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@  Low  resistance  elastic  connector  and  preparation  of  the  same. 

@  The  present  invention  relates  to  a  low  resistance  elastic 
connector  in  which  electro-conductive  filaments  isolated  from 
each  other  are  allowed  to  penetrate  an  electric  insulating  elas- 
tomer  in  its  thickness  direction,  and  consist  of  a  ferro-magne- 
tic  material  coated  with  good  conductors. 

The  present  invention  provides  a  connector  capable  of 
connection  of  minute  pitches  and  having  a  lower  resistivity 
than  that  of  conventional  connectors,  which  consequently  is 
adapted  for  use  in  the  field  in  which  low  resistivity  is  required. 
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BACKGROUND  OF  THE  INVENTION 

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   to   an  e l a s t i c   c o n n e c t o r ,  

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

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

is  s u i t a b l e   f o r   u se   in  c i r c u i t s   r e q u i r i n g   a  low  c o n d u c t i o n  

r e s i s t i n g   v a l u e .  

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

In  r e c e n t   y e a r s ,   c o n c u r r e n t l y   w i t h   t h e   m i n i m i z a t i o n   o f  

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

u s e d   in  w a t c h e s ,   c a m e r a s   and  d e s k   t op   c a l c u l a t o r s ,   such   a s  

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

r u b b e r   and  an  i n s u l a t i n g   r u b b e r   a r e   l a m i n a t e d   a l t e r n a t e l y   o r  

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

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

and  p e n e t r a t e   t h e   i n s u l a t i n g   r u b b e r   in  i t s   t h i c k n e s s w i s e  

d i r e c t i o n .   T h e s e   c o n n e c t o r s   e a c h   has   d e l i c a t e  



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

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

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

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

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

v a l u e   of  50  to   5 0 0 0 Ω  p e r   e l e c t r o d e   to   be  c o n n e c t e d   and  a n  

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

f o r   c o n n e c t i o n   b e t w e e n   c i r c u i t s   in   c a m e r a s   or  t h e   l i k e   has   a  

c o n d u c t i o n   r e s i s t i n g   v a l u e   of  0 .2   to  1 0 Ω  p e r   e l e c t r o d e   to  b e  

c o n n e c t e d .  

The  o b j e c t s   of  t h e s e   c o n n e c t o r s   a r e   a c h i e v e d   to  s o m e  

e x t e n t   in   c o n n e c t i o n   b e t w e e n   l i q u i d   c r y s t a l   d i s p l a y   a n d  

c i r c u i t   p l a t e   or   in  c o n n e c t i o n   b e t w e e n   c i r c u i t   p l a t e s   f o r  

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

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

c o n d u c t a n c e   r e s i s t a n c e   i s   n e e d e d ,   s u c h   as  c o n n e c t i o n   o f  

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

w h i c h   LSI  ( L a r g e   S c a l e   I n t e g r a t e d   C i r c u i t )   h i g h   s p e e d  

o p e r a t o r s   a r e   u s e d ,   and  i n s p e c t i o n   of  p e r f o r m a n c e s   of  L S I  

c h i p   c a r r i e r   or  f l a t   p a c k   p r o d u c t s .  

SUMMARY  OF  THE  INVENTION 



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  

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

a  l o w e r   r e s i s t i v i t y   t h a n   t h a t   of  c o n v e n t i o n a l   c o n n e c t o r s ,  

w h i c h   c o n s e q u e n t l y   is  a d a p t e d   f o r   u se   in  t h e   f i e l d   as  s t a t e d  

a b o v e   in  w h i c h   low  r e s i s t i v i t y   i s   r e q u i r e d .  

The  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   can   be  a t t a i n e d   b y  

t h e   f o l l o w i n g :  

1.  In  a  low  r e s i s t a n c e   e l a s t i c   c o n n e c t o r   in  w h i c h  

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

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

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

f e r r o - m a g n e t i c   m a t e r i a l   c o a t e d   w i t h   good  c o n d u c t o r s .  

2.  A  m e t h o d   of  p r e p a r i n g   a  low  r e s i s t a n c e   e l a s t i c  

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

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

a  d e f i n i t e   d i r e c t i o n ,   h a r d e n i n g   them  w i t h   a  r e s i n ,  

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

l e n g t h   and  t h e n   r e m o v i n g   t h e   r e s i n   to   p r o v i d e  

f i l a m e n t s ,  

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

w i t h   good  c o n d u c t o r s   by  means   of  e l e c t r o l e s s  

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



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

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

(d)  a p p l y i n g   a  m a g n e t i c   f i e l d   to   s a i d   m i x t u r e ,  

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

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

e l a s t o m e r .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  r e a s o n   f o r   t h e   u se   of  c o n d u c t o r s   h a v i n g  

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

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

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

a r r a n g e m e n t   by  a p p l y i n g   m a g n e t i s m .   T h i s   makes   p o s s i b l e   t h e  

e m b e d d i n g   of   e l e c t r o - c o n d u c t i v e   f i l a m e n t s   in  as  h i g h   a  

d e n s i t y   as  n o t   l e s s   t h a n   3  p i e c e s   p e r   1  mm2. 

In  o r d e r   to  o b t a i n   h i g h   e l e c t r o - c o n d u c t i v i t y ,   i r o n ,  

n i c k e l   and  c o b a l t   may  be  u s e d   as  t h e   e l e c t r o - c o n d u c t i v e  

f i l a m e n t .   More  p r e f e r a b l y ,   h o w e v e r ,   t h e s e   f e r r o - m a g n e t i c  

m a t e r i a l s   may  be  c o a t e d  w i t h   g o l d ,   c o p p e r   or  s i l v e r ,   w h i c h  

has   good   e l e c t r o - c o n d u c t i v i t y .   F u r t h e r   p r e f e r a b l y   t h e s e  

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

t h i c k   f i l m   l a y e r   of  n o t   l e s s   t h a n   1 µ   of  c o p p e r   w h i c h   i s  

r e l a t i v e l y   i n e x p e n s i v e   and  has   s u p e r i o r  



e l e c t r o - c o n d u c t i v i t y .   Mos t   p r e f e r a b l y   t h e  

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

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

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

t h i c k   l a y e r   of  c o p p e r   of  no t   l e s s   t h a n   1 µ   and  t h e   r e s u l t i n g  

t h i c k   l a y e r   of  c o p p e r   is  f u r t h e r   c o a t e d   w i t h   g o l d   h a v i n g  

e x c e l l e n t   w e a t h e r   r e s i s t a n c e .   T h e r e   i s   no  p r o b l e m   when  t h e  

c o r e   has   a  t h i c k n e s s   of  no t   l a r g e r   t h a n   5 0 , u   and  a  c o r e  

h a v i n g   a  t h i c k n e s s   of  n o t   l a r g e r   t h a n   2 5 µ   is   p r e f e r r e d   a s  

t h e   e l a s t i c   c o n n e c t o r   f rom  a  v i ew   p o i n t   of  c o m p r e s s i o n  

c h a r a c t e r i s t i c .   Of  c o u r s e   t he   p r e s e n t   i n v e n t i o n   is   n o t  

l i m i t e d   t h e r e t o   and  t h e r e b y .   From  t h e   v i e w   p o i n t   o f  

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

e m b e d d i n g   f i l a m e n t s   is   g e n e r a l l y   n o t   l e s s   t h a n   3  f i l a m e n t s  

p e r   1  mm2,  p r e f e r a b l y   n o t   l e s s   t h a n   8  f i l a m e n t s   p e r   1  mm2 

and  more  p r e f e r a b l y   no t   l e s s   t h a n   15  f i l a m e n t s   p e r   1  mm2. 

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

e q u i v a l e n t   to   or  s o m e w h a t   l o n g e r   t h a n   t h e   l e n g t h   of  a n  

i n s u l a t i n g   m a t r i x .   In  o r d e r   to  a s s u r e   r e l i a b i l i t y   o f  

e l e c t r i c   c o n n e c t i o n s ,   i t   is   more  p r e f e r a b l e   t h a t   f i l a m e n t s  

p r o t r u d e   by  3  to  5 0 µ   f rom  t h e   s u r f a c e   of  an  e l a s t o m e r .   T h e  

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

e m p l o y e d   is   of  t h e   o r d e r   of  0 .3   to   5  mm,  t a k i n g   i n t o  



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

c o m p a c t n e s s ,   e t c .  

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

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

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

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

i n s u l a t i n g   e l a s t o m e r .   When  u s i n g   f i l a m e n t s   of  a b o u t   2 5 µ ,  

t h e   d e n s i t y   of   o r i e n t i n g   and  e m b e d d i n g   t h e   f e r r o - m a g n e t i c  

m a t e r i a l   by  u s i n g   m a g n e t i s m   i s   n o t   l a r g e r   t h a n   200  f i l a m e n t s  

p e r   1  mm2  and  p r e f e r a b l y   n o t   l a r g e r   t h a n   100  f i l a m e n t s   p e r   1 

mm2  f rom  a  v i e w   p o i n t   of   e n t a n g l i n g   of  f i l a m e n t s .   On  t h e  

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

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

n o t   more   t h a n   0 . 1 Ω  p e r   c o n n e c t i o n   e l e c t r o d e ,   p r e f e r a b l y   a  

r e s i s t a n c e   of  a b o u t   0 . 0 2 Ω .   The  l e v e l   of  a  v o l u m e  

r e s i s t i v i t y   R  of   0 . 0 2 Ω . c m ,   more   p r e f e r a b l y   of   0 . 0 0 5 Ω .   cm 

can   s a t i s f y   t h e   a b o v e - m e n t i o n e d   d e m a n d s   and  t h e   c o n d u c t i v i t y  

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

I t   i s   n e c e s s a r y   in  g e n e r a l   t h a t   e l e c t r i c   c o n n e c t o r s  

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

c o n n e c t o r   h a v e   s u r f a c e   r e s i s t a n c e s   of  t h e   c o n t a c t   a r e a s   k e p t  

low.   The  e l a s t i c   c o n n e c t o r   u s i n g   f i l a m e n t s   o f  

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

a d v a n t a g e o u s   f rom  t h e   a b o v e - s t a t e d   v i e w   p o i n t .   I t   i s  



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

p a r t : ;   c o n s i s t   of  s o f t   m a t e r i a l s   such   as  g o l d ,   p l a t i n u m ,  

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

u s e   good  c o n d u c t o r s   h a v i n g   a  B r i n e l l   h a r d n e s s   of  n o t   h i g h e r  

t h a n   7 0 .  

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

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

s i l i c o n e   r u b b e r ,   n i t r i l e   r u b b e r ,   b u t y l   r u b b e r ,   n a t u r a l  

r u b b e r ,   e t c . ,   and  s i l i c o n e   r u b b e r   among  them  is   m o s t  

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

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

The  i n d u s t r i a l   m e t h o d   of  p r e p a r a t i o n   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   i s   as  f o l l o w s :  

F i l a m e n t s   of  t h e   same  l e n g t h   h a v i n g   f e r r o - m a g n e t i s m   a n d  

h i g h   e l e c t r o - c o n d u c t i v i t y   a r e   a d m i x e d   in  an  o r i g i n a l  

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

h a v i n g   a  p r e d e t e r m i n e d   t h i c k n e s s   is   p r e p a r e d .  

The  c a p s u l e   t h u s   o b t a i n e d   has   a  s p a c e   f o r m e d   by  a  t h i n  

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

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

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

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

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



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

o r i e n t e d   in  i t s   t h i c k n e s s   d i r e c t i o n   i s   o b t a i n e d .   In  o r d e r  

to  o b t a i n   a  s h e e t   h a v i n g   a  t h i c k n e s s   of  h i g h   a c c u r a c y ,   i t   i s  

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

m a g n e t i c   f i e l d .  

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

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

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

t h e   r e s i n   to  make  s h o r t   f i l a m e n t s   and  s u b j e c t i n g   them  t o  

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

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

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

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

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

The  v o l u m e   r e s i s t i v i t y   in   t h e   p r e s e n t   i n v e n t i o n   i s  

m e a s u r e d   as  f o l l o w s .  

The  e l e c t r o d e   p l a t e   u s e d   i s   an  e l e c t r o d e   of  1  mm  x  1  mm 

in   w h i c h   c o p p e r   e l e c t r o d e   ( t h i c k n e s s   3 5 f t )   i s   f o r m e d   on  a n  

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

g o l d   p l a t e d   ( t h i c k n e s s   0 . 3 µ ) .   A  s a m p l e   w h i c h   is   c o m p r e s s e d  

by  5%  of  t h e   t h i c k n e s s   of  t h e   m a t r i x   is   i n t e r p o s e d   b e t w e e n  

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

of   1  mv  b e t w e e n   t h e   e l e c t r o d e s ,   t h e   r e s i s t a n c e   v a l u e   i s  

m e a s u r e d   u s i n g   a  d i g i t a l   m u l t i m e t e r .  



The  p r e s e n t   i n v e n t i o n   makes   i t   p o s s i b l e   to  o b t a i n   a n  

e x t r e m e l y   low  r e s i s t a n c e   e l a s t i c   c o n n e c t o r   and  can   m a k e  

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

c o n n e c t i o n s   by  b o n d i n g   a r e   c a r r i e d   o u t   i n s t e a d   of  e l a s t i c  

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

r e s i s t a n c e   v a l u e s .  

P a r t i c u l a r l y ,   a  l a r g e   c o n t r i b u t i o n   i s   made  by  t h e  

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

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

i n s p e c t i o n   of  p e r f o r m a n c e s   of  LSI  p r o d u c t s ,   i t   is   r e q u i r e d  

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

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

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

e x p a n s i o n ,   t h e   r e l i a b i l i t y   w i t h   r e s p e c t   to  c h a n g e s   i n  

t e m p e r a t u r e   i s   l o w .  

E x a m p l e   1 

S t a i n l e s s   s t e e l   f i b e r s   ( d i a m e t e r   2 5 µ ) ,   w h i c h   had  b e e n  

c u t   to  a  l e n g t h   of  1  mm,  was  s u b j e c t e d   to  t h e   s u r f a c e  

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

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

of  1 µ ,   f u r t h e r   c o a t e d   w i t h   n i c k e l   and  s t i l l   f u r t h e r   g o l d  

p l a t e d   by  0 . 3 µ .   T h e s e   p l a t i n g s   a l l   we re   c o n d u c t e d   b y  

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

s o l u t i o n   c o n t a i n i n g   12 .5   w e i g h t  %   of  Cu  and  12 .5   w e i g h t   %  o f  



c a u s t i c   s o d a   was  u s e d   f o r   t h e   t r e a t m e n t   a t   o r d i n a r y  

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

c o n t a i n i n g   0 .5   w e i g h t  %   of  Ni  was  u s e d   a t   80°C  and  f o r   g o l d  

p l a t i n g   a  c h e m i c a l   s o l u t i o n   c o n t a i n i n g   0 .3   w e i g h t   %  of  Au  a t  

95°C.   T h e n ,   3  w e i g h t  %   of  s a i d   f i l a m e n t s   b a s e d   on  t h e  

w e i g h t   of  s i l i c o n e   was  a d m i x e d   in   an  o r i g i n a l   s o l u t i o n   o f  

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

f i e l d   of  5000  g a u s s .   T h u s ,   t h e r e   was  o b t a i n e d   a n  

a n i s o t r o p i c   c o n d u c t o r   of  1  mm  in  t h i c k n e s s   in  w h i c h   s a i d  

f i l a m e n t s   w e r e   o r i e n t e d   and  e m b e d d e d   w i t h   a  d e n s i t y   of  15 

f i l a m e n t s   p e r   1  mm2.  The  p r o d u c t   was  c u t   to   p r o v i d e   e l a s t i c  

c o n n e c t o r s   of   a  w i d t h   of   2  mm  x  a  l e n g t h   of  20  mm  x  a  

t h i c k n e s s   of  1mm.  As  a  r e s u l t   of  t h e   m e a s u r e m e n t s   of  s a i d  

c o n n e c t o r   c o n d u c t e d   u s i n g   an  e l e c t r o d e   of  1mm2 by  t h e  

a b o v e - m e n t i o n e d   m e t h o d ,   i t   was  f o u n d   t h a t   t h e   e l a s t i c  

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

s u c h   as  RO  =  0 . 0 1 0 Ω  a n d   R  =  0 . 0 0 1 0 Ω .  c m   was  o b t a i n e d .  



1.  In  a  low  r e s i s t a n c e   e l a s t i c   c o n n e c t o r   in  w h i c h  

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

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

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

f e r r o - m a g n e t i c   m a t e r i a l   c o a t e d   w i t h   good  c o n d u c t o r s .  

2.  A  low  r e s i s t a n c e   e l a s t i c   c o n n e c t o r   as  c l a i m e d   i n  

C l a i m   1,  w h e r e i n   of  t h e   o u t m o s t   s u r f a c e s   of  s a i d   f i l a m e n t s ,  

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

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

B r i n e l l   h a r d n e s s   of  n o t   more  t h a n   7 0 .  

3.  A  low  r e s i s t a n c e   e l a s t i c   c o n n e c t o r   as  c l a i m e d   i n  

C l a i m s   (1)  or  ( 2 ) ,   w h e r e i n   t h e   v o l u m e   r e s i s t i v i t y   is   n o t  

more  t h a n   0 . 0 2 n . c m .  

4.  A  low  r e s i s t a n c e   e l a s t i c   c o n n e c t o r   as  c l a i m e d   i n  

any  of  C l a i m s   ( 1 ) ,   (2)  or  ( 3 ) ,   w h e r e i n   s a i d   f i l a m e n t s  

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

e l a s t o m e r .  

5.  A  low  r e s i s t a n c e   e l a s t i c   c o n n e c t o r   as  c l a i m e d   i n  

C l a i m   ( 4 ) ,   w h e r e i n   t h e   l e n g t h   of  p r o t r u s i o n s   is   3  to   5 0 µ .  

6.  A  low  r e s i s t a n c e   e l a s t i c   c o n n e c t o r   as  c l a i m e d   i n  

any  of  C l a i m s   ( 1 ) ,   ( 2 ) ,   ( 3 ) ,   (4)  or  ( 5 ) ,   w h e r e i n   s a i d   g o o d  



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

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

7.  A  low  r e s i s t a n c e   e l a s t i c   c o n n e c t o r   as  c l a i m e d   i n  

C l a i m   ( 6 ) ,   w h e r e i n   s a i d   f e r r o - m a g n e t i c   m a t e r i a l   i s   c o a t e d  

w i t h   c o p p e r ,   f u r t h e r   c o a t e d   or   no t   c o a t e d   w i t h   n i c k e l   a n d  

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

8.  A  m e t h o d   of  p r e p a r i n g   a  low  r e s i s t a n c e   e l a s t i c  

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

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

a  d e f i n i t e   d i r e c t i o n ,   h a r d e n i n g   them  w i t h   a  r e s i n ,  

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

l e n g t h   and  t h e n   r e m o v i n g   t h e   r e s i n   to  p r o v i d e  

f i l a m e n t s ,  

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

w i t h   good  c o n d u c t o r s   by  means   of  e l e c t r o l e s s  

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

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

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

(d)  a p p l y i n g   a  m a g n e t i c   f i e l d   to   s a i d   m i x t u r e ,  

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

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

9.  A  m e t h o d   of  p r e p a r i n g   a  low  r e s i s t a n c e   e l a s t i c  

c o n n e c t o r   as  c l a i m e d   in  C l a i m   ( 8 ) ,   w h e r e i n   t h e   e l e c t r o l e s s  



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

t h a t   o r d e r .  


	bibliography
	description
	claims

