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©  Pressure-sensitive  conductive  elastic  sheet. 
©  A  pressure-sensitive,  conductive  elastic  sheet  for  use  in 
a  graphics  digitizing  tablet  through  which  various  letters  or 
figures  can  be  detected,  and  characteristics  of  which  are  such 
that  the  contact  pressure  is  almost  constant  irrespective  of 
contact  area  or  increases  whith  increasing  contact  area.  The 
pressure-sensitive  sheet  according  to  the  present  invention 
comprises  a  silicon  rubber  (10)  in  which  a  number  of  coarse, 
ferromagnetic,  conductive  metal  particles  (11)  with  a  dia- 
meter  of  30  to  150  micron  are  mixed  with  a  number  of  fine, 
ferromagnetic,  conductive  metal  particles  (12)  with  a  dia- 
meter  of  10  micron  or  less  or  50  micron  or  less  at  a 
predetermined  proportion  in  such  a  manner  that  the  coarse 
particles  (11)  are  aligned  vertically  through  the  interior 
thereof  and  the  fine  particles  (12)  are  dispersed  near  at  least 
one  surface  thereof.  To  properly  align  the  particles,  the  sheet 
is  allowed  to  set  within  a  uniform  magnetic  field.  A  method 
of  forming  such  a  pressure-sensitive  conductive  elastic  sheet 
is  discribe. 
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F i e l d   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  a  

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

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

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

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

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

l e t t e r s   or  f i g u r e s   can  be  d e t e c t e d   t w o - d i m e n s i o n a l l y   by  a  

c h a r a c t e r   r e a d e r .  

D e s c r i p t i o n   of  the   P r i o r   A r t  

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

a r e   w e l l - k n o w n .   E l a s t i c   s h e e t s   of  t h i s   k i n d   is   u s u a l l y  

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

l e t t e r s   or  f i g u r e s   w r i t t e n   t h e r e o n   w i t h   a  pen  or  the   l i k e .  

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

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

in  s u c h   a  way  t h a t   t he   s t r i p   e l e c t r o d e s   on  one  f l a t  

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

p l a t e   to  form  a  m a t r i x   of  p o i n t s .   In  s u c h   a  g r a p h i c s  

d i g i t i z i n g   t a b l e t   when  p r e s s u r e   is  a p p l i e d   to  the   p r e s s u r e -  

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

e l e c t r o d e   p l a t e s ,   the   c o n d u c t i v e   s h e e t   makes   e l e c t r i c a l  

c o n t a c t   at   p o i n t s   where   p r e s s u r e   is  a p p l i e d   by  a  pen  a n d  

t he   c o n t a c t   p o i n t s   a re   d i g i t i z e d   by  the   two  p e r p e n d i c u l a r  



s t r i p   e l e c t r o d e s   on  the   b a s i s   of  c o - o r d i n a t e s .   The  s u r f a c e  

a r e a   of  t he   t a b l e t   on  w h i c h   l e t t e r s   or  f i g u r e s   a r e   w r i t t e n  

i s   r e l a t i v e l y   l a r g e ,   r a n g i n g   f rom  100  mm  s q u a r e   to  400  mm 

s q u a r e .   A c c o r d i n g l y ,   when  some  l e t t e r s   or  f i g u r e s   a r e  

w r i t t e n   on  t h e   t a b l e t   w i t h   a  pen  h e l d   in  the   u s e r ' s   h a n d ,  

t h e   h e e l   of  u s e r ' s   hand   or  t he   u s e r ' s   f o r a r m   i n e v i t a b l y  

d e p r e s s e s   t h e   s u r f a c e   of  t h e   t a b l e t ,   w i t h   t he   r e s u l t   t h a t  

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

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

c o n t a c t   p r e s s u r e   ( u n d e r   w h i c h   some  of  the   u p p e r   s t r i p  

e l e c t r o d e s   a r e   c o n n e c t e d   e l e c t r i c a l l y   to  some  of  t h e   l o w e r  

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

c o n t a c t   a r e a   ( t h r o u g h o u t  w h i c h   some  of  the   u p p e r   s t r i p  

e l e c t r o d e s   a r e   c o n n e c t e d   e l e c t r i c a l l y   to  some  of  the   l o w e r  

s t r i p   e l e c t r o d e s ) .  

In  o t h e r   w o r d s ,   t he   u p p e r   and  l o w e r   s t r i p  

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

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

t a b l e t .   To  e x p l a i n   in  more  d e t a i l ,   when  a  pen  is  p l a c e d  

o n t o   t he   t a b l e t   to  w r i t e   some  l e t t e r s ,   s i n c e   the   c o n t a c t  

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

n e e d e d   to  c o n n e c t   t he   u p p e r   and  l o w e r   s t r i p   e l e c t r o d e s ;   o n  

the   o t h e r   hand   when  t he   h e e l   of  t he   u s e r ' s   hand  or  t h e  

u s e r ' s   f o r e a r m   is  p l a c e d   on  the   t a b l e t ,   s i n c e   the   c o n t a c t  

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

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

r e s u l t i n g   in  e r r o n e o u s   o p e r a t i o n .  



A  more   d e t a i l e d   d e s c r i p t i o n   of  t he   p r i o r - a r t  

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

d i g i t i z i n g   t a b l e t s   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   w i t h  

r e f e r e n c e   to  t he   a t t a c h e d   d r a w i n g s   in  c o n j u n c t i o n   w i t h   t h e  

p r e s e n t   i n v e n t i o n   u n d e r   DETAILED  DESCRIPTION  OF  THE 

PREFERRED  EMBODIMENTS. 

SUMMARY  OF  THE  INVENTION 

W i t h   t h e s e   p r o b l e m s   in  mind  t h e r e f o r e ,   i t   is   t h e  

p r i m a r y   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  

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

the   c h a r a c t e r i s t i c s   t h a t   t he   c o n t a c t   p r e s s u r e   u n d e r   w h i c h  

e l e c t r i c a l   c o n t a c t   is   made  t h r o u g h   the   s h e e t   i s   c o n s t a n t   o r  

i n c r e a s e s   w i t h   i n c r e a s i n g   c o n t a c t   a r e a .  

To  a c h i e v e   t h e   a b o v e - m e n t i o n e d   o b j e c t ,   t h e  

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

the   p r e s e n t   i n v e n t i o n   c o m p r i s e s   a  l a m i n a r   e l a s t o m e r   i n  

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

m e t a l   p a r t i c l e s   w i t h   a  d i a m e t e r   of  30  to  150  m i c r o n   a r e  

m i x e d   w i t h   a  g r e a t   number   of  f i n e   f e r r o m a g n e t i c ,   c o n d u c t i v e  

m e t a l   p a r t i c l e s   w i t h   a  d i a m e t e r   of  10  m i c r o n   or  l e s s   ( o r  

50  m i c r o n   or  l e s s )   in  a  p r e d e t e r m i n e d   p r o p o r t i o n   in  s u c h   a  

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

the   p l a n e   of  t he   s h e e t   and  s e p a r a t e d   s l i g h t l y   f rom  i t s  

s u r f a c e s   and  t he   f i n e   p a r t i c l e s   a r e   d i s p e r s e d   n e a r   at   l e a s t  

one  s u r f a c e   of  t h e   s h e e t .  

To  fo rm  the   p r e s s u r e - s e n s i t i v e ,   c o n d u c t i v e  

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



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

w i t h   a  l i q u i d - s t a t e   e l a s t o m e r ;   s e c o n d l y ,   t he   mixed   m a t e r i a l  

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

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

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

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

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

i n c l u d i n g   t he   c o a r s e   p a r t i c l e s .   A d d i t i o n a l l y ,   in  a n o t h e r  

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

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

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

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

e l a s t o m e r ;   t h i r d l y ,   t h e   m i x e d   m a t e r i a l   is  a l l o w e d   to  s e t   o r  

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

t i m e   p e r i o d .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  f e a t u r e s   and  a d v a n t a g e s   of  t h e  

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

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

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

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

e x p l a i n i n g   t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   2  is  a  g r a p h i c a l   r e p r e s e n t a t i o n   s h o w i n g   t h e  

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

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



s h e e t ;  

F i g .   3  is   an  e n l a r g e d   c r o s s - s e c t i o n a l   v iew  of  t h e  

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

t he   p r e s e n t   i n v e n t i o n , ,   in  w h i c h   c o a r s e   and  f i n e  

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

e x a g g e r a t e d   s c a l e ;   a n d  

F i g .   4  i s  a   g r a p h i c a l   r e p r e s e n t a t i o n   of  t h e  

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

e a c h   of  t he   e m b o d i m e n t s   of  t he   p r e s s u r e - s e n s i t i v e ,  

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

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

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

DETAILED  DESCRIPTION-OF  THE  PREFERRED  EMBODIMENTS 

To  f a c i l i t a t e   u n d e r s t a n d i n g   of  t he   p r e s e n t  

i n v e n t i o n ,   b r i e f   r e f e r e n c e   w i l l   be  made  to  a  p r i o r - a r t  

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

to  i t s   a p p l i c a t i o n   to  a  g r a p h i c s   d i g i t i z i n g   t a b l e t .  

As  is  w e l l - k n o w n ,   p r e s s u r e - s e n s i t i v e ,   c o n d u c t i v e  

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

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

t h e r e o n   w i t h   a  pen  or  the   l i k e   on  the   b a s i s   of  r e c t a n g u l a r  

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

the   c o - o r d i n a t e s   to  a  c h a r a c t e r   r e a d e r .  

F i g .   1  shows  the   s t r u c t u r e   of  a  t y p i c a l   g r a p h i c  

d i g i t i z i n g   t a b l e t .   In  the  f i g u r e ,   r e f e r e n c e   n u m e r a l  1  

d e n o t e s   a  t a b l e t   f r a m e ,   r e f e r e n c e   n u m e r a l   2  d e n o t e s   a n  

o u t e r   f l a t   e l e c t r o d e   p l a t e   p r o v i d e d   w i t h   a  number   o f  



h o r i z o n t a l l y   a l i g n e d   s t r i p   e l e c t r o d e s ,   r e f e r e n c e   n u m e r a l   3 

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

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

r e f e r e n c e   n u m e r a l   4  d e n o t e s   a  p r e s s u r e - s e n s i t i v e ,  

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

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

When  some  l e t t e r s   or  f i g u r e s   a re   w r i t t e n   on  t h e  

t a b l e t   w i t h   a  pen  5,  s i n c e   p r e s s u r e   is  a p p l i e d   to  t h e  

p r e s s u r e - s e n s i t i v e ,   c o n d u c t i v e   e l a s t i c   s h e e t   4  v i a   t h e  

o u t e r   f l a t   e l e c t r o d e   p l a t e   2,  t h e   c o n d u c t i v e   e l a s t i c  

s h e e t   4  b e c o m e s   c o n d u c t i v e   and ,   t h e r e b y ,   a t   l e a s t ' o n e   o f  

h o r i z o n t a l   s t r i p   e l e c t r o d e s   is   e l e c t r i c a l l y   c o n n e c t e d   to  a t  

l e a s t   one  of  v e r t i c a l   s t r i p   e l e c t r o d e s ,   so  t h a t   t he   p o i n t  

of  c o n t a c t   can   be  i d e n t i f i e d   by  i t s   c o - o r d i n a t e s .  

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

is  o f t e n   as  b i g   as  500  mm  s q u a r e .   A c c o r d i n g l y ,   w h i l e   t h e  

u s e r   w r i t e s   l e t t e r s   or  f i g u r e s   on  the   t a b l e t ,   t h e   h e e l   o f  

the   u s e r ' s   hand   6  or  t h e   u s e r ' s   f o r e a r m   7  i n e v i t a b l y  

a p p l i e s   p r e s s u r e   to  t he   s u r f a c e   of  o u t e r   f l a t   e l e c t r o d e  

p l a t e   2,  so  t h a t   an  u n i n t e n t i o n a l   p o s i t i o n   is  d e t e c t e d   a n d  

t h e r e b y   e r r o n e o u s   o o p e r a t i o n   o f t e n  o c c r u s .  

In  t h e   p r i o r - a r t   p r e s s u r e - s e n s i t i v e ,   c o n d u c t i v e  

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

c o n d u c t i v e   e l a s t i c   s h e e t  4   b e c o m e s   c o n d u c t i v e   d e c r e a s e s  

w i t h   i n c r e a s i n g   c o n t a c t   a r e a .   S i n c e   the   a r e a   of  t he   h a n d  

or  t h e   f o r e a r m   is   g r e a t e r   t h a n   t h a t   of  a  pen  t i p ,   e r r o n e o u s  

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



F i g .   2  shows  the  r e l a t i o n s h i p s   b e t w e e n  

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

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

As  can  be  s e e n ,   when  p r e s s u r e   a p p l i e d   to  the   s h e e t   by  a  p e n  

r e a c h e s   a  v a l u e   PA,  t he   c o n d u c t i v i t y   of  t he   s h e e t   r i s e s  

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

c u r v e   A.  On  t h e   o t h e r   h a n d ,   when  p r e s s u r e   is   a p p l i e d   t o  

t he   s h e e t   by  s o m e t h i n g   o t h e r   t h a n   t h e   p e n ,   s i n c e   i t s   a r e a  

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

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

at   a  v a l u e   PB  l e s s   t h a n   PA  as  d e s i g n a t e d   by  c u r v e   B.  T h a t  

is   to  s a y ,   t he   g r e a t e r   the   c o n t a c t   a r e a ,   t he   h i g h e r   t h e  

p r e s s u r e   s e n s i t i v i t y   of  the   c o n d u c t i v e   s h e e t .  

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

p r e s s u r e   and  c o n t a c t   a r e a   of  the   p r i o r - a r t  

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

e x p l a i n e d   h e r e i n a f t e r   w i t h   r e f e r e n c e   to  F i g .   4  i n  

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

p r e s e n t   i n v e n t i o n ,   t he   c o n t a c t   p r e s s u r e   PA  is   a p p r o x i m a t e l y  

50  g/mm2  when  the   c o n t a c t   a r e a   i s   1  mm 2  h o w e v e r ,   t h e  

c o n t a c t   p r e s s u r e   PB  is   a p p r o x i m a t e l y   2 5  g / m m 2   when  t h e  

c o n t a c t   a r e a   is   50  mm2.  T h a t   is  to  s a y ,   if   t he   a r e a   of  t h e  

h e e l   of  the   u s e r ' s   hand  is  50  t i m e s   l a r g e r   t h a n   t h a t   of  a  

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

pen  p r e s s u r e   is   a p p l i e d   to  the  p r e s s u r e - s e n s i t i v e   s h e e t .  

The  c o n d u c t i v e   e l a s t i c   s h e e t   c o n v e n t i o n a l l y  

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



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

T h e r e f o r e ,   when  p r e s s u r e   is   a p p l i e d   to  the   s h e e t ,   s i n c e   t h e  

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

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

w h e r e   p r e s s u r e   is  a p p l i e d .   S i n c e   the   c o n d u c t i v e   m e t a l  

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

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

f l a t   e l e c t r o d e   p l a t e s   when  p r e s s u r e   is   a p p l i e d   to  t h e  

s u r f a c e   of  t h e   s h e e t ,   t h e   two  e l e c t r o d e   p l a t e s   a r e   b r o u g h t  

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

e l a s t i c   s h e e t .  

I t   i s   v e r y   d i f f i c u l t   to  e x p l a i n   c l e a r l y   why 

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

a r e a ;   h o w e v e r ,   i t   may  be  due  to  the   f o l l o w i n g   c a u s e s :  

(1)  v a r i a t i o n s   in  t he   s i z e   and  the   d i s t r i b u t i o n  

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

(2)  v a r i a t i o n s   in  t h e   m o d u l u s   of  e l a s t i c i t y   o f  

the   c o n d u c t i v e   s h e e t ;  

- ( 3 )   v a r i a t i o n s   in  the   d i s t a n c e   b e t w e e n   t h e  

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

in  t he   c o n d u c t i v e   s h e e t ;   a n d  

(4)  v a r i a t i o n s   in  t he   t h i c k n e s s   of  t h e  

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

The  i n c r e a s e   in  p r e s s u r e   s e n s i t i v i t y   w i t h  

r e s p e c t   to  i n c r e a s i n g   c o n t a c t   a r e a   may  be  c a u s e d   by  o t h e r  

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

a b o v e - m e n t i o n e d   r e a s o n s ;   h o w e v e r ,   i t   is  p o s s i b l e   to  s i m p l y  



-  c o n s i d e r   t h a t   the   g r e a t e r   t he   v a r i a t i o n s   in  d i f f e r e n t  

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

b e t w e e n   m e t a l   p a r t i c l e s .   In  o t h e r   w o r d s ,   the   g r e a t e r   t h e  

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

number   of  p o i n t s   w i t h   a  r e l a t i v e l y   low  c o n t a c t   p r e s s u r e .  

In  o r d e r   to  s o l v e   t he   a b o v e - m e n t i o n e d   p r o b l e m ,   a  

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

has   a l r e a d y   been   p r o p o s e d ,   in  w h i c h   the   m e t a l   p a r t i c l e s  

w i t h   d i a m e t e r s   as  s m a l l   as  p o s s i b l e   a r e   mixed   w i t h   a  r u b b e r  

m a t e r i a l   in  a  h i g h e r   c o n c e n t r a t i o n .   In  such   p r i o r - a r t ,  

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

is  p o s s i b l e   to  m a n u f a c t u r e   a  c o n d u c t i v e   s h e e t   in  w h i c h  

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

no t   s u f f i c i e n t l y   l o n g .   T h i s   is   b e c a u s e   the   h i g h  

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

i n f l u e n c e   upon  t he   c h a r a c t e r i s t i c s   of  the   r u b b e r   w i t h  

r e s p e c t   to  f a t i g u e   a n d  a b r a s i o n   r e s i s t a n c e .   T h e r e f o r e ,   t h e  

l i f e   t i m e   of  t he   p r i o r - a r t   c o n d u c t i v e   s h e e t   by  w h i c h   a  

s u f f i c i e n t   p r e s s u r e   s e n s i t i v i t y   and  p r o p e r   s h e e t   t h i c k n e s s  

can  be  m a i n t a i n e d   is   as  s h o r t   as  one  t h o u s a n d   c y c l e s ,   i n  

the   c a s e   w h e r e   m e t a l   p a r t i c l e s   w i t h   a  d i a m e t e r   of  10  m i c r o n  

or  l e s s   a re   u s e d .   A d d i t i o n a l l y ,   t h e r e   e x i s t s   a n o t h e r  

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

a r e   f o r m e d   in  o r d e r   to  i n c r e a s e   the  l i f e   t i m e ;   h o w e v e r ,   t h e  

p r e s s u r e   s e n s i t i v i t y   is  too   low  fo r   p r a c t i c a l   u s e .  

In  v iew  of  t he   above   d e s c r i p t i o n ,   r e f e r e n c e   i s  

now  made  to  an  e m b o d i m e n t   of  the   p r e s s u r e - s e n s i t i v e ,  



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

i n v e n t i o n .  

F i g .   3  shows   the   m i c r o s c o p i c   s t r u c t u r e   of  t h e  

c o n d u c t i v e   s h e e t .   In  t h e   f i g u r e ,   r e f e r e n c e   n u m e r a l  1 0  

d e n o t e s   l i q u i d   e l a s t o m e r   s u c h   as  s i l i c o n   r u b b e r ,   r e f e r e n c e  

n u m e r a l   11  d e n o t e s   c o a r s e ,   f e r r o m a g n e t i c ,   c o n d u c t i v e   m e t a l  

p a r t i c l e s ,   and  r e f e r e n c e   n u m e r a l   12  d e n o t e s   f i n e ,  

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

b o t h   t h e   c o a r s e   and  f i n e   p a r t i c l e s   is   f e r r i t e   o r   c a r b o n i c  

n i c k e l .  

The  a v e r a g e   d i a m e t e r   of  t he   c o a r s e ,  

f e r r o m a g n e t i c ,   m e t a l   p a r t i c l e s   11  r a n g e s   f rom  30  to  1 5 0  

m i c r o n s ;   t h e   a v e r a g e   d i a m e t e r   of  t he   f i n e ,   f e r r o m a g n e t i c ,  

m e t a l   p a r t i c l e s   is   l e s s   t h a n   50  m i c r o n s .  

The  m i x t u r e   r a t i o   by  w e i g h t   of  t he   c o a r s e  

p a r t i c l e s   to  t h e   f i n e   p a r t i c l e s   is  f rom  1 :1   to  1 : 0 . 1   in  t h e  

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

10  m i c r o n   or  l e s s   a r e   u s e d   and  is  a b o u t   1 :2   to  1 :5   in  t h e  

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

50  m i c r o n   or  l e s s   a r e   u s e d .  

The  m i x t u r e   r a t i o   by  w e i g h t   of  the   e l a s t o m e r   t o  

t he   c o m b i n e d   c o a r s e   and  f i n e   p a r t i c l e s   is   f rom  1 : 0 . 5   t o  

1 : 0 . 8 .  

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

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

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

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



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

m i x e d   w i t h   a  l i q u i d   e l a s t o m e r ;   s e c o n d l y ,   t he   m i x e d   m a t e r i a l  

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

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

l i q u i d   e l a s t o m e r ;   f o u r t h l y ,   t he   l i q u i d   e l a s t o m e r   i n c l u d i n g  

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

o n t o   b o t h   of  t h e   s u r f a c e s   of  t he   i n n e r   s h e e t   in  s u c h   a  w a y  

t h a t   t he   t h i c k n e s s   of  t he   o u t e r   l a m i n a t e d   e l a s t o m e r   is   l e s s  

t h a n   t h a t   of  t h e   i n n e r   s h e e t .  

In  o r d e r   to  a r r a n g e   the   c o a r s e   f e r r o m a g n e t i c i  

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

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

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

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

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

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

in  a  l i q u i d   e l a s t o m e r ;   t h i r d l y ,   t he   m i x e d   c o a r s e   and  f i n e  

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

f i e l d   f o r   a  p r e d e t e r m i n e d   t ime   p e r i o d .   In  t h i s   m e t h o d ,   t h e  

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

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

of  a  c o n d u c t i v e   s h e e t   in  wh ich   the   f i n e   p a r t i c l e s   a r e  

c o n c e n t r a t e d   on  one  s u r f a c e   t h e r e o f .  

The  a p p l i c a t i o n   of  the   u n i f o r m   m a g n e t i c   f i e l d   t o  

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

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

s h e e t ,   as  shown  in  F i g .   3.  As  a  r e s u l t ,   t he   i n n e r   s h e e t   i s  



much  more   p r e s s u r e - s e n s i t i v e   t h a n   i f   t h e   c o a r s e   p a r t i c l e s  

were   r a n d o m l y   d i s t r i b u t e d .   T h i s   a l l o w s   s u i t a b l e   p r e s s u r e -  

s e n s i t i v i t y   w i t h o u t   t he   d a m a g i n g   e f f e c t s   of  e x c e s s i v e l y  

p a r t i c l e   c o n t e n t .  

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

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

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

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

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

r e l a t i o n s h i p s   b e t w e e n   the   c o n t a c t   p r e s s u r e   and  c o n t a c t  

a r e a .   In  p a r t i c u l a r ,   t h e   m i x t u r e   r a t i o   RM  of  the   c o a r s e   t o  

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

upon  t h e   c h a r a c t e r i s t i c s   b e t w e e n   c o n t a c t   p r e s s u r e   a n d  

c o n t a c t   a r e a .   The  g r e a t e r   t h e   m i x t u r e   r a t i o   RM,  t h e  

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

c o n t a c t   a r e a .  

V a r i o u s   e x p e r i m e n t s   have   been   made  to  d e t e r m i n e  

the   a b o v e - m e n t i o n e d   p a r t i c l e   d i a m e t e r s   and  m i x t u r e   r a t i o s  

and  the   f o l l o w i n g   v a l u e s   have   been   d e t e r m i n e d   fo r   d e s i r a b l e  

c h a r a c t e r i s t i c s   in  w h i c h   the   c o n t a c t   p r e s s u r e   is   a l m o s t  

c o n s t a n t   i r r e s p e c t i v e   of  c o n t a c t   a r e a   or  i n c r e a s e s   w i t h  

i n c r e a s i n g   c o n t a c t   a r e a .  

(1)  The  d i a m e t e r   of  t he   c o a r s e   f e r r o m a g n e t i c  

m e t a l   p a r t i c l e s   i s   f rom  30  to  150  m i c r o n ;  

(2)  The  d i a m e t e r   of  t he   f i n e   f e r r o m a g n e t i c  

m e t a l   p a r t i c l e s   i s   c l a s s i f i e d   i n t o   two  g r o u p s   of  10  m i c r o n  

or  l e s s   and  50  m i c r o n   or  l e s s ;  .  



(3)  The  m i x t u r e   r a t i o   of  t he   c o a r s e  

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

m e t a l   p a r t i c l e s   is  f rom  1 : 0 . 1   to  1 :1   by  w e i g h t   in  t he   c a s e  

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

of  10  m i c r o n   or  l e s s   and  is  f rom  1 :2   to  1 :5   in  t he   c a s e   o f  

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

50  m i c r o n   or  l e s s ;   a n d  

(4)  The  m i x t u r e   r a t i o   of  t he   c o a r s e   and  f i n e  

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

1 : 0 . 5   to  1 : 0 . 8   by  w e i g h t .  

F i g .   4  shows  e x e m p l a r y   r e l a t i o n s h i p s   b e t w e e n  

c o n t a c t   p r e s s u r e   and  c o n t a c t   a r e a .   In  t h e   f i g u r e ,   t h e  

c u r v e   A  t r a c e s   t he   c h a r a c t e r i s t i c s   o b t a i n e d   when  t h e  

m i x t u r e   r a t i o   RM  of  t he   c o a r s e   to  f i n e   f e r r o m a g n e t i c   m e t a l  

p a r t i c l e s   is  z e r o ,   t h a t   i s ,   when  t h e r e   a r e   no  f i n e  

p a r t i c l e s ,   w h i c h   a r e   a l m o s t   t he   same  as  t h o s e   of  a  

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

by  c u r v e   D. 

The  c u r v e   B  shows  the   c h a r a c t e r i s t i c s   o b t a i n e d  

when  t he   m i x t u r e   r a t i o   R   of  c o a r s e   to  f i n e   f e r r o m a g n e t i c  

m e t a l   p a r t i c l e s   is   1 : 0 . 1   in  the   c a s e   w h e r e   t he   f i n e  

f e r r o m a g n e t i c   m e t a l   p a r t i c l e s   w i t h   a  d i a m e t e r   of  10  m i c r o n  

or  l e s s   a r e   used   or  when  the   RM  is  1 :2   in  t he   c a s e   w h e r e   t h e  

f i n e   p a r t i c l e s   of  50  m i c r o n   or  l e s s   a r e   u s e d .  

The  c u r v e   C  shows  the  c h a r a c t e r i s t i c s   o b t a i n e d  

when  t he   m i x t u r e   r a t i o   RM  of  c o a r s e   to  f i n e   f e r r o m a g n e t i c  

m e t a l   p a r t i c l e s   is  1 : 0 . 4   in  the   c a s e   w h e r e   the   f i n e  



f e r r o m a g n e t i c   m e t a l   p a r t i c l e s   w i t h   a  d i a m e t e r   of  50  m i c r o n  

or  l e s s   a r e   u s e d   or  when  t he   RM  is  1 :4   in  t he   c a s e   w h e r e   t h e  

f i n e   p a r t i c l e s   of  50  m i c r o n   or  l e s s   a r e   u s e d .  

As  e x p l a i n e d   w i t h   r e f e r e n c e   to  F i g .   4,  i t   i s  

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

c o n t a c t   p r e s s u r e   and  c o n t a c t   a r e a   by  c o n t r o l l i n g   t h e  

m i x t u r e   r a t i o   of  c o a r s e   to  f i n e   f e r r o m a g n e t i c   m e t a l  

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

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

t he   i n t e r i o r   of  t h e   c o n d u c t i v e   s h e e t   and  d i s p e r s i n g   t h e  

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

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

I t   i s   n o t .  e a s y   to   e x p l a i n   t he   a b o v e - m e n t i o n e d  

e f f e c t ;   h o w e v e r ,   i t   may  be  due  to  the   f o l l o w i n g   r e a s o n s :  

(1)  s i n c e   a  g r e a t   number   of  f i n e   p a r t i c l e s   a r e  

d i s p e r s e d   n e a r   t he   s u r f a c e   of  t he   c o n d u c t i v e   s h e e t ,   t h e  

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

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

i n t e r i o r   of  t he   s h e e t .   T h e r e f o r e ,   more   u n i f o r m   p r e s s u r e   i s  

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

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

p r e v e n t i n g   l o c a l   c o n d u c t i o n .   As  a  r e s u l t ,   t h e   s h e e t   can  b e  

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

c o n t a c t   a r e a   bu t   n o t   by  a  hand  w i t h   a  l a r g e   c o n t a c t   a r e a .  

T h i s   p h e n o m e n o n   can  more   r e a d i l y   be  u n d e r s t o o d   by  i m a g i n i n g  

a  mode l   in  w h i c h   a  r e l a t i v e l y   h a r d   p l a s t i c   s h e e t   is  p l a c e d  

on  p l a s t i c   foam.   In  t h i s   c a s e ,   a l - t h o u g h   i t   is  e a s y   t o  



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

s m a l l   a r e a ,   i t   is  d i f f i c u l t   to  c o m p r e s s   the   f oamed   p l a s t i c  

o v e r   a  l a r g e   a r e a .  

(2)  s i n c e   t h e . d i a m e t e r   of  the   f i n e   p a r t i c l e s   i s  

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

is  l a r g e .   T h e r e f o r e ,   t he   p h e n o m e n o n   d e s c r i b e d   u n d e r   ( 1 )  

a b o v e   i s   a d d i t i o n a l l y   e m p h a s i z e d .  

T h e r e f o r e ,   the   h i g h e r   t he   m i x t u r e   r a t i o   Rm  of  t h e  

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

the   c o n t a c t   p r e s s u r e   r e q u i r e d   o v e r   t he   c o n t a c t   a r e a .  

A d d i t i o n a l l y ,   t he   l a r g e r   t he   c o n t a c t   a r e a ,   the   h i g h e r   t h e  

c o n t a c t   p r e s s u r e   r e q u i r e d   w i t h   t he   m i x t u r e   r a t i o   RM  at   a  

c o n s t a n t   v a l u e .  

As  o p p o s e d   to  t he   p r i o r - a r t   c o n d u c t i v e   s h e e t   i n  

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

p a r t i c l e s   a t   l o c a l   p o s i t i o n s   in  t he   c o n t a c t   a r e a ,   in  t h e  

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

the   v a r i a t i o n s   in  v a r i o u s   c o n d u c t i o n   f a c t o r s   a r e   s m a l l ,   a  

more  u n i f o r m   p r e s s u r e   is  r e q u i r e d   to  make  the   s h e e t  

c o n d u c t i v e .   F u r t h e r m o r e ,   s i n c e   t he   h a r d n e s s   of  the   s h e e t  

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

make  a  l a r g e   c o n d u c t i o n   a r e a   c o n d u c t i v e .  

In  t he   c a s e   w h e r e   t he   p r e s s u r e - s e n s i t i v e ,  

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

is  a p p l i e d   to  a  200  mm  s q u a r e   t a b l e t ,   t h e   t a b l e t   can  d e t e c t  

c o n t a c t   when  a  l e t t e r   is  w r i t t e n   w i t h   a  b a l l p o i n t   p e n  

( s m a l l   c o n t a c t   a r e a   of  10  mm2  or  l e s s ) ,   but   c a n n o t   d e t e c t  



p r e s s u r e   due   to  c o n t a c t   w i t h   t he   h e e l   of  u s e r ' s   hand   or  t h e  

u s e r ' s   f o r e a r m   ( l a r a g e   c o n t a c t   a r e a ) .  

F u r t h e r m o r e ,   in  t h i s   e m b o d i m e n t   d e s c r i b e d   a b o v e ,  

t he   e l a s t i c i t y   of  t he   s h e e t   is  a l m o s t   t he   same  as  in  t h e  

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

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

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

p a r t i c l e s   a r e   a r r a n g e d   in  t he   i n t e r i o r   of  t he   s h e e t .  

As  d e s c r i b e d   a b o v e ,   in  the   p r e s s u r e - s e n s i t i v e ,  

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

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

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

a t   a  p r e d e t e r m i n e d -   r a t i o   and  n e x t   m i x e d   w i t h   l i q u i d  

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

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

c o a r s e   f e r r o m a g n e t i c   m e t a l   p a r t i c l e s   can  be  a l i g n e d   in  t h e  

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

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

d i s p e r s e d   n e a r   one  s u r f a c e   or  n e a r   b o t h   s u r f a c e s   of  t h e  

c o n d u c t i v e   s h e e t .   T h e r e f o r e ,   i t   is  p o s s i b l e   to  p r o v i d e   a  

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

c o n t a c t   p r e s s u r e   is   c o n s t a n t   i r r e s p e c t i v e   of  the   c o n t a c t  

a r e a   or  t h e   c o n t a c t   p r e s s u r e   i n c r e a s e s   w i t h   i n c r e a s i n g  

c o n t a c t   a r e a .  

F u r t h e r m o r e ,   when  the   p r e s s u r e - s e n s i t i v e ,  

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

d i g i t i z i n g   t a b l e t   t h r o u g h   w h i c h   v a r i o u s   l e t t e r s   or  f i g u r e s  



. c a n   be  d e t e c t e d   by  a  c h a r a c t e r   r e a d e r ,   i t   is  p o s s i b l e   t o  

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

a  p e n c i l   or  a  b a l l p o i n t   pen  w i t h   a  s m a l l   c o n t a c t   a r e a   a n d  

n o t   s e n s i t i v e   t o ,   f o r   i n s t a n c e ,  t h e   h e e l   of  the   u s e r ' s   h a n d  

or  t he   u s e r ' s   f o r e a r m ,   which   have   a  l a r g e   c o n t a c t   a r e a .  

I t   w i l l   be  u n d e r s t o o d   by  t h o s e   s k i l l e d   in  t he   a r t  

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

e m b o d i m e n t s   of  t he   p r e s e n t   i n v e n t i o n   w h e r e i n   v a r i o u s  

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

f rom  the   s p i r i t   and  s c o p e   of  the   i n v e n t i o n ,   as  s e t   f o r t h   i n  

t he   a p p e n d e d   c l a i m s .  



1.  A  p r e s s u r e - s e n s i t i v e ,   c o n d u c t i v e   e l a s t i c   s h e e t  

w h i c h   c o m p r i s e s :  

(a)   a  g r e a t   n u m b e r   of  c o a r s e   f e r r o m a g n e t i c  

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

(b)  a  g r e a t   n u m b e r   of  f i n e   f e r r o m a g n e t i c  

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

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

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

p r e d e t e r m i n e d   m i x t u r e   r a t i o ;   a n d  

(c)  e l a s t o m e r   in  w h i c h   s a i d   c o a r s e  

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

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

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

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

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

p r e d e t e r m i n e d   m i x t u r e   r a t i o ,  

w h e r e b y   the   p r e s s u r e   a t   w h i c h   an  e l e c t r i c a l l y  

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

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

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

2.  A  p r e s s u r e - s e n s i t i v e ,   c o n d u c t i v e   e l a s t i c   s h e e t  

as  s e t   f o r t h   in  c l a i m  1 ,   w h e r e i n   s a i d   c o a r s e   and  f i n e  

p a r t i c l e s   a r e   f e r r i t e .  

3 .  - A   p r e s s u r e - s e n s i t i v e ,   c o n d u c t i v e   e l a s t i c   s h e e t  



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

p a r t i c l e s   a r e   c a r b o n i c   n i c k e l .  

4.  A  p r e s s u r e - s e n s i t i v e ,   c o n d u c t i v e   e l a s t i c   s h e e t  

as  s e t   f o r t h   in  c l a i m   1,  w h e r e i n   s a i d   e l a s t o m e r   is  s i l i c o n  

r u b b e r .  

5.  A  p r e s s u r e - s e n s i t i v e ,   c o n d u c t i v e   e l a s t i c   s h e e t  

as  s e t   f o r t h   in  c l a i m  1 ,   w h e r e i n   the  d i a m e t e r   of  s a i d  

c o a r s e   p a r t i c l e s   is   f rom  30  to  150  m i c r o n s .  

6.  A  p r e s s u r e - s e n s i t i v e ,   c o n d u c t i v e   e l a s t i c   s h e e t  

as  s e t   f o r t h   in  c l a i m   1,  w h e r e i n   the   m i x t u r e   r a t i o   of  s a i d  

c o a r s e   to  s a i d   f i n e   p a r t i c l e s   is  from  1 : 0 . 1   to  1 :1   by  

w e i g h t   in  t h e   c a s e   w h e r e   the   d i a m e t e r   of  s a i d   f i n e  

p a r t i c l e s   is  10  m i c r o n   or  l e s s .  

7.  A  p r e s s u r e - s e n s i t i v e ,   c o n d u c t i v e   e l a s t i c   s h e e t  

as  s e t   f o r t h   in  c l a i m   1,  w h e r e i n   t he   m i x t u r e   r a t i o   of  s a i d  

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

p a r t i c l e s   is  f rom  1 :2   to  1 :5   by  in  w e i g h t   in  the   c a s e   w h e r e  

the   d i a m e t e r   of  s a i d   f i n e   p a r t i c l e s   is  50  m i c r o n   or  l e s s .  

8.  A  p r e s s u r e - s e n s i t i v e ,   c o n d u c t i v e   e l a s t i c   s h e e t  

as  s e t   f o r t h   in  c l a i m   1,  w h e r e i n   the   m i x t u r e   r a t i o   of  s a i d  

e l a s t o m e r   to  t he   c o m b i n e d   s a i d   c o a r s e   and  f i n e   p a r t i c l e s   i s  

f rom  1 : 0 . 5   to  1 : 0 . 8   by  w e i g h t .  



- 9 .   A  m e t h o d   of  f o r m i n g   a  p r e s s u r e - s e n s i t i v e ,  

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

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

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

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

(a)   m i x i n g   a  number   of  c o a r s e   f e r r o m a g n e t i c  

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

(b)  a l l o w i n g   t he   l i q u i d   e l a s t o m e r   m i x e d   w i t h  

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

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

(c)   m i x i n g   a  number   of  f i n e   c o n d u c t i v e  

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

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

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

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

i n n e r   s h e e t .  

10.  A  m e t h o d   of  f o r m i n g   a  p r e s s u r e - s e n s i t i v e ,  

c o n d u c t i v e   e l a s t i c   s h e e t   in  w h i c h   t he   p r e s s u r e   a t   w h i c h . t h e  

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

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

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

(a)   c o a t i n g   a  number   of  c o a r s e   f e r r o m a g n e t i c  

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

e l a s t o m e r ;  

(b)  m i x i n g   t he   c o a t e d   c o a r s e   p a r t i c l e s   w i t h   a  

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



p a r t i c l e s   have   been   m i x e d ;   a n d  

(c)   l e a v i n g   t h e   e l a s t o m e r   i n c l u d i n g   t he   c o a t e d  

c o a r s e   and  f i n e   p a r t i c l e s ,   in  t he   form  of  a  s h e e t ,   w i t h i n   a  

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

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

to  c o l l e c t   on  the   b o t t o m   s u r f a c e   t h e r e o f .  
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