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(5)  Eiastomeric  material  conductive  under  pressure  and  application  in  keyboards. 

An  elastomeric  material  conductive  under  pressure  is 
suitable  for  use  in  a  keyboard.  When  not  compressed  the 
material  is  insulating.  When  a  key  (21)  is  depressed,  the  pres- 
sure  renders  the  material  (11)  conductive  and  completes  a 
circuit  (14,  11,  16,  17.  15).  In  order  to  prolong  the  life  of  the 
material  when  it  is  repeatedly  compressed,  a  magnetic  field  is 
used  during  polymerization  of  an  elastomer  in  which  magne- 
tic  powder  is  dispersed.  The  material  becomes  piezoconduc- 
tive  in  a  preferred  direction  parallel  to  the  applied  field. 



This  i n v e n t i o n   r e l a t e s   to  an  e l a s t o m e r i c   m a t e r i a l   which  i s  

co  duc t ive   under  p r e s s u r e   and  s u i t a b l e   for  use  in  keyboards   of  d a t a  

p rocess ing   e q u i p m e n t .  

E l a s t o m e r i c   m a t e r i a l s   (rubbers)   are  known  which  are  r e n d e r e d  

c : i d u c t i v e   by  adding  m a t e r i a l s   such  as  carbon  black  or  metal  powders  

is  the  mix  or  compos i t i on .   Some  compos i t ions   and  p r o c e s s e s   f o r  

p o d u c i n g   conduc t ive   rubbers   are  given  in  the  book:  Conductive  Rubbers  

a:  P l a s t i c s ,   by  R.  H.  Norman -  E l s e v i e r ,   Amsterdam,  London,  New  York,  

1 0 0 .  

Elements  of  conduc t ive   rubber   are  used  as  c o n t a c t   m a t e r i a l s   i n  

son  known  types  of  k e y b o a r d .  

For  a p p l i c a t i o n   in  keyboards ,   p i e z o c o n d u c t i v e   rubbers   are  more 

i n t e r s t i n g ,   tha t   is  those  r u b b e r s  w h i c h   become  conduc t ive   under  t h e  

e f f e c   of  a p p l i e d   p r e s s u r e ,   because  they  allow  keyboards   wi thou t   c o n t a c t s  

exposed  to  o x i d a t i o n   to  be  o b t a i n e d ,   inasmuch  as  con t ac t   takes   p l a c e  

w i th in  t he   p i e z o c o n d u c t i v e   m a t e r i a l .  

Sor  p i e z o c o n d u c t i v e   e l a s t o m e r s   are  used  for  p roduc ing   f i x e d  

c o n t a c t .   In  the  known  m a t e r i a l s   the  p i e z o c o n d u c t i v e   e f f e c t   d i s a p p e a r s  

a f t e r   a few  thousand  a c t u a t i o n s   of  the  e l a s t o m e r i c   e lement ,   for  which  

reason  t e s e   m a t e r i a l s   are  not  s u i t a b l e   for  use  in  k e y b o a r d s .  

T h e  j e c t   of  the  i n v e n t i o n   is  to  p rovide   an  e l a s t o m e r   which  

becomes  c  l u c t i v e   under  the  e f f e c t   of  p r e s s u r e   and  p r e s e r v e s   t h i s  

c h a r a c t e r i d   c  for  a  number  of  o p e r a t i o n s   of  the  o r d e r  o f   at  l e a s t   some 

hundreds  o f  n o u s a n d s .  

T h i s   prolem  has  been  solved  by  means  of  the  p i e z o c o n d u c t i v e  
e l a s t o m e r i o n t e r i a l   accord ing   to  the  i n v e n t i o n ,   as  claimed  in  claim  1 .  



The  i n v e n t i o n   w i l l   be  d e s c r i b e d   in  more  d e t a i l ,   by  way  of  e x a m p l e ,  
with  r e f e r e n c e   to  the  accompanying  drawings  in  w h i c h :  

Fig.  1  is  a  f r o n t   view  of  an  appa ra tu s   for  p r e p a r i n g   an 

e l a s t o m e r   accord ing   to  the  i n v e n t i o n ;  

Fig.  2  shows  a  key  employing  the  p i e z o c : n d u c t i v e   e l a s t o m e r  

acco rd ing   to  the  i n v e n t i o n ;  

Fig.  3  shows  a  d e t a i l   of  a  keyboard  employing  the  e l a s t o m e r  

acco rd ing   to  the  i n v e n t i o n ;  

Fig.  4  is  a  graph  r e l a t i n g   to  the  key  of  Fig.  2;  

Fig.  5  is  a  diagram  of  a  measur ing  c i r o t i t   used  for  the  g r a p h  

of  Fig.  4 .  

Fig.  2  shows  a  key  10  which  uses  a  p a t h   11  of  p i e z o c o n d u c t i v e  

e l a s t o m e r   a c c o r d i n g   to  the  i n v e n t i o n   and  can  be  employed  to  r ep l ace   a  

normal  c o n t a c t - t y p e   key  as  an  input   d e v  e   for  a  data  p r o c e s s i n g  

a p p a r a t u s ,   with  an  i n t e r f a c e   towards  s o i c o n d u c t o r   e l e c t r o n i c   c i r c u i t s  

of  high  input   impedance .  

A  housing  12  of  the  key  r e s t s   o v a   p r i n t e d   c i r c u i t   board  13  on 

which  there   is  formed  an  i s l a n d   1 4  t h   a  d i ame te r   of  8  mm  and  c o n n e c t e d  

to  one  end  of  the  con tac t   c i r c u i t   of  the  key.  The  o the r   end  of  t h i s  

c i r c u i t   is  connec ted   to  ino ther   i s ' i i d   15  to  which  there   is  s o l d e r e d  

a  f l e x i b l e   metal  p l a t e  1   having  a   i r c u l a r   end  16  with  a  d i amete r   o f  

8  mm. 

The  patch  11  of  p r o z o c o n d u d   ve  m a t e r i a l ,   which  has  a  d i ame te r   o f  

8  mm  and  a  t h i c k n e s s   0 . 6   mm,  s  f i xed   by  means  of  c o n d u c t i v e  

adhes ive   between  the  s land   14  and  the  c i r c u l a r   end  16  of  the  f l e x i b l e  

p l a t e   1 7 .  

On  the  end  16  rere  r e s t s  a   sp r ing   18  i n s e r t e d   in  a  r ecess   19  o f  

a  s l i d i n g   shank  20   of  the  ke,  10,  which  bears   a  buttom  21.  In  t h e  

i n o p e r a t i v e   s t a t e ,   the  sprios  18  bears   on  the  end  16  with  a  f o r c e  

s u f f i c i e n t   to  k e e p  L e   b u t t : .   21  r a i s e d .  

When  the  b u t   21  is  r e s s e d ,   the  force  e x e r t e d   is  t r a n s m i t t e d  

through  the  s p r i   r 18  and  se  end  16  of  the  f l e x i b l e   p l a t e   17  to  t h e  

pa tch   11  of  pie  conduction  rubber ,   r e a c h i n g   a  value  of  about  100  g 

when  the  b u t t o s   21  s t r i k e   the  top  of  the  housway  12  of  the  key.  Under  

the  e f f e c t   of  the   a p p l i e  f o r c e ,   the  pa tch   11  becomes  c o n d u c t i v e ,  

ensuxing  a  p in  of  low  rt  i s t i v i t y   between  the  i s l a n d s   14  and  1 5 .  

For  u s  o f   the  key  in  a  data  en t ry   keyboard ,   i t   is  r e q u i r e d   t h a t  

the  patch  1   b e h a v e   is  a  p r a c t i c a l l y   p e r f e c t   i n s u l a t o r   u n t i l   t h e  

e s s u r e   p p l i e d   r i c h e s   a  p r e d e t e r m i n e d   value  of  about  80  g  and  t o  



assume  a  low  r e s i s t a n c e   when  th i s   p r e s s u r e   is  exceeded,   and  then  t o  

r e a c q u i r e   the  i n s u l a t i n g   p r o p e r t i e s   on  r e l e a s e   of  the  key,  p r e s e n t i n g  

a  c e r t a i n   h y s t e r e s i s ,   but  with  a  n e g l i g i b l e   delay.   It  is  moreover  

e s s e n t i a l   tha t   the  patch  p r e s e r v e s   these  c h a r a c t e r i s t i c s   for  a t  

l e a s t   100,000  o p e r a t i o n s   of  the  same  key,  with  a  con t ac t   r e s i s t a n c e  

always  below  10,000  ohms. 

According  to  the  known  l i t e r a t u r e   (B.  E.  S p i n g e t t :   C o n d u c t i v i t y  
of  a  system  of  m e t a l l i c   p a r t i c l e s   d i s p e r s e d   in  an  i n s u l a t i n g   medium -  

J.  A.  Phys . ,   Vol.  44,  No.  6 ,   June  73,  pp.  2925 -   26,  and  C.  H.  K u i s t :  

A n i s o t r o p i c   conduc t ion   in  e l a s t o m e r i c   c o m p o s i t e s  -   Proc.  7  Am.  Conn. 

Symposium,  June  1974,  pp.  203 -   209),  on  vary ing   the  pe rcen tage   o f  

metal  powder  in  a  matr ix   of  i n s u l a t i n g   e l a s tomer   the  c o n d u c t i v i t y   o f  

the  whole  shows  a  d i s t i n c t   t r a n s i t i o n  f r o m   i n s u l a t i n g   m a t e r i a l   t o  

conduc t ive   m a t e r i a l   for  a  w e l l - d e f i n e d   pe rcen t age   by  volume  (V ) 
of  metal  powder  close  to  0.2  and  dependent   to  a  c e r t a i n   e x t e n t   on  t h e  

gra in   size  and  on  the  shape  of  the  metal  g r a n u l e s ,   p r e s e n t i n g   p i e z o -  

conduc t ive   c h a r a c t e r i s t i c s   for  p e r c e n t a g e s   by  volume  of  metal  powders  a 

l i t t l e   lower  than  V  .  
m 

In  p a r t i c u l a r   in  the  a r t i c l e   by  C.  H.  Kuis t ,   p e r c e n t a g e s   of  m e t a l  

(n ickel )   powder  by  volume  ranging  between  0.08  and  0.18  are  s u g g e s t e d  

for  the  p i e z o c o n d u c t i v e   r u b b e r s .  

I t   is  known  t ha t   the  a p p l i c a t i o n   of  a  magnetic   f i e l d   during  t h e  

p o l y m e r i z a t i o n   of  r i g i d   epoxy  p l a s t i c s   m a t e r i a l s   c o n t a i n i n g   m e t a l  

powders  (see  the  said  book  Conduct ive   Rubbers  and  P l a s t i c s ,   page  82) 

b r i ngs   a  c o n s i d e r a b l e   i n c r e a s e   in  the  c o n d u c t i v i t y   of  the  whole  in  t h e  

d i r e c t i o n   of  the  magnetic   f i e l d ;   i t   could  t h e r e f o r e   be  expected   from 

t h i s   t h a t   a lso  with  e l a s t o m e r s   the  a p p l i c a t i o n   of  a  magnetic  f i e l d  

dur ing  the  p o l y m e r i z a t i o n   would  lead  to  a  lowering  of  the  t r a n s i t i o n  

p e r c e n t a g e   V  
m  

between  the  p i e z o c o n d u c t i v e   c o n d i t i o n   and  the  c o n d u c t i v e  

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

f i e l d .  

S u r p r i s i n g l y ,   i t   has  been  found  t ha t   on  d i s p e r s i n g   n i c k e l  

powders  in  a  mat r ix   of  e l a s t o m e r i c   b i n d e r ,   for  example  of  the  t y p e  

S i l a s t i c   E  manufac tu red   by  Dow  Corning,   and  m a i n t a i n i n g   the  c o m p o s i t i o n  

under  the  e f f e c t   of  a  magnetic   f i e l d   dur ing  the  p o l y m e r i z a t i o n   of  t h e  

b i n d e r ,   the  rubber   proves   to  be  i n s u l a t i n g   in  the  absence  of  p r e s s u r e  

even  with  p e r c e n t a g e s   of  powder  between  15  and  27%,  which  g r e a t l y  

exceed  the  i n d i c a t e d   l i m i t   va lues .   On  the  o the r   hand,  the  e n d u r a n c e  

of  the  p i e z o c o n d u c t i v e   c h a r a c t e r i s t i c s   improves  d e c i s i v e l y   and  p a s s e s  



from  a  few  thousand  o p e r a t i o n s   of  the  key  to  s e v e r a l   hundreds  o f  

thousands   before   i r r e g u l a r i t i e s   of  o p e r a t i o n   not  t o l e r a t e d   by  no raml  

e l e c t r o n i c   u t i l i z a t i o n   c i r c u i t s   are  e n c o u n t e r e d .  

It  has  also  been  found  t ha t   on  exceeding   these  p e r c e n t a g e s ,   t h e  

r i e z o c o n d u c t i v e   c h a r a c t e r i s t i c s   become  worse  again  and  t h a t   t h e  

optimum  value  is  found  for  p e r c e n t a g e s   around  21%. 

The  p r e f e r r e d   metal  m a t e r i a l   is  a  n i cke l   powder  c o n s i s t i n g   o f  

s p n e r i c a l   g r a in s   and  having  the  maximum  hardness   compat ib le   w i t h  

p r e s e r v a t i o n   of  the  magnet ic   c h a r a c t e r i s t i c s .   More  p a r t i c u l a r l y ,  

good  r e s u l t s   have  been  o b t a i n e d   with  a  n i c k e l   powder  known  by  the  t r a d e  

name  of  Alloy  79  GS,  s u p p l i e d   by  the  Baudier   Company,  of  L i a n c o u r t  

( F r a n c e ) .  

The  powder  c o n s i s t s   of  93.94%  of  n i c k e l ,   3.5%  of  s i l i c o n ,   1%  o f  

tron,  1.6%  of  boron  and  0.05%  of  carbon  and  has  a  Rockwell  C  h a r d n e s s  

of  18-22;  the  s p h e r i c a l   g r a n u l e s   have  a  d i amete r   between  100  a n d  

1 5 0 µ .  
A  p r e f e r r e d   compos i t i on   of  the  p i e z o c o n d u c t i v e   e l a s t o m e r   i s  

c o n s t i t u t e d   by :  

S i l a s t i c   E  s i l i c o n e   rubber   from  Dupont:  by  weight :   30  p a r t s ;  

79  GS  n i c k e l   powder  from  Baudier :   70  p a r t s ;  

S i l a s t i c   E  ha rdener   from  Dupont:  3  p a r t s .  

P r e p a r a t i o n   of  the  p i e z o c o n d u c t i v e   e l a s t o m e r   r e q u i r e s   c a r e f u l  

mixing  of  the  powder  and  s i l i c o n e   rubber ,   a d d i t i o n   of  the  h a r d e n e r ,  

a  f i r s t   d e g a s s i n g   of  the  mix  under  vacuum  and  c a s t i n g   in  the  mould 

fo l lowed  by  a  second  d e g a s s i n g   under  vacuum  and  i n t r o d u c t i o n   i n t o  

the  m a g n e t i z e r ,   which  a p p l i e s   a  magnet ic   f i e l d   with  a  d i r e c t i o n  

p e r p e n d i c u l a r   to  the  faces   of  the  sheet   dur ing  the  p o l y m e r i z a t i o n   o f  

the  b i n d e r .  

The  t h i c k n e s s   of  the  shee t   or  fi lm  of  p i e z o c o n d u c t i v e   e l a s t o m e r  

may  vary  from  0.4  to  0.8  mm,  the  p r e f e r r e d   t h i c k n e s s   being  0.6  mm. 

The  i n t e n s i t y   of  the  magnet ic   f i e l d   dur ing   the  p o l y m e r i z a t i o n   i s  

not  c r i t i c a l ,   p rov ided   t h a t   the  f i e l d   reaches   an  i n t e n s i t y   of  a t  

l e a s t   500  o e r s t e d s .   Above  t h i s   value  no  a p p r e c i a b l e   v a r i a t i o n s  

are  found  in  the  r e s u l t s .  

The  a p p a r a t u s   used  for  p r e p a r i n g   the  e l a s t o m e r   is  shown 

d i a g r a m m a t i c a l l y   in  Fig.  1,  in  which  a  mould  31  of  n o n - m a g n e t i c  

m a t e r i a l ,   in  which  the  e l a s t o m e r   mix  36  is  c a s t ,   is  between  two  p o l e  

p i eces   32  and  33  a  magne t i ze r   37  which  are  i n t e r c o n n e c t e d   by  an  

e x t e r n a l   magnet ic   c i r c u i t   (not  shown).  The  magnet ic   f lux  is  m a i n -  



t a ined   th roughou t   the  time  of  p o l y m e r i z a t i o n   of  the  e l a s tomer   by  t h e  

c u r r e n t   f lowing  in  two  windings  34  and  35.  During  the  p o l y m e r i z a t i o n ,  
the  e l a s t o m e r   is  kept  at  room  t e m p e r a t u r e .   Under  these  c o n d i t i o n s ,  

complete  p o l y m e r i z a t i o n   r e q u i r e s   about  18  h o u r s .  

The  time  r e q u i r e d   for  p r e p a r i n g   the  p i e z o c o n d u c t i v e   e l a s t o m e r i c  

m a t e r i a l   can  be  reduced  to  10  minutes ,   s t i l l   in  a  magnetic  f i e l d ,   i f  

the  t e m p e r a t u r e   of  the  mould  31  is  brought   to  100°C.  

All  the  samples  t e s t e d   have  exceeded  the  p r e s c r i b e d   minimum  l i f e  

of  100,000  o p e r a t i o n s ,   with  peaks  of  more  than  1 ,000,000  o p e r a t i c n s .  

Fig.  5  shows  a  simple  c i r c u i t   used  for  d e t e c t i n g   the  c h a r a c t e r i s -  

t i c s   of  the  key  of  Fig.  2,  compr is ing   a  DC  vo l t age   g e n e r a t o r   41 

p roduc ing   5  V  and  a  50  KΩ l imi t ing   r e s i s t o r   42  in  s e r i e s   with  the  key 

10.  

Fig.  4  is  a  graph  of  the  vo l t age   drop  d e t e c t e d   across   t h e  

t e r m i n a l s   43  and  44  of  the  r e s i s t o r   42  as  a  f unc t ion   of  the  f o r c e  

F  a p p l i e d   to  the  key.  The  phenomenon  of  h y s t e r e s i s   be tween  

a c t u a t i o n   and  r e l e a s e   of  the  key  is  obvious  from  the  g r a p h .  

An  a l t e r n a t i v e   embodiment  of  a  keyboard  employing  the  p i e z o c o n -  

duc t ive   rubber   acco rd ing   to  the  i n v e n t i o n   is  shown  in  Fig.  3 .  

I n . t h e   keyboard  23,  a  s ing le   sheet   24  of  p i e z o c o n d u c t i v e  

m a t e r i a l   produced  in  a  magnetic   f i e l d   in  accordance   with  t h e  

i n v e n t i o n   is  used,   i n s t e a d   of  i n d i v i d u a l   pa t ches   of  p i e z o c o n d u c t i v e  

e l a s t o m e r   as  in  the  key  of  Fig.  2.  The  sheet   24  is  stuck  by  means 

of  a  conduc t ive   adhes ive   to  i s l a n d s   26  of  a  p r i n t e d   c i r c u i t   board  25 

which  c o n s t i t u t e   one  of  the  c o n t a c t   t e r m i n a l s   of  the  keys  27.  

A  second,  f l e x i b l e ,   p r i n t e d   c i r c u i t   board  28  is  stuck  by  means 

of  conduc t ive   adhes ive   on  top  of  the  sheet   24  of  p i e z o c o n d u c t i v e  

m a t e r i a l   at  i s l a n d s   29  in  l ine   with  the  i s l a n d s   26.  The  i s l a n d s   26 

and  29  c o n s t i t u t e   c o n t a c t   t e r m i n a l s   of  the  keys  2 7 . .  

Spr ings   30,  in  combinat ion   with  the  movement  of  bu t tons   22, 

t r a n s m i t   the  force  a p p l i e d   to  the  bu t tons   22  to  the  p i e z o c o n d u c t i v e  

sheet   24,  caus ing   l o c a l l y   the  fo rmat ion   of  pas sages   of  r e l a t i v e l y  

low  r e s i s t i v i t y   between  the  i s l a n d s   26  and  29,  while  the  m a t e r i a l   o f  

the  p i e z o c o n d u c t i v e   sheet   24  i n t e r p o s e d   between  the  keys  27  and  n o t  

s u b j e c t e d   to  p r e s s u r e   ma in t a in s   i t s   i n s u l a t i n g   p r o p e r t i e s .   The 

s o l u t i o n   of  Fig.  3,  which  is  f u n c t i o n a l l y   e q u i v a l e n t   to  the  modu la r  

s o l u t i o n   of  Fig.  2,  is  more  conven ien t   for  p roduc ing   keyboards  w i t h  

a  l a rge   number  of  keys  inasmuch  as  i t   d r a s t i c a l l y   reduces   the  number 

of  p a r t s .  



As  r ega rds   the  value  of  the  a c t u a t i n g   force  a p p l i e d   to  t h e  

a   maximum  value  of  100  g  is  r e q u i r e d .   Since  i t   has  b e e n  

r i f i e d   tha t   the  number  of  o p e r a t i o n s   which  can  be  o b t a i n e d   b e f o r e  

o c c u r r e n c e   of  i r r e g u l a r i t i e s   i n c r e a s e s   with  the  value  of  t h e  

Force  a p p l i e d ,   the  maximum  number  of  o p e r a t i o n s   in  keyboards   e m p l o y i n g  

and  p i e z o c o n d u c t i v e   e l a s t o m e r   a cco rd ing   to  the  i n v e n t i o n   can  be  

t h e r   i n c r e a s e d   i f ,   i n s t e a d   of  the  a c t u a t i n g   force  being  o b t a i n e d  

. e c t l y   from  the  key,  i t   is  o b t a i n e d   from  a  l eve r   system  w h i c h  

p r s e s   on  the  p i e z o c o n d u c t i v e   rubber   with  a  force  h igher   than,   f o r  

example  double ,   t h a t   app l i ed   to  the  key,  with  a  p r o p o r t i o n a l l y  

smal le r   s t r o k e .  

With  t h i s   s o l u t i o n ,   i t   is  p o s s i b l e   to  c o n s t r u c t   keys  w h i c h  

s i m u l t a n e o u s l y   c lose   a  p l u r a l i t y   of  i ndependen t   c i r c u i t s   by  using  a 

p l a v l i t y   of  s e p a r a t e   and  i n s u l a t e d   pa t ches   of  p i e z o c o n d u c t i v e   m a t e r i a l  

acco rd ing   to  the  i n v e n t i o n   or  a c t i n g   s i m u l t a n e o u s l y   on  d i f f e r e n t  

p o i n t s   of  the  same  shee t   of  p i e z o c o n d u c t i v e   m a t e r i a l   by  means  o f  

a c t u a t i n g   e lements   i n s u l a t e d   from  one  a n o t h e r .  

It  is  p o s s i b l e   to  make  numerous  v a r i a t i o n s   in  the  s o l u t i o n s  

e x e m p l i f i e d   here  as  r ega rds   the  type  of  e l a s t o m e r   and  of  m a g n e t i c  

conduc t ive   m a t e r i a l ,   the  form  of  the  key,  the  l e v e l   of  m o d u l a r i t y ,  

t ha t   is  the  manner  of  grouping  the  keys,  the  a c t u a t i n g   mechanism,  and  

the  p r o d u c t i o n   of  c o n t a c t   between  the  p i e z o c o n d u c t i v e   m a t e r i a l   and  t h e  

encoding  c i r c u i t ,   w i thou t   d e p a r t i n g   from  the  scope  of  the  i n v e n t i o n  

as  c l a i m e d .  



1.  P i e z o c o n d u c t i v e   e l a s t o m e r i c   m a t e r i a l   c o n t a i n i n g   a  m a g n e t i c  

metal  powder  d i s p e r s e d   in  a  matr ix   of  po lymer ized   e l a s t o m e r ,  

c h a r a c t e r i s e d   in  tha t   the  m a t e r i a l   is  s u b j e c t e d   to  the  ac t ion   of  a 

magnet ic   f i e l d   during  the  p o l y m e r i z a t i o n ,   whereby  i t   becomes 

p i e z o c o n d u c t i v e   in  a  p r e f e r r e d   d i r e c t i o n   p a r a l l e l   to  the  d i r e c t i o n  

of  the  magnetic  f i e l d .  

2.  Ma te r i a l   as  in  claim  1,  c h a r a c t e r i s e d   in  t ha t   the  pe rcen tage   by 

volume  of  the  powder  is  between  15%  and  27%. 

3.  Ma te r i a l   as  in  claim  1  or  2,  c h a r a c t e r i s e d   in  tha t   t h e  

magnetic   metal  m a t e r i a l   is  s u b s t a n t i a l l y   a  hard  n icke l   powder  w i t h  

s p h e r i c a l   g r anu le s   having  a  d iameter   between  100  and  1 5 0 µ .  

4.  Key  for  data  p r o c e s s i n g   equipment  w i thou t   movable  c o n t a c t s ,  

c h a r a c t e r i s e d   in  t ha t   the  force  of  a c t u a t i o n   of  the  key  acts  on  a 

p i e z o c o n d u c t i v e   m a t e r i a l   accord ing   to  any one  of  the  p reced ing   c l a i m s .  

5.  Key  as  in  claim  4,  c h a r a c t e r i s e d   in  tha t   the  force  of  a c t u a -  

t ion  acts   on  a  pa tch   of  p i e z o c o n d u c t i v e   m a t e r i a l .  

6.  Key  as  in  claim  5,  c h a r a c t e r i s e d   in  tha t   the  force  of  a c t u a t i o n  

acts   to  e s t a b l i s h   a  con t ac t   at  a  p r e d e t e r m i n e d   po in t   of  a  sheet   o f  

p i e z o c o n d u c t i v e   m a t e r i a l .  

7.  Key  as  in  claim  5  or  6,  c h a r a c t e r i s e d   in  tha t   the  sa id   f o r c e  

of  a c t u a t i o n   acts   s i m u l t a n e o u s l y   on  a  p l u r a l i t y   of  pa tches   o f  

p i e z o c o n d u c t i v e   m a t e r i a l   or  at  a  p l u r a l i t y   of  p r e d e t e r m i n e d  

p o i n t s   of  the  shee t   of  p i e z o c o n d u c t i v e   m a t e r i a l ,   cl7.osing  a  p l u r a l i t y  

of  i ndependen t   e l e c t r i c   c i r c u i t s .  
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