two  c o u p l i n g s .  

A  f u r t h e r   o b j e c t   of  the   i n v e n t i o n   is   to   p r o v i d e  

a  s w i t c h i n g   c i r c u i t   of   t he   above  type   but   w h i c h   e n a b l e s   t h e  

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

or  b e t w e e n   the   t h i r d   and  the   f o u r t h   t e r m i n a l s   to  be  m e m o r i z e d  

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

A c c o r d i n g   to  the   i n v e n t i o n   t h i s   o b j e c t   i s  

a c h i e v e d   due  to  t h e   f a c t   t h a t   s a i d   s econd   and  f o u r t h   t e r m i n a l s  

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

to  t he   common  t e r m i n a l   of  two  g a t e s   c o n t r o l l e d   so  as  to   be  i n  

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

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

In  t h i s   way  the   s w i t c h i n g   c i r c u i t :   m e m o r i z e s   t h e  

above   s i g n a l s   and  is   of  a  ve ry   s i m p l e   s t r u c t u r e   due  to   t he   u s e  

of  on ly   one  e l e c t r o n i c   c h a n g e - o v e r   c o n t a c t   f o r m e d   by  t h e   t w o  

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

m e n t i o n e d   above ,   and  by  the   common  use  of  t he   memory  c i r c u i t  

by  the   two  c o u p l i n g s .  

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

c i r c u i t   a b l e   to  s e l e c t i v e l y   c o u p l e   one  out  of  at   l e a s t   t h r e e  



v o l t a g e s   a t   r e s p e c t i v e   i n p u t   t e r m i n a l s   to   a  common  o u t p u t  

t e r m i n a l .  

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

f u r t h e r   o b j e c t   o f   t h e   p r e s e n t   i n v e n t i o n   is   to   r e a l i z e   a  

c o n n e c t i o n   b e t w e e n   one  o f   t h e s e   i n p u t   t e r m i n a l s   and  t h e   common 

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

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

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

e . g .   300  V o l t s ,  

T h i s   o b j e c t   is  a c h i e v e d   due  t o   t h e   f a c t   t h a t  

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

the  s e c o n d   i n p u t   t e r m i n a l s   to  s a i d   common  o u t p u t   t e r m i n a l  

i n c l u d e   at   l e a s t   one  DMOS  s w i t c h   d e v i c e ,   and  t h a t   at  l e a s t   o n e  

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

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

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

U s i n g   t h e   s o u r c e - d r a i n   p a t h s   of  DMOS  t r a n s i s t o r s  

is  s w i t c h   d e v i c e s  i s   a p p r o p r i a t e   b e c a u s e   t h e y   can   w i t h s t a n d  

r e l a t i v e l y   h i g h   v o l t a g e s   such  as  t he   300  V o l t s   m e n t i o n e d   a b o v e .  

I o w e v e r ,   s u c h   DMOS  t r a n s i s t o r s   have   a  p a r a s i t i c   d i o d e   s h u n t i n g  

t h e i r   d r a i n - t o - s o u r c e   p a t h .   I f   the   v o l t a g e   a t   t h e   f i r s t   i n p u t  

t e r m i n a l   i s   t h e   m o s t   p o s i t i v e   one  of  t h e   t h r e e ,   t h e   DMOS 

t r a n s i s t o r   o f   t h e :   f i r s t   c i r c u i t   can  t h e n   be  o r i e n t e d   so  t h a t  

i t s   p a r a s i t i c   d i o d e   is   a l w a y s   b l o c k e d   and  has   no  i n f l u e n c e   o n  

the   open   or   c l o s e d   s t a t e   of  t h i s   t r a n s i s t o r .   A l t e r n a t i v e l y ,  

i f   the   v o l t a g e   at:  t h e   s e c o n d   i n p u t   t e r m i n a l   i s   t h e   most   n e g a t i v e  

one  of  t h e   t h r e e   t h e   DMOS  t r a n s i s t o r   of   t h e   s e c o n d   c i r c u i t  

can   a l s o   be  o r i e n t e d   so  t h a t   i t s   p a r a s i t i c   d i o d e   i s   a l w a y s  

b l o c k e d ,   e . g .   t h e   s o u r c e   of   t he   DMOS  t r a n s i s t o r   of  one  c i r c u i t  

is  c o n n e c t e d   t o   t h e   common  o u t p u t   t e r m i n a l   t o g e t h e r   w i t h  

t he   d r a i n   o f   t h e   DMOS  t r a n s i s t o r   of   t h e   o t h e r   c i r c u i t .  

W i t h   t h e   v o l t a g e   at  t he   t h i r d   i n p u t   t e r m i n a l  

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

o r i e n t a t i o n ,   t h e   c o r r e s p o n d i n g   DMOS  t r a n s i s t o r   in   t h e   t h i r d  

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



one  of   t h e   two  o t h e r   v o l t a g e s   is   p r e s e n t   at  t he   common  o u t p u t  

t e r m i n a l .   But  two  DMOS  t r a n s i s t o r s   c o n n e c t e d   in  s e r i e s   w i t h  

t h e i r   p a r a s i t i c   d i o d e s   b a c k   to   b a c k   s o l v e   t he   p r o b l e m   f o r  

t h i s   t h i r d   c i r c u i t .  



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

of  t h e   i n v e n t i o n   w i l l   b e c o m e   more  a p p a r e n t   and  t he   i n v e n t i o n  

i t s e l f   w i l l   be  b e s t   u n d e r s t o o d   by  r e f e r r i n g   t o   t h e   f o l l o w i n g  

d e s c r i p t i o n   of   an  e m b o d i m e n t   t a k e n   in   c o n j u n c t i o n   w i t h   t h e  

a c c o m p a n y i n g   d r a w i n g s   in  w h i c h  :  

F i g .   1  is  a  s c h e m a t i c   v i e w   of   a  m a t r i x   d e v i c e   or  a  

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

a c c o r d i n g   to   t h e   i n v e n t i o n ;  

F i g s .   2  and  3  r e p r e s e n t   s i g n a l s   g e n e r a t e d   by  such   a  

d r i v e r   u n i t   FPDR  and  some  s i g n a l   w a v e f o r m s   r e s u l t i n g   f rom  t h e  

c o m b i n a t i o n   of  t h e s e   s i g n a l s ;  

F i g .   4  is  a  s c h e m a t i c   v i e w   of   s u c h   a  d r i v e r   u n i t  

FPDR;  

F i g .   5  shows  d i r e c t i o n   c o n t r o l   c i r c u i t   RLC  o f  

F i g .   4  in  d e t a i l ;  

F i g .   6  i s   a  b l o c k   d i a g r a m   o f   c l o c k   c i r c u i t   CKC  o f  

F i g .   4 ;  

F i g .   7  a r e   s i g n a l   w a v e f o r m s   g e n e r a t e d   by  t h i s  

c l o c k   c i r c u i t   CKC; 

F i g .   8  shows  an  i n t e r f a c e   c i r c u i t   IC  o f   F i g .   4  i n  

d e t a i l ;  

F i g .   9  shows  a  l o g i c a l   d e v i c e   LD  o f   F i g .   4  in   d e t a i l ;  

F i g .   10  shows  a  h i g h   v o l t a g e   d e v i c e   HVD  of  F i g .   4  

in  d e t a i l .  

The  m a t r i x   d e v i c e   or  f l a t   p a n e l   d i s p l a y   FPD  s h o w n  

in  F i g .   1  i n c l u d e s   a  l i q u i d   c r y s t a l   d i s p l a y   LCD  and  c o n t r o l  

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

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

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

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

and  c o l u m n s   o f   a  c o o r d i n a t e   m a t r i x   r e s p e c t i v e l y .   The  a r e a  

of   t he   i n t e r s e c t i o n   of   two  s u c h   p e r p e n d i c u l a r   row  and  c o l u m n  

s t r i p e s   r e p r e s e n t s   one  p i c t u r e   e l e m e n t   or  p i x e l   and  t h e  

d i s p l a y   i n c l u d e s   2 8 8 , 0 0 0   s u c h   p i x e l s   a r r a n g e d   in   400  r o w s  

and  720  c o l u m n s .   T h i s   i s   s u f f i c i e n t   to   d i s p l a y   2000  a l p h a -  



n u m e r i c   c h a r a c t e r s   e a c h   d e f i n e d   by  9  c o l u m n s   and  16  r o w s .  

One  m a j o r   a d v a n t a g e   of  t he   s m e c t i c   l i q u i d   c r y s t a l  

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

of  i t s   p i x e l s .   A  t r a n s p a r e n t   s t a t e   is   t h e   r e s u l t   of  a  

" c l e a r i n g "   o p e r a t i o n   and  an  o p a q u e   s t a t e   is   t h e   r e s u l t   o f   a  

" s c a t t e r i n g "   o p e r a t i o n .   The  c h a n g e   of   s t a t e   of   a  p i x e l ,   f r o m  

o p a q u e   to  t r a n s p a r e n t   and  v i c e   v e r s a ,   c a n   be  d e r i v e d   d i r e c t l y  

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

row  and  c o l u m n   s t r i p e s .   The  s c a t t e r   f u n c t i o n   ( c r e a t e   an  o p a q u e  

p i x e l  )   s p e c i f i c a l l y   r e q u i r e s   one  c y c l e   t i m e   of   a  50  H e r t z  

s i g n a l ,   i . e .   20  m i l l i s e c o n d s ,   and  t h e   c l e a r   f u n c t i o n   ( c r e a t e  

a  t r a n s p a r e n t   p i x e l )   r e q u i r e s   t h r e e   c y c l e s   of   a  1.5  k i l o h e r t z  

s i g n a l ,   i . e .   2  m i l l i s e c o n d s .   A d d i t i o n a l   c y c l e s   w i l l   h a v e   no  

s i g n i f i c a n t   e f f e c t .   A n o t h e r   i m p o r t a n t   c h a r a c t e r i s t i c   of   t h e  

s m e c t i c   l i q u i d   c r y s t a l   m a t e r i a l   i s   i t s   v o l t a g e   t h r e s h o l d ,   i . e .  

i t   w i l l   not   c h a n g e   s t a t e   u n t i l   a  c e r t a i n   minimum  l e v e l   o f  

v o l t a g e   i s   r e a c h e d .   When  t h i s   l e v e l   i s   e x c e e d e d   on  a  p a r t i -  

c u l a r   p i x e l ,   t h a t   p i c t u r e   e l e m e n t   w i l l   a s s u m e   t he   s t a t e   i n d i c a -  

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

c r y s t a l   m a t e r i a l   r e s p o n d s   r a t h e r   s l o w l y .   H o w e v e r ,   when  t h e  

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

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

d r i v e   a  row  or  co lumn   s t r i p e   s i n c e   a  l o n g   t e r m   DC  c o m p o n e n t  

a p p l i e d   to  t h e   l i q u i d   c r y s t a l   m a t e r i a l   a d v e r s e l y   a f f e c t   p e r -  
f o r m a n c e   and  l i f e   t h e r e o f .   A l l   t h e s e   d r i v e   w a v e f o r m s   s h o u l d  

t h e r e f o r e   be  w e l l   b a l a n c e d ,   i . e .   t h e y   s h o u l d   have   e q u a l   p o s i -  

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

In  o r d e r   to  c o n t r o l   t h e   v i s i b l e   i n f o r m a t i o n   of   a l l   t h e  

p i x e l s   in  a  row,  f i r s t   t h i s   e n t i r e   row  is   s c a t t e r e d   to  e f f e c -  

t i v e l y   e l i m i n a t e   a l l   v i s i b l e   i n f o r m a t i o n   and  a f t e r w a r d s ,   t o  

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

t h e   r e m a i n i n g   p i x e l s   of   t h a t   row  a r e   l e f t   in  t h e i r   s c a t t e r e d  

s t a t e .   T h i s   means  t h a t ,   t h e   s c a t t e r   f u n c t i o n   is  p e r f o r m e d   o n  

at  l e a s t   one  row  w h i l s t   t h e   c l e a r   o p e r a t i o n   is   a l w a y s   d o n e   o n e  

row  a t   a  t i m e .   H o w e v e r ,   i n   t h a t   one  row,  o n l y   s p e c i f i c   i n d i -  



v i d u a l   p i x e l s   a r e   s e l e c t e d   to   be  c l e a r e d .  

The   s c a t t e r i n g   w a v e f o r m s   a r e   s h o w n   i n   F i g .   2.  S c a t t e r  

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

c y c l e   o f   a  50  H e r t z   s q u a r e   w a v e f o r m   PSC  h a v i n g   an  a m p l i t u d e  

of   600  V o l t s   p e a k - t o - p e a k .   T h e r e   a r e   two  m o d e s   u s e d   f o r  

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

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

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

and  to   a l l   row  s t r i p e s   d u r i n g   one  c y c l e   r e s p e c t i v e l y .   T h e s e  

w a v e f o r m s   h a v e   a  p e a k - t o - p e a k   v o l t a g e   of   300   V o l t s .   M o r e  

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

+150  V o l t s   (CSC)  i s   a p p l i e d   to   a l l   t h e   c o l u m n   s t r i p e s   w h i l e   a  

v o l t a g e   o f   - 1 5 0   V o l t s   (RSC)  i s   a p p l i e d   to   a l l   t h e   row  s t r i p e s  

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

a m p l i t u d e   o f   300  V o l t s   ( P S C ) .   D u r i n g   t h e   s e c o n d   h a l f   c y c l e  

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

to  - 1 5 0   V o l t s   (CSC)  w h i l e   t h e   v o l t a g e   a p p l i e d   to   a l l   t h e   r o w  

s t r i p e s   c h a n g e s   to   +  150  V o l t s   (RSC).   T h i s   c r e a t e s   a  d o w n -  

ward   v o l t a g e   s t e p   of  300  V o l t s   on  t h e   c o l u m n   s t r i p e s   and  a n  

u p w a r d   v o l t a g e   s t e p   of   300  V o l t s   on  t h e   row  s t r i p e s   and  t h u s  

g i v e s   r i s e   t o   t h e   r e q u i r e d   d i f f e r e n t i a l   v o l t a g e   s t e p   of  6 0 0  

V o l t s   (PSC)  on  e a c h   p i x e l .   T h i s   w i l l   e f f e c t   a  s c a t t e r   o f  

a l l   p i x e l s .  

A c c o r d i n g   to   a  s e c o n d   mode  o f   s c a t t e r ,   o n l y   s e l e c t e d  

rows  a r e   s c a t t e r e d .   In   t h i s   c a s e ,   t h e   v o l t a g e   w a v e f o r m   CSC 

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

in   p h a s e   o p p o s i t i o n   w i t h   r e s p e c t   to   CSC  i s   o n l y   a p p l i e d   t o  

t he   row  s t r i p e s   to   be  s c a t t e r e d .   A  s q u a r e   v o l t a g e   w a v e f o r m  

RNSC  w h i c h   i s   t h e   c o m p l e m e n t   o f   RSC  is   a p p l i e d   to   t h e   o t h e r  

row  s t r i p e s .   The  r e s u l t a n t   d i f f e r e n t i a l   v o l t a g e   PNSC  t h u s  

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

is  z e r o   so  t h a t   no  s c a t t e r i n g   o c c u r s   t h e r e i n .  

The   c l e a r   f u n c t i o n   i s   u s e d   to   c o n t r o l   i n d i v i d u a l  

p i x e l s   and  t o   t h e r e b y   d i s p l a y   v i s i b l e   i n f o r m a t i o n .   T h i s  

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



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

c o n s i s t s   of  d i f f e r e n t i a l l y   a p p l y i n g   t h r e e   c y c l e s   of  a  1 . 5  

k i l o h e r t z   s q u a r e   v o l t a g e   s i g n a l   PCL  w i t h   an  a m p l i t u d e   of  3 6 0  

V o l t s   p e a k - t o - p e a k   ( F i g .   3 ) .   The  c r e a t i o n   of   t h e   d i f f e r e n t i a l  

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

To  t he   s i n g l e   s e l e c t e d   row  s t r i p e   t h r e e   c y c l e s   of  a  

s q u a r e   " row  i n f o r m a t i o n "   s i g n a l   c a l l e d   STROBE  ( F i g .   3)  a r e  

a p p l i e d ,   a l l   o t h e r   row  s t r i p e s   b e i n g  c o n n e c t e d   to   t he   g r o u n d  

v o l t a g e .   The  s i g n a l   STROBE  has   a  p e a k - t o - p e a k   v o l t a g e   o f  

300  V o l t s .   To  a l l   c o l u m n   s t r i p e s ,   a n o t h e r   s q u a r e   " c o l u m n  

i n f o r m a t i o n "   s i g n a l   CNC  or  CC  ( each   60  V o l t s   p e a k - t o - p e a k )  

h a v i n g   same  f r e q u e n c y   as  t h e   s i g n a l   STROBE  i s   a p p l i e d   d u r i n g  

t h e   w h o l e   c l e a r   o p e r a t i o n .   The  s i g n a l   CNC  is   in   p h a s e   a n d  

t h e   s i g n a l   CC  is  in  p h a s e   o p p o s i t i o n   w i t h   r e s p e c t   to  t h e   s i g n a l  

STROBE,  t h e s e   w a v e f o r m s   b e i n g   shown  in   F i g .   3.  The  s i g n a l   CC 

i s   a p p l i e d   to  t he   c o l u m n   s t r i p e s   whose   p i x e l s   a r e   to  be  c l e a r e d ,  

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

p i x e l s   a r e   to  be  l e f t   in  t h e   s c a t t e r e d   s t a t e .  

When  t he   s i g n a l s   STROBE  and  CC  a r e   a p p l i e d   to   a  p i x e l ,  

t h e s e   s i g n a l s   add  and  t h e   p i x e l   e x p e r i e n c e s ,   d i f f e r e n t i a l l y ,  

t h e   r e q u i r e d   c l e a r   s i g n a l   PCL.  Thus ,   t h a t   p i x e l   is  c l e a r e d  

w i t h i n   t h r e e   c y c l e s .   Note   t h a t   t h i s   h i g h   l e v e l   s i g n a l   PCL  i s  

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

row  a t   a  t i m e .  

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

v o l t a g e   t h r e s h o l d   c h a r a c t e r i s t i c   of   t h e   l i q u i d   c r y s t a l   m a t e r i a l  

as  w e l l   as  t he   d u r a t i o n   of   t h e   s i g n a l s   a p p l i e d   s h o u l d   b e  

c a r e f u l l y   r e s p e c t e d .   In  o r d e r   to  a s s u r e   p r o p e r   a c c e s s   o f  

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

r e s i d u a l   v o l t a g e   a p p l i e d   to  o t h e r   p i x e l s   w h i c h   a r e   not  t o  

be  c l e a r e d .   T h r e e   s i t u a t i o n s   must   be  c o n s i d e r e d   w h e r e i n   p i x e l s  

m u s t   n o t   be  c l e a r e d .   T h e s e   a r e  :  

1)  p i x e l s   in   t h e   same  c o l u m n   as  t h e   a d d r e s s e d   p i x e l ;  

2)  p i x e l s   in   t h e   same  row  as  t h e   a d d r e s s e d   p i x e l  

b u t   not   to   be  c l e a r e d ;  



3)  p i x e l s   n e i t h e r   in   t h e   same  c o l u m n   nor  row  as  t h e  

a d d r e s s e d   p i x e l .  

For   t h e   f i r s t   c a s e ,   in   t h e   same  c o l u m n ,   p i x e l s   a r e  

s u b j e c t e d   to   t h e   s i g n a l   CC  on  t h e   c o l u m n   s t r i p e   and  t o   g r o u n d  

v o l t a g e   on  t h e   row  s t r i p e .   T h i s   p r o d u c e s   a  r e s u l t i n g   d i f f e r e n -  

t i a l   s i g n a l   (60  V o l t s   p e a k - t o - p e a k )   wh ich   is  i d e n t i c a l   t o  

t h e   s i g n a l   CC  and  w h i c h   may  be  a p p l i e d   f o r   a  l o n g   t i m e ,   t o   t h e  

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

For   t h e   s e c o n d   c a s e ,   in   t h e   same  row,  p i x e l s   a r e  

s u b j e c t e d   to   t h e   s i g n a l   CNC  on  t h e   c o l u m n   s t r i p e   and  t o   t h e  

s i g n a l   STROBE  on  t h e   row  s t r i p e .   T h i s   c o m b i n a t i o n   p r o d u c e s  

a  d i f f e r e n t i a l   v o l t a g e   PNCL  ( F i g .   3)  of   240  V o l t s   p e a k - t o - p e a k  

a c r o s s   t h e s e   p i x e l s .   T h i s   v o l t a g e   PNCL  c a n n o t   be  h e l d   on  t h e  

p i x e l s   fo r   a  l o n g   p e r i o d   b u t   s i n c e   no  more  t h a n   t h r e e   c y c l e s  

(2  m i l l i s e c o n d s )   a r e   a p p l i e d   to   e a c h   row  t h e   s t a t e   o f   t h e s e  

p i x e l s   is   not   a f f e c t e d .  

For   t h e   t h i r d   c a s e ,   w h e r e   t he   p i x e l   is   n e i t h e r   i n  

t h e   row  nor   c o l u m n   of   t h e   one  b e i n g   c l e a r e d ,   t h e   s i g n a l   CNC 

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

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

v o l t a g e   e q u a l   to   CNC  w h i c h   may  be  a p p l i e d   f o r   an  i n d e f i n i t e  

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

To  be  n o t e d   t h a t   t h e   f r e q u e n c i e s   (50  H e r t z   a n d  

1 . 5   k i l o h e r t z )   m e n t i o n e d   a b o v e   a r e   a v e r a g e   v a l u e s .   In   f a c t ,  

t e m p e r a t u r e   s e n s i n g   m e a n s   (no t   shown)  a re   p r o v i d e d   on  t h e  

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

t e m p e r a t u r e   of   t h e   l i q u i d   c r y s t a l .   T y p i c a l l y   t h e s e   f r e q u e n -  

c i e s   a r e   b e t w e e n   8 . 3   H e r t z   and  50  H e r t z ,   and  b e t w e e n   1  k i l o h e r t z  

and  2  k i l o h e r t z   f o r   t h e   " c l e a r "   and  t he   " s c a t t e r "   r e s p e c t i v e l y .  

R e f e r r i n g   a g a i n   to   F i g .   1,  t he   above   m e n t i o n e d  

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

e a c h   of  such   u n i t   e n c o m p a s s e s   30  d r i v e r s   w h i c h   a r e   e a c h   c o u p l e d  

to   a  row  or  a  c o l u m n   s t r i p e .   Each  d r i v e r   u n i t   FPDR  i s   r e a l i z e d  

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

a b o v e   m e n t i o n e d   s i g n a l s   CSC,  CC,  CNC  or  RSC,  RNSC,  STROBE  t o  



t h e   a s s o c i a t e d   c o l u m n   or  row  s t r i p e   r e s p e c t i v e l y .   T h e  

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

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

t h a n   30  m i c r o s e c o n d s .   When  b o t h   a  row  and  a  c o l u m n   d r i v e r s  

a r e   o p e r a t e d   t h e   p i x e l   at  t he   c r o s s i n g   o f   t h e   c o r r e s p o n d i n g  

s t r i p e s   i s   b r o u g h t   in   an  o p a q u e   or  t r a n s p a r e n t   s t a t e   w h e r e i n  

i t   r e m a i n s   u n t i l   i t   i s   a g a i n   e x c i t e d   i n   a  m a n n e r   to   c h a n g e  

i t s   s t a t e .  

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

t h e   d i s p l a y  L C D   and  t h o s e   a r r a n g e d   at   one  s i d e   of   t h e   LCD 

c o n t r o l   e i t h e r   t h e   even   or  t h e   odd  n u m b e r e d   s t r i p e s   e n d i n g   o n  

t h a t   s i d e ,   w h i l s t   t h e   d r i v e r   u n i t s   s i t u a t e d   on  t h e   o p p o s i t e  

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

a b o v e ,   e a c h   d r i v e r   u n i t   FPDR  is  a b l e   t o   c o n t r o l   30  s t r i p e s   a n d  

b e c a u s e   t h e r e   a r e   720  c o l u m n   s t r i p e s ,   12  d r i v e r   u n i t s   FPDR 

a r e   d i s p o s e d   a l o n g   b o t h   t h e   t o p   and  b o t t o m   s i d e s   of  t h e   LCD. 

L i k e w i s e ,   b e c a u s e   t h e r e   a re   400  row  s t r i p e s ,   7  d r i v e r   u n i t s  

FPDR  a r e   p r o v i d e d   a l o n g   t he   r i g h t   and  l e f t   s i d e s   of  t h i s  

d i s p l a y   LCD.  A l o n g   each   s i d e   of   t h e   d i s p l a y   LCD,  t h e   d r i v e r  

u n i t s   FPDR  a r e   c o n n e c t e d   in  c a s c a d e   so  t h a t   s e r i a l   c o n t r o l   d a t a  

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

c o n n e c t i o n s .   The  f l a t   p a n e l   d i s p l a y   FPD  f u r t h e r   has   o n l y   t w o  

s e t s   o f   c o n n e c t o r   t e r m i n a l s   l o c a t e d   a l o n g   two  a d j a c e n t   s i d e s  

of   t h e   FPD  r e s p e c t i v e l y   and  t h e   d r i v e r   u n i t s   FPDR  a r e   a l l  

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

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

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

m e n t i o n e d   a b o v e   h a v e   to  b e f i t t e d   in   one  d i r e c t i o n   in   t h e   d r i v e r  

u n i t s   FPDR  l o c a t e d   a l o n g   one  s i d e   of   t h e   d i s p l a y   LCD  w h i l e   t h e y  

h a v e   t o   be  s h i f t e d   in  the   o t h e r   d i r e c t i o n   in   t h e   d r i v e r   u n i t s  

FPDR  l o c a t e d   a l o n g   t h e   o p p o s i t e   s i d e   o f   t h e   d i s p l a y   LCD.  T h e  

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

of   d r i v e r   u n i t s   FPDR  by  the   s h i f t   d i r e c t i o n   s i g n a l s   LC,  RC, 

LR  and  RR  w h i c h   a r e   a p p l i e d   to  e a c h   d r i v e r   u n i t   FPDR  of   t h e  

c a s c a d e   c o n n e c t i o n s   at  t h e   t o p   of  t h e   c o l u m n s ,   a t   t h e   b o t t o m  



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

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

to   t h e   c o l u m n s   s t r i p e s   a r e   a  c o l u m n   c l o c k   s i g n a l   CLKC,  a  

c o l u m n   f r e q u e n c y   s i g n a l   FREQC,  a  c o l u m n   not   e n a b l e   s i g n a l   ENC 

and   a  c o l u m n   s e l e c t   s i g n a l   SELC.  S i n c e   t h e   d r i v e r   u n i t s   FPDR 

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

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

a d d i t i o n a l   s e r i a l   i n f o r m a t i o n   s i g n a l s   DATALC  and  DATARC  a r e  

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

r e s p e c t i v e l y .   As  w i l l   be  e x p l a i n e d   more   in   d e t a i l   l a t e r ,   t h e s e  

l a s t   m e n t i o n e d   s e r i a l   i n f o r m a t i o n   s i g n a l s   DATALC  and  DATARC 

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

s i g n a l s   a r e   u s e d   to  g e n e r a t e   t h e   a b o v e   m e n t i o n e d   s i g n a l s   CSC,  

CC  and   CNC  a p p l i e d   to  t h e   c o l u m n   s t r i p e s   of   t h e   d i s p l a y   LCD. 

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

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

s t r i p e s .   T h e s e   c o n t r o l   d a t a   s i g n a l s   a r e   a  row  c lock  s i g n a l   CLKR, 

a row  f r e q u e n c y  s i g n a l   FREQR,  a  row  no t   e n a b l e   s i g n a l   ENR  and  a  

row  s e l e c t   s i g n a l   SELR.  As  f o r   t h e   c o l u m n s ,   a d d i t i o n a l   s e r i a l  

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

the   previous   se r ia l   con t ro l  da t a   signals  to  generate  the above mertioried  s i g n a l s  

RSC,  RNSC and   STROBE  which  a r e  a p p l i e d   to  the  row  s t r ipes   cf  the  display  LCD. 

A  d r i v e r   c i r c u i t   FPDR  i s   s h o w n   in  d e t a i l   i n   F i g .   4 .  

I t   h a s   c o n t r o l   t e r m i n a l   D,  t e r m i n a l s   I1  to   I5  and  O1  to   0 5  

and   30  o u t p u t   t e r m i n a l s   O U T I / 3 0   and   i n c l u d e s  1 0   i n t e r f a c e  

c i r c u i t s   I C 1 / 1 0 ,   a  c l o c k   c i r c u i t   CKC,  a  d i r e c t i o n   c o n t r o l  

c i r c u i t   RLC,  30  l o g i c a l   d e v i c e s   L D l / 3 0   and   30  h i g h   v o l t a g e  

d e v i c e s   HVD1/30 .   C o n t r o l   t e r m i n a l   D  i s   c o u p l e d   t h r o u g h  

d i r e c t i o n   c o n t r o l   c i r c u i t   RLC  to   t h e   i n t e r n a l   b u s s e s   RB  and  LB 

w h i c h   c o n t r o l   i n p u t s   DA,  DB  of   a l l   t h e   i n t e r f a c e   c i r c u i t   I C 1 / 1 0  

as   w e l l   as  i n p u t s   RB,  LB  of  a l l   t h e   l o g i c   d e v i c e s   L D l / 3 0 .  

T e r m i n a l s   I1  and  O1  a r e   c o n n e c t e d   t o   t e r m i n a l s   AI,  BO  of  LD1 

and   t e r m i n a l s   AO,  BI  of   LD30  v i a   IC1  and  IC6  r e s p e c t i v e l y   a n d  

t h e   p a i r s   o f   t e r m i n a l s   I 2 ,   02;   I3 ,   03 ;   I 4 ,   04  and  15,  05  a r e  

c o n n e c t e d   t o   t he   i n t e r n a l   b u s s e s   SB,  FB,  EB  and  CKB  v i a   I C 2 ,  



I C 7 ;   IC3,  IC8;   IC4,   IC9  and  IC5,  IC10  r e s p e c t i v e l y .   T h e  

b u s s e s   SB,  FB,  EB  a r e   a l s o   connected  TO  t h e   l i k e   named  t e r m i n a l s  

o f   L D l / 3 0   and  t h e   bus   CKB  is   c o n n e c t e d   to   an  i n p u t   of   c l o c k  

c i r c u i t   CKC  whose   4  o u t p u t s   a r e   c o n n e c t e d   to   4  c o r r e s p o n d i n g  

i n p u t s   of   L D l / 3 0 .   The  l a t t e r   d e v i c e s   L D l / 3 0   e a c h   h a v e   t h r e e  

o u t p u t s   INl  to   IN3  w h i c h   a r e   c o n n e c t e d   to   l i k e   named  i n p u t s  

o f   HVDl /30   p r o v i d e d   w i t h   o u t p u t s   O U T 1 / 3 0   r e s p e c t i v e l y .   T h e s e  

o u t p u t s   a re   e a c h   c o n n e c t e d   to   a  row  or  c o l u m n   s t r i p e   of  t h e  

d i s p l a y   LCD. 

T h e  c o n t r o l   t e r m i n a l   D  of   RLC  i s   a d a p t e d   to   r e c e i v e  

one   of  t h e   a b o v e   d i r e c t i o n   s i g n a l s   LC,  RC,  LR  or  RR  i n d i c a t i n g  

t h e   d i r e c t i o n   in   w h i c h   t h e   s e r i a l   s i g n a l s   have   to   be  s h i f t e d  

( r i g h t   or  l e f t )   i n t o   FPDR,  as  w i l l   be  e x p l a i n e d   b e l o w .   I n  

r e s p o n s e   to  such   a  s i g n a l   t h e   RLC  t h e n   p r o v i d e s   2  c o m p l e m e n t a r y  

o u t p u t   s i g n a l s   R  a n d   L  w h i c h   a r e   a p p l i e d   to   t h e   b u s s e s   RB 

and  LB  r e s p e c t i v e l y   to  i n f o r m   t h e   o t h e r   c i r c u i t s   of   FPDR  o f  

t h e   s h i f t   d i r e c t i o n .   When  an  a c t i v a t e d   d i r e c t i o n   s i g n a l   c o r r e s -  

p o n d i n g   to   a  s h i f t   r i g h t   is  a p p l i e d   to   t e r m i n a l   D  and  when  a  

s u i t a b l e   s e r i a l   i n f o r m a t i o n   s i g n a l   DATALC,  DATARC,  DATALR  or  DATARR 

i s   s u p p l i e d   to   t e r m i n a l   I l   f rom  a  p r e c e d i n g   FPDR,  t h i s  

i n f o r m a t i o n   s i g n a l   is  t r a n s m i t t e d   t o   t e r m i n a l   01  v i a   t h e  

s e r i e s   c o n n e c t i o n   of   i n t e r f a c e   c i r c u i t   IC1,  o u t p u t   t e r m i n a l  

OUTI  t h e r e o f   (as  w i l l   be  d e s c r i b e d   l a t e r ) ,   t h e   above   l o g i c a l  

c i r c u i t s   L D l / 3 0   and  i n t e r f a c e   c i r c u i t   IC6  v i a   t h e   i n p u t  

t e r m i n a l   INI  t h e r e o f .   From  t e r m i n a l   01,  t h e   i n f o r m a t i o n   s i g n a l  

i s   t r a n s m i t t e d   to   t he   n e x t   FPDR.  For   a  s h i f t   l e f t ,   a  s i m i l a r  

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

t e r m i n a l   of   FPDR  is   t h e n   01  and  t h e   o u t p u t   t e r m i n a l   is  I l   t h e  

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

o f   IC6  and  i n p u t   t e r m i n a l   INI  of   I C l .   For   each   of  t h e   o t h e r  

i n t e r f a c e   c i r c u i t s  I C 2 / 5   and  I C 7 / 1 0   of   FPDR  t h e   i n p u t   and  o u t p u t  

t e r m i n a l s   INI  and  OUTI  a r e   s h o r t e d   and  c o n n e c t e d   to   t he   b u s s e s  

SB,  FB,  EB  and  CKB  r e s p e c t i v e l y .  

R e f e r r i n g   now  to  F i g .   5,  t h e   d i r e c t i o n   c o n t r o l  

c i r c u i t   RLC  is   shown  t h e r e i n   w i t h   more   d e t a i l s .   T h i s   c i r c u i t  



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

c o n t r o l   t e r m i n a l   D  o f   FPDR  and  o u t p u t   t e r m i n a l s   R  a n d   L  i s  

c o n s t i t u t e d   by  a  r e s i s t o r   Rl  c o n n e c t e d   to   i n p u t   t e r m i n a l   D 

and  t o   o u t p u t   t e r m i n a l   L  v i a   i n v e r t e r   I N V l .   To  t h e   i n p u t   o f  

INV1  a r e   a l s o   c o n n e c t e d   two  c l a m p i n g   d i o d e s   D1  and  D2  w h o s e  

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

(+12  V o l t s )   and  a  g r o u n d   t e r m i n a l   OV  r e s p e c t i v e l y .   M o r e o v e r ,  

a  r e s i s t o r   R2  and  o u t p u t   t e r m i n a l   R  a r e   a l s o   c o n n e c t e d   to   t h e  

i n p u t   of  t h e   i n v e r t o r   INVl,  t h e   o t h e r   end  of   R2  b e i n g   c o n n e c t e d  

to  VDD.  The  i n p u t   t e r m i n a l   D  i s   p e r m a n e n t l y   c o n n e c t e d   e i t h e r  

to  t h e   g r o u n d   t e r m i n a l   OV  or  l e f t   o p e n .   R e s i s t o r   Rl  l i m i t s  

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

o r / a n d   D2  when  an  u n d e s i r a b l e   v o l t a g e ,   e . g .   s t a t i c   e l e c t r i c i -  

ty ,   i s   a p p l i e d   t o   i n p u t   t e r m i n a l   D.  When  t h e   i n p u t   t e r m i n a l  

D  is  c o n n e c t e d   to   g r o u n d ,   o u t p u t   t e r m i n a l s   R  a n d   L  a r e   a t  

l o g i c a l   l e v e l s   O  and  1  r e s p e c t i v e l y .   On  t h e   c o n t r a r y ,   w h e n  

i n p u t   t e r m i n a l   D  i s   o p e n ,   o u t p u t   t e r m i n a l   R  i s   p u l l e d   up  t o  

l o g i c a l   l e v e l   1  by  s u p p l y   t e r m i n a l   VDD  and  r e s i s t o r   R2,  w h i l s t  

o u t p u t   t e r m i n a l   L  i s   t h e n   at  O.  A  l o g i c a l   v a l u e   1  a t   o u t p u t  

t e r m i n a l   R  i n d i c a t e s   a  s h i f t   r i g h t   w h i l s t   a  l o g i c a l   v a l u e   1 

a t   o u t p u t   t e r m i n a l   L  i n d i c a t e s   a  s h i f t   l e f t .   T h e s e   v a l u e s   a r e  

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

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

F i g .   6  shows   t h e   c l o c k   c i r c u i t   CKC  h a v i n g   i n p u t  

t e r m i n a l   CKB  c o n n e c t e d   to   the   l i k e   named  i n t e r n a l   c l o c k   b u s  

CKB  and  h a v i n g   o u t p u t   t e r m i n a l s   ∅1,  ∅1,  ∅2  and  ∅2  p r o v i d i n g  

l i k e   named  c l o c k   s i g n a l s   r e s p e c t i v e l y .   CKC  i n c l u d e s   a  NOR 

g a t e   NOR1  w h i c h   h a s   i t s   i n p u t s   c o n n e c t e d   to   t h e   t e r m i n a l s   CKB 

and   ∅1,  and  a n o t h e r   NOR  g a t e   NOR2  w i t h   i t s   i n p u t s   c o n n e c t e d  

t o   t e r m i n a l   ∅2  and  to   t e r m i n a l   CKB  v i a   an  i n v e r t e r   I N V 2 .   T h e  

o u t p u t   of  NOR1  i s   c o n n e c t e d   to  ∅2  v i a   t h e   s e r i e s   c o n n e c t i o n   o f  

i n v e r t e r s   INV3  and  INV4  and  to  ∅2  v i a   t h e   s e r i e s   c o n n e c t i o n  

o f   i n v e r t e r s   INV5  t o   INV7.   The  o u t p u t   of  NOR2  is   c o n n e c t e d  

to   ∅1  v i a   t h e   s e r i e s   c o n n e c t i o n   o f   i n v e r t e r s   INV8  and   I N V 9  

and   to  ∅1  v i a   t h e   s e r i e s   c o n n e c t i o n   of  i n v e r t e r s   INV10  t o  



I N V 1 2 .  

F i g .   7  shows   t h e   i n p u t   c l o c k   s i g n a l   CKB  w h i c h   i s  

e i t h e r   t he   c o l u m n   c l o c k   s i g n a l   CLKC  or  t h e   row  c l o c k   s i g n a l  

CLKR,  as  m e n t i o n e d   a b o v e ,   and  a l s o   shows  t he   o u t p u t   c l o c k  

s i g n a l s   ∅1,  ∅1,  ∅2  and  ∅2.  The  i n p u t   c l o c k   s i g n a l   CKB  is   a  

s q u a r e   wave  a p p l i e d   to  t h e   l i k e   named  i n p u t   t e r m i n a l   CKB  o f  

c l o c k   c i r c u i t   CKC  v i a   t h e   i n p u t   t e r m i n a l   I5  or   05,   t h e   c o r r e s -  

p o n d i n g   i n t e r f a c e   c i r c u i t   IC5  or  IC10  and  t h e   i n t e r n a l   c l o c k  

bus   CKB.  O u t p u t   s i g n a l s   ∅1  and  ∅2  a re   t h e   r e s p e c t i v e   c o m p l e -  

m e n t s   of  ∅1  and  ∅2.  Due  to   t h e   c a s c a d e   c o n n e c t i o n s   o f   t h e  

i n v e r t e r s   of   CKC,  s i g n a l s   ∅1  and  ∅2  are   r e c t a n g u l a r   w a v e s   w i t h  

p o s i t i v e   p o r t i o n s   s m a l l e r   t h a n   the   n e g a t i v e   o n e s   and  t h e  

p o s i t i v e   p o r t i o n s   of   s i g n a l   ∅1  o c c u r   in  t he   m i d d l e   o f   t h e  

n e g a t i v e   p o r t i o n s   o f   s i g n a l   02  and  v i c e   v e r s a .  

One  of   t h e   a b o v e   i n t e r f a c e   c i r c u i t s  I C 1 / 1 0   i s   r e p r e -  

s e n t e d   in   F i g .   8  and  i n d i c a t e d   by  IC.  I t   has   b o n d  p a d   t e r m i n a l  

BP  c o n n e c t e d   to   t e r m i n a l s   I l / 5   or  0 1 / 5 ,   i n p u t   and   o u t p u t  

t e r m i n a l s   INI  and  OUTI  r e s p e c t i v e l y   and  c o n t r o l   t e r m i n a l s   DA  a n d  

DB.  The  l a t t e r   t e r m i n a l s   DA  and  DB  a re   c o n t r o l l e d   by  t h e  

d i r e c t i o n   c o n t r o l   c i r c u i t   RLC  v i a   the   i n t e r n a l   b u s s e s   RB  a n d  

LB.  The  c i r c u i t   IC  has   a l s o   a  v o l t a g e   s u p p l y   t e r m i n a l   VDD 

(+12  V o l t s )   and  a  g r o u n d   t e r m i n a l   OV.  T e r m i n a l   BP  i s   c o n n e c t e d  

to  t h e   j u n c t i o n   p o i n t   of   t h e   s e r i e s   c o n n e c t e d   s o u r c e - t o - d r a i n  

and  d r a i n - t o - s o u r c e   p a t h   of   .MOS  t r a n s i s t o r s   PM1  and  NM1 

r e s p e c t i v e l y ,   t h e   s o u r c e   e l e c t r o d e   of  PM1  b e i n g   c o n n e c t e d   t o  

v o l t a g e   s u p p l y   t e r m i n a l   VDD  and  the   s o u r c e   e l e c t r o d e   of   NM1 

b e i n g   g r o u n d e d .   The  g a t e   e l e c t r o d e s   of  t h e s e   t r a n s i s t o r s   PM1 

and  NM1  a r e   r e s p e c t i v e l y   c o n n e c t e d   to  t he   o u t p u t   o f   a  NOR  g a t e  

NOR3  and  to   t h e   o u t p u t   of  a  NAND  g a t e   NAND1  e a c h   v i a   a n  

i n v e r t e r   INV13  and  INV14  r e s p e c t i v e l y .   One  i n p u t   of  NOR3  i s  

c o n n e c t e d   to   c o n t r o l   t e r m i n a l   DA  and  one  i n p u t   o f   NAND1  i s  

c o n n e c t e d   to   c o n t r o l   t e r m i n a l   DB,  w h i l s t   i n p u t   t e r m i n a l   INI  i s  

c o n n e c t e d   t o   t h e   o t h e r   i n p u t s   of  NOR2  and  of  NAND1  v i a   i n v e r t e r  

INV15.   T e r m i n a l   BP  i s   a l s o   c o n n e c t e d   to  an  i n p u t   of   a n o t h e r  

NAND  g a t e   NAND2  and  to   an  i n p u t   of  a n o t h e r   NOR  g a t e   NOR4.  T h e  



o t h e r   i n p u t s   of   NAND2  and   of   NOR4  a r e   r e s p e c t i v e l y   c o n n e c t e d  

to   t h e   c o n t r o l   t e r m i n a l s   DA  and  DB,  w h i l s t   t he   o u t p u t s   o f   t h e s e  

g a t e s   NAND2  and  NOR4  a r e   c o n n e c t e d   t o   t h e   g a t e   e l e c t r o d e s   o f  

MOS  t r a n s i s t o r s   PM2  and   NM2  r e s p e c t i v e l y .   As  f o r   PM1  a n d  

NMl,  t h e   s o u r c e - t o - d r a i n   p a t h   of   PM2  is   c o n n e c t e d   in   s e r i e s  

w i t h   t h e   d r a i n - t o - s o u r c e   p a t h   of   NM2  and  t h e   s o u r c e   e l e c t r o d e   o f  

PM2  i s   c o n n e c t e d   to   s u p p l y   t e r m i n a l   VDD  w h i l s t   t h e   s o u r c e   e l e c -  

t r o d e   of   NM2  is   g r o u n d e d .   M o r e o v e r ,   o u t p u t   t e r m i n a l   OUTI  i s  

c o n n e c t e d   to  t he   j u n c t i o n   p o i n t   o f   PM2  and  NM2. 

I f   d a t a   h a v e   t o   be  s h i f t e d   f rom  t e r m i n a l   BP  t o  

o u t p u t   t e r m i n a l   OUTI,  a  l o g i c a l   v a l u e   1  must   be  a p p l i e d   t o  

c o n t r o l   t e r m i n a l   DA  and  a  l o g i c a l   v a l u e   O  must   be  a p p l i e d  

to  c o n t r o l   t e r m i n a l   DB  of   IC.   T h i s   c o r r e s p o n d s   to   a  s h i f t  

r i g h t   (R  =  1,  L  =  O)  f o r   t h e   i n t e r f a c e   c i r c u i t s   IC l   t o   I C 5  

and  t o   a  s h i f t   l e f t   (R  =  0,  L  =  1)  f o r   t h e   i n t e r f a c e   c i r c u i t s   I C 6  

to  I C 1 0 .   In  t h e   a b o v e   c o n d i t i o n s   (DA  =  1,  DB  =  O),  a  l o g i c a l  

v a l u e   1  is   a l w a y s   a p p l i e d   to   one  i n p u t   of   NOR3  w h i l s t   a  l o g i c a l  

v a l u e   O  is   a l w a y s   a p p l i e d   to   one  i n p u t   of  NANDI.  T h i s   m e a n s  

t h a t   t h e   o u t p u t   of   NOR3  and  NANDl  a r e   at   0  and  at  1  r e s p e c -  

t i v e l y   so  t h a t   a  l o g i c a l   v a l u e   1  i s   a p p l i e d   to  t h e   g a t e  

e l e c t r o d e   of  t r a n s i s t o r   PM1  and  a  l o g i c a l  v a l u e   O  is   a p p l i e d   t o  

t h e   g a t e   e l e c t r o d e   o f   t r a n s i s t o r   NMl.  T h e s e   l a t t e r   t r a n s i s -  

t o r s   PM1  and  NMl  a r e   t h e n   b o t h   b l o c k e d   and  i n p u t   t e r m i n a l   I N I  

is   d i s c o n n e c t e d   f r o m   t e r m i n a l   BP.  F u r t h e r m o r e ,   in   t h e   s a m e  

c o n d i t i o n s   as  a b o v e ,   a  l o g i c a l   v a l u e   1  a p p l i e d   to   t e r m i n a l  

BP  p r o v i d e s   a  O  at   t h e   o u t p u t s   o f   NAND2  and  NOR4  so  t h a t   PM2 

c o n d u c t s   and  t h a t   NM2  i s   b l o c k e d .   T h i s   g e n e r a t e s   a  l o g i c a l  

v a l u e   1  c o r r e s p o n d i n g   t o   s u p p l y   v o l t a g e   VDD  at  t h e   o u t p u t  

t e r m i n a l   OUTI.  On  t h e   c o n t r a r y ,   a  l o g i c a l   v a l u e   O  a p p l i e d  

to  t e r m i n a l   BP  c a u s e s   a  1  a t   t h e   o u t p u t s   of   NAND2  and  NOR4 

so  t h a t   PM2  is  b l o c k e d   and  NM2  i s   c o n d u c t i v e   wh ich   r e s u l t s  

in   a  l o g i c a l   v a l u e   O  o r   g r o u n d   b e i n g   a p p l i e d   to  o u t p u t   t e r m i n a l  

OUTI.  A  s i m i l a r   o p e r a t i o n   o c c u r s   when   l o g i c a l   v a l u e s   O  and   1  

a r e   a p p l i e d   to  t h e   c o n t r o l   t e r m i n a l s   DA  and  DB  r e s p e c t i v e l y .  

The  t r a n s i s t o r s   PM2  and   NM2  a r e   t h e n   b l o c k e d   so  t h a t   t h e   o u t p u t  



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

l o g i c a l   v a l u e   a p p l i e d   to   t he   i n p u t   t e r m i n a l   INI  g e n e r a t e s   a n  
i d e n t i c a l   l o g i c a l   v a l u e   at  t e r m i n a l   BP.  Owing  to  t he   MOS 
t r a n s i s t o r s   PMl,  NM1  and  PM2,  NM2  t h e   i n p u t   s i g n a l s   a p p l i e d  
to  t h e   t e r m i n a l s   BP  or  INI  of   t h i s   i n t e r f a c e   c i r c u i t   IC  a r e  
r e s h a p e d   at   t h e   o u t p u t .  

M o r e o v e r ,   due  to  t h e  l a r g e   a r e a   of  bond   pad  t e r m i n a l  

BP  and  to   t he   c o n n e c t i o n  w i r e s ,   a  l a r g e   c a p a c i t a n c e   (no t   s h o w n )  

a p p e a r s   b e t w e e n   t h e   t e r m i n a l   BP  and  t h e   g r o u n d   OV.  T h i s  

c a p a c i t a n c e   w i l l   be  c h a r g e d   and  d i s c h a r g e d   t h r o u g h   t he   o u t p u t  

r e s i s t a n c e   (no t   shown)  of  t he   MOS  t r a n s i s t o r s   PM1  and  NMl 

r e s p e c t i v e l y .   To  r e d u c e   the   e f f e c t   of   t h i s   c a p a c i t a n c e ,  

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

r e s i s t a n c e s   have   to  be  m i n i m i z e d .   To  do  so,  t h e   d i m e n s i o n s  

of  t h e   MOS  t r a n s i s t o r s   PM1  and  NM1  a r e   i n c r e a s e d   and  as  a  

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

i s   a l s o   i n c r e a s e d .   For   t he   same  r e a s o n s   as  a b o v e ,  

t h e   o u t p u t   r e s i s t a n c e   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

( n o t   shown)  of  t h e   t r a n s i s t o r s   c o n n e c t e d   to   t h e s e   g a t e s   m u s t  

be  r e d u c e d .   S i n c e   an  i n v e r t e r   c i r c u i t   c o n t a i n s   l e s s   t r a n s i s t o r s  

t h a n   a  l o g i c a l   g a t e   (NAND  or  NOR),  i t   i s   e a s i e r   to   r e a l i z e   a  

s m a l l   o u t p u t   r e s i s t a n c e   f o r   an  i n v e r t e r   c i r c u i t .   T h e r e f o r e ,  

i n v e r t e r s   INV13  and  INV14  h a v i n g   a  s m a l l   o u t p u t   r e s i s t a n c e  

a r e   p l a c e d   b e t w e e n   t h e   o u t p u t   of   t h e   l o g i c a l   g a t e s   NOR3 

and  NAND1  and  t h e   g a t e s   of  t h e   MOS  t r a n s i s t o r s   PM1  and  NM1 

r e s p e c t i v e l y .   On  t he   o t h e r   s i d e   o f   t h e   i n t e r f a c e   c i r c u i t   IC ,  

a  c a p a c i t a n c e   ( n o t   shown)  a p p e a r s   a l s o   b e t w e e n   t h e   t e r m i n a l  

OUTI  and  t h e   g r o u n d   OV.  H o w e v e r ,   t h i s   l a t t e r   c a p a c i t a n c e  

has   a  s m a l l e r   v a l u e   t h a n   t h e   one  a t   t e r m i n a l   BP.  T h e r e f o r e ,  

t h e   MOS  t r a n s i s t o r s   PM2  and  NM2  a r e   s m a l l e r   t h a n   t h e   MOS 

t r a n s i s t o r s   PM1  and  NM1,  and  t h e   o u t p u t   r e s i s t a n c e s   (no t   s h o w n )  

c o u p l e d   to  t h e   g a t e   c a p a c i t a n c e s   ( n o t   shown)  of  t h e   t r a n s i s -  

t o r s   PM2  and  NM2  a re   m i n i m i z e d   i n   t h e   l o g i c a l   g a t e s   NAND2  a n d  

NOR4  r e s p e c t i v e l y   so  t h a t   no  i n v e r t o r s   a r e   u s e d   f o r   t h i s  

p a r t   of  t h e   i n t e r f a c e   c i r c u i t   I C .  



One  o f   t h e   l o g i c a l   d e v i c e s   L D l / 3 0   o f   F i g .   4  i s   r e p r e -  

s e n t e d   in  d e t a i l   in   F i g .   9  and  i n d i c a t e d   as  LD.  I t   h a s  

c o n t r o l   t e r m i n a l s   LB,  RB,  EB,  FB  and  SB  c o n n e c t e d   to   t h e  

l i k e   named  i n t e r n a l   b u s s e s   of   t h e   d r i v e r   u n i t   FPDR  r e s p e c t i v e l y  

and  has   o u t p u t   t e r m i n a l s   IN1,  IN2  and  IN3  r e s p e c t i v e l y   c o n n e c -  

t e d   to   l i k e   named  i n p u t   t e r m i n a l s   of  a  h i g h   v o l t a g e   d e v i c e   HVD, 

as  w i l l   be  d e s c r i b e d   l a t e r .   L o g i c a l   d e v i c e   LD  i s   a l s o   c o n n e c -  

t ed   to   the   c l o c k   c i r c u i t   CKC  v i a   t e r m i n a l s  ∅ 2 ,   ∅2  and  ∅1  and  ∅1 

c a r r y i n g   r e s p e c t i v e   l i k e   named  c l o c k   s i g n a l s .   As  m e n t i o n e d  

a b o v e   the   30  l o g i c a l   d e v i c e s   L D l / 3 0   of  a  d r i v e r   u n i t   FPDR  a r e  

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

t e r m i n a l s   AI,   BO  and  AO,  BI  among  which   t he   t e r m i n a l s   AI  and  BO 

of   a  l o g i c a l   d e v i c e   LD  a r e   c o n n e c t e d   to   t h e   t e r m i n a l s   AO  a n d  

BI  of   the   n e x t   l o g i c a l   d e v i c e   LD  r e s p e c t i v e l y .   L o g i c a l   d e v i c e  

LD  i n c l u d e s   p a s s i n g   g a t e s   PGl  to   PG7  each   c o n s t i t u t e d   by  a  

NMOS  t r a n s i s t o r   and  a  PMOS  t r a n s i s t o r   ( s c h e m a t i c a l l y   r e p r e s e n t e d  

w i t h   a  s m a l l   c i r c l e   on  i t s   g a t e   e l e c t r o d e )   whose   s o u r c e   a n d  

d r a i n   e l e c t r o d e s   a r e   i n t e r c o n n e c t e d   and  whose   g a t e   e l e c t r o d e s  

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

b e l o w .  

T e r m i n a l   AI  of  a  l o g i c a l   d e v i c e   LD  is   c o n n e c t e d  

to  t e r m i n a l   BI  of   t h i s   same  l o g i c a l   d e v i c e   LD  v i a   t h e   s e r i e s  

c o n n e c t i o n   of   two  o p p o s i t e l y   c o n n e c t e d   p a s s i n g   g a t e s   PGl  a n d  

PG2 ,   each   c o n t r o l l e d   by  c o m p l e m e n t a r y   d i r e c t i o n   s i g n a l s  

a p p l i e d   to   t h e   c o n t r o l   t e r m i n a l s   LB  and  RB.  The  j u n c t i o n   p o i n t  



of  t h e s e   p a s s i n g   g a t e s   PGl  and  PG2  is  c o n n e c t e d   to   b o t h  

t e r m i n a l s   BO  and  AO  of  LD  v i a   t he   s e r i e s   c o n n e c t i o n   of   p a s s i n g  

g a t e   PG3  c o n t r o l l e d   by  t h e   c o m p l e m e n t a r y   c l o c k   s i g n a l s   ∅1  a n d  

∅1,  i n v e r t e r   INV16,  p a s s i n g   g a t e   PG4  c o n t r o l l e d   by  t h e   c o m p l e m e n -  

t a r y   c l o c k   s i g n a l s   ∅2  and  ∅2  and  a n o t h e r   i n v e r t e r   INV17.   F u r -  

t h e r m o r e ,   an  i n v e r t e r   INV18  has   i t s   i n p u t   c o n n e c t e d   to   t h e  

o u t p u t   of   i n v e r t e r   INV16  and  i t s   o u t p u t   c o n n e c t e d   to   t h e   i n p u t  

of  i n v e r t e r   INV16  v i a   p a s s i n g   g a t e   PG5  c o n t r o l l e d   by  t h e   c l o c k  

s i g n a l s  Ø 2   and  Ø2.  The  o u t p u t   of  PG3  is   a l s o   c o n n e c t e d   t o  

one  i n p u t   of   a  NAND  g a t e   NAND3  v i a   p a s s i n g   g a t e   PG6  w h i c h  

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

c o n t r o l   t e r m i n a l   EB  d i r e c t l y   and  t h r o u g h   an  i n v e r t e r   I N V 1 9  

r e s p e c t i v e l y .   The  o u t p u t   of  PG6  is   a l s o   c o n n e c t e d   to   t h e  

i n p u t   of   i n v e r t e r   INV20  w h i c h   is   c o n n e c t e d   in   s e r i e s   w i t h  

i n v e r t e r   INV21  and  to  t h e   o u t p u t   of  p a s s i n g   g a t e   PG7  w h o s e  

i n p u t   i s   c o n n e c t e d   to  t h e   o u t p u t   of  i n v e r t e r   INV21  and  w h i c h  

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

c o n t r o l l i n g   PG7.  The  a b o v e   i n p u t   of  NAND3  w h i c h   i s   a l s o   t h e  

o u t p u t   o f   p a s s i n g   g a t e   PG6,  and  c o n t r o l   t e r m i n a l   FB  a r e   t h e  

two  i n p u t s   of   an  E x c l u s i v e   NOR  g a t e   XNR.  The  o u t p u t   of   XNR 

is  c o n n e c t e d   to   one  i n p u t   of   an  AND  g a t e   ANDl  d i r e c t l y   a n d  

to  one  i n p u t   of  a n o t h e r   AND  g a t e   AND2  v i a   i n v e r t e r   INV22.   T h e  

o t h e r   i n p u t s   of   ANDl  and  AND2  a re   b o t h   c o n n e c t e d   to   o u t p u t  

t e r m i n a l   IN3  w h i c h   c o n s t i t u t e s   t he   o u t p u t   of   a  AND  g a t e   AND3. 

The  two  i n p u t s   of   AND3  a r e   t he   o u t p u t   of   NAND3  and  t he   o u t p u t  

of  INV19,  w h i l s t   t h e   s e c o n d   i n p u t   of  NAND3  is   c o n n e c t e d   t o  

the   c o n t r o l   t e r m i n a l   SB.  O u t p u t   t e r m i n a l   IN1  i s   c o n s t i t u t e d  

by  t h e   o u t p u t   of  AND2  and  o u t p u t   t e r m i n a l   IN2  is   c o n s t i t u t e d  

by  t h e   o u t p u t   of   A N D l .  

A  l o g i c a l   v a l u e   1  a p p l i e d   to  c o n t r o l   t e r m i n a l   RB, 

i . e .   in   c a s e   of   a  s h i f t   r i g h t   o p e r a t i o n ,   and  c o n s e q u e n t l y   a  

l o g i c a l   v a l u e   O  a p p l i e d   to  c o n t r o l   t e r m i n a l   LB,  c l o s e  

p a s s i n g   g a t e   PGl  and  o p e n   PG2.  The  i n p u t   t e r m i n a l   f o r   t h e  

above   m e n t i o n e d   s e r i a l   i n f o r m a t i o n   s i g n a l   DATALC,  DATARC, 

DATALR  or   DATARR  of  t h e   l o g i c a l   d e v i c e   LD  i s   t h e n   AI  and  t h e  



o u t p u t   t e r m i n a l   i s   AO.  In  t h i s   c a s e   t h e   i n p u t   t e r m i n a l   o f  

t h e   d r i v e r   u n i t   FPDR  ( F i g .   4)  i s   I l   and  i t s   o u t p u t   t e r m i n a l  

i s   O1  so  t h a t   t h e   s e r i a l   i n f o r m a t i o n   s i g n a l   a p p l i e d   to  I l   i s  

t h u s   t r a n s m i t t e d   to  O1  v i a   t h e   s e r i e s   c o n n e c t i o n   of   i n t e r f a c e  

c i r c u i t   IC1,   i t s   o u t p u t   t e r m i n a l   OUTI,  t e r m i n a l   AI  of  LD1 

:o  t e r m i n a l   AO  of   LD30,  i n p u t   t e r m i n a l   INI  of   IC6  and  i n t e r f a c e  

c i r c u i t   IC6  i t s e l f .   On  t h e   c o n t r a r y ,   when  a  l o g i c a l   v a l u e  

1  i s   a p p l i e d   to   c o n t r o l   t e r m i n a l   LB,  i . e .   in   c a s e   of   a  s h i f t  

l e f t   o p e r a t i o n ,   and  c o n s e q u e n t l y   a  O  i s   a p p l i e d   to   c o n t r o l  

t e r m i n a l   RB,  t h e   p a s s i n g   g a t e   PG1  i s   o p e n e d   and  PG2  is   c l o s e d .  

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

s i g n a l   i s   t h e n   BI  and  the   c o r r e s p o n d i n g   o u t p u t   t e r m i n a l   is   BO.  

In  t h e   same  way  as  d e s c r i b e d   a b o v e ,   f o r   t h e   d r i v e r   u n i t   FPDR, 

t h e   i n f o r m a t i o n   s i g n a l   i s   t r a n s m i t t e d   t h r o u g h   IC6  and  I C 1  

b u t   t h e   i n p u t   t e r m i n a l   is  now  O1  w h i l s t   t h e   o u t p u t   t e r m i n a l  

i s   I l .   In  IC6  and  ICl   t h i s   s i g n a l   i s   t r a n s m i t t e d   v i a   o u t p u t  

t e r m i n a l   OUTI  and   i n p u t   t e r m i n a l   INI   r e s p e c t i v e l y .   A s  

d e s c r i b e d   a b o v e ,   in   c a s e   of  a  s h i f t   r i g h t   o p e r a t i o n   (RB  =  1 ,  

LB  =  0 ) ,   p a s s i n g   g a t e   PGl  i s   c l o s e d   and  p a s s i n g   g a t e   PG2  i s  

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

BI  c a n n o t   be  t r a n s m i t t e d   f u r t h e r   i n t o   t h e   l o g i c a l   d e v i c e   LD 

to   t e r m i n a l   BO.  On  t h e   c o n t r a r y ,   an  i n f o r m a t i o n   s i g n a l   a p p l i e d  

to  t h e   i n p u t   t e r m i n a l   AI  i s   t r a n s m i t t e d   to   t e r m i n a l   AO. 

I n d e e d ,   i t   i s   f i r s t   a p p l i e d   to   t h e   i n p u t   o f   i n v e r t e r   INV16  a t  

t h e   f i r s t   o c c u r r e n c e   of  a  p o s i t i v e   p u l s e   o f   c l o c k   s i g n a l   ∅1 .  

A f t e r w a r d s ,   when  c l o c k   s i g n a l   ∅2  g o e s   h i g h ,   so  t h a t   p a s s i n g  

g a t e s   PG4  and  PG5  a re   c l o s e d ,   i t   i s   s h i f t e d   to  o u t p u t   t e r m i n a l  

AO  v i a   i n v e r t e r   INV17.  T h i s   s i g n a l   i s   a l s o   a g a i n   a p p l i e d   t o  

i n v e r t e r   INV16  v i a   t h e   f e e d b a c k   i n v e r t e r   INV18  and  p a s s i n g   g a t e  

PG5.  B e c a u s e   o f   t he   h i g h   o u t p u t   c a p a c i t a n c e   (no t   shown)  o f  

i n v e r t e r s   INV16  and  INV18  a  l a t c h i n g   of   t h e   s i g n a l   t a k e s  

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

(RB  =  O,  LB  =  1 ) ,   t h e   i n f o r m a t i o n   s i g n a l   i s   h a n d l e d   in   t h e  

same  way  b u t ,   as  m e n t i o n e d   a b o v e ,   t h e   i n p u t   t e r m i n a l   is   t h e n  

BI  and  t h e   o u t p u t   t e r m i n a l   i s   B O .  



The  v a l u e s   of   t h e   o u t p u t   s i g n a l s   IN1,  IN2  and  IN3  

at   t h e   r e s p e c t i v e   l i k e   named  t e r m i n a l s   IN1,  IN2  and  IN3  a r e  

d e p e n d e n t   on  t h e   i n f o r m a t i o n   s i g n a l   DATALC/R  or  DATARC/R 

( F i g .   1)  a p p l i e d   t o   t e r m i n a l   AI  or  BI  ( f o r   t h e   s h i f t   r i g h t   o r  

l e f t )  a n d   on  t h e   c o n t r o l   s i g n a l s  :   not   e n a b l e   ENC/R  ( F i g .   1 )  

a p p l i e d   to   t e r m i n a l   EB,  s e l e c t   SELC/R  ( F i g .   1)  a p p l i e d   t o  

t e r m i n a l   SB  and  f r e q u e n c y   FREQC/R  ( F i g .   1)  a p p l i e d   to  t e r m i n a l  

FB,  as  w i l l   be  d e s c r i b e d   b e l o w .  

As  l o n g   as  t h e   not  e n a b l e   s i g n a l   ENC/R  i s   a t   l o g i c a l  

l e v e l  1 ,   p a s s i n g   g a t e   PG6  is   c l o s e d   and  t h e   s e r i a l   i n f o r m a t i o n  

s i g n a l s   t r a n s m i t t e d   b e t w e e n   AI  and  AO  or   b e t w e e n   BI  and  BO 

a l s o   a p p e a r   a t   t h e   o u t p u t   of  PG6.  H o w e v e r ,   t h e s e   s i g n a l s   a r e  

n o t  v a l i d a t e d   by  t h e   c o n t r o l   s i g n a l s   FB  and  SB  and  a r e   t h u s   n o t  

g e n e r a t i n g   v a l i d   o u t p u t   s i g n a l s   at   t h e   o u t p u t   t e r m i n a l s   IN1  t o  

IN3 .   I n d e e d ,   b e c a u s e   ENC/R  is   on  1  t h e   o u t p u t   of  INV19  is   a t  

O  so  t h a t   t h e   o u t p u t s   of   AND3  and  t h e r e f o r e   a l s o   t h o s e   of   ANDl 

and  AND2  a r e   on  O .  

On  t h e   n e g a t i v e   g o i n g   edge   of   t h e   not   e n a b l e   s i g n a l  

ENC/R,  p a s s i n g   g a t e   PG6  o p e n s   and  p a s s i n g   g a t e   PG7  c l o s e s   a n d  

t h e   l a s t   i n f o r m a t i o n   s i g n a l   at  t h e   o u t p u t   of   PG6  is   l a t c h e d   i n  

t h e   c i r c u i t   c o m p r i s i n g   i n v e r t e r s   INV20  and  INV21  and  p a s s i n g  

g a t e   PG7,  due  to   t h e   h i g h   o u t p u t   c a p a c i t a n c e s   (no t   shown)   of   t h e s e  

i n v e r t e r s .   In  t h i s   c a s e   t he   o u t p u t   s i g n a l   IN3  is   at  O  o n l y  

when  t h e   s e l e c t   s i g n a l   SELC/R  a t   t e r m i n a l   SB  and  t h e   i n f o r m a t i o n  

s i g n a l   l a t c h e d   i n   INV20  and  INV21  a r e   b o t h   at  l o g i c a l   v a l u e   1 .  

For   t h e   o t h e r   v a l u e s   of   t h e   s i g n a l   SELC/R  and  t h e  

i n f o r m a t i o n   s i g n a l ,   t h e   v a l u e s   of   t h e   s i g n a l s   INI  and  I N 2  

may  be  r e p r e s e n t e d   by  t h e   f o l l o w i n g   B o o l e a n   f u n c t i o n s  :  

IN1  =  I N 3 . ( D A T A . F R E Q C / R   +  DATA.FREQC/R) 

and  IN2  =  I N 3 . ( D A T A . F R E Q C / R   +  DATA.FREQC/R)  

w h e r e   DATA  is   e i t h e r   one  of   t he   i n f o r m a t i o n   s i g n a l s  D A T A L C / R   o r  

DATARC/R.  C o n s e q u e n t l y   t h e   s i g n a l s   IN1  and  IN2  a r e   b o t h   a t   0  

when  IN3  is   at   O.  A l t e r n a t i v e l y ,   when  IN3  is  at  1,  t h e  

s i g n a l s   IN1  and  IN2  a r e   o n l y   d e p e n d e n t   of   t he   a b o v e   s i g n a l s  

DATA  and  FREQC/R  and  of  t h e i r   r e s p e c t i v e   c o m p l e m e n t s .  



The  v a l u e s   of   t h e   s i g n a l s   IN1,  IN2  and  IN3  i n  

f u n c t i o n   o f   ENC/R,  SELC/R,  FREQC/R  and  DATA  a r e   s u m m a r i z e d  

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

w h e r e   X  m e a n s   " d o n ' t   c a r e " .  

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

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

h i g h   v o l t a g e   d e v i c e   HVD  w h e r e f o r e   r e f e r e n c e   i s   made  to   F i g .   1 0 .  

T h i s   h i g h   v o l t a g e   d e v i c e   HVD  r e p r e s e n t s   e i t h e r   one  of   t h e   3 0  

h i g h   v o l t a g e   d e v i c e s   H V D l / 3 0   o f   FPDR  r e p r e s e n t e d   in  F i g .   4 .  

I t   has   i n p u t   t e r m i n a l s   I N l ,   IN2  and  IN3  c o n n e c t e d   to   t h e  

l i k e   named  o u t p u t   t e r m i n a l s   o f   t h e   l o g i c a l   d e v i c e   LD  r e s p e c -  

t i v e l y   as  w e l l   as  v o l t a g e   s u p p l y   t e r m i n a l s   VDD  (+12  V o l t s ) ,  

+Vl,  -V2,  +V3  and  g r o u n d   t e r m i n a l   OV.  HVD  a l s o   has   o u t p u t  

t e r m i n a l   OUT  c o n n e c t e d   to   a  l i k e   named  t e r m i n a l   of   a  s t r i p e  

(row  or  c o l u m n )   of   t h e   d i s p l a y   LCD.  The  v o l t a g e s   a p p l i e d   t o  

t h e   t e r m i n a l s   +V1,  -V2  and  +V3  a r e   +150  V o l t s ,   - 150   V o l t s   a n d  

+170  V o l t s   o r   +30  V o l t s ,   - 3 0   V o l t s   and  +50  V o l t s   d e p e n d i n g   o n  

t h e   k i n d   o f   s t r i p e   (row  or   c o l u m n )   c o n n e c t e d   to   t e r m i n a l   OUT 

and  on  t h e   o p e r a t i o n   ( s c a t t e r   or   c l e a r )   to   be  p e r f o r m e d   o n  

t h a t   s t r i p e ,   as  d e s c r i b e d   p r e v i o u s l y .   A  s t r i p e   c o n n e c t e d   t o  

HVD  is   r e p r e s e n t e d   in   F i g .   10  by  i t s   e q u i v a l e n t   c i r c u i t   LCDE 

w h i c h   c o m p r i s e s   t h e   s e r i e s   c o n n e c t i o n   b e t w e e n   t h e   HVD  t e r m i n a l  

OUT  and  g r o u n d   OV,  of   a  r e s i s t o r   R3  and  a  r e s i s t o r   R4  i n  

p a r a l l e l   w i t h   a  c a p a c i t o r   C l .  

The  h i g h   v o l t a g e   d e v i c e   HVD  c o m p r i s e s   t h r e e   c i r c u i t s  

HVl,  HV2  and  HV3  among  w h i c h   HV1  and  HV2  a r e   i d e n t i c a l .  

T h e r e f o r e ,   o n l y   HV1  and  HV3  w i l l   be  d e s c r i b e d   in   d e t a i l   h e r e i n -  

a f t e r .  



C i r c u i t   HVl  has   an  i n p u t   t e r m i n a l   TI  and  f u r t h e r  

t e r m i n a l s   Tl ,   T2,  T3  and  T4.   I t   i n c l u d e s   a  h i g h   v o l t a g e   PNP 

t r a n s i s t o r   PI  whose   b a s e   e l e c t r o d e   is   c o n n e c t e d   to  t h e   j u n c t i o n  

p o i n t   of  r e s i s t o r s   R5  and  R6  w h i c h   are  b r a n c h e d   in  s e r i e s  

b e t w e e n   VDD  and  i n p u t   t e r m i n a l   T I .   The  e m i t t e r   e l e c t r o d e   o f  

t r a n s i s t o r   Pl   i s   d i r e c t l y   c o n n e c t e d   to   VDD  and  i t s   c o l l e c t o r  

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

NMOS  t r a n s i s t o r   NM3  as  w e l l   as  to   t e r m i n a l   Tl  v i a   r e s i s t o r   R 7 .  

F u r t h e r m o r e ,   t h e   s o u r c e   e l e c t r o d e   of   t r a n s i s t o r   NM3  is   d i r e c t l y  

c o n n e c t e d   to   s u p p l y   t e r m i n a l   -V2,  w h i l s t   i t s   d r a i n   e l e c t r o d e  

is   c o n n e c t e d   to   t e r m i n a l   T2  v i a   r e s i s t o r   R8  and  to  t h e   g a t e  

e l e c t r o d e   of  a  s e c o n d   h i g h   v o l t a g e   NMOS  o u t p u t   t r a n s i s t o r   NM4. 

The  d r a i n   e l e c t r o d e   of  t h e   l a t t e r   t r a n s i s t o r   NM4  is   d i r e c t l y  

c o n n e c t e d   to   t e r m i n a l   T3  and  i t s   s o u r c e   e l e c t r o d e   is   c o n n e c t e d  

to   t e r m i n a l   T4 .   For  t h e   c i r c u i t   HVl,  i n p u t   t e r m i n a l   TI  i s  

c o n n e c t e d   to   i n p u t   t e r m i n a l   INl   of   HVD,  t e r m i n a l   T3  i s   c o n n e c -  

t e d   to   s u p p l y   t e r m i n a l   +V1  and  t e r m i n a l   T4  i s   c o n n e c t e d   t o  

o u t p u t   t e r m i n a l   OUT  of  HVD.  A l t e r n a t i v e l y ,   t he   i n p u t   t e r m i n a l  

TI  of   c i r c u i t   HV2  is   c o n n e c t e d   to   i n p u t   t e r m i n a l   IN2  of  HVD 

and  t h e   t e r m i n a l s   T3  and  T4  of   HV2  a r e   c o n n e c t e d   to  o u t p u t  

t e r m i n a l   OUT  and  s u p p l y   t e r m i n a l   -V2  r e s p e c t i v e l y .   M o r e -  

o v e r ,   t he   t e r m i n a l s   Tl  and  T2  of   t h e   two  c i r c u i t s   HV1  and  HV2 

a r e   c o n n e c t e d   to  r e s p e c t i v e   l i k e   named  t e r m i n a l s   Tl  and  T2  o f  

c i r c u i t   HVD3  d e s c r i b e d   b e l o w .  

The  c i r c u i t   HV3  has   i n p u t  t e r m i n a l   IN3  c o r r e s p o n d i n g  

to   t h e   l i k e   named  i n p u t   t e r m i n a l   of   HVD.  HV3  i n c l u d e s   a  NMOS 

t r a n s i s t o r   NM5  whose   g a t e   e l e c t r o d e   is   d i r e c t l y   c o n n e c t e d   t o  

t e r m i n a l   IN3,  whose   s o u r c e   e l e c t r o d e   is   c o n n e c t e d   to   t e r m i n a l  

OV  and  w h i c h   has   i t s   d r a i n  e l e c t r o d e   c o n n e c t e d   to   t h e   b a s e  

e l e c t r o d e   of   a  h i g h   v o l t a g e   PNP  t r a n s i s t o r   P2  v i a   r e s i s t o r   R 9 .  

The  e m i t t e r   e l e c t r o d e   of  t r a n s i s t o r   P2  i s   c o n n e c t e d   to   t e r m i n a l  

+V3  and  to  i t s   own  b a s e   e l e c t r o d e   v i a   b i a s i n g   r e s i s t o r   R 1 O .  

The  c o l l e c t o r   e l e c t r o d e   of   t r a n s i s t o r   P2  i s   c o n n e c t e d   to  t h e  

g a t e   e l e c t r o d e   of  a  h i g h   v o l t a g e   NMOS  t r a n s i s t o r   NM6  and  t o  

t e r m i n a l   T2.  The  s o u r c e   e l e c t r o d e   of   t r a n s i s t o r   NM6  is   c o n n e c t e d  



to   t e r m i n a l   -V2,  w h i l s t   t e r m i n a l   Tl   i s   c o n n e c t e d   to   t h e   d r a i n  

e l e c t r o d e   o f   NM6  v i a   a  c l a m p i n g   d i o d e   D3.  T e r m i n a l   +Vl  i s  

a l s o   c o n n e c t e d   v i a   r e s i s t o r   R l l   t o   t h e   j u n c t i o n   p o i n t   of   t h e  

d r a i n   e l e c t r o d e   of  t r a n s i s t o r   NM6,  t h e   c a t h o d e   of   d i o d e   D3  a n d  

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

t r a n s i s t o r s   NM7  and  NM8  whose   s o u r c e   e l e c t r o d e s   a r e   i n t e r -  

c o n n e c t e d  .   The  d r a i n   e l e c t r o d e   o f   o u t p u t   t r a n s i s t o r   NM7  i s  

c o n n e c t e d   t o   t e r m i n a l   OV  and  t h e   d r a i n   e l e c t r o d e   o f   o u t p u t  

t r a n s i s t o r   NM8  is   c o n n e c t e d   to   t e r m i n a l   OUT  of   HVD. 

The  f u n c t i o n n i n g   of   t h e   h i g h   v o l t a g e   d e v i c e   HVD  w i l l  

be  d e s c r i b e d   h e r e i n a f t e r .   As  m e n t i o n e d   a b o v e ,   t h e   p u r p o s e   o f  

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

s u c h   as  CSC,  CC,  CNC,  RSC,  RNSC  o r   STROBE  d e p e n d i n g   on  t h e  

k i n d   of   s t r i p e   ( row  or  c o l u m n )   to   w h i c h   t e r m i n a l   OUT  is   c o n n e c -  

t e d   and  a l s o   in   f u n c t i o n   o f   t h e   r e q u i r e d   o p e r a t i o n   ( s c a t t e r   o r  

c l e a r ) .   The  v o l t a g e s   +Vl  and  -V2  may  be  a p p l i e d   to   t e r m i n a l  

OUT  v i a _ t h e   o u t p u t   t r a n s i s t o r s   NM4  of   t h e   c i r c u i t s   HVl  a n d  

HV2,  w h i l s t   t h e   g r o u n d   v o l t a g e   OV  may  be  a p p l i e d   to   t h i s   o u t p u t  

t e r m i n a l   OUT  v i a   t h e   p a i r   of   o u t p u t   t r a n s i s t o r s   NM7  and  NM8, 

as  w i l l   be  e x p l a i n e d   b e l o w .   The  s e l e c t i o n   o f   t h e   s u p p l y   v o l t a g e  

w h i c h   has   t o   be  a p p l i e d   to  t h e   o u t p u t   t e r m i n a l   OUT  is   a  r e s u l t  

of   t h e   l o g i c a l   v a l u e s   a p p l i e d   to   t h e   i n p u t   t e r m i n a l s   IN1  t o  

IN3.   Of  c o u r s e ,   t r a n s i e n t   s h o r t   c i r c u i t s   b e t w e e n   t h e s e   s u p p l y  

v o l t a g e s   m u s t   n e c e s s a r i l y   be  a v o i d e d ,   e . g .   t h e   two  o u t p u t  

t r a n s i s t o r s   NM4  of   t h e   r e s p e c t i v e   c i r c u i t s   HVl  and  HV2  may  n e v e r  

be  b o t h   c o n d u c t i v e   s i n c e   o t h e r w i s e   t he   v o l t a g e s   +Vl  and  - V 2  

w o u l d   be  s h o r t e d .   The  same  i s   t r u e   f o r   t h e   c o m b i n a t i o n   o f  

t h e   p a i r   o f   o u t p u t   t r a n s i s t o r s   NM7,  NM8  w i t h   e a c h   of  t h e   a b o v e  

o u t p u t   t r a n s i s t o r s   NM4.  To  a v o i d   such   s h o r t   c i r c u i t s ,   t h e  

c i r c u i t s   H V l / 3   a r e   d e s i g n e d   to   b l o c k   t h e   o u t p u t   t r a n s i s t o r s   NM4;  

NM7,  NM8  f a s t e r   t h a n   to   make  t hem  c o n d u c t i v e .   To  a c h i e v e   t h i s ,  

t h e   NMOS  t r a n s i s t o r s   NM4;  NM7  and  NM8  of   t h e   h i g h   v o l t a g e   d e v i c e  

HVD  have   a  h i g h   g a t e   c a p a c i t a n c e   ( n o t   shown)  and  to   make  t h e m  

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

s u p p l y   t e r m i n a l   +V3;  +Vl  v i a   a  h i g h   ohmic   r e s i s t o r   R8;  R l l  



(R8  =  R l l   =  40  megohms).  More  p a r t i c u l a r l y ,   e a c h   of   t h e s e   NMOS 

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

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

h i g h   o h m i c   r e s i s t o r .   On  t h e   c o n t r a r y ,   t h e   b l o c k i n g   of  e a c h  

of  t h e s e   NMOS  t r a n s i s t o r s   NM4;  NM7  and  NM8  is   p r o d u c e d   m o r e  

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

t e r m i n a l   -V2  v i a   t h e   d r a i n - t o - s o u r c e   p a t h   of  t r a n s i s t o r   NM3; 

NM6  w h i c h   i s   t h e n   made  c o n d u c t i v e .  

The  t h r e e   p o s s i b l e   s t a t e s   of   t h e   h i g h   v o l t a g e   d e v i c e  

HVD  i n d i c a t e d   by  t h e   v o l t a g e s   a t   i t s   o u t p u t   t e r m i n a l   OUT  a n d  

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

v a l u e s   a p p l i e d   to  t h e   i n p u t   t e r m i n a l s   IN1  to   IN3  a re   a n a l y z e d  

in  d e t a i l   H e r e i n a f t e r .   In  t h e   two  f i r s t   s t a t e s   a  l o g i c a l   v a l u e  

1  is  a p p l i e d   to  i n p u t   t e r m i n a l   IN3  and  l o g i c a l   v a l u e s   1  a n d   O 

a r e   a p p l i e d   to   i n p u t   t e r m i n a l s   I N 1 / 2   and  I N 2 / 1   r e s p e c t i v e l y .  

In  a  t h i r d   s t a t e   t h e   l o g i c a l   v a l u e   a t   t h e   i n p u t   t e r m i n a l   IN3  

is   e q u a l   to   z e r o   and,   c o n s e q u e n t l y ,   a l s o   t h e   o t h e r   i n p u t  

t e r m i n a l s   IN1  and  IN2  a r e   at  z e r o .  

L o g i c a l   v a l u e s   0  a t   a l l   t h e   i n p u t   t e r m i n a l s   INl  t o  

IN3  c a u s e   t h e   o u t p u t   t r a n s i s t o r   NM4  of   c i r c u i t s   HV1  and  HV2 

to   be  b l o c k e d   and  t h e   p a i r   of   o u t p u t   t r a n s i s t o r   NM7,  NM8  t o  

be  c o n d u c t i v e   so  t h a t   t h e   g r o u n d   v o l t a g e   OV  is   t h e n   a p p l i e d  

to  t h e   o u t p u t   t e r m i n a l   OUT.  A l t e r n a t i v e l y ,   a  l o g i c a l   v a l u e   1 

a p p l i e d   to   one  of  t he   i n p u t   t e r m i n a l s   IN1  or  IN2  c a u s e s   t h e  

o p e r a t i o n   of   t he   c o r r e s p o n d i n g   o u t p u t   t r a n s i s t o r   NM4.  S i n c e  

in  t h e s e   c o n d i t i o n s ,   i n p u t   t e r m i n a l   IN3  mus t   be  at  l o g i c a l  

v a l u e   1  as  d e s c r i b e d   b e f o r e ,   t h e   p a i r   of   o u t p u t   t r a n s i s t o r s   NM7, 

NM8  is   b l o c k e d   so  t h a t   t h e   g r o u n d   v o l t a g e   i s   d i s c o n n e c t e d   f r o m  

t h e   o u t p u t   t e r m i n a l   OUT.  As  a  r e s u l t ,   t h e   s u p p l y   v o l t a g e   + V l  

or  -V2  f rom  t h e   l i k e   named  s u p p l y   t e r m i n a l ,   to   wh ich   t h e   a b o v e  

o p e r a t i n g   o u t p u t   t r a n s i s t o r   NM4  i s   c o n n e c t e d ,   is  a p p l i e d   to  t h e  

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

t he   f o l l o w i n g   l o g i c a l   v a l u e s   1,  O,  1  and  O,  1,  1  at  t h e  

r e s p e c t i v e  i n p u t   t e r m i n a l s   IN1,  IN2,  IN3  w i l l   p r o v i d e   at  t h e  

o u t p u t   t e r m i n a l   OUT  of   HVD  t h e   s u c c e s s i o n   of   v o l t a g e s   +Vl  a n d  



-V2  r e s p e c t i v e l y .   The  l a t t e r   s u c c e s s i o n   of  o u t p u t   v o l t a g e s  

c o r r e s p o n d s   to   one  c y c l e   of  a  s i g n a l   s u c h   as  CSC,  CC,  CNC, 

RSC,  RNSC  or  STROBE  m e n t i o n e d   a b o v e ,   as  f o l l o w s   f r o m   F i g s .   2 

and  3 .  

The  a b o v e   m e n t i o n e d   two  f i r s t   s t a t e s   o f   t h e   h i g h  

v o l t a g e   d e v i c e   HVD  c o r r e s p o n d   a l w a y s   t o   a  l o g i c a l   v a l u e   1 

a p p l i e d   to   i n p u t   t e r m i n a l   IN3  and  to   c o m p l e m e n t a r y   l o g i c a l  

v a l u e s   a p p l i e d   to   t h e   i n p u t   t e r m i n a l s   IN1  and  IN2  r e s p e c t i v e l y .  

A  l o g i c a l   v a l u e   1  a t   i n p u t   t e r m i n a l   IN1  and  a  l o g i c a l   v a l u e   O 

at  i n p u t   t e r m i n a l   IN2  c a u s e   t h e   v o l t a g e   +Vl  to   be  a p p l i e d   t o  

o u t p u t   t e r m i n a l   OUT  w h i l s t   t h e   l o g i c a l   v a l u e s   O  and   1  a p p l i e d  

to  t h e   i n p u t   t e r m i n a l s   IN1  and  IN2  r e s p e c t i v e l y   c a u s e   t h e  

v o l t a g e   -V2  to   be  a p p l i e d   to  o u t p u t   t e r m i n a l   OUT.  T h e s e   t w o  

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

t h a t   t h e   c i r c u i t s   HVl  and  HV2  a r e   i d e n t i c a l .   T k r e f o r e ,   o n l y  

one  o f   them,   s a y   IN1  a t   1  and  IN2  at  O  w i l l   be  e x p l a i n e d   i n  

d e t a i l   h e r e i n a f t e r .  

S i n c e   a  l o g i c a l   v a l u e   1  c o r r e s p o n d i n g   t o   t h e   s u p p l y  

v o l t a g e   VDD,  i . e .   +12  V o l t s ,   i s   a p p l i e d   to  i n p u t   t e r m i n a l   I N 3 ,  

t r a n s i s t o r   NM5  o f   c i r c u i t   HV3  c o n d u c t s   so  t h a t   t r a n s i s t o r   P2  

a l s o   c o n d u c t s .   As  a  r e s u l t ,   t h e   p o s i t i v e   v o l t a g e   +V3  i s  

a p p l i e d   to  t h e   g a t e   e l e c t r o d e   of   t r a n s i s t o r   NM6  and  to   t e r m i n a l  

T2  v i a   t h e   e m i t t e r - t o - c o l l e c t o r   p a t h   o f   c o n d u c t i v e   t r a n s i s t o r  

P2  so  t h a t   t r a n s i s t o r   NM6  a l s o   b e c o m e s   c o n d u c t i v e .   A f t e r w a r d s ,  

t h e   n e g a t i v e   v o l t a g e   -V2  is   a p p l i e d   to   t e r m i n a l   Tl   v i a   d i o d e   D3 

and  t h e   d r a i n - t o - s o u r c e   p a t h   o f   c o n d u c t i v e   t r a n s i s t o r   NM6  a n d  

t h i s   v o l t a g e   -V2  is   a l s o   a p p l i e d   to   t h e   g a t e   e l e c t r o d e s   o f  

t h e   p a i r   of   o u t p u t   t r a n s i s t o r s   NM7  and  NM8  in   o r d e r   to   b l o c k  

t h e m .  

To  be  n o t e d   t h a t ,   b e c a u s e   t r a n s i s t o r s   NM7  and  NM8 

a r e   DMOS  t r a n s i s t o r s ,   a  p a r a s i t i c   d i o d e   ( n o t   shown)   i s   c o u p l e d  

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

h e r e n t   to   t h e   c o n s t r u c t i o n   of  t h e s e   t r a n s i s t o r s .   Such   a  

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

e l e c t r o d e   of   t h e   DMOS  t r a n s i s t o r   w h i l s t   t h e   a n o d e   e l e c t r o d e   o f  



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

S i n c e   e i t h e r   a  p o s i t i v e   v o l t a g e   up  to   +150  V o l t s   or  a  n e g a t i v e  

v o l t a g e   down  to   - 1 5 0   V o l t s   may  be  a p p l i e d   to   t he   o u t p u t   t e r m i n a l  

OUT  by  t h e   c i r c u i t s   HV1  and  HV2,  t h e s e   v o l t a g e s   a l s o   a p p e a r   a t  

t h e   d r a i n   e l e c t r o d e   of  t r a n s i s t o r   NM8  s i n c e   t h i s   e l e c t r o d e   i s  

c o n n e c t e d   to   t e r m i n a l   OUT.  C o n s i d e r i n g   o n l y   t r a n s i s t o r   NM8 

i n s t e a d   of   t h e   p a i r   of  t r a n s i s t o r s   NM7,  NM8,  e . g .   by  s h o r t i n g  

t h e   s o u r c e   e l e c t r o d e   of  t r a n s i s t o r   NM8  to  g r o u n d   t e r m i n a l   OV, 

a  n e g a t i v e   v o l t a g e   at  t h e   d r a i n   e l e c t r o d e   of  t h i s   t r a n s i s t o r  

NM8  ( e . g .   - 1 5 0   V o l t s )   w i l l   be  g r o u n d e d   v i a   t h e n   c o n d u c t i v e  

p a r a s i t i c   d i o d e   of   t h i s   t r a n s i s t o r   NM8.  T h i s   h a p p e n s   i n d e p e n d e n t -  

ly   of   t h e   s t a t e   ( c o n d u c t i v e   or  b l o c k e d )   of  t r a n s i s t o r   NM8.  F o r  

t h e   same  r e a s o n s ,   i f   t r a n s i s t o r   NM7  is   c o n s i d e r e d   a l o n e ,   e . g .  

by  s h o r t i n g   t h e   d r a i n - t o - s o u r c e   p a t h   of   t r a n s i s t o r   NM8,  a  

p o s i t i v e   v o l t a g e   at  t h e   t e r m i n a l   OUT  ( e . g .   +  150  V o l t s )   w i l l   b e  

g r o u n d e d   v i a   t h e   p a r a s i t i c   d i o d e   of   t h i s   t r a n s i s t o r   NM7. 

From  t h e   a b o v e   i t   f o l l o w s   t h a t   t h e   t r a n s i s t o r s   NM7  and  NM8 

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

t h e   o u t p u t   t e r m i n a l   OUT  f rom  t h e   g r o u n d   t e r m i n a l   Ov  when  a  

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

o f   t r a n s i s t o r s   NM7,  NM8  in  o r d e r   to   b l o c k   t h e m .  

In   t he   c i r c u i t   HV2,  t r a n s i s t o r   Pl  c o n d u c t s   due  t o  

t h e   l o g i c a l   v a l u e   0  a p p l i e d   to   i n p u t   t e r m i n a l   IN2.   S u p p l y  

v o l t a g e   VDD  is   t h u s   a p p l i e d   to   t h e   g a t e   e l e c t r o d e   of  t r a n s i s t o r  

NM3  v i a   t h e   e m i t t e r - t o - c o l l e c t o r   p a t h   of   c o n d u c t i v e   t r a n s i s t o r  

P l .   S i n c e   t h e   s o u r c e   e l e c t r o d e   of   t r a n s i s t o r   NM3  is  c o n n e c t e d   t o  

t e r m i n a l   -V2  and  i t s   d r a i n   e l e c t r o d e   is   c o n n e c t e d   to   t e r m i n a l  

+V3  v i a   t h e   e m i t t e r - t o - c o l l e c t o r   p a t h   of  t r a n s i s t o r   P2,  t e r m i n a l  

T2  and  r e s i s t o r   R8,  t r a n s i s t o r   NM3  b e c o m e s   c o n d u c t i v e .   T h e  

n e g a t i v e   v o l t a g e   -V2  is   t h e n   a p p l i e d   to   t h e   g a t e   e l e c t r o d e   o f  

o u t p u t   t r a n s i s t o r   NM4  of  c i r c u i t   HV2  v i a   t h e   d r a i n - t o - s o u r c e  

p a t h   of  c o n d u c t i v e   t r a n s i s t o r   NM3.  As  a  c o n s e q u e n c e   t r a n s i s t o r  

NM4  of  c i r c u i t   HV2  b l o c k s   i m m e d i a t e l y ,   t h u s   d i s c o n n e c t i n g   t e r m i n a l  

T4  w h i c h   is   a l s o   t h e   s u p p l y   t e r m i n a l   -V2  f rom  o u t p u t   t e r m i n a l  

OUT.  



I n p u t   t e r m i n a l   INI  b e i n g   at  l o g i c a l   v a l u e   1,  i . e .   +12  V o l t s ,  

t r a n s i s t o r   Pl  of  c i r c u i t   HV1  i s   b l o c k e d   so  t h a t   t h e   g a t e   e l e c -  

t r o d e   of   NMOS  t r a n s i s t o r   NM3  of   c i r c u i t   HV1  is   d i s c o n n e c t e d  

f r o m   s u p p l y   t e r m i n a l   VDD  to  w h i c h   i t   was   p r e v i o u s l y   c o n n e c t e d  

v i a   t h e   e m i t t e r - t o - c o l l e c t o r   p a t h   o f   t r a n s i s t o r   P l .   B e c a u s e  

t r a n s i s t o r   NM3  has   a  h i g h   g a t e   c a p a c i t a n c e ,   t he   l a t t e r   d i s -  

c h a r g e s   s l o w l y   to   t h e   v o l t a g e   -V2  v i a   h i g h   ohmic   r e s i s t o r   R7 

u n t i l   t h i s   t r a n s i s t o r   NM3  b l o c k s .   At  t h a t   moment  t h e   g a t e  

e l e c t r o d e   of   o u t p u t   t r a n s i s t o r   NM4  i s   d i s c o n n e c t e d   f rom  s u p p l y  

t e r m i n a l   -V2  and  t h e   h i g h   g a t e   c a p a c i t a n c e   of  t h i s   t r a n s i s t o r  

NM4  i s   s l o w l y   c h a r g e d   to  t h e   p o s i t i v e   v o l t a g e   +V3  s u p p l i e d  

t h e r e t o   v i a   t h e   e m i t t e r - t o - c o l l e c t o r   p a t h   o f   t r a n s i s t o r   P 2 ,  

t e r m i n a l   T2  and  r e s i s t o r   R8.  A f t e r   a  w h i l e ,   o u t p u t   t r a n s i s t o r  

NM4  o f   c i r c u i t   HVl  b e c o m e s   c o n d u c t i v e   and   a p p l i e s   t h e   s u p p l y  

v o l t a g e   +Vl  to   t h e   o u t p u t   t e r m i n a l   OUT  v i a   i t s   d r a i n - t o - s o u r c e  

p a t h .  

To  be  n o t e d   t h a t   t h e   v o l t a g e   +V3  is   a l w a y s   e q u a l  

t o   t h e   v o l t a g e   +Vl  i n c r e a s e d   by  a b o u t   20  V o l t s   and  f o r  

t h i s   r e a s o n   t h e   v o l t a g e   +V3  at  t h e   g a t e   e l e c t r o d e   of   c o n d u c t i v e  

o u t p u t   t r a n s i s t o r   NM4  of   c i r c u i t   HVl  i s   a l w a y s   h i g h e r   t h a n   t h e  

v o l t a g e   +Vl  a t   i t s   s o u r c e   e l e c t r o d e   so  t h a t   t r a n s i s t o r   NM4 

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

In  t h e   t h i r d   s t a t e   o f  HVD,   i . e .   when  t h e   t h r e e  

i n p u t   s i g n a l s   IN1  t o   IN3  a l l   h a v e   l o g i c a l   v a l u e   O,  t r a n s i s t o r  

NM5  o f   c i r c u i t   HV3  i s   b l o c k e d ,   t h e r e b y   p r e v e n t i n g   any  c u r r e n t  

f l o w   t h r o u g h   r e s i s t o r s   R9  and  R1O  so  t h a t   t r a n s i s t o r   P2  

b l o c k s .   As  a  c o n s e q u e n c e   and  due  to   t h e   f a c t   t h a t   t r a n s i s t o r  

NM6  h a s   a l s o   a  h i g h   g a t e   c a p a c i t a n c e ,   t h e   v o l t a g e   at  t h e   g a t e  

e l e c t r o d e   of   t h i s   t r a n s i s t o r   NM6  w h i c h   was  p r e v i o u s l y   c o n n e c t e d  

to  s u p p l y   t e r m i n a l   +V3  v i a   t r a n s i s t o r   P2  d e c r e a s e s   s l o w l y .  

B e f o r e   t r a n s i s t o r   NM6  is   b l o c k e d ,   t e r m i n a l   Tl  is   c o n n e c t e d  

to   t e r m i n a l   -V2  v i a   d i o d e   D3  and  t h e   d r a i n - t o - s o u r c e   p a t h   o f  

t h i s   t r a n s i s t o r   NM6  in  s e r i e s ,   w h i l s t   t h e   p o s i t i v e   v o l t a g e   +V3 

i s   a v a i l a b l e   a t   t h e   t e r m i n a l   T2  b e c a u s e   o f   t h e   p r e v i o u s  

c h a r g e   o f   t h e   g a t e   c a p a c i t a n c e   o f   t r a n s i s t o r   NM6. 



In  b o t h   t h e   c i r c u i t s   HV1  and  HV2  t h e   O  V o l t   a t  

t h e i r   t e r m i n a l   TI  c a u s e s   t r a n s i s t o r   Pl  to   c o n d u c t   so  t h a t   t h e  

g a t e   e l e c t r o d e   of  t r a n s i s t o r   NM3  is   b r o u g h t   at  t h e   p o s i t i v e  

v o l t a g e   VDD  v i a   t h e   e m i t t e r - t o - c o l l e c t o r   p a t h   of  t r a n s i s t o r   P l .  

As  a  r e s u l t ,   t r a n s i s t o r   NM3  c o n d u c t s   i m m e d i a t e l y ,   p r o v i d i n g  

v i a   i t s   d r a i n - t o - s o u r c e   p a t h   t h e   n e g a t i v e   v o l t a g e   -V2  at   t h e  

g a t e   e l e c t r o d e   of  o u t p u t   t r a n s i s t o r   NM4.  The  l a t t e r   o u t p u t  

t r a n s i s t o r   NM4  t h e r e f o r e   b l o c k s   i m m e d i a t e l y .   The  p r e v i o u s  

s u p p l y   v o l t a g e   +V1  or   -V2  w h i c h   was  a p p l i e d   to  t h e   o u t p u t  

t e r m i n a l   OUT  v i a   t h e   d r a i n - t o - s o u r c e   p a t h   of  t r a n s i s t o r   NM4 

of  e i t h e r   HV1  or  HV2  i s   t h e n   d i s c o n n e c t e d   f rom  t h i s   o u t p u t  

t e r m i n a l   OUT.  M o r e o v e r ,   t h e   v o l t a g e   -V2  is  a l s o   a p p l i e d   t o  

t h e   g a t e   e l e c t r o d e s   of   t h e   p a i r   of  o u t p u t   DMOS  t r a n s i s t o r s   NM7, 

NM8  v i a   t he   d r a i n - t o - s o u r c e   p a t h   of   t r a n s i s t o r   NM6.  T h i s  

n e g a t i v e   v o l t a g e   (-V2)  b l o c k s   NM7,  NM8  and  t he   a b o v e   m e n t i o n e d  

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

in  s e r i e s   o p p o s i t i o n   i n h i b i t   any  f l o w   of   c u r r e n t   in   b o t h  

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

t e r m i n a l   OV. 

At  t h i s   m o m e n t ,   o u t p u t   t e r m i n a l   OUT  is  t e m p o r a r i l y  

d i s c o n n e c t e d   from  any  of   t h e   s u p p l y   t e r m i n a l   +V1,  -V2  and  g r o u n d  

t e r m i n a l   OV.  S i n c e   t h e   g a t e   e l e c t r o d e   of  t r a n s i s t o r   NM6 

is   d i s c o n n e c t e d   f rom  t e r m i n a l   +V3  due  to  the   b l o c k e d   t r a n s i s -  

t o r   P2,  t he   v o l t a g e   a t   t h i s   g a t e   e l e c t r o d e   d e c r e a s e s   s l o w l y  

u n t i l   t r a n s i s t o r   NM6  b l o c k s .   The  v o l t a g e   at  t h e   d r a i n   e l e c -  

t r o d e   of  b l o c k e d   t r a n s i s t o r   NM6,  d i s c o n n e c t e d   f rom  t e r m i n a l   - V 2 ,  

b e c o m e s   s l o w l y   e q u a l   t o   +Vl  due  to  t he   c h a r g i n g   of   t h e   g a t e  

c a p a c i t a n c e s   of  t h e   o u t p u t   t r a n s i s t o r s   NM7  and  NM8  v i a  

r e s i s t o r   R l l .   T h i s   v o l t a g e   +Vl  is   not  a p p l i e d   to  t e r m i n a l   T l  

b e c a u s e   of  t he   b l o c k i n g   d i o d e   D3.  The  o u t p u t   t e r m i n a l   OUT 

is  t h e n   c o n n e c t e d   to   g r o u n d   t e r m i n a l   OV.  I n d e e d ,   i f   t h e  

p o s i t i v e   v o l t a g e   +Vl  was  p r e v i o u s l y   a p p l i e d   to  t e r m i n a l   OUT, 

t h e   l a t t e r   is  s h o r t e d   to   g r o u n d   t e r m i n a l   OV  v i a   t h e   d r a i n -  

t o - s o u r c e   p a t h   of   c o n d u c t i n g   t r a n s i s t o r   NM8  in  s e r i e s   w i t h  

t h e   o p e r a t i n g   p a r a s i t i c   d i o d e   o f   t r a n s i s t o r   NM7.  On  t h e  



c o n t r a r y ,   i f   t h e   n e g a t i v e   v o l t a g e   -V2  was  p r e v i o u s l y   p r e s e n t  

at  t e r m i n a l   OUT,  t h e   l a t t e r   is   s h o r t e d   to  t e r m i n a l   OV  v i a   t h e  

d r a i n - t o - s o u r c e   p a t h   of  t r a n s i s t o r   NM7  in  s e r i e s   w i t h   t h e  

p a r a s i t i c   d i o d e   of  t r a n s i s t o r   NM8. 

B e c a u s e   of  t h e   a b o v e   m e n t i o n e d   d i s c o n n e c t i o n   o f  

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

D3,  t r a n s i s t o r s   Pl  of   b o t h   t h e   c i r c u i t s   HV1  a n d   HV2  b l o c k .  

F u r t h e r m o r e ,   t e r m i n a l   T2  b e i n g   a l s o   d i s c o n n e c t e d   f rom  i t s  

s u p p l y   t e r m i n a l   +V3  b e c a u s e   t r a n s i s t o r   P2  i s   b l o c k e d ,   no  

c u r r e n t   f l o w s   t h r o u g h   t r a n s i s t o r   NM3  of   b o t h   t h e   c i r c u i t s   HV1 

and  HV2,  w h i l e   t r a n s i s t o r   NM4  r e m a i n s   b l o c k e d .   E x c l u d i n g   t h e  

l e a k a g e   c u r r e n t s   in  t h e   t r a n s i s t o r s   in   t h i s   s t a t e ,   t h e   o n l y  

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

t e r m i n a l   VDD  to   i n p u t   t e r m i n a l s   IN1  and  IN2  t h r o u g h   h i g h   o h m i c  

r e s i s t o r s   R5  and  R6  of   b o t h   t h e   c i r c u i t s   HVl  and  HV2.  So,  t h e  

power   c o n s u m p t i o n   in  t h e   h i g h   v o l t a g e   d e v i c e   HVD  at   r e s t ,   i . e .  

when  IN1  =  IN2  =  IN3  =  O,  i s   r e d u c e d   to   a  m i n i m u m   and  t h e  

g r o u n d   v o l t a g e   OV  is  a p p l i e d   to   t he   o u t p u t   t e r m i n a l   OUT.  

As  m e n t i o n e d   a b o v e ,   a l l   t he   s i g n a l s  :   CSC,  RSC,  

RNSC  (300   V o l t s   p e a k - t o - p e a k ,   50  H e r t z ) ;   CC,  CNC  (60  V o l t s  

p e a k - t o - p e a k ,   1 .5   k i l o h e r t z )   and  STROBE  (300  V o l t s   p e a k - t o -  

p e a k ,   1 . 5  k i l o h e r t z )   a p p l i e d   to   c o r r e s p o n d i n g   l i n e   s t r i p e s  

( c o l u m n s   o r   rows)   a r e   s u p p l i e d   t h e r e t o   by  t h e   o u t p u t   t e r m i n a l s  

OUT  of   t h e   d r i v e r   u n i t s   FPDR.  The  v o l t a g e s   +150   V o l t s ,   + 3 0  

V o l t s   and  - 1 5 0   V o l t s ,   -30   V o l t s   at   t h e   o u t p u t   t e r m i n a l s   OUT 

are   s u p p l i e d   by  t h e   v o l t a g e   s u p p l y   t e r m i n a l s   +Vl  and  -V2  r e s -  

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

FPDR.  T h e s e   v o l t a g e s   a r e   a p p l i e d   to  t h e   o u t p u t   t e r m i n a l   OUT 

of  e a c h   HVD  u n d e r   t h e   c o n t r o l   of   t he   l o g i c a l   v a l u e s   IN1  to  IN3  

of  t h e   s i g n a l s   at  t h e   l i k e   named  i n p u t   t e r m i n a l s   IN1  to   IN3 

a p p l i e d   t h e r e t o   v i a   t h e   o u t p u t   t e r m i n a l s   IN1  t o   IN3  of   l o g i c a l  

d e v i c e   LD.  T h e s e   l o g i c a l   v a l u e s   IN1  to   IN3  a r e   t h e m s e l v e s   c o n -  

t r o l l e d   by  t h e   f r e q u e n c y   s i g n a l   FREQC  or  FREQR,  t h e   s e l e c t i o n  

s i g n a l   SELC  or  SELR  and  t h e   s e r i a l   i n f o r m a t i o n   s i g n a l   DATALC/R 

or  DATARC/R  l a t c h e d   by  t h e   i n v e r t e r s   INV20  and  INV21  i n   t h e  



l o g i c a l   d e v i c e   LD  when  t h e   c o r r e s p o n d i n g   not  e n a b l e   s i g n a l  

ENC  or   ENR  is   l o w .  

The  o p e r a t i o n s   of  t h e   d i s p l a y   LCD  a r e   s u m m a r i z e d  

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

w h e r e   DATAR  is   e i t h e r   DATALR  or  DATARR,  DATAC  is   e i t h e r   DATALC 

or  DATARC  and  w h e r e   X  means  " d o n ' t   c a r e " .  

In  t h e   p r e v i o u s   t a b l e   i t   i s   a s s u m e d   t h a t   t he   n o t  

e n a b l e   s i g n a l s   ENC  and  ENR  a r e   a t   l o g i c a l   v a l u e   z e r o   and  t h a t  

s u i t a b l e   f r e q u e n c y   s i g n a l s   FREQC/R  of   50  H e r t z   and  1.5  k i l o -  

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

F u r t h e r m o r e   i t   is   o b v i o u s   t h a t   s u i t a b l e   s u p p l y   v o l t a g e s   a r e  

a p p l i e d   to  t he   s u p p l y   t e r m i n a l s   +Vl,  -V2  and  +V3  of   t h e   h i g h  

v o l t a g e   d e v i c e s   HVD.  I t   a p p e a r s   c l e a r l y   f rom  t h i s   t a b l e   t h a t  

t h e   s c a t t e r   o p e r a t i o n   is  a  r e s u l t   o f   a  l o g i c a l   v a l u e   1  a p p l i e d  

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

l o g i c a l   v a l u e   0  u s e d   as  s e l e c t i o n   s i g n a l   f o r   b o t h   SELC  a n d  

SELR.  S i n c e   t h e   s c a t t e r   o p e r a t i o n   may  be  p e r f o r m e d   fo r   t h e  

c o m p l e t e   d i s p l a y   or  f o r   o n l y   s e l e c t e d   r ows ,   t h e   rows  to   b e  

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

w h i l e   t he   rows  w h i c h   a r e   not  to   be  s c a t t e r e d   have   a  l o g i c a l  

v a l u e   1  as  i n f o r m a t i o n   s i g n a l   DATAR,  t h e   r e s u l t i n g   s i g n a l   a t  

t h e   c o r r e s p o n d i n g   p i x e l s   b e i n g   PSC  and  PNSC  r e s p e c t i v e l y .  



For  t h e   c l e a r   o p e r a t i o n ,   t he   row  s e l e c t i o n   s i g n a l   SELR  i s  

a l w a y s   a t   l o g i c a l   v a l u e   1  w h i l e   t h e   c o l u m n   s e l e c t i o n   s i g n a l  

SELC  is   s t i l l   a t   O.  The  c l e a r i n g   b e i n g   p e r f o r m e d   one  row  a t  

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

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

or  a t   1  c o r r e s p o n d i n g   to  t he   not   c l e a r i n g   PNCL  or  to  t h e  

c l e a r i n g   PCL  o f   t h e   p i x e l   r e s p e c t i v e l y .   The  r e m a i n i n g   r o w s  

i . e .   t h o s e   w h i c h   a r e   not   a d d r e s s e d   r e c e i v e   a  l o g i c a l   v a l u e   1 

as  i n f o r m a t i o n   s i g n a l   DATAR.  As  m e n t i o n e d   a b o v e ,   t h e   s i g n a l s  

on  t h e   p i x e l s   o f   t h e s e   rows  ( n o t   a d d r e s s e d )   a r e   CNC  or  CC  i n  

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

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

u s e d   in   t h e   p r e s e n t   e m b o d i m e n t .   To  be  n o t e d   a l s o   t h a t   a n  

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

fo rmed   w h e n   a  l o g i c a l   v a l u e   0  is   a p p l i e d   t o   a  row  s t r i p e   a s  

i n f o r m a t i o n   s i g n a l   DATAR  t o g e t h e r   w i t h   a  l o g i c a l   v a l u e   1 

a p p l i e d   to   a  c o l u m n   s t r i p e   as  i n f o r m a t i o n   s i g n a l   DATAC. 

W h i l e   t h e   p r i n c i p l e s   of   t h e   i n v e n t i o n   have   b e e n  

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

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

by  way  o f   e x a m p l e   and  not  as  a  l i m i t a t i o n   on  t h e   s c o p e   o f  

t he   i n v e n t i o n .  



1.  M a t r i x   d e v i c e   (FPD)  w i t h   a  c o o r d i n a t e   m a t r i x   (LCD) 

and  an  a s s o c i a t e d   c o n t r o l   d e v i c e ,   s a i d   c o o r d i n a t e   m a t r i x   i n -  

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

( r o w s ,   c o l u m n s )   d e f i n i n g   c r o s s p o i n t s ,   s a i d   c o n t r o l   d e v i c e  

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

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

p u t   t e r m i n a l s   ( O U T l / 3 0 )   c o u p l e d   to  d i s t i n c t   o n e s   o f   t he   l i n e s  

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

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

u n i t s   and  a d a p t e d   to  s u p p l y   i n p u t   s i g n a l s   (DATALC/R,  DATARC/R, 

CLKC/R,  FREQC/R,  ENC/R,  SELC/R)  to  s a i d   d r i v e r   u n i t s ,   c h a r a c t e -  

r i z e d   in  t h a t   e a c h   of   s a i d   d r i v e r   u n i t s   (FPDR)  i n c l u d e s   a  

p l u r a l i t y   of   d r i v e r   c i r c u i t s   (LD,  HVD)  each   h a v i n g   one  of   s a i d  

l i n e   o u t p u t   t e r m i n a l s   (OUT1/30)   and  i n t e r c o n n e c t e d   so  as  to  f o r m  

a  s h i f t   r e g i s t e r ,   s h i f t   c o n t r o l   means  (CKC)  to   s h i f t   s a i d  

i n p u t   s i g n a l s   (DATALC/R,  DATARC/R)  t h r o u g h   s a i d   s h i f t   r e g i s t e r ,  

and  d i r e c t i o n   c o n t r o l   means   (RLC)  f o r   c o n t r o l l i n g   t h e   d i r e c t i o n  

o f   s a i d   s h i f t .  

2.  M a t r i x   d e v i c e   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d  

in  t h a t   s a i d   i n p u t   s i g n a l s   (DATALC/R,  DATARC/R,  CLKC/R,  FREQC/R,  

ENC/R,  SELC/R)  f o r   s a i d   one  s e r i e s   of  l i n e s   b e i n g   fed   f r o m  

s a i d   i n p u t   s i g n a l   s o u r c e   to   a  same  s i d e   of   sad  m a t r i x   d e v i c e  

(FPD)  t h r o u g h   c o n n e c t o r   t e r m i n a l s .  

3.  M a t r i x   d e v i c e   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d  

in  t h a t   s a i d   l i n e   o u t p u t   t e r m i n a l s   (OUT1/30)  c o u p l e d   to  t w o  

i m m e d i a t e l y   a d j a c e n t   l i n e s   of   at  l e a s t   one  of   s a i d   s e r i e s   a r e  

c o n n e c t e d   a t  d i f fe ren t   s i d e s   of  said  c o o r d i n a t e   matrix  (LCD)  r e s p e c t i v e l y .  



4.  M a t r i x   d e v i c e   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d  

in  t h a t   s a i d   m a t r i x   d e v i c e   i s   a  f l a t   p a n e l   (FPD)  c a r r y i n g   a  

s m e c t i c   l i q u i d   c r y s t a l   f l a t   p a n e l   d i s p l a y   (LCD)  w h i c h   c o n s t i -  

t u t e s   s a i d   c o o r d i n a t e   m a t r i x ,   and  s a i d   d r i v e r   u n i t s   (FPDR) 

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

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

5.  M a t r i x   d e v i c e   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d  

in  t h a t   e a c h   of   s a i d   d r i v e r   c i r c u i t s   (LD,  HVD)  h a s   l o g i c a l  

means   ( L D l / 3 0 )   i n c l u d i n g   a  s i g n a l   s w i t c h i n g   c i r c u i t   ( P G 1 / 5 ,  

I N V 1 6 / 1 8 )   c o n t r o l l e d   by  s a i d   d i r e c t i o n   c o n t r o l   m e a n s   (RLC)  a n d  

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

(AO)  t e r m i n a l s   and,   a l t e r n a t i v e l y   b e t w e e n   t h i r d   (BI)  a n d  

f o u r t h   (BO)  t e r m i n a l s .  

6.  S i g n a l   s w i t c h i n g   c i r c u i t   ( P G l / 5 ,   I N V 1 6 / 1 8 )  

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

(AI)  and  s e c o n d   (AO)  t e r m i n a l s   and,   a l t e r n a t i v e l y   b e t w e e n  

t h i r d   (BI)  and  f o u r t h   (BO)  t e r m i n a l s ,   c h a r a c t e r i z e d   in   t h a t   s a i d  

s e c o n d   (AO)  and  f o u r t h   (BO)  t e r m i n a l s   a r e   i n t e r c o n n e c t e d   a n d  

c o u p l e d   t h r o u g h   a  s i g n a l   memory  c i r c u i t   ( INV16,   INV18,  PG5) 

to  t h e   common  t e r m i n a l   of   two  g a t e s   (PG1/2)   c o n t r o l l e d   so  a s  

to   be  in  c o m p l e m e n t a r y   c o n d u c t i v e   s t a t e s   and  w h o s e   o t h e r  

t e r m i n a l s - a r e   r e s p e c t i v e l y   c o u p l e d   to  s a i d   f i r s t   (AI)  a n d  

t h i r d   (BI)  t e r m i n a l s .  

7.  P l u r a l i t y   of   s i g n a l   s w i t c h i n g   c i r c u i t s   as  i n  

c l a i m   5,  c h a r a c t e r i z e d   in  t h a t   s a i d   c i r c u i t s   a r e   c a s c a d e d   w i t h  

t h e   f i r s t   (AI)  and  f o u r t h   (BO)  t e r m i n a l s   of   one   c i r c u i t   r e s -  

p e c t i v e l y   c o u p l e d   to   t h e   s e c o n d   (AO)  and  t h i r d   (BI)  t e r m i n a l s  

of   t h e   n e x t   c i r c u i t .  

8.  P l u r a l i t y   of  s i g n a l   s w i t c h i n g   c i r c u i t s   as  in  c l a i m  

7,  c h a r a c t e r i z e d   in  t h a t   t h e   two  t e r m i n a l s   (AI ,   BO;  AO,  BI)  a t  

an  end  of   s a i d   c a s c a d e   a r e   c o u p l e d   t h r o u g h   a  c o n t r o l l e d   i n t e r -  

f a c e   c i r c u i t   ( I C l / 1 0 )   to   a  b i d i r e c t i o n a l   l i n e   ( B P ) .  

9.  P l u r a l i t y   of  s i g n a l   s w i t c h i n g   c i r c u i t s   as  i n  

c l a i m   8,  c h a r a c t e r i z e d   in   t h a t   s a i d   c o n t r o l l e d   i n t e r f a c e  

c i r c u i t   ( I C l / 1 0 )   i n c l u d e s   f i r s t   means  (NAND2,  NOR4,  PM2,  NM2) 



to  r e g e n e r a t e   and  a l l o w   t r a n s m i s s i o n   of  s i g n a l s   b e t w e e n   s a i d  

b i d i r e c t i o n a l   l i n e   (BP)  and  one  (AI;  BI)  of  s a i d   two  t e r m i n a l s  

(AI,  BO;  AO,  BI)  w h i l e   t r a n s m i s s i o n   b e t w e e n   t h e   o t h e r   (AO;  BO) 

of  t h e s e   t e r m i n a l s   and  s a i d   b i d i r e c t i o n a l   l i n e   i s   i n h i b i t e d ,  

and  i n c l u d e s   s e c o n d   means   ( I N V 1 3 / 1 5 ,   NAND1,  NOR3,  PM1,  NM1),  

to  r e g e n e r a t e   and  a l l o w   t r a n s m i s s i o n   of   s i g n a l s   b e t w e e n   s a i d  

o t h e r   t e r m i n a l   (AO;  BO)  and  s a i d   b i d i r e c t i o n a l   l i n e   w h i l e  

t r a n s m i s s i o n   b e t w e e n   s a i d   one  t e r m i n a l   (AI;   BI)  and  s a i d   b i d i -  

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

10 .   M a t r i x   d e v i c e   a c c o r d i n g   to  c l a i m   5,  c h a r a c t e r i z e d  

i n  t h a t   s a i d   s i g n a l   s w i t c h i n g   c i r c u i t   ( P G l / 5 ,   I N V 1 6 / 1 8 )   i s  

r e a l i z e d   as  pe r   c l a i m   6 .  

11 .   M a t r i x   d e v i c e   a c c o r d i n g   to  c l a i m   10,  c h a r a c t e r i z e d  

in  t h a t   s a i d   s h i f t   r e g i s t e r   f o r m e d   by  s a i d   d r i v e r   c i r c u i t s  

(LD,  HVD)  i s   r e a l i z e d   by  t h e   c a s c a d e   c o n n e c t i o n   of  t h e   s i g n a l  

s w i t c h i n g   c i r c u i t s   ( P G l / 5 ,   I N V 1 6 / 1 8 )   as  pe r   c l a i m   7 .  

12 .   M a t r i x   d e v i c e   a c c o r d i n g   to  c l a i m   1 1 ,  

c h a r a c t e r i z e d   in   t h a t   e a c h   o f   s a i d   d r i v e r   u n i t s   (FPDR)  has  a  

p l u r a l i t y   of   c o n t r o l   t e r m i n a l s   ( I l / 5 ,   O l / 5 )   to  w h i c h   s a i d   i n p u t  

s i g n a l s   (DATALC/R,  DATRC/R,  CLKC/R,  FREQC/R,  E N C / R , S E L C / R )   may 

be  a p p l i e d ,   and  among  w h i c h   at   l e a s t   one  is  c o u p l e d   to   a  

c o n t r o l l e d   i n t e r f a c e   c i r c u i t   ( I C l / 1 0 )   as  pe r   any  of   t h e   c l a i m s  

8  or  9  v i a   s a i d   b i d i r e c t i o n a l   l i n e   (BP),  s a i d   i n t e r f a c e  

c i r c u i t   b e i n g   c o n t r o l l e d   by  s a i d   d i r e c t i o n   c o n t r o l   means   (RLC) .  

13 .   M a t r i x   d e v i c e   a c c o r d i n g   to  c l a i m   12,  c h a r a c t e -  

r i z e d   in  t h a t   a  p l u r a l i t y   of   d r i v e r   u n i t s   (FPDR)  c o n n e c t e d   i n  

s e r i e s   v i a   s a i d   c o n t r o l   t e r m i n a l s   ( I l / 5 ,   0 1 / 5 )   a r e   l o c a t e d  

a l o n g   at   l e a s t   one  s i d e   of   s a i d   c o o r d i n a t e  



m a t r i x   ( L C D ) .  

14 .   M a t r i x   d e v i c e   a c c o r d i n g   to   c l a i m   1 0 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   l o g i c a l   means   ( L D l / 3 0 )   f u r t h e r  

i n c l u d e   c o m b i n a t i o n   means  ( P G 6 / 7 ,   XNR,  NAND3,  A N D l / 3 ,   I N V 1 9 / 2 2 )  

c o u p l e d   to  s a i d   s i g n a l   memory  c i r c u i t   (INV16,  INV18,  PG5) 

and  a d a p t e d   t o   t r a n s l a t e   s a i d   i n p u t   s i g n a l s   (DATALC/R,  D A T A R C / R  ,  

CLKC/R,  FREQC/R,  ENC/R,  SELC/R)  i n t o   a  number   of   c o d e s   c o m p r i -  

s i n g   a  p l u r a l i t y   of  e l e m e n t s   ( I N 1 / 3 )   c o n t r o l l i n g   d i s t i n c t   o n e  

of   a  l i k e   p l u r a l i t y   of  c i r c u i t s   (HV1/3)   f o r m i n g   a  s w i t c h i n g  

c i r c u i t   (HVD)  a l s o   i n c l u d e d   in   s a i d   d r i v e r   c i r c u i t   (LD,  HVD) 

and   h a v i n g   s a i d   one  l i n e   o u t p u t   t e r m i n a l   (OUT1/30)   t o  

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

(CSC,  CC,  CNC;  RSC,  RNSC,  STROBE)  d e f i n i n g   t h e   e l e c t r i c a l   s t a t e  

of   t he   c o u p l e d   l i n e .  

1 5 .   M a t r i x   d e v i c e   a c c o r d i n g   to  c l a i m   1 4 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   c o m b i n a t i o n   means   ( P G 6 / 7 ,   XNR, 

NAND3,  A N D l / 3 ,   INV19 /22 )   a r e   p r o v i d e d   w i t h   l a t c h i n g   means   (PG7,  

I N V 2 0 / 2 1 )   f o r   l a t c h i n g   some  of   s a i d   i n p u t   s i g n a l s   (DATALC/R, 

DATARC/R)  u n d e r   t he   c o n t r o l   of  o t h e r   of  s a i d   i n p u t   s i g n a l s  

( E N C / R ) .  

1 6 .   S w i t c h i n g   c i r c u i t   (HVD)  a b l e   to  s e l e c t i v e l y  

c o u p l e   one  o u t   of   at  l e a s t   t h r e e   v o l t a g e s   at  r e s p e c t i v e   i n p u t  

t e r m i n a l s   (+Vl ,   -V2,  OV)  to   a  common  o u t p u t   t e r m i n a l   (OUT) ,  

c h a r a c t e r i z e d   i n  t h a t   f i r s t   (HVl)  and  s e c o n d   (HV2)  c i r c u i t s  

c o u p l i n g   r e s p e c t i v e l y   t h e   f i r s t   (+V1)  and  t he   s e c o n d   ( - V 2 )  

i n p u t   t e r m i n a l s   to  s a i d   common  o u t p u t   t e r m i n a l   (OUT)  i n c l u d e  

at   l e a s t   one  DMOS  s w i t c h   d e v i c e   (NM4),  and  t h a t   a t   l e a s t   o n e  

t h i r d   c i r c u i t   (HV3)  c o u p l i n g   t h e   t h i r d   i n p u t   t e r m i n a l   (OV) 

to   s a i d   common  o u t p u t   t e r m i n a l   i n c l u d e s   two  DMOS  s w i t c h  

d e v i c e s   (NM7/8)  c o u p l e d   in   s e r i e s   o p p o s i t i o n .  

1 7 .   S w i t c h i n g   c i r c u i t   a c c o r d i n g   to   c l a i m   1 6 ,  

c h a r a c t e r i z e d   i n   t h a t   e a c h   of   s a i d   c i r c u i t s   (HV1/3)   f u r t h e r  

i n c l u d e s   o p e r a t i n g  m e a n s   (R8,  NM3;  R l l ,   NM6)  a s s o c i a t e d   t o  

t h e   r e s p e c t i v e   DMOS  s w i t c h   d e v i c e ( s )   (NM4;  NM7/8)  and  a b l e  

to  open   s a i d   DMOS  s w i t c h   d e v i c e ( s )   more  r a p i d l y   t h a n   c l o s i n g  



i t / t h e m .  

18.   S w i t c h i n g   c i r c u i t   a c c o r d i n g   to   c l a i m   1 6 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   c i r c u i t s   (HV1/3)  a r e   i n t e r c o n n e c t e d  

(Tl ,   T2)  and  c o u p l e d   t o   l o g i c a l   means   ( L D l / 3 0 )   c o n t r o l l e d  

by  i n p u t   s i g n a l s   (FREQC/R,   SELC/R,  ENC/R)  and  a b l e   to   g e n e r a t e  

a  number   of   c o d e s   c o m p r i s i n g   t h r e e   e l e m e n t s   ( I N 1 / 3 )   e a c h  

c o n t r o l l i n g   a  d i s t i n c t   one  of   s a i d   c i r c u i t s .  

1 9 .   S w i t c h i n g   c i r c u i t   a c c o r d i n g   to   c l a i m s   17  a n d  

18,  c h a r a c t e r i z e d   in   t h a t   e ach   of  s a i d   c i r c u i t s   (HV1/3)   f u r t h e r  

i n c l u d e s   a  l e v e l   t r a n s l a t o r   (R5 /6 ,   P1;  R 9 / 1 0 ,   P2)  i n c l u d i n g  

an  a c t i v e   d e v i c e   ( P l ;   P2)  c o u p l e d   b e t w e e n   s a i d   l o g i c a l   m e a n s  

(LD)  and  s a i d   o p e r a t i n g   means   (R8,  NM3;  R l l ,   NM6),  and  a d a p t e d  

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

( I N l / 3 )   of  s a i d   c o d e s   i n t o   c o n t r o l   s i g n a l s   f o r   s a i d   DMOS 

s w i t c h   d e v i c e s   (NM4;  N M 7 / 8 ) .  

20 .   S w i t c h i n g   c i r c u i t   a c c o r d i n g   to  c l a i m   1 9 ,  

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

d e v i c e s   (NM4;  N M 7 / 8 ) ,   s a i d   o p e r a t i n g   means  (R8,  NM3;  R l l ,   NM6) 

and  s a i d   a c t i v e   d e v i c e s   ( P l ;   P2)  of   s a i d   l e v e l   t r a n s l a t o r s  

( R 5 / 6 ,   P l ;   R 9 / 1 0 ,   P2)  i s   i n h i b i t e d   when  s a i d   t h r e e   e l e m e n t s  

( I N l / 3 )   of  s a i d   c o d e s   a r e   such   t h a t   t h e   v o l t a g e   a t   t h e   t h i r d  

i n p u t   t e r m i n a l   (OV)  i s   a p p l i e d   to   s a i d   common  o u t p u t   t e r m i n a l  

(OUT) .  

21 .   S w i t c h i n g   c i r c u i t   a c c o r d i n g   to  c l a i m   1 9 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   f i r s t   (HV1)  and  s a i d   s e c o n d   (HV2) 

c i r c u i t s   a r e   i d e n t i c a l   and  have   t h e i r   l e v e l   t r a n s l a t o r   ( R 5 / 6 ,  

P1)  c o u p l e d   to  s a i d   s a i d   o p e r a t i n g   means   ( R l l ,   NM6)  o f   s a i d  

t h i r d   c i r c u i t   (HV3)  v i a   f i r s t   i n t e r c o n n e c t i o n   means   (R7;   Rl ,   D 3 ) ,  

t h e   o p e r a t i n g   m e a n s   (R8,  NM3)  of  s a i d   f i r s t   and  s e c o n d   c i r c u i t s  

b e i n g   c o u p l e d   to   s a i d   l e v e l   t r a n s l a t o r   ( R 9 / 1 0 ,   P2)  of   s a i d  

t h i r d   c i r c u i t   v i a   s e c o n d   i n t e r c o n n e c t i o n   means   (T2) ,   a n d  

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

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

c o n n e c t i o n   m e a n s .  

22 .   S w i t c h i n g   c i r c u i t   a c c o r d i n g   to  c l a i m   1 7 ,  



c h a r a c t e r i z e d   in   t h a t   s a i d   DMOS  s w i t c h   d e v i c e s   a r e   DMOS  t r a n -  

s i s t o r s   (NM4;  NM7/8)  of   same  c o n d u c t i v i t y   t y p e   ( N - c h a n n e l )  

and  t h a t   s a i d   o p e r a t i n g   means   (R8,  NM3;  R l l ,   NM6)  i n c l u d i n g  

a  t r a n s i s t o r   (NM3;  NM6)  and  a  r e s i s t o r   (R8;  R l l )   a r e   a b l e   t o  

make  s a i d   a s s o c i a t e d   DMOS  t r a n s i s t o r ( s )   (NM4;  NM7/8)  s l o w l y  

c o n d u c t i v e   by  c h a r g i n g   i t s / t h e i r   i n t r i n s i c   g a t e   c a p a c i t a n c e  

t o w a r d s   a  p o s i t i v e   v o l t a g e   (+V3;  +Vl)  t h r o u g h   s a i d   r e s i s t o r   a n d  

t o   r a p i d l y   b l o c k   s a i d   DMOS  t r a n s i s t o r ( s )   by  a p p l y i n g   a  

n e g a t i v e   v o l t a g e   ( -V2)  to   i t s / t h e i r   g a t e   e l e c t r o d e   v i a   t h e  

d r a i n - t o - s o u r c e   p a t h   o f   s a i d   t r a n s i s t o r .  

2 3.   S w i t c h i n g   c i r c u i t   a c c o r d i n g   to   c l a i m s   2 1 

and  22,  c h a r a c t e r i z e d   i n   t h a t   s a i d   n e g a t i v e   v o l t a g e   ( -V2)   i s  

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

(NM3;  NM6)  o f   e a c h   of   s a i d   o p e r a t i n g   means  (R8,  NM3;  R l l ,  

NM6),  t h a t   s a i d   t r a n s i s t o r   (NM3)  i n c l u d e d   in   s a i d   f i r s t   ( H V l )  

and  s e c o n d   (HV2)  c i r c u i t s   is   c o n t r o l l e d   by  a  r e s p e c t i v e   o n e  

of   s a i d   l e v e l   t r a n s l a t o r s   ( R 5 / 6 ,   P l )   and  by  s a i d   o p e r a t i n g  

means   ( R l l ,   NM6)  of   s a i d   t h i r d   c i r c u i t   (HV3)  v i a   s a i d   f i r s t  

i n t e r c o n n e c t i o n   means   (R7;  Tl ,   D3),   s a i d   t r a n s i s t o r   (NM6)  o f  

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

t r a n s l a t o r   ( R 9 / 1 0 ,   P2),  and  t h a t   s a i d   p o s i t i v e   v o l t a g e   ( + V 3 ;  

+Vl)  is   p e r m a n e n t l y   a p p l i e d   t o   one  end  of  s a i d   r e s i s t o r   ( R l l )  

o f   s a i d   o p e r a t i n g   m e a n s   ( R l l ,   NM6)  i n c l u d e d   in  s a i d   t h i r d  

c i r c u i t ,   and  is   a p p l i e d   to   one  end  o f   s a i d   r e s i s t o r   ( R 8 )  

of   s a i d   o p e r a t i n g   m e a n s   (R8,  NM3)  i n c l u d e d   in  s a i d   f i r s t  

and   s e c o n d   c i r c u i t s   by  s a i d   l e v e l   t r a n s l a t o r   ( R 9 / 1 0 ,   P 2 )  

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

( T 2 ) .  

24 .   M a t r i x   d e v i c e   a c c o r d i n g   to  c l a i m   1 4 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   s w i t c h i n g   c i r c u i t   (HVD)  i s   r e a l i z e d  

as  p e r   any  o f   t h e   c l a i m s   16  to   23,  each   of  s a i d   l i n e   o u t p u t  

t e r m i n a l s   (OUT1/30)   b e i n g   s a i d   common  o u t p u t   t e r m i n a l   ( O U T ) .  
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